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(57) In one or a plurality of embodiments, there is
provided a target molecule of amylospheroid, which is
expressed in mature neurons and to which the amy-
lospheroid binds to induce death of cells. Further, in one
or a plurality of embodiments, there is provided a method
and a substance for inhibiting death of mature neurons
induced by the amylospheroid. In one aspect, the present

disclosure relates to a use of Na+/K+-ATPase α3 as a
binding target molecule of amylospheroid. In another as-
pect, the present disclosure relates to a method for sup-
pressing death of mature neurons induced by the amy-
lospheroid, including inhibiting protein-protein interaction
between the amylospheroid and the Na+/K+-ATPase α3,
and the like.
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Description

Technical Field

[0001] The disclosure of the present specification relates to a target molecule to which amylospheroid binds to induce
death of mature neurons; a method and/or a substance for suppressing death of neurons triggered by amylospheroid;
prevention, diagnosis, amelioration, treatment, and/or a pharmaceutical composition for Alzheimer’s disease (including
Alzheimer-type dementia) and/or dementia with Lewy bodies (dementia with lewy bodies/Lewy body dementia/diffuse
Lewy body disease/cortical Lewy body disease/sentile dementia of Lewy body type); a screening method; an imaging
probe; an imaging method; and the like.

Background Art

[0002] Alzheimer’s disease is a disease in which mature neurons die followed by synaptopathy. Owing to the recent
research, it is becoming known that the onset of Alzheimer’s disease takes place in stages. In a first stage, synaptopathy
mainly occurs. This stage is a reversible stage. In a subsequent stage of the reversible stage, neurons die. This stage
is an irreversible stage, and it is considered that the onset of Alzheimer’s disease takes place when the irreversible stage
is reached (Non-Patent Document 1).
[0003] It is considered that synaptopathy occurs mainly when accumulated ß amyloid (Aß) dimer and dodecamer act
on a glutamic acid receptor or the like. However, none of the Aß dimer and dodecamer causes death of neurons in vitro
and in vivo (Non-Patent Document 2). Therefore, in order to analyze a clinical condition of human Alzheimer’s disease,
it is necessary to clarify a cause of death of neurons occurring in the irreversible stage after the reversible synaptopathy
stage and an underlying molecular mechanism.
[0004] Amylospheroid (ASPD) is a unique Aß assembly that does not exhibit toxicity to non-neuronal cells or immature
neurons and that selectively causes death of functionally mature neurons (Non-Patent Document 1). Amylospheroid
was first isolated as a spherical Aß assembly having a diameter of about 10 nm causing death of neurons in vitro (Non-
Patent Document 3). After that, antibodies specific to the synthetic amylospheroid were produced (Patent Documents
1 and 2), and amylospheroid formed in a living body from the brain of a human patient suffering from Alzheimer’s disease
(that is, native amylospheroid) was isolated through use of the antibodies (Non-Patent Document 3). It was clarified from
the research using the native amylospheroid that i) the native amylospheroid selectively induces death of cells with
respect to mature neurons in the same way as in the synthetic amylospheroid, ii) the amount of the native amylospheroid
in the cerebral cortex of an Alzheimer’s disease patient in which neuronal loss is recognized increases relative to the
severity of Alzheimer’s disease, and iii) in the cerebellum of an Alzheimer’s disease patient in which neuronal loss is not
so recognized, the native amylospheroid is present merely in a small amount (Non-Patent Document 3). Thus, it is
considered that amylospheroid plays an important role in the irreversible stage in which the onset of Alzheimer’s disease
takes place. Further, the native amylospheroid also was detected from the brain of a patient suffering from dementia
with Lewy bodies (Non-Patent Document 1), and hence, amylospheroid is also considered to play an important role in
the onset of dementia with Lewy bodies.
[0005] It has been pointed out that amylospheroid, and Aß dimer and dodecamer which are considered as main causes
for synaptopathy, are formed from an Aß monomer through different paths although they are both Aß assemblies. That
is, the Aß dimer and dodecamer are formed via the Aß dimer, whereas amylospheroid is formed from an Aß trimer (Non-
Patent Document 4).

Prior Art Document

Patent Document

[0006]

Patent Document 1: WO 2006/016644
Patent Document 2: WO 2009/057664

[0007] Non-Patent Document
[0008]

Non-Patent Document 1: Noguchi et al. J. Biol. Chem. vol. 284 no. 47, 32895-32905 (2009)
Non-Patent Document 2: Shankar et al. Nature Medicine 14, 837-842 (2008)
Non-Patent Document 3: Hoshi et al. Pro. Natl. Acad. Sci. U.S.A. vol. 100, no. 11, 6370-6375 (2003)
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Non-Patent Document 4: Matsumura et al. J. Biol. Chem. vol. 286 no. 13, 11555-11562 (2011)

Disclosure of Invention

Problem to be Solved by the Invention

[0009] It was predicted that, unlike other Aß assemblies, amylospheroid binds to the surface of presynaptic cells to
induce death of cells with respect to mature neurons (Non-Patent Document 1). However, how amylospheroid binds to
the mature neurons has remained unclear.
[0010] The present specification discloses a target molecule of amylospheroid, which is expressed in mature neurons,
and with which amylospheroid interacts to induce death of cells.

Means for Solving Problem

[0011] In one or a plurality of aspects, the present disclosure relates to a use of Na+/K+-ATPase α3 as a binding target
molecule of amylospheroid.

Brief Description of Drawings

[0012]

[FIG. 1] FIG. 1 is an explanatory diagram of a mechanism of death of neurons.
[FIG. 2] FIG. 2 is a diagram showing a sequence of an extracellular domain 4 of NAK, and parts to which amylospheroid
(ASPD) is considered to bind.
[FIG. 3] FIG. 3 shows an example of results of an ASPD binding assay (left photograph) and an ASPD toxicity test
(right graph).
[FIG. 4] FIG. 4 shows an example in which far-western blotting is performed using anti-ASPD antibodies (haASD1)
and anti-Aß monomer antibodies (6E10).
[FIG. 5] FIG. 5 shows an example of far-western blotting (left) and a silver staining pattern (right).
[FIG. 6] FIG. 6 shows an example of far-western blotting (lower stage), and western blotting using anti-Na+/K+-ATPase
α1 (NAKα1) antibodies (upper stage) and anti-Na+/K+-ATPase α3 (NAKα3) antibodies (middle stage).
[FIG. 7] FIG. 7 shows an example in which an immunoprecipitate obtained with anti-ASPD antibodies (haASD1) is
subjected to western blotting with anti-NAKα3 antibodies.
[FIG. 8] FIG. 8 shows an example of a silver staining pattern of an avidin fraction obtained from mature neurons
administered with biotinylated ASPD.
[FIG. 9] FIG. 9 shows an example of a photograph of ASPD binding site detected by anti-ASPD antibodies (red)
and NAKα3 localization (green) in mature neurons detected by NAKα3 antibodies observed with a fluorescence
microscope.
[FIG. 10] FIG. 10 shows an example of a Scatchard plot of a result obtained by administering synthetic ASPD to
mature neurons, immobilizing the cells one hour later, and determining the amount of ASPD that binds to the cells
through use of anti-ASPD antibodies.
[FIG. 11] FIG. 11 shows an example of a result obtained by measuring activity inhibition of NAKα3 and NAKα1 by
ASPD.
[FIG. 12] FIG. 12 shows a function, a structure, and an expression distribution of NAKα3.
[FIG. 13] FIG. 13 shows an example of a result obtained by measuring a calcium concentration in mature neurons
triggered by the treatment with ASPD.
[FIG. 14] FIG. 14 shows an example of a result obtained by elucidating the effect of various calcium channel inhibitors
on ASPD activity (apoptotic activity).
[FIG. 15] FIG. 15 is an explanatory diagram of a mechanism of death of neurons.
[FIG. 16] FIG. 16 shows an example of a result obtained by subjecting NAKα3 and NAKα1 in the cerebral cortex of
normal (age-matched non-demented people) and Alzheimer’s disease (AD) patients to histological staining with
antibodies.
[FIG. 17] FIG. 17 shows an example of a result obtained by subjecting NAKα3 in the cerebellum of normal (age-
matched non-demented people) and AD patients to histological staining with antibodies.
[FIG. 18] FIG. 18 shows an example of a graph showing inhibition effect of an anti-AD toxicity (AAT) peptide on
ASPD activity (apoptotic activity).
[FIG. 19] FIG. 19 shows an example of a graph showing inhibition effect of an AAT peptide on ASPD activity (apoptotic
activity).



EP 2 799 542 A1

4

5

10

15

20

25

30

35

40

45

50

55

[FIG. 20] FIG. 20 shows an example of a graph showing inhibition effect of an ATT peptide on ASPD activity (apoptotic
activity).

Description of the Invention

[0013] In one or a plurality of embodiments, the present disclosure is based on the identification of Na+/K+-ATPase
α3 as a target molecule to which amylospheroid binds to act on the surface of mature neurons. Further, in one or a
plurality of embodiments, the present disclosure is based on the identification of a polypeptide and/or a peptide motif
that has binding ability with respect to amylospheroid and can suppress death of neurons.
[0014] In one or a plurality of embodiments, the present disclosure can inhibit death of mature neurons induced by
amylospheroid by inhibiting interaction between amylospheroid and Na+[K+-ATPase α3. In one or a plurality of embod-
iments, the present disclosure preferably enables prevention, amelioration, and/or treatment of Alzheimer’s disease
and/or dementia with Lewy bodies by inhibiting death of mature neurons induced by amylospheroid. Further, in one or
a plurality of embodiments, the present disclosure preferably enables diagnosis of Alzheimer’s disease and/or dementia
with Lewy bodies based on measurement or imaging of amylospheroid and/or Na+/K+-ATPase α3. Further, in one or a
plurality of embodiments, the present disclosure preferably enables a screening method of a compound capable of
inhibiting death of mature neurons induced by amylospheroid based on a tertiary structure of a predetermined region of
Na+/K+-ATPase α3 to which amylospheroid binds.
[0015] Specifically, in one or a plurality of embodiments, the present disclosure can relate to the following:

(1) A use of Na+/K+-ATPase α3 as a target molecule to which amylospheroid binds to induce death of a mature neuron;
(2) A use according to (1), comprising developing a pharmaceutical product based on interaction between the
amylospheroid and the Na+/K+-ATPase α3;
(3) A method for suppressing death of a mature neuron induced by amylospheroid, comprising inhibiting protein-
protein interaction between the amylospheroid and Na+/K+-ATPase α3;
(4) A method according to (3), wherein the protein-protein interaction between the amylospheroid and the Na+/K+-AT-
Pase α3 is inhibited by contact between the amylospheroid and a substance capable of performing competitive
inhibition based on a surface tertiary structure of both or one of the amylospheroid and the Na+/K+-ATPase α3;
(5) A method according to (3), wherein the protein-protein interaction between the amylospheroid and the Na+/K+-AT-
Pase α3 is inhibited by contact between the amylospheroid and a substance capable of binding to the amylospheroid
by competition with the Na+/K+-ATPase α3;
(6) A method for suppressing death of a mature neuron induced by amylospheroid, comprising inhibiting at least
one calcium channel selected from the group consisting of an N-type voltage-gated calcium channel (VGCC) of a
cell membrane, an Na+/Ca2+ exchange transporter of mitochondria (mNCX), a membrane-permeable transition pore
of mitochondria (mPTP), and a ryanodine receptor of endoplasmic reticulum (RyR), in the mature neuron interacting
with the amylospheroid;
(7) A method for preventing, ameliorating, and/or treating Alzheimer’s disease and/or dementia with Lewy bodies,
comprising suppressing death of a mature neuron induced by amylospheroid by inhibiting protein-protein interaction
between the amylospheroid and Na+/K+-ATPase α3;
(8) A method according to (7), wherein the protein-protein interaction between the amylospheroid and the Na+/K+-AT-
Pase α3 is inhibited by contact between the amylospheroid and a substance capable of performing competitive
inhibition based on a surface tertiary structure of both or one of the amylospheroid and the Na+/K+-ATPase α3;
(9) A method according to (7), wherein the protein-protein interaction between the amylospheroid and the Na+/K+-AT-
Pase α3 is inhibited by contact between the amylospheroid and a substance capable of binding to the amylospheroid
by competition with the Na+/K+-ATPase α3;
(10) A method for preventing, ameliorating, and/or treating Alzheimer’s disease and/or dementia with Lewy bodies,
comprising inhibiting at least one calcium channel selected from the group consisting of an N-type voltage-gated
calcium channel (VGCC) of a cell membrane, an Na+/Ca2+ exchange transporter of mitochondria (mNCX), a mem-
brane-permeable transition pore of mitochondria (mPTP), and a ryanodine receptor of endoplasmic reticulum (RyR),
in a mature neuron interacting with amylospheroid;
(11) A method for screening a candidate compound of an effective component of a pharmaceutical composition for
preventing, ameliorating, and/or treating Alzheimer’s disease and/or Lewy body dementia, comprising:

measuring an inhibiting capacity of protein-protein interaction between amylospheroid and Na+/K+-ATPase α3
through use of a test compound; and
selecting the candidate compound based on a result of the measurement;

(12) A method for screening a candidate compound of an effective component of a pharmaceutical composition for
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preventing, ameliorating, and/or treating Alzheimer’s disease and/or dementia with Lewy bodies, comprising:

measuring an inhibiting capacity of protein-protein interaction between amylospheroid and Na+/K+-ATPase α3,
and/or binding ability with respect to the amylospheroid, and/or a suppressive capacity with respect to death of
a mature neuron induced by the amylospheroid, using a test compound synthesized by performing Structure-
Based Drug Design based on a tertiary structure of an extracellular domain 4 of Na+/K+-ATPase α3 or a part
thereof; and
selecting the candidate compound based on a result of the measurement;

(13) A method for diagnosing a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies, com-
prising:

detecting a signal of an Na+/K+-ATPase α3 imaging probe including a binding partner of Na+/K+-ATPase α3 as
a binding portion with respect to the Na+/K+-ATPase α3 from a subject to which the imaging probe has been
administered; and
determining severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies based on
signal data or image data of the signal or a result of measurement of an Na+/K+-ATPase α3 amount calculated
from the signal data or the image data;

(14) A method for checking severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies
of a subject, comprising:

detecting a signal of an Na+/K+-ATPase α3 imaging probe including a binding partner of Na+/K+-ATPase α3 as
a binding portion with respect to the Na+/K+-ATPase α3 from the subject to which the imaging probe has been
administered; and
measuring an Na+/K+-ATPase α3 amount calculated from signal data or image data of the signal; and
comparing a result of the measurement with a standard in which the severity is determined to be higher as the
measured Na+/K+-ATPase α3 amount is lower than an Na+/K+-ATPase α3 amount of a normal individual, and/or
the severity is determined to be higher/lower, respectively, in a case where the measured Na+/K+-ATPase α3
amount is higher/lower than a previous Na+/K+-ATPase α3 amount of the subject;

(15) A synthesized, isolated, or purified substance that has binding ability with respect to amylospheroid and is
capable of suppressing death of a mature neuron induced by the amylospheroid, and that is similar in structure to
an extracellular domain 4 of Na+/K+-ATPase α3 or a part thereof;
(16) A substance according to (15), which is similar in structure to a portion in which an amino acid sequence in the
extracellular domain 4 of the Na+/K+-ATPase α3 is RLNW (SEQ ID NO: 1) or LNW;
(17) A synthesized, isolated, or purified polypeptide, comprising a motif represented by an amino acid sequence of
the following Formula (I), (II), or (III):

X1X2X3X4 (I) (SEQ ID NO: 7)

X2X3X4X5 (II) (SEQ ID NO: 43)

X2X3X4 (III) (SEQ ID NO 48)

where X1 is arginine (Arg), histidine (His), or lysine (Lys),
X2 is a hydrophobic amino acid residue or glycine (Gly),
X3 is asparagine (Asn), glutamine (Gln), serine (Ser), threonine (Thr), cysteine (Cys), histidine (His), or tyrosine
(Tyr), and
X4 is tryptophan (Trp), phenylalanine (Phe), or tyrosine (Tyr),
X5 is tryptophan (Trp), tyrosine (Tyr), aspartic acid (Asp), or a hydrophobic amino acid residue, the polypeptide
having binding ability with respect to amylospheroid;
(18) A polypeptide according to (17), comprising a motif represented by an amino acid sequence of the Formula (I),
(II), or (III) at an N-terminal;
(19) A polypeptide according to (17) or (18), wherein the amino acid sequence has a length of 4 to 25 amino acids;
(20) A polypeptide according to any one of (17) to (19), which is capable of inhibiting interaction between the
amylospheroid and Na+/K+-ATPasesa3, and/or suppressing death of a mature cell induced by the amylospheroid;
(21) A polypeptide according to any one of (17) to (20), which is similar in structure to an extracellular domain 4 of
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Na+/K+-ATPase α3 or a part thereof;
(22) A polypeptide according to (21), which is similar in structure to a portion in which an amino acid sequence in
the extracellular domain 4 of the Na+/K+-ATPase α3 is RLNW (SEQ ID NO: 1);
(23) A peptide mimetic similar in structure to the polypeptide according to any one of (17) to (22), which is capable
of inhibiting interaction between the amylospheroid and Na+/K+-ATPasesα3, and/or suppressing death of a mature
neuron induced by the amylospheroid;
(24) A polynucleotide encoding the polypeptide according to any one of (17) to (22);
(25) A vector for expressing the polypeptide according to any one of (17) to (22), comprising a polynucleotide
encoding the polypeptide;
(26) A composition comprising the polypeptide according to any one of (17) to (22) or the peptide mimetic according
to (23);
(27) A composition according to (26), used for detecting and/or measuring the amylospheroid;
(28) A composition according to (26), used for suppressing death of a mature neuron induced by the amylospheroid;
(29) A composition according to (26), used for inhibiting interaction between the amylospheroid and Na+/K+-ATPase
α3;
(30) A pharmaceutical composition comprising the polypeptide according to any one of (17) to (22), the peptide
mimetic according to (23), the polynucleotide according to (24), or the vector according to (25);
(31) A pharmaceutical composition according to (30), used for preventing, ameliorating, and/or treating Alzheimer’s
disease and/or dementia with Lewy bodies;
(32) A probe with respect to amylospheroid or a precursor thereof, comprising the polypeptide according to any one
of (17) to (22) or the peptide mimetic according to (23) as a binding portion with respect to the amylospheroid;
(33) A probe or a precursor thereof according to (32), used for imaging the amylospheroid, or detecting or measuring
the amylospheroid;
(34) An amylospheroid imaging method, comprising detecting a signal of an amylospheroid imaging probe including
the polypeptide according to any one of (17) to (22) or the peptide mimetic according to (23) as a binding portion
with respect to the amylospheroid from a subject to which the imaging probe has been administered;
(35) A method for measuring an amylospheroid amount, comprising calculating an amylospheroid amount based
on signal data or image data obtained by the amylospheroid imaging method according to (34);
(36) A diagnosis method for diagnosing a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies,
comprising:

detecting a signal of an amylospheroid imaging probe including a binding partner of amylospheroid as a binding
portion with respect to the amylospheroid from a subject to which the imaging probe has been administered; and
determining severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies based on
signal data or image data of the signal, or a result of measurement of an amylospheroid amount calculated from
the signal data or the image data;

(37) A diagnosis method according to (36), wherein the binding partner of the amylospheroid is the polypeptide
according to any one of (17) to (22) or the peptide mimetic according to (23);
(38) A method for checking severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies
of a subject, comprising:

detecting a signal of an amylospheroid imaging probe including a binding partner of amylospheroid as a binding
portion with respect to the amylospheroid from a subject to which the imaging probe has been administered;
measuring an amylospheroid amount calculated from signal data or image data of the signal; and
comparing a result of the measurement with a standard in which the severity is determined to be higher as the
calculated amylospheroid amount is lower than an amylospheroid amount of a normal individual, and/or the
severity is determined to be higher/lower, respectively, in a case where the calculated amylospheroid amount
is higher/lower than a previous amylospheroid amount of the subject;

(39) A method according to (38), wherein the binding partner of the amylospheroid is the polypeptide according to
any one of (17) to (22) or the peptide mimetic according to (23).

[Amylospheroid]

[0016] In the present specification, amylospheroid (hereinafter, sometimes referred to as "ASPD") refers to an Aß
assembly capable of selectively inducing death of cells with respect to functionally mature neurons. ASPD includes
"synthetic ASPD" and "native ASPD". The synthetic ASPD refers to ASPD that is a spherical structure having a diameter
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of about 10 to 15 nm, prepared and isolated in vitro through use of synthetic Aß (Non-Patent Document 3). Further, the
native ASPD refers to ASPD formed in a human living body, above all, ASPD that can be isolated from the brain of a
patient suffering from Alzheimer’s disease and/or dementia with Lewy bodies (Non-Patent Document 1). The synthetic
ASPD and the native ASPD both induce death of cells with respect to mature human neurons. Anti-ASPD antibodies
capable of recognizing a tertiary structure specific to ASPD also were produced (for example, haASD1, haASD2, mASD3,
etc., disclosed by Patent Documents 1 and 2). From results of characteristics analysis of anti-ASPD monoclonal antibodies
and NMR analysis of ASPD, it has been known that ASPD has a unique tertiary structure different from those of other
Aß assemblies reported so far (for example, Supplemental Table Sl of Non-Patent Document 1, report in 2010 of Health
and Labour Sciences Research Grant (Medical equipment development research promotion business)). Specifically,
first, it is known from a result of an epitope map of the anti-ASPD antibodies that, Aß which is a constituent element of
ASPD, is folded in ASPD, and an N-terminal and a middle portion of Aß are present on the surface of ASPD. From this,
it is understood that a three-dimensional surface structure specific to ASPD is formed. A two-dimensional NMR spectrum
of ASPD also supports this result. Of signals to be originally detected with an Aß monomer, a signal can be observed
in a site present on the surface of ASPD. On the other hand, a signal derived from a site folded inside ASPD is not
equivalent magnetically and has its mobility suppressed by being folded inside, and hence, the signal attenuates and
cannot be detected. The result obtained from the NMR analysis also shows that the N-terminal and the intermediate
site of Aß are exposed to the surface of ASPD, which was matched with a site to be recognized by the anti-ASPD
antibodies. The intermediate site present on the surface of ASPD is a site folded inside when it is in the form of an
ordinary aggregate, and is shown to be an aggregate having a specific tertiary structure ofASPD. Accordingly, in the
present specification, ASPD also can be referred to as an Aß assembly capable of reacting with anti-ASPD antibodies
specific to ASPD disclosed by Patent Documents 1 and 2 and selectively inducing death of cells with respect to functionally
mature neurons. In one or a plurality of non-limiting embodiments, ASPD is about 20 to 150-mers of an Aß monomer.
In one or a plurality of non-limiting embodiments, ASPD has a molecular weight of about 84 kDa to about 172 kDa, and
an average molecular weight of about 128 kDa as a form having high cytotoxicity. In one or a plurality of non-limiting
embodiments, ASPD has a diameter of about 4.6 nm to about 9.8 nm (average: about 7.2 nm) as measured by an atomic
force microscope (AFM) in a solution.
[0017] The synthetic ASPD can be prepared by a method disclosed by Non-Patent Document 3. Specifically, the
synthetic ASPD can be formed by slowly rotating and agitating a synthesized amyloid ß monomer (Aß1-40 and/or Aß1-42)
for 5 to 7 days (Aß1-40) or overnight (Aß1-42), and the synthetic ASPD can be purified by collecting a retentate obtained
by subjecting a 0.22 mm-filter filtrate to 50 kDa or 100 kDa ultrafiltration. Note that, in the present specification, the
synthetic ASPD is not limited to those which are produced by this production method. As an Aß monomer used for the
synthetic ASPD, those of humans or animals other than humans can be used. On the other hand, the native ASPD can
be obtained by a method disclosed by Non-Patent Document 1. Specifically, the native ASPD can be obtained by
performing immunoprecipitation with respect to a retentate obtained by subjecting a brain extract of a patient suffering
from Alzheimer’s disease or the like to 100 kDa ultrafiltration, through use of monoclonal antibodies specific to an ASPD
tertiary structure such as haASD1, haASD2, or mASD3 disclosed by Patent Document 1 and Patent Document 2. Note
that, in the present specification, the native ASPD is not limited to those which are obtained by this production method.

[Amyloid ß peptide]

[0018] In the present specification, the term "amyloid ß monomer" refers to a peptide to be cleaved when an amyloid
precursor protein (APP) is cleaved with ß- and γ-serectase, and also is denoted as "ß amyloid", "Aß", or "Aß monomer".
Further, in the present specification, Aß can include those which are called Aß1-39, Aß1-40, Aß1-41, Aß1-42, and Aß1-43
due to a length of an amino acid sequence thereof. In the present specification, Aß may be a human type (sequence
present in humans) or a non-human type (sequence present in animals other than humans). Further, in the present
specification, Aß can include (native) Aß in a living body and synthesized Aß. Although not limited, the synthetic Aß can
be synthesized by a known peptide synthesis method (for example, an Fmoc method or a Boc method), and can be
produced, for example, using a known peptide synthesizer. The human-type Aß1-42 (also called "Aß42") is a peptide
formed of an amino acid sequence represented by an amino acid sequence (from an N-terminal): DAEFRHDSGYEVH-
HQKLUFFAEDVGSNKGAIIGLMVGGVVIA (SEQ ID NO: 2). Further, the human-type Aß1-41 (Aß41), Aß1-40 (Aß40), and
Aß1-39 (Aß39) are peptides formed of amino acid sequences lacking A, IA, and VIA, respectively, from a C-terminal of
an amino acid sequence of SEQ ID NO: 2. Further, the human-type Aß1-43 (Aß43) is a peptide formed of an amino acid
sequence in which one threonine residue (T/Thr) is added to a C-terminal of the amino acid sequence of SEQ ID NO: 2.

[Na+/K+-ATPase α3]

[0019] In the present specification, Na+/K+-ATPase α3 (hereinafter, also referred to as "NAKα3") refers to "sodium/po-
tassium transporter ATPase subunit α3" that is a membrane protein of a gene product of an ATP1A3 gene. Na+/K+ATPase
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is an ATPase transporter that serves to keep an electrochemical gradient of sodium and potassium via a cytoplasmic
membrane. α3 is considered to participate in keeping a membrane potential, particularly, in neurons. In the present
specification, the ATP1A3 gene and NAKα3 may be a human type (sequence present in humans) or a non-human type
(sequence present in animals other than humans). In the present specification, the term "animals other than humans"
includes but is not particularly limited to animals having cells expressing Ortholog of human Aß and/or human NAKα3,
and in one or a plurality of embodiments, examples thereof include mammals such as primates and rodents (e.g., a
monkey and a rat).
[0020] The human ATP1A3 gene can be determined by NCBI database accession No. NM_152296.3 (mRNA, dated
May 12, 2011). Further, human NAKα3 can be determined by Accession No. NP_689509.1 (mRNA, dated May 12, 2011).

[Identification of NAKα3 that is a target molecule of ASPD]

[0021] NAKα3 is a target molecule to which ASPD binds to induce death of cells with respect to mature neurons. In
the present specification, the "target molecule of ASPD" includes a "target molecule to which ASPD binds to induce
death of cells with respect to mature neurons". NAKα3 that is a target molecule of ASPD was identified as follows. That
is, extracts derived from mature neurons, immature neurons, and HEK 293 cells that were cells derived from the human
fetus kidney were respectively developed by electrophoresis and detected using ASPD formed in a living body (that is,
native ASPD) as a ligand and using anti-ASPD antibodies, whereby far-western blotting was performed. As a result,
NAKα3 was identified from a band of about 105 kDa appearing only in the case of mature neurons. Although the band
is detected even in the case of using the synthetic ASPD as a ligand, the band does not appear in far-western blotting
using an Aß monomer as a ligand and using anti-Aß antibodies (6E10) for detection. Further, when a cell extract of
mature hippocampal neurons (21DIV) of a rat is subjected to immunoprecipitation with anti-ASPD antibodies in the
coexistence of ASPD, NAKα3 is coprecipitated.
[0022] There are four Na+/K+ATPase α subunits: α1 to α4. Of those, mainly, α1 and α3 are expressed in neurons.
α1 is generally expressed in all cells including the mature neurons, immature neurons, and HEK293 cells. On the other
hand, α3 is expressed only in mature neurons. In the hippocampus or the like that is damaged easily by Alzheimer’s
disease, the mRNA expression amount of α3 is twice to three times or more of that of α1. Thus, the selective inducement
of death of cells by ASPD with respect to mature neurons can be explained by the fact that a target molecule is Na+/K+-AT-
Pase α3 (NAKα3).

[Mechanism of death of cells in mature neurons induced by ASPD]

[0023] A mechanism in which ASPD is subjected to protein-protein interaction with NAKα3 that is a target to induce
death of cells with respect to mature neurons is considered as follows. When ASPD interacts with NAKα3, the function
of Na+/K+ATPase of mature neurons is inhibited. Therefore, a cell membrane potential increases and neurons take a
hyperexcitable state, and a large amount of extracellular Ca2+ flowed into cells through a voltage-gated calcium channel.
It is considered that intracellular Ca2+ homeostasis is lost due to the extraordinary flow of Ca2+, and as a result, an
intracellular Ca2+ concentration increases excessively to cause death of cells (see FIG. 1). More specifically, it is con-
sidered that the increase in intracellular Ca2+ concentration causes activation of calpain, activation of p25/cyclin-de-
pendent kinase 5 (CDK5), activation of glycogen synthase kinase-3ß (GKS3ß), and excessive phosphorylation of tau
protein in this order to cause death of cells with respect to mature neurons. It should not be interpreted that the present
disclosure is limited to these mechanisms.

[Protein-protein interaction between ASPD and NAKα3]

[0024] It is an unreported new finding beyond the prediction of prior art that death of mature neurons induced by ASPD
is caused by protein-protein interaction between ASPD and NAKα3. If protein-protein interaction between ASPD and
NAKα3 can be inhibited, death of mature neurons induced by ASPD can be suppressed, and in addition, this enables
treatment, diagnosis, amelioration, and/or prevention of Alzheimer’s disease and/or dementia with Lewy bodies. Thus,
in one or plurality of embodiments, the present disclosure relates to a use of NAKα3 as a target molecule to which
amylospheroid binds to induce death of mature neurons. In one or a plurality of embodiments, the use of NAKα3 as the
target molecule of ASPD may include suppressing death of neurons of ASPD by inhibiting the protein-protein interaction
between ASPD and NAKα3, treating, diagnosing, ameliorating, and/or preventing Alzheimer’s disease and/or dementia
with Lewy bodies by inhibiting the protein-protein interaction between ASPD and NAKα3, and developing a medical
composition based on the interaction between ASPD and NAKα3. In one or a plurality of embodiments, the use of NAKα3
as the target molecule of ASPD may include the invention disclosed in the present specification and embodiments
thereof. In the present specification, the term "protein-protein interaction" includes binding, and the term "protein-protein
interaction between ASPD and NAKα3" includes allowing an action capable of eventually causing death of cells to
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influence NAKα3. Further, in the present specification, the term "Alzheimer’s disease" includes Alzheimer-type dementia.
Further, in the present specification, targets of "treatment, diagnosis, amelioration, and/or prevention of Alzheimer’s
disease and/or dementia with Lewy bodies" can include but are not particularly limited to humans and/or animals other
than humans.
[0025] Thus, in one or a plurality of embodiments, the present disclosure relates to a method for suppressing death
of mature neurons induced by ASPD, including inhibiting the protein-protein interaction between ASPD and NAKα3. In
one or a plurality of embodiments, the present disclosure also relates to a method for preventing, ameliorating, and/or
treating Alzheimer’s disease and/or dementia with Lewy bodies, including suppressing death of mature neurons induced
by ASPD by inhibiting the protein-protein interaction between ASPD and NAKα3.

[Method for inhibiting protein-protein interaction between ASPD and NAKα3]

[0026] As described above, ASPD is an Aß assembly having a unique tertiary structure. Therefore, a substance (for
example, a polypeptide, a peptide mimetic, a low molecular weight compound, a salt thereof, a solvate thereof, etc.)
which mimics a tertiary structure of a site of ASPD or NAKα3 participating in the protein-protein interaction between
ASPD and NAKα3 would be able to inhibit the protein-protein interaction between ASPD and NAKα3. Although it is
considered that the presence of molecules mimicking a tertiary structure of one of the sites that are to interact with each
other causes competitive inhibition, the present disclosure may not be limited to this way of thinking. In the present
specification, the term "substance" can refer to a compound, a salt thereof, a salvate thereof, and/or a composition
containing them, and more specifically, can refer to a polypeptide, a peptide mimetic, a low molecular weight compound,
a salt thereof, a salvate thereof, and/or a composition containing them.
[0027] Thus, in one or a plurality of embodiments, the method for inhibiting the protein-protein interaction between
ASPD and NAKα3 in the present disclosure relates to a method including causing ASPD or NAKα3 and a substance
mimicking a tertiary structure of a site of ASPD or NAKα3 participating in the interaction between ASPD and NAKα3 to
interact with each other. Further, in one or a plurality of embodiments, a method for inhibiting the protein-protein interaction
between ASPD and NAKα3 in the present disclosure relates to a method to be conducted by the contact between ASPD
and a substance capable of performing competitive inhibition based on a surface tertiary structure of both or one of
ASPD and NAKα3. Further, in one or a plurality of embodiments, a method for inhibiting the protein-protein interaction
between ASPD and NAKα3 in the present disclosure relates to a method to be conducted by the contact between ASPD
and a substance capable of binding to ASPD by competition with NAKα3. These methods for inhibiting the protein-
protein interaction between ASPD and NAKα3 can be applied to the above-mentioned method for suppressing death
of mature neurons induced by ASPD and the above-mentioned method for preventing, ameliorating, and/or treating
Alzheimer’s disease and/or dementia with Lewy bodies.
[0028] ASPD interacts mainly with an extracellular domain 4 of NAKα3. The extracellular domain 4 of human NAKα3
is presumed to be a 857 to 908th sequence (SEQ ID NO: 3, FIG. 2) of an amino acid sequence ofACNo. NP_689509.1.
FIG. 2 is a diagram showing an example of two motifs (motifs interacting with ASPD; hereinafter, sometimes referred
to as "ASPD interacting motifs"), which were newly found based on a polypeptide (AAP peptide) shown in examples,
as shaded areas, in which extracellular domains 4 (SEQ ID NO: 3-6) in human NAKα1 to NAKα4 are aligned. Further,
partial sequences of an AAT01 peptide (SEQ ID NO: 35) shown in the examples are aligned above the two ASPD
interacting motifs in FIG. 2. Of the two ASPD interacting motifs in FIG. 2, the ASPD interacting motif on an N-terminal
side including "RLNW" or "LNW" of NAKα3 is a portion in which NAKα3 has a sequence and structure different from
those of the other NAKα’s (FIG. 2), and this portion is considered to be important due to the specific protein-protein
interaction between ASPD and NAKα3. In a portion including a motif ("Y-NLWR" in the AAT01 peptide) on a C-terminal
side including "YGQQWT" of NAKα3, NAKα3 and NAKα1 have a sequence structure in common. The extracellular
domain 4 of NAKα3 is completely stored in a human and a rat (not shown).
[0029] Thus, in one or a plurality of embodiments, a method for inhibiting the protein-protein interaction between ASPD
and NAKα3 in the present disclosure can be conducted using a substance mimicking a tertiary structure of the extracellular
domain 4 of NAKα3, the portion including "RLNW" or "LNW" and/or the portion including ’YGQQWT" or "Y-NLWR", or
a substance capable of performing competitive inhibition based on the tertiary structure. These substances also can be
obtained by performing Structure-Based Drug Design (SBDD) based on the extracellular domain 4 of NAKα3, the portion
including "RLNW’ or "LNW", and/or the portion including "YGQQWT" or "Y-NLWR". As described above, the method for
inhibiting the protein-protein interaction between ASPD and NAKα3 can be applied to the above-mentioned method for
suppressing death of mature neurons induced by ASPD and the above-mentioned method for preventing, ameliorating,
and/or treating Alzheimer’s disease and/or dementia with Lewy bodies. The extracellular domain 4 of NAKα3 is known
to be a site that directly interacts with an NAKß subunit, and it is considered that the interaction of the extracellular
domain 4 with the NAKß subunit influences structural stability and enzyme activity.
[0030] In one or a plurality of embodiments, the present disclosure relates to a synthesized, isolated, or purified
substance, which has binding ability with respect to ASPD, and is capable of suppressing death of mature neurons
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induced by ASPD and is similar in structure to the extracellular domain 4 of NAKα3 or a part thereof. The substance
relates to a polypeptide, a peptide mimetic, a low molecular weight compound, a salt thereof, a salvate thereof, and/or
a composition containing them. In one or a plurality of embodiments, the tertiary structure of the extracellular domain 4
of NAKα3 or a part thereof is a tertiary structure of the extracellular domain 4 of NAKα3, the portion including "RLNW’
or "LNW", and/or the portion including "YGQQWT" or "Y-NLWR". In one or a plurality of embodiments, these substances
can be used for inhibiting the interaction between ASPD and NAKα3, suppressing death of mature neurons induced by
ASPD, or preventing, ameliorating, diagnosing, and/or treating Alzheimer’s disease and/or dementia with Lewy bodies.
[0031] In the present specification, the term "peptide mimetic" includes a peptide-like compound (e.g., peptoid) and
other variants known in the field. Specifically, examples thereof include peptoid (S.M. Miller, R.J. Simon, S. Ng, R.N.
Zuckermann, J.S. Kerr, W.H. Moos, Bioorg. Med. Chem Lett., 4, 2657 (1994)) which is a known N-substituted glycine
oligomer, or a non-peptide compound (M. Kahn Tetrahedron, 49, 3433 (1993), Combinatorial Chemistry, Kagaku-Dojin
Publishing Company, INC. p. 44-64,1997) mimicking a ß, γ turn structure of a protein. In the present specification, the
term "low molecular weight compound" refers to a compound having a molecular weight of, for example, 700 or less,
preferably 500 or less.

[Anti-NAKα3 antibody]

[0032] Still further, in one or a plurality of embodiments, the present disclosure relates to anti-NAKα3 antibodies that
specifically recognize a tertiary structure of the extracellular domain 4 of NAKα3, the portion including "RLNW" or "LNW",
and/or the portion including "YGQQWT" or "Y-NLWR". In one or a plurality of embodiments, the anti-NAKα antibodies
are polyclonal antibodies, monoclonal antibodies, humanized antibodies, and/or fully human antibodies. Of those anti-
bodies, in one or a plurality of embodiments, the antibodies that do not inhibit the function of an ion channel of NAKα3
while inhibiting the interaction between NAKα3 and ASPD are preferred. Thus, in one or a plurality of embodiments, the
present disclosure relates to a method for suppressing death of mature neurons induced by ASPD and a method for
preventing, ameliorating, and/or treating Alzheimer’s disease and/or dementia with Lewy bodies, including causing the
anti-NAKα3 antibodies to bind to NAKα3 of mature neurons under the condition that amylospheroid may be present.
Further, in another aspect, the present disclosure relates to a composition containing the anti-NAKα3 antibodies to be
used in a method for suppressing death of mature neurons induced by ASPD or a method for preventing, ameliorating,
and/or treating Alzheimer’s disease and/or dementia with Lewy bodies.

[Screening method]

[0033] In one or a plurality of embodiments, the present disclosure relates to a screening method of a candidate
compound of an effective component of a pharmaceutical composition for preventing, ameliorating, and/or treating
Alzheimer’s disease and/or dementia with Lewy bodies, including measuring an inhibiting capacity of the protein-protein
interaction between ASPD and NAKα3 using a test compound and selecting a candidate compound based on a result
of the measurement.
[0034] Further, in one or a plurality of embodiments, the present disclosure relates to a screening method of a candidate
compound of an effective component of a pharmaceutical composition for preventing, ameliorating, and/or treating
Alzheimer’s disease and/or dementia with Lewy bodies, including measuring an inhibiting capacity of the protein-protein
interaction between amylospheroid and Na+/K+-ATPase α3, and/or binding ability with respect to amylospheroid, and/or
a suppressive capacity with respect to death of mature neurons induced by amylospheroid, using a test compound
synthesized by performing Structure-Based Drug Design (SBDD) based on a tertiary structure of the extracellular domain
4 of NAKα3 or a part thereof and selecting a candidate compound based on a result of the measurement. In one or a
plurality of embodiments, a tertiary structure of the extracellular domain 4 of NAKα3 or a part thereof is a tertiary structure
of the extracellular domain 4 of NAKα3, the portion including "RLNW" or "LNW", and/or the portion including "YGQQWT"
or "Y-NLWR".

[Suppression of death of cells by calcium channel inhibitor]

[0035] An N-type voltage-gated calcium channel (VGCC) causes Ca2+ to flow into cells from outside thereof due to
the interaction between ASPD and NAKα3 to cause death of the nerve. Further, it is considered that the flow of Ca2+

from the cell organelle to the cytoplasm also participates in death of cells. Thus, in anther aspect, the present disclosure
relates to a method for suppressing death of mature neurons induced by ASPD and a method for preventing, ameliorating,
and/or treating Alzheimer’s disease and/or dementia with Lewy bodies, including inhibiting at least one calcium channel
selected from the group consisting of an N-type voltage-gated calcium channel (VGCC) of a cell membrane, an Na+/Ca2+

exchange transporter of mitochondria (mNCX), membrane-permeable transition pore of mitochondria (mPTP), and a
ryanodine receptor of the endoplasmic reticulum (RyR), in mature neurons treated with amylospheroid. As an inhibitor
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of each calcium channel, a known inhibitor may be used. Further, in another aspect, the present disclosure relates to a
composition or a pharmaceutical composition containing a compound capable of inhibiting at least one calcium channel
selected from the group consisting of an N-type voltage-gated calcium channel (VGCC) of the cytoplasm, an Na+/Ca2+

exchange transporter of mitochondria (mNCX), membrane-permeable transition pore of mitochondria (mPTP), and a
ryanodine receptor of the endoplasmic reticulum (RyR), used for a method for suppressing death of mature neurons
induced by ASPD or a method for preventing, ameliorating, and/or treating Alzheimer’s disease and/or dementia with
Lewy bodies.

[ASPD interacting motif]

[0036] The ASPD interacting motif (motif interacting with ASPD) can be represented by an amino acid sequence of
the following Formula (I), (II), or (III).

X1X2X3X4 (I) (SEQ ID NO: 7)

X2X3X4X5 (II) (SEQ ID NO: 43)

X2X3X4 (III) (SEQ ID NO: 48)

where X1 is arginine (Arg), histidine (His), or lysine (Lys),
X2 is a hydrophobic amino acid residue or glycine (Gly),
X3 is asparagine (Asn), glutamine (Gln), serine (Ser), threonine (Thr), cysteine (Cys), histidine (His), or Tyr (tyrosine),
X4 is tryptophan (Trp), phenylalanine (Phe), or tyrosine (Tyr), and
X5 is tryptophan (Trp), tyrosine (Tyr), aspartic acid (Asp), or a hydrophobic amino acid residue.
[0037] In the present specification, the hydrophobic amino acid residue includes leucine (Leu), valine (Val), isoleucine
(Ile), phenylalanine (Phe), proline (Pro), alanine (Ala), and methionine (Met).
[0038] In one or a plurality of embodiments, it is preferred that X1 be histidine or arginine in the ASPD interacting motif
from the viewpoint of enhancing the interaction with ASPD. In one or a plurality of embodiments, from the same viewpoint,
X2 is preferably a hydrophobic amino acid residue, more preferably leucine, isoleucine, valine, and phenylalanine, still
more preferably leucine, isoleucine, and phenylalamine, and still further preferably leucine and phenylalanine. In one or
a plurality of embodiments, from the same viewpoint, X3 is preferably asparagine, glutamine, histidine, and more pref-
erably asparagine. In one or a plurality of embodiments, from the same viewpoint, X4 is preferably tryptophan. X5 is
preferably tryptophan, phenylalanine, tyrosine, or aspartic acid, from the same viewpoint.
[0039] In one or a plurality of embodiments, it is preferred that, in the ASPD interacting motif, a seventh or eighth
amino acid residue (that is, 2nd to 4th amino acid residues from X4 to a C-terminal) (if any) be triptophan from the
viewpoint of strengthening the interaction with ASPD.
[0040] In one or a plurality of embodiments, a length of the ASPD interacting motif is preferably 3 to 25 amino acids
or 4 to 25 amino acids, more preferably 3 to 20 amino acids or 4 to 20 amino acids, still more preferably 3 to 18 amino
acids or 4 to 18 amino acids, still further preferably 3 to 14 amino acids or 4 to 14 amino acids, still further preferably 3
to 12 amino acids, 4 to 12 amino acids, or 5 to 12 amino acids, still further preferably 3 to 8 amino acids or 4 to 8 amino
acids from the viewpoint of enhancing the interaction with ASPD.
[0041] In one or a plurality of embodiments, examples of the ASPD interacting motif include motifs represented by the
following amino acid sequences (SEQ ID NO: 7 to 34, 42 to 51). X1X2X3X4 (SEQ ID NO: 7)

X1X2NW (SEQ ID NO: 8)
HX2NW (SEQ ID NO: 9)
H(F/L)NW (SEQ ID NO: 10)
HFNW (SEQ ID NO: 42)
X2X3X4X5 (SEQ ID NO: 43)
X2NWX5 (SEQ ID NO: 44)
(F/L)NWX5 (SEQ ID NO: 45)
(F/L)NWD (SEQ ID NO: 46)
FNWD (SEQ ID NO: 47)
X2X3X4 (SEQ ID NO: 48)
X2NW (SEQ ID NO: 49)
(F/L)NW (SEQ ID NO: 50)
FNW (SEQ ID NO: 51)
X1X2X3X4X5 (SEQ ID NO: 11)
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X1X2NWX5 (SEQ ID NO: 12)
HX2NWX5 (SEQ ID NO: 13)
H(F/L)NWX5 (SEQ ID NO: 14)
H(F/L)NWY (SEQ ID NO: 15)
H(F/L)NWW (SEQ ID NO: 16)
H(F/L)NWL (SEQ ID NO: 17)
H(F/L)NWD (SEQ ID NO: 18)
X1X2NWX5W (SEQ ID NO: 19)
HX2NWX5W (SEQ ID NO: 20)
H(F/L)NWX5W (SEQ ID NO: 21)
H(F/L)NWYW (SEQ ID NO: 22)
H(F/L)NWWW (SEQ ID NO: 23)
H(F/L)NWLW (SEQ ID NO: 24)
H(F/L)NWDW (SEQ ID NO: 25)
X1X2NWX5XW (SEQ ID NO: 26)
HX2NWX5XW (SEQ ID NO: 27)
H(F/L)NWX5XW (SEQ ID NO: 28)
X1X2NWX5XXW (SEQ ID NO: 29)
HX2NWX5XKW (SEQ ID NO: 30)
H(F/L)NWX5XXW (SEQ ID NO: 31)
H(F/L)NWYNLW (SEQ ID NO: 32)
H(F/L)NWWHSW (SEQ ID NO: 33)
H(F/L)NWLSWF (SEQ ID NO: 34)

[0042] In amino acid sequences of SEQ ID NO: 7 to 34, 42 to 51, X1 to X5 are as described above, and X is any amino
acid residue.

[Polypeptide]

[0043] In one or a plurality of embodiments, the present disclosure relates to a synthesized, isolated, or purified
polypeptide (hereinafter, sometimes referred to as "first polypeptide") including the above-mentioned ASPD interacting
motif and having binding ability with respect to amylospheroid. In the first polypeptide, an embodiment of the above-
mentioned ASPD interacting motif is as described above. In one or a plurality of embodiments, the first polypeptide
preferably can suppress death of mature neurons induced by ASPD, more preferably can further/alternatively inhibit the
interaction between ASPD and NAKα3.
[0044] From the viewpoint of enhancing the inhibition of ASPD-NAKα3 interaction, it is preferred that the first polypeptide
have the above-mentioned ASPD interacting motif at an N-terminal, that is, a first amino acid at the N-terminal be X1 or
X2. The length of the first polypeptide is not particularly limited as long as it is a length including the above-mentioned
Formula (I). The first polypeptide may be formed of the ASPD interacting motif or further include an amino acid sequence
in addition to the ASPD interacting motif. In one or a plurality of embodiments, the length of the first polypeptide is 50
or less, 25 or less, 20 or less, or 15 or less, and/or 3 or more, 4 or more, 5 or more, 6 or more, 9 or more, or 10 or more
from the viewpoint of enhancing the suppression of ASPD-induced death of mature neurons and/or the inhibition of the
ASPD-NaKα3 interaction.
[0045] In another aspect, the present disclosure relates to a synthesized, isolated, or purified second polypeptide
having binding ability with respect to amylospheroid and being capable of suppressing death of mature neurons induced
by amylospheroid. It is preferred that the second polypeptide of the present disclosure mimic a tertiary structure of the
extracellular domain 4 of NAKα3 or a part thereof, preferably a tertiary structure of the extracellular domain 4 of NAKα3,
the portion including "RLNW" or "LNW", and/or the portion including "YGQQWT" or "Y-NLWR", and further/alternatively,
it is more preferred that the second polypeptide can inhibit the interaction between ASPD and NAKα3. As one embodiment
of the second polypeptide, there is the first polypeptide. The length of the second polypeptide is not particularly limited
and can be set to be equal to that of the first polypeptide of the present disclosure.
[0046] In one or a plurality of embodiments, as the polypeptide (including the first and second polypeptides, which is
similarly applies hereinafter) of the present disclosure, there is a form in which the ASPD interacting motif and a brain-
migrating peptide bind to each other directly or through a linker peptide. By causing the brain-migrating peptide to bind
to the ASPD interacting motif, efficiency at which the polypeptide of the present disclosure migrates to the brain beyond
the blood-brain barrier can be enhanced. As the brain-migrating peptide, those which are conventionally known can be
used.
[0047] The polypeptide of the present disclosure can be prepared by appropriate synthesis according to an ordinary
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synthesis method and purification. It is preferred that the polypeptide of the present disclosure have a synthesized,
isolated, and/or purified form.
[0048] By allowing the polypeptide of the present disclosure to coexist with ASPD or bringing the polypeptide into
contact with ASPD, the polypeptide of the present disclosure binds to ASPD. Thus, the polypeptide of the present
disclosure can be used preferably for suppressing death of mature neurons induced by ASPD and/or inhibiting the
interaction between ASPD and NAKα3, and the polypeptide can be used in a method for preventing, ameliorating, and/or
treating Alzheimer’s disease and/or dementia with Lewy bodies, as an effective component for a pharmaceutical com-
position. Accordingly, in another aspect, the present disclosure relates to a pharmaceutical composition containing the
polypeptide of the present disclosure, used in a method for preventing, ameliorating, and/or treating Alzheimer’s disease
and/or dementia with Lewy bodies.
[0049] Alternatively, the polypeptide of the present disclosure can be used as a probe of ASPD or an imaging probe
or a precursor thereof, and can be used in a method for detecting and/or measuring ASPD, an ASPD imaging method,
and a method for determining and/or diagnosing severity of a clinical condition of Alzheimer’s disease and/or dementia
with Lewy bodies. Thus, in another aspect, the present disclosure relates to a composition, a pharmaceutical composition,
or a kit including the polypeptide of the present disclosure, for detecting and/or measuring ASPD, for imaging ASPD, or
for determining and/or diagnosing severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies.

[Peptide mimetic]

[0050] As still another aspect, the present disclosure relates to a peptide mimetic that mimics a structure of the
polypeptide of the present disclosure. The peptide mimetic of the present disclosure has an inhibiting capacity with
respect to the interaction between ASPD and NAKα3. As a preferred embodiment of the peptide mimetic of the present
disclosure, there is a form in which a peptide mimetic of a motif represented by the Formula (I) and the brain-migrating
peptide bind to each other directly or through a linker. By causing the brain-migrating peptide to bind to the peptide
mimetic, efficiency at which the peptide mimetic of the present disclosure migrates to the brain beyond the blood-brain
barrier can be enhanced. As the brain-migrating peptide, those which are conventionally known can be used.
[0051] By allowing the peptide mimetic of the present disclosure to coexist with ASPD or bringing the peptide mimetic
into contact with ASPD, the interaction between ASPD and NAKα3 is inhibited. Thus, the peptide mimetic of the present
disclosure preferably can be used for suppressing death of mature neurons induced by ASPD and/or inhibiting the
interaction between ASPD and NAKα3, and can be used in a method for preventing, ameliorating, and/or treating
Alzheimer’s disease and/or dementia with Lewy bodies, as an effective component for a pharmaceutical composition.
Thus, in another aspect, the present disclosure relates to a pharmaceutical composition containing the peptide mimetic
of the present disclosure, used in a method for preventing, ameliorating, and/or treating Alzheimer’s disease and/or
dementia with Lewy bodies.
[0052] Alternatively, the peptide mimetic of the present disclosure can be used as a probe of ASPD or an imaging
probe or a precursor thereof, and can be used in a method for detecting and/or measuring ASPD, an ASPD imaging
method, and a method for determining and/or diagnosing severity of a clinical condition of Alzheimer’s disease and/or
dementia with Lewy bodies. Thus, in another aspect, the present disclosure relates to a composition, a pharmaceutical
composition, or a kit including the peptide mimetic of the present disclosure, for detecting and/or measuring ASPD, for
imaging ASPD, or for determining and/or diagnosing severity of a clinical condition of Alzheimer’s disease and/or dementia
with Lewy bodies.
[0053] Further, in another aspect, the present disclosure relates to a method for screening a peptide mimetic or a low
molecular weight compound used in a method for inhibiting the interaction between ASPD and NAKα3, suppressing
death of mature neurons induced by ASPD, or preventing, ameliorating, and/or treating Alzheimer’s disease and/or
dementia with Lewy bodies, including performing Structure-Based Drug Design (SBDD) based on a tertiary structure of
the first polypeptide. The screening method may include checking ASPD binding ability regarding a candidate compound
designed by the SBDD and produced and/or the suppression of death of mature neurons induced by ASPD.

[Polynucleotide and vector]

[0054] In still another aspect, the present disclosure relates to a polynucleotide encoding the polypeptide of the present
disclosure, and also relates to a vector including the polynucleotide encoding the polypeptide of the present disclosure,
for expressing the polypeptide. Although the vector is not particularly limited as long as it can gene-transfer the polynu-
cleotide, the vector is preferably an adeno-associated virus (AVV) vector from the viewpoint of safety. As a preferred
embodiment of the vector of the present disclosure, there is a form in which the vector binds to the brain-migrating
peptide. By allowing the vector to bind to the brain-migrating peptide, efficiency at which the vector of the present
disclosure migrates to the brain beyond the blood-brain barrier can be enhanced. As the brain-migrating peptide, those
which are conventionally known can be used.
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[Pharmaceutical composition]

[0055] In the case where the present disclosure is a pharmaceutical composition, a dosage form can be selected
appropriately depending upon an administration method, and examples of the dosage form include an injection, a liquid
formulation, a capsule, a masticatory, a tablet, a suspension, a cream, and an ointment. The administration method is
not particularly limited, either, and examples thereof include oral administration and parenteral administration. The
pharmaceutical composition of the present disclosure may contain a conventionally known additive (for example, a
vehicle or a diluent) in accordance with an administration form or a dosage form.
[0056] Examples of the dosage form suitable for oral administration include solid formulations such as a tablet, particles,
liquid, a powdercontaining capsule, a troche, a masticatory, multiparticles and nanoparticles, a gel, and a film; and liquid
formulations such as a suspension, a solution, a syrup, and an elixir. Examples of the vehicle include supports such as
cellulose, calcium carbonate, calcium secondary phosphate, mannitol, and sodium citrate; granulated binders such as
polyvinylpyrrolidone, hydroxypropylcellulose, hydroxypropylmethylcellulose, and gelatin; disintegrators such as starch
sodium glycolate and a silicate; lubricates such as magnesium stearate and stearic acid; humectants such as sodium
lauryl sulfate; a preservative; an antioxidant; correctives; and a colorant.
[0057] Examples of parenteral administration of a pharmaceutical composition of the present disclosure include direct
administration to a blood flow, a muscle, or an internal organ. The parental administration includes intravenous admin-
istration, intraarterial administration, intraperitoneal administration, intrathecal administration, ventricular administration,
intraurethral administration, sternal administration, intramedullary administration, intramuscular administration, and sub-
cutaneous administration. The parenteral administration can be performed with a syringe, a needleless syringe, and
other injection techniques. Further, an example of the dosage form suitable for the parenteral administration is an aqueous
solution containing a vehicle and/or a buffer.

[Method for prevention, amelioration, and/or treatment]

[0058] In the present specification, prevention of Alzheimer’s disease and/or dementia with Lewy bodies includes
suppressing onset ofAlzheimer’s disease and/or dementia with Lewy bodies, or preventing a clinical condition from
progressing further from reversible moderate cognitive impairment. Further, in the present specification, amelioration of
Alzheimer’s disease and/or dementia with Lewy bodies includes the following state: a clinical condition of reversible
moderate cognitive impairment of Alzheimer’s disease and/or dementia with Lewy bodies stops progressing or a clinical
condition becomes moderate. Further, in the present specification, treatment of Alzheimer’s disease and/or dementia
with Lewy bodies includes delaying progression of a clinical condition or substantially stopping the progression.
[0059] A preferred embodiment of the present aspect includes administering the pharmaceutical composition of the
present disclosure containing a polypeptide, a peptide mimetic, or a low molecular weight compound to a subject. It is
preferred that the treatment or prevention method of the present aspect include administering an effective amount of
the pharmaceutical composition of the present disclosure to a subject. In the case where a subject is a human, for
example, a total amount per day of a polypeptide, a peptide mimetic, or a low molecular weight compound can be set
generally in a range of 0.0001 mg/kg to 100 mg/kg. Further, a total amount per day can be administered in a single dose
or divided doses. As the administration method, the above-mentioned oral/parenteral administration can be selected
appropriately.

[Imaging method]

[0060] In another aspect, the present disclosure relates to an ASPD imaging probe or a precursor thereof including
the polypeptide or the peptide mimetic of the present disclosure as a binding portion with respect to ASPD. By labeling
the polypeptide or the peptide mimetic of the present disclosure with an appropriate labeled radioactive compound, an
ASPD imaging probe can be obtained.
[0061] Further, in another aspect, the present disclosure relates to an ASPD imaging method. The imaging method
can be performed by detecting a signal of the probe for imaging from a subject (preferably, the brain of the subject)
administered with the probe after an elapse of a predetermined period of time from administration of the probe. Examples
of the subject include humans and animals other than humans (mammals). Further, detection of a signal of the probe
includes, for example, detecting a signal of a radioactive nuclide used for labeling the probe for imaging. The imaging
method of the present disclosure further may include reconfiguring the detected signal so as to convert it into an image,
and further, may include displaying the converted image. Further, in the imaging method of the present disclosure,
detection of a signal can be determined appropriately in accordance with a kind of a radioactive nuclide of a molecular
probe to be used, and can be performed by, for example, measurement using PET, measurement using SPECT, etc.
[0062] The measurement using SPECT includes, for example, measuring a γ-ray released from a subject administered
with the probe for imaging with a gamma camera. The measurement with a gamma camera includes, for example,
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measuring a radiation (γ-ray) emitted from the radioactive nuclide used for labeling the probe for imaging on a prede-
termined time basis, and preferably includes measuring a direction in which the radiation is released and a radiation
quantity on a predetermined time basis. The imaging method of the present disclosure further may include displaying a
measured distribution of the probe for imaging of the present disclosure obtained by measuring a radiation as a cross-
sectional image and reconfiguring the obtained cross-sectional image.
[0063] The measurement using PET includes, for example, simultaneously counting, with a PET detector, a pair of
annihilation radiations generated by the binding between a positron and an electron from a subject administered with
the probe for imaging, and further may include drawing a three-dimensional distribution of a position of the radioactive
nuclide releasing the positron, based on the measured result.
[0064] In the imaging method of the present disclosure, X-ray CT or MRI measurement may be performed together
with the measurement using SPECT or the measurement using PET. Consequently, for example, a fusion image in
which an image obtained by SPECT or an image obtained by PET (functional image) is fused with an image obtained
by CT or an image obtained by MRI (morphological image) can be obtained.

[Determination/diagnosis method]

[0065] An ASPD amount may be calculated based on signal data or image data obtained by the ASPD imaging method
of the present disclosure. A native ASPD amount in the cerebral cortex of a patient suffering from Alzheimer’s disease
and/or dementia with Lewy bodies increases relative to severity of Alzheimer’s disease and/or dementia with Lewy
bodies, and hence, severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies can be
determined or diagnosed by performing the imaging method of the present disclosure. Thus, in another aspect, the
present disclosure relates to a diagnosis method including determining severity of a clinical condition of Alzheimer’s
disease and/or dementia with Lewy bodies, based on the signal data or the image data obtained by the ASPD imaging
method.
[0066] The number of neurons expressing NAKα3 in the cerebral cortex of a patient suffering from Alzheimer’s disease
and/or dementia with Lewy bodies decreases relative to severity of Alzheimer’s disease and/or dementia with Lewy
bodies. Therefore, severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies can be
determined or diagnosed also by imaging NAKα3. Thus, in another aspect, the present disclosure relates to a method
for diagnosing a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies, including determining
severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies based on signal data or image
data obtained by an NAKα3 imaging method which includes detecting a signal of an NAKα3 imaging probe including a
binding partner of NAKα3 as a binding portion with respect to NAKα3 from a subject administered with the imaging
probe, or based on a result of measurement of an NAKα3 amount calculated from the signal data or the image data. An
example of the binding partner of NAKα3 is anti-NAKα3 antibodies. Further, imaging of NAKα3 can be performed similarly
to imaging of ASPD.
[0067] Hereinafter, one or a plurality of embodiments of the present disclosure is further described by way of examples.

Examples

[0068] 1. Although ASPD exhibits toxicity to mature neurons, it does not exhibit toxicity to immature neurons or HEK293
cells that are non-neuronal cells

(1-1) ASPD binding assay

[0069] After synthetic ASPD was purified with a filter, the synthetic ASPD was administered to human fetus-derived
HEK 293 cells and mature rat hippocampus-derived primary cultured neurons, and immobilized and subjected to immu-
nohistostaining one hour later. ASPD bound to the mature neurons without binding to the HEK293 cells. FIG. 3 shows
the result on the left side. As shown in FIG. 3, the binding between ASPD and the mature neurons was inhibited by anti-
ASPD antibodies.

(1-2) ASPD toxicity test

[0070] A predetermined concentration of ASPD (5 mM) was administered to the respective cells, and the cells were
allowed to stand overnight. After that, apoptotic activity was determined through use of Cell Death ELISA produced by
Hoffmann-La Roche Ltd. ASPD exhibited toxicity only to the mature neurons without exhibiting toxicity to the HEK293
cells that were non-neuronal cells and the rat hippocampus-derived immature neurons. FIG. 3 shows the result on the
right side. As shown in FIG. 3, the toxicity of ASPD to the mature neurons was inhibited by the anti-ASPD antibodies.
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(1-3) The above-mentioned description and FIG. 3 suggested that ASPD binds to a target molecule present only on the 
surface of the mature neurons and exhibits neurotoxicity due to the specific tertiary structure thereof.

2. Identification of Na+/K+-ATPase α3 that is a target molecule of ASPD

(2-1) Analysis by far-western blotting

[0071] Extracts were prepared with RadioImmunoPrecipitation Assay (RIPA) respectively from the rat hippocampus-
derived primary cultured neurons (number of culture days shown in FIG. 4) and the HEK293 cells, and protein amounts
of the extracts were determined. Then, predetermined amounts of the extracts were subjected to electrophoresis with
SDS-PAGE and transcribed to a nitrocellulose membrane, and reacted with native ASPD or an Aß monomer for a
predetermined period of time. The binding of the native ASPD was detected with anti-ASPD antibodies haASD1, and
the binding of the Aß monomer was detected with 6E10 that was commercially available anti-Aß monomer antibodies
(far-western blotting). FIG. 4 shows the result.
[0072] As shown in FIG. 4, it was found that ASPD recognizes a 105 kDA band only in the extract derived from the
mature neurons. On the other hand, the Aß monomer did not bind to the band and recognized a band of about 50 kDa.
The binding between the native ASPD and the 105 kDA band was specific to ASPD, and hence, the band was not
detected only with the anti-ASPD antibodies in the absence of ASPD. Even in the case where the native ASPD was
treated with an excess amount of anti-ASPD antibodies in advance, the band was not detected. This relates to the fact
that the binding and toxicity of ASPD to the mature neurons are lost in pre-treatment with the anti-ASPD antibodies.

(2-2) Analysis by mass spectrometry

[0073] FIG. 5 shows, on the left side, the result of far-western blotting in the case of using synthetic ASPD instead of
the native ASPD of FIG. 4. Similarly to the native ASPD (left side of FIG. 4), it is shown that synthetic ASPD binds to a
105 kDa band only in the mature neurons. Thus, the synthetic ASPD is considered to be equivalent to the native ASPD,
and after that, analysis was carried out using the synthetic ASPD.
[0074] FIG. 5 shows, on the right side, a silver staining pattern of an extract derived from cells used on the left side
of FIG. 5. A band that could not be detected with an extract derived from immature neurons or an extract derived from
the HEK293 cells was recognized in a region surrounded rectangularly. This band was cleaved and subjected to tandem
mass spectrometry (MS/1VIS) analysis with a mass spectrometer (MALDI-TOF-MS, produced by Bruker Daltonics K.K.,
trade name: Ultraflex), and consequently, an Na+/K+-ATPase α subunit was detected.

(2-3) Confirmation of α3 subunit

[0075] Western blotting using antibodies selective to the Na+/K+-ATPase α1 subunit and the α3 subunit was performed
through use of the extracts used in far-western blotting on the left side of FIG. 4 and the left side of FIG. 5. FIG. 6 shows
the result. As shown in FIG. 6, it was reported that the α3 subunit is expressed selectively in the mature neurons, and
a target bound by ASPD is an Na+/K+-ATPase α3 subunit (NAKα3).

(2-4) Coprecipitation of NAKα3 in ASPD immunoprecipitation

[0076] An extract of the mature rat hippocampus-derived primary cultured neurons, an immune precipitate obtained
by adding synthetic ASPD to the extract and using anti-ASPD antibodies (haASD1), and an immune precipitate obtained
by adding synthetic ASPD to the extract and using normal mouse IgG as a control were subjected to electrophoresis,
whereby western blotting was performed with NAKα3 specific antibodies. FIG. 7 shows the result. As shown in FIG. 7,
it was clarified that NAKα3 is coprecipitated with ASPD due to the presence of the anti-ASPD antibodies.

(2-5) Coprecipitation of NAKα3 in ASPD immunoprecipitation

[0077] The above-mentioned experiment (2-4) showed that ASPD and NAKα3 interact with each other directly. In
order to verify that the interaction occurs on living cells, biotinylated ASPD in which biotinylated Aß was mixed in a
predetermined ratio was prepared and administered to living mature neurons (rat hippocampus-derived primary cultured
neurons), a cell membrane was collected under the condition of not breaking ASPD structure within one hour from the
administration, and the cell membrane was fractioned with avidin having strong affinity to biotin. FIG. 8 shows the result
of a silver staining. As shown in FIG. 8, there is a band recognized at around 105 kDa only under the condition of the
biotinylated ASPD administration, and it was clarified from tandem mass spectrometry (MS/MS) analysis that the band
is NAKα. The above-mentioned two different experiments (2-4) and (2-5) showed that ASPD and NAKα3 interact with
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each other directly with sufficient binding strength.

(2-6) Fluorescent microscope observation

[0078] FIG. 9 shows the result obtained by administering synthetic ASPD to mature neurons (rat hippocampus-derived
primary cultured neurons), subjecting a binding site of ASPD on the mature neurons to fluorescent staining with anti-
ASPD antibodies, subjecting an existing site of NAKα3 to fluorescent staining with specific antibodies, and observing
the existing site with a fluorescent microscope. As shown in FIG. 9, a site to which ASPD binds is matched with the
existing site of NAKα3.

(2-7) Dissociation constant

[0079] FIG. 10 shows an example of a Scatchard plot of a result obtained by administering synthetic ASPD to mature
rat hippocampus-derived primary cultured neurons, immobilizing the cells one hour later, and determining quantity of
ASPD that binds to the cells through use of anti-ASPD antibodies. Further, it is shown from the Scatchard plot of FIG.
10 that a dissociation constant of the synthetic ASPD is Kd =1.5 6 7.8 3 10-7 M.

(2-8) Inhibition of ATPase activity of NAKα3 by ASPD

[0080] Synthetic ASPD was administered to mature rat hippocampus-derived primary cultured neurons, and a cell
membrane was collected about 24 hours later. Then, ATPase activity was measured, and NAK activity was obtained
through use of ouabain that was a selective inhibitor of NAK. In the rat, Ki of the ouabain is α3 = 3.1 6 0.3 3 10-8 M,
α1 = 4.3 6 1.9 3 10-5 M. In the presence of a low concentration of ouabain (10 nM), only NAKα3 is inhibited, and hence,
NAKα3 activity can be obtained (graph in a left column of FIG. 11). As activity not inhibited in the presence of 10 nM of
ouabain but inhibited by 100 mM of ouabain, NAKα1 activity (graph in a middle column of FIG. 11) can be obtained. As
shown in FIG. 11, it was found that the NAKα3 activity reached 20% or less due to the ASPD treatment. On the other
hand, it was clarified that the NAKα1 activity did not decrease, compared with the NAKα3 activity. Thus, it was clarified
that ASPD strongly inhibits, in particular, the NAKα3 activity.

(2-9) Regarding NAKα3

[0081] FIG. 12 shows a function, a structure, and a distribution of Na+/K+-ATPase (NAK). An upper figure of FIG. 12
is an exemplary explanatory view of a sodium-potassium pump function conjugated with ATP hydrolysis, which is a NAK
function. A middle figure of FIG. 12 shows an example of structures of an α subunit and a ß subunit of NAK. As shown
in this figure, it has been reported that the ß subunit binds to the extracellular domain 4 of the α subunit (Lemas et al.,
vol. 269, 8255-8259, 1994). As shown in a table of a lower figure of FIG. 12, the α1 subunit is a ubiquitous type present
in all the cells. On the other hand, an α3 subunit is expressed selectively in mature neurons. It is known that, although
an α2 subunit is expressed in immature neurons, the α2 subunit is switched to the α3 subunit when the immature neurons
mature. The findings of NAKα3 are well matched with the results of FIGS. 3 to 11.

3. Mechanism for death of cells triggered by ASPD

(3-1) Measurement of intracellular calcium concentration

[0082] Assuming that the activity of NAKα3 is inhibited when ASPD binds to NAKα3, the following was predicted: (1)
flowed Na is not drawn, and hence, a membrane potential increases; consequently, a Ca channel dependent upon a
membrane potential is opened, or (2) an Na/Ca exchanger (NCX) on a cell membrane reacts to take in Ca in response
to the increase in Na, and an extraordinary flow of calcium occurs in cells finally. Then, an intracellular calcium concen-
tration when ASPD was administered to mature rat hippocampus-derived primary cultured neurons was observed with
a fluorescent calcium indicator, Fura PE3. FIG. 13 shows the result. As shown in FIG. 13, it was found that an increase
in the intracellular calcium concentration was detected immediately after the administration of ASPD, and the intracellular
calcium concentration finally reached the maximum limit, thereby causing death of cells. It also was shown that this
occurs faster depending upon the concentration of ASPD.

(3-2) Effect of calcium channel inhibitor

[0083] Various kinds of inhibitors shown in the following Table 1 were administered in advance to mature rat hippoc-
ampus-derived primary cultured neurons in concentrations shown in Table 1, 4 mM of synthetic ASPD was administered
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to the mature rat hippocampus-derived primary cultured neurons 30 minutes later, and apoptotic activity was measured
24 hours later. Table 1 and FIG. 14 show the result. As shown in Table 1 and FIG. 14, it was found that, among membrane
potential dependent calcium channels, N-type channels, present in a large number in the presynapse, relate to a neuron
death signal cascade occurring due to the suppression of NAKα3 activity after the administration of ASPD. Further, it
also was found that NCX and mPTP present in mitochondria also contribute to the neuron death signal cascade. Thus,
as shown in FIG. 15, it was clarified that a flow of calcium into cells first occurs when membrane potential-dependent
N-type calcium channels on the synapse are activated, and calcium metabolic disorder of mitocondria occurs, which
leads to death of cells.
[0084] [Table 1]

4. Correlation between clinical condition of Alzheimer’s disease and Na+/K+-ATPase α3

[0085] A distribution of NAK was verified in the human brain through use of specific antibodies. According to the
analysis in the normal brain, first, NAKα1 was distributed entirely, which was matched with the fact that NAKα1 is present
ubiquitously (upper left of FIG. 16). On the other hand, it was found that NAKα3 exhibits a distribution completely different
from that of NAKα1, and in the cerebral cortex, NAKα3 is distributed so as to be in a dot shape along neurites or axons
or so as to surround pyramidal cells (neurons) (upper right of FIG. 16). In the cerebellum, NAKα3 was present in a dot
shape along the neurites or axons and distributed so as to surround Purkinje cells (upper left of FIG. 17). This overlaps
the distribution of Basket cells very well. The Basket cells are present also in the cerebral cortex, which is matched with
the fact that NAKα3 is often recognized to be expressed in inhibitory nerves in the expression analysis of mRNA. In the
patient brain, staining of NAKα3 was lost in the cerebral cortex in which disorders were largely recognized in Alzheimer’s
disease (lower right of FIG. 16). On the other hand, the following result was obtained: although staining of NAKα1 was
lost in an original existing site, an amount of staining rather increased in other portions (lower left of FIG. 16). This is the
result matched with the analysis of mRNA in the past (Siegel 1998). Simultaneously, anASPD amount was examined.
As a result, only a very small amount of ASPD at the same level as that of a normal condition was detected in the patient
cerebellum, whereas a large amount of ASPD was present in the cerebral cortex in which disorders were serious, which
was correlated with a decrease in NAKα3 (Table 2).
[0086] [Table 2]

(Table 1)

Calcium channel Inhibitor Concentration (mM) Effect of inhibition

Ca2+ channel blocker (L-type) Nitrendipine 1.0 -

Ca2+ channel blocker (P-type) ω-Agatoxin IVA 2.5 -

Ca2+ channel blocker (N-type) ω-Conotoxin GVIA 4.0 +

Potent and selective CaV2.3 blocker (R-type) SNX482 1.0 -

Ca2+ channel blocker (T-type) Mibefradil dihydrochloride 1.0 -

Ca2+ channel blocker (T-type) Kurtoxin 1.0 -

Na+/Ca2+ exchange inhibitor KB-R7943 mesylate 30.0 -

STIM1-mediated Ca2+ influx inhibitor SKF96365 30.0 -

IP3 receptor antagonist 2-APB 10.0 -

Antagonist of mitochondrial Na+/Ca2+ 
exchange

CGP 37157 3.0 +

mPTPopening inhibitor Cyclosporin A 20.0 +

(Table 2)

ASPD (nmol/ml) n>3 NAKα3 Neuronal loss

NCI cerebral cortex 0.02 6 0.01 ++ 6

AD cerebral cortex 1.58 6 0.3 6 +

AD cerebellum 0.02 6 0.02 ++ 6
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5. Polypeptide that binds to ASPD and suppresses death of cells

[0087] Based on the fact that anti-ASPD antibodies bind to ASPD to inhibit interaction between ASPD and NAKα3
that is a target molecule to suppress death of neurons, a peptide having similar effect was searched. For this purpose,
ASPD immobilized to a microtiter plate was screened through use of (commercially available) phage display library in
which a library of random 12 amino acids was expressed on a virus surface, and a converged sequence was analyzed.
Phage having the same sequence was obtained a plurality of times repeatedly from a 3rd phage display, which suggests
the possibility that some biological concentration occurs and a peptide having binding activity to ASPD is obtained.
Further, when all the obtained sequences were analyzed in a bioinformatics manner, H (His) and W (Trp) were expressed
significantly at a high frequency. This suggests that peptide motifs that bind to ASPD specifically are included in peptide
motifs containing a large amount of H/W. In the peptide motifs, those which actually neutralize ASPD toxicity and those
which actually do not neutralize ASPD toxicity were examined. Then, it was found that those which neutralize toxicity
have a common motif. A peptide having neutralization activity was named as anAnti-AD toxicity (AAT) peptide. Table 3
shows obtained AAT peptides 01 to 05. Table 3 also shows two examples of peptides (PD) having no neutralization activity.
[0088] [Table 3]

[0089] To mature rat hippocampus-derived primary cultured neurons, 14 mM of AAT peptide (01 to 03) were admin-
istered, 4 mM of synthetic ASPD was administered to the mature rat hippocampus-derived primary cultured neurons 30
minutes later, and apoptotic activity was measured 24 hours later. FIG. 18 shows the result.
[0090] Interestingly, regarding the AAT peptide (01 to 03), the first four amino acids (HLNW) are similar to a particular
portion (RLNW; greatly different between NAKα3 and NAKα1) of the extracellular domain 4 of NAKα3 that is a target
molecule, and the subsequent four amino acids are similar to a portion (Y-NLWR; common between NAKα3 and NAKα1)
on a slightly downstream side of the particular portion (FIG. 2). Further, it was suggested that the last four amino acids
have no particular motif. Of the motifs of the first four amino acids, the third N (Asn) is specific to NAKα3 (stored in the
human and the rat, see FIG. 2), and this was shown to be important.
[0091] To the mature rat hippocampus-derived primary cultured neurons, 0.14 mM of an AAT peptide (04 to 05) were
administered, 4 mM of synthetic ASPD was administered to the mature rat hippocampus-derived primary cultured neurons
30 minutes later, and apoptotic activity was measured 24 hours later. FIG. 19 shows the result. It was clarified that
AAT04 and AAT05 obtained by shortening AAT01 have inhibition effect equal to or more than that of the AAT01.
[0092] Further, the inhibition effect of apoptotic activity of ASPD was similarly checked through use of AAT peptides
06 and 07 shown in the following Table 4.
[0093] [Table 4]

[0094] To mature rat hippocampus-derived primary cultured neurons, 2.8 mM of an AAT peptide (04, 06, 07) was
administered, and 30 minutes later, 4 mM of synthetic ASPD was administered. The apoptotic activity was measured

(Table 3)

Sequence name Amino acid sequence Neutralization activity SEQ ID

AAT01 HFNWYNLWRVQY + 35

AAT02 HLNWWHSWYPAR + 36

AAT03 HLNWLSWFPSRH + 37

AAT04 HFNWD + 38

AAT05 HFNWDW + 39

PD01 HHLWRPFWWAEA - 40

PD02 HSWWSSWLRPGT - 41

(Table 4)

Sequence name Amino acid sequence Neutralization activity SEQ ID

AAT04 HFNWD + 38

AAT06 HFNW + 42

AAT07 FNWD + 47
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24 hours later and compared with that of a control to which the AAT peptide has not been administered, whereby the
inhibition activity was calculated. FIG. 20 shows the results. Of the peptides obtained by shortening the AAT04, it was
clarified that the AAT06 has inhibition effect equal to or higher than that of the AAT04.

5. Dissociation constant of ASPD and AAT peptide

[0095] Biotin was bound to each C-terminal side of the above-mentioned AAT peptides 01 to 0.3 and made into a solid
phase on a chip, and a dissociation constant was obtained by surface plasmon resonance (SPR) using ASPD as a
ligand. Table 5 shows the results.
[0096] [Table 5]

[Sequence Table Free Text]

[0097]

SEQ ID NO: 7 to 39, 42 to 52: ASPD interacting motif/peptide
SEQ ID NO: 40, 41: ASPD interacting motif/peptide (control)

Biotinylated AAT peptide ka kd KD

C-terminal biotinylated AAT01
7.643103 4.41310-4 5.77310-8

HFNWYNLWRVQY

C-terminal biotinylated AAT02
5.603103 4.62310-4 8.24310-8

HLNWWHSWYPAR

C-terminal biotinylated AAT03
4.963103 4.39310-4 8.85310-8

HLNWLSWFPSRH
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Claims

1. A use of Na+/K+-ATPase α3 as a binding target molecule of amylospheroid inducing death of a mature neuron.

2. A use according to claim 1, comprising developing a pharmaceutical product based on interaction between the
amylospheroid and the Na+/K+-ATPase α3.

3. A method for suppressing death of a mature neuron induced by amylospheroid, comprising inhibiting protein-protein
interaction between the amylospheroid and Na+/K+-ATPase α3.

4. A method according to claim 3, wherein the protein-protein interaction between the amylospheroid and the
Na+/K+-ATPase α3 is inhibited by contact between the amylospheroid and a substance capable of performing
competitive inhibition based on a surface tertiary structure of both or one of the amylospheroid and the Na+/K+-ATPase
α3.

5. A method according to claim 3, wherein the protein-protein interaction between the amylospheroid and the
Na+/K+-ATPase α3 is inhibited by contact between the amylospheroid and a substance capable of binding to the
amylospheroid by competition with the Na+/K+-ATPase α3.

6. A method for suppressing death of a mature neuron induced by amylospheroid, comprising inhibiting at least one
calcium channel selected from the group consisting of an N-type voltage-gated calcium channel (VGCC) of a cell
membrane, an Na+/Ca2+ exchange transporter of mitochondria (mNCX), a membrane-permeable transition pore of
mitochondria (mPTP), and a ryanodine receptor of endoplasmic reticulum (RyR), in the mature neuron interacting
with the amylospheroid.

7. A method for preventing, ameliorating, and/or treating Alzheimer’s disease and/or dementia with Lewy bodies,
comprising suppressing death of a mature neuron induced by amylospheroid by inhibiting protein-protein interaction
between the amylospheroid and Na+/K+-ATPase α3.

8. A method according to claim 7, wherein the protein-protein interaction between the amylospheroid and the
Na+/K+-ATPase α3 is inhibited by contact between the amylospheroid and a substance capable of performing
competitive inhibition based on a surface tertiary structure of both or one of the amylospheroid and the Na+/K+-ATPase
α3.

9. A method according to claim 7, wherein the protein-protein interaction between the amylospheroid and the
Na+/K+-ATPase α3 is inhibited by contact between the amylospheroid and a substance capable of binding to the
amylospheroid by competition with the Na+/K+-ATPase α3.

10. A method for preventing, ameliorating, and/or treating Alzheimer’s disease and/or Lewy body dementia, comprising
inhibiting at least one calcium channel selected from the group consisting of an N-type voltage-gated calcium channel
(VGCC) of a cell membrane, an Na+/Ca2+ exchange transporter of mitochondria (mNCX), a membrane-permeable
transition pore of mitochondria (mPTP), and a ryanodine receptor of endoplasmic reticulum (RyR), in a mature
neuron interacting with amylospheroid.

11. A method for screening a candidate compound of an effective component of a pharmaceutical composition for
preventing, ameliorating, and/or treating Alzheimer’s disease and/or dementia with Lewy bodies, comprising:
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measuring an inhibiting capacity of protein-protein interaction between amylospheroid and Na+/K+-ATPase α3
through use of a test compound; and
selecting the candidate compound based on a result of the measurement.

12. A method for screening a candidate compound of an effective component of a pharmaceutical composition for
preventing, ameliorating, and/or treating Alzheimer’s disease and/or dementia with Lewy bodies, comprising:

measuring an inhibiting capacity of protein-protein interaction between amylospheroid and Na+/K+-ATPase α3,
and/or binding ability with respect to the amylospheroid, and/or a suppressive capacity with respect to death of
a mature neuron induced by the amylospheroid, using a test compound synthesized by performing Structure-
Based Drug Design based on a tertiary structure of an extracellular domain 4 of Na+/K+-ATPase α3 or a part
thereof; and
selecting the candidate compound based on a result of the measurement.

13. A method for diagnosing a clinical condition of Alzheimer’s disease and/or Lewy body dementia, comprising:

detecting a signal of an Na+/K+-ATPase α3 imaging probe including a binding partner of Na+/K+-ATPase α3 as
a binding portion with respect to the Na+/K+-ATPase α3 from a subject to which the imaging probe has been
administered; and
determining severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies based on
signal data or image data of the signal or a result of measurement of an Na+/K+-ATPase α3 amount calculated
from the signal data or the image data.

14. A method for checking severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies of
a subject, comprising:

detecting a signal of an Na+/K+-ATPase α3 imaging probe including a binding partner of Na+/K+-ATPase α3 as
a binding portion with respect to the Na+/K+-ATPase α3 from the subject to which the imaging probe has been
administered; and
measuring an Na+/K+-ATPase α3 amount calculated from signal data or image data of the signal; and
comparing a result of the measurement with a standard in which the severity is determined to be higher as the
measured Na+/K+-ATPase α3 amount is lower than an Na+/K+-ATPase α3 amount of a normal individual, and/or
the severity is determined to be higher/lower, respectively, in a case where the measured Na+/K+-ATPase α3
amount is higher/lower than a previous Na+/K+-ATPase α3 amount of the subject.

15. A synthesized, isolated, or purified substance that has binding ability with respect to amylospheroid and is capable
of suppressing death of a mature neuron induced by the amylospheroid, and that is similar in structure to an extra-
cellular domain 4 of Na+/K+-ATPase α3 or a part thereof.

16. A substance according to claim 15, which is similar in structure to a portion in which an amino acid sequence in the
extracellular domain 4 of the Na+/K+-ATPase α3 is RLNW (SEQ ID NO: 1) or LNW.

17. A synthesized, isolated, or purified polypeptide, comprising a motif represented by an amino acid sequence of the
following Formula (I), (II), or (III):

X1X2X3X4 (I) (SEQ ID NO: 7)

X2X3X4X5 (II) (SEQ ID NO: 43)

X2X3X4 (III) (SEQ ID NO: 48)

where X1 is arginine (Arg), histidine (His), or lysine (Lys),
X2 is a hydrophobic amino acid residue or glycine (Gly),
X3 is asparagine (Asn), glutamine (Gln), serine (Ser), threonine (Thr), cysteine (Cys), histidine (His), or Tyr (tyrosine),
X4 is tryptophan (Trp), phenylalanine (Phe), or tyrosine (Tyr), and
X5 is tryptophan (Trp), tyrosine (Tyr), aspartic acid (Asp), or a hydrophobic amino acid residue,
the polypeptide having binding ability with respect to amylospheroid.
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18. A polypeptide according to claim 17, comprising a motif represented by an amino acid sequence of the Formula (I),
(II), or (III) at an N-terminal.

19. A polypeptide according to claim 17 or 18, wherein the amino acid sequence has a length of 4 to 25 amino acids.

20. A polypeptide according to any one of claims 17 to 19, which is capable of inhibiting interaction between the amy-
lospheroid and Na+/K+-ATPasesa3, and/or suppressing death of a mature cell induced by the amylospheroid.

21. A polypeptide according to any one of claims 17 to 20, which is similar in structure to an extracellular domain 4 of
Na+/K+-ATPase α3 or a part thereof.

22. A polypeptide according to claim 21, which is similar in structure to a portion in which an amino acid sequence in
the extracellular domain 4 of the Na+/K+-ATPase α3 is RLNW (SEQ ID NO: 1).

23. A peptide mimetic similar in structure to the polypeptide according to any one of claims 17 to 22, which is capable
of inhibiting interaction between the amylospheroid and Na+/K+-ATPasesa3, and/or suppressing death of a mature
neuron induced by the amylospheroid.

24. A polynucleotide encoding the polypeptide according to any one of claims 17 to 22.

25. A vector for expressing the polypeptide according to any one of claims 17 to 22, comprising a polynucleotide encoding
the polypeptide.

26. A composition comprising the polypeptide according to any one of claims 17 to 22 or the peptide mimetic according
to claim 23.

27. A composition according to claim 26, used for detecting and/or measuring the amylospheroid.

28. A composition according to claim 26 used for suppressing death of a mature neuron induced by the amylospheroid.

29. A composition according to claim 26, used for inhibiting interaction between the amylospheroid and Na+/K+-ATPase
α3.

30. A pharmaceutical composition comprising the polypeptide according to any one of claims 17 to 22, the peptide
mimetic according to claim 23, the polynucleotide according to claim 24, or the vector according to claim 25.

31. A pharmaceutical composition according to claim 30, used for preventing, ameliorating, and/or treating Alzheimer’s
disease and/or dementia with Lewy bodies.

32. A probe with respect to amylospheroid or a precursor thereof, comprising the polypeptide according to any one of
claims 17 to 22 or the peptide mimetic according to claim 23 as a binding portion with respect to the amylospheroid.

33. A probe or a precursor thereof according to claim 32, used for imaging the amylospheroid, or detecting or measuring
the amylospheroid.

34. An amylospheroid imaging method, comprising detecting a signal of an amylospheroid imaging probe including the
polypeptide according to any one of claims 17 to 22 or the peptide mimetic according to claim 23 as a binding portion
with respect to the amylospheroid from a subject to which the imaging probe has been administered.

35. A method for measuring an amylospheroid amount, comprising calculating an amylospheroid amount based on
signal data or image data obtained by the amylospheroid imaging method according to claim 34.

36. A diagnosis method for diagnosing a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies,
comprising:

detecting a signal of an amylospheroid imaging probe including a binding partner of amylospheroid as a binding
portion with respect to the amylospheroid from a subject to which the imaging probe has been administered; and
determining severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies based on
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signal data or image data of the signal, or a result of measurement of an amylospheroid amount calculated from
the signal data or the image data.

37. A diagnosis method according to claim 36, wherein the binding partner of the amylospheroid is the polypeptide
according to any one of claims 17 to 22 or the peptide mimetic according to claim 23.

38. A method for checking severity of a clinical condition of Alzheimer’s disease and/or dementia with Lewy bodies of
a subject, comprising:

detecting a signal of an amylospheroid imaging probe including a binding partner of amylospheroid as a binding
portion with respect to the amylospheroid from a subject to which the imaging probe has been administered;
measuring an amylospheroid amount calculated from signal data or image data of the signal; and
comparing a result of the measurement with a standard in which the severity is determined to be higher as the
calculated amylospheroid amount is lower than an amylospheroid amount of a normal individual, and/or the
severity is determined to be higher/lower, respectively, in a case where the calculated amylospheroid amount
is higher/lower than a previous amylospheroid amount of the subject.

39. A method according to claim 38, wherein the binding partner of the amylospheroid is the polypeptide according to
any one of claims 17 to 22 or the peptide mimetic according to claim 23.
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