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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a method for enhancing an immune response-inducing ability of an amyloid
β (hereinafter referred to as "Aβ") peptide. More specifically, the present invention relates to a medicament for prophylaxis
and treatment of Alzheimer disease comprising a peptide derived from Aβ, the causative agent of Alzheimer disease,
or a portion thereof, in which cysteine or its analogue is added or inserted.

BACKGROUND ART

[0002] Alzheimer disease is one of dementia and is associated with declined cognitive function and change in per-
sonality as principal symptoms. With the progress of aging population, the number of Alzheimer disease patients keeps
increasing. It is expected that the number of patients in Japan, the United States and Europe will become 7.3 million in
2014 from 5.6 million in 2004. Therefore, early development of a medicament for prophylaxis and treatment of Alzheimer
disease is earnestly desired.
[0003] Alzheimer disease’s pathological indications include three features of atrophy and/or fall-off of neurons, forma-
tion of senile plaques due to aggregation and/or deposition of Aβ and neurofibrillary changes due to abnormal tau
proteins. Alzheimer disease is classified into major two groups, i.e. familial Alzheimer disease and solitary Alzheimer
disease. For the former, causative genetic mutation has been identified and its phenotype was found to elucidate that
increase in production of amyloid β peptide, especially Aβ1-42 consisting of 42 amino acid residues, in the brain is a
major cause of the disease. However, a ratio of patients diagnosed to suffer from familial Alzheimer disease in a strict
sense is 1% or less among the total patients. It is for solitary Alzheimer disease that accounts for 99% of patients that
the most prompt elucidation of cause of the disease is desired. It is thought that solitary Alzheimer disease is caused
by duplication of unidentified genetic risk factors, the presence of recessive gene, the presence of environmental risk
factors, and the like. At present, based on the fact that genetic mutations in familial Alzheimer disease are common in
ultimate increase in highly aggregating Aβ42, it is thought that the major cause of solitary Alzheimer disease, as under-
going similar pathological development to that of familial Alzheimer disease, may be increase in Aβ42. This idea is called
a hypothesis of myeloid and at present investigation for the treatment is under progress based on this hypothesis.
[0004] Aβ is produced from its precursor protein via cleavage with a membrane-bound aspartate protease. β-Secretase
cleaves the N-terminal of Aβ whereas γ-secretases cleaves the C-terminal thereof. A cleaved Aβ may after a while
secreted out of the cells depending upon the synaptic activity. Aβ rapidly auto-aggregates so that a monomer Aβ, via a
dimer, trimer and a soluble oligomer, forms protofibril, a prefibrous structure, which then forms and accumulates insoluble
amyloid fiber. It has now become a major idea that negative effects of aggregated soluble Aβ oligomer to the nerve play
an important role in pathological conditions of Alzheimer disease. A number of forms of soluble Aβ oligomer that may
block neurotransmission have been reported, including a dimer, a trimer, an amylospheroid (53 kDa aggregate), Aβ56
(56 kDa aggregate), aggregates of up to 40 amino acid length, and the like.
[0005] At present, approach for therapy through clearance of Aβ, which may play a highly important role in mechanism
for onset of Alzheimer disease, is widely done, among which is a study of an antibody therapy with an antibody to Aβ.
It is thought that action mechanism of Aβ clearance by an anti-Aβ antibody includes phagocytosis by microglia via Fc
receptor of an antibody, accelerated dissolution or suppressed aggregation of fibrous Aβ and binding of the antibody to
Aβ in blood to accelerate exclusion of soluble Aβ form the brain. Two approaches are proposed, i.e. active immunity
where an anti-Aβ antibody is induced by a vaccine and passive immunity where an anti-Aβ antibody per se is administered.
[0006] For the former approach, vaccine AN1792 with the use of Aβ per se as an antigen proceeded to phase II clinical
test but the test discontinued since 6% patients suffered from cerebrospinal meningitis during the test. However, difference
in part of high-order function was observed between patients who had an increased antibody titer and patients who had
not (Non-patent reference 1). Besides, the brain of patient died during the clinical test was examined to reveal that senile
plaque disappeared in the neocortex. Moreover, MRI before and after administration showed that the administration
group exhibited a less volume of the brain than that of the placebo group. As such, although the clinical test discontinued
due to adverse side effects, it was also proved that a vaccine with the use of Aβ per se as an antigen was efficacious.
In future, development of a safer vaccine is desired.
[0007] It is thought that cerebrospinal meningitis is caused by AN1792 as a consequence of the use of a potent adjuvant
QS21 and cellular immunity induced by a T cell epitope present in Aβ sequence per se. Plenty of investigation has been
done for a T cell epitope present in Aβ sequence per se to reveal that, at least in the N-terminal of Aβ sequence of
residues 1-10, a T cell epitope that may induce humoral immunity is present but a T cell epitope that may induce cellular
immunity is not present (Patent references 2-4).

Non-patent reference 1: Gilman S, Koller M, Black RS, Jenkins L, et al., NEUROLOGY, 2005; 64: p1553-1562
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Non-patent reference 2: Michael G, Agadjanyan MG, et al., Journal of Immunology, 2005; 174: p1580-1586
Non-patent reference 3: Bard F, Barbour R, Cannon C, Carretto R, Fox M, et al., Proc. Natl. Acad. Sci. USA, 2003;
100: p2023-2028
Non-patent reference 4: Wanga CY. et al., Vaccine, 2007; 25: p3041-3052

DISCLOSURE OF THE INVENTION

(Technical Problem to be Solved by the Invention)

[0008] As described above, there is a concern for adverse side effects in a vaccine therapy for Alzheimer disease with
a combination of a full length of Aβ sequence with a potent adjuvant such as QS21. Thus, development of a safer and
more efficacious method for prophylaxis and treatment with a combination of an Aβ peptide in a safer form with a safer
adjuvant is desired. Accordingly, an object of the present invention is to provide a peptide for a safer vaccine therapy of
Alzheimer disease by devising the form of an Aβ peptide.

(Means for Solving the Problems)

[0009] The present inventors have earnestly investigated a method for immunization and for enhancing immunization
that is safe for the living body, efficacious and inexpensive, and as a result, have found that a capacity of inducing an
enhanced immune response of a peptide of interest may be enhanced by addition or insertion of a cysteine residue, an
amino acid constituting a naturally-occurring protein, to thereby show that property of inducing an enhanced immune
response against Aβ may be obtained by adding or inserting a cysteine molecule to a portion of Aβ peptide without using
a full length of Aβ peptide (PCT/JP2008/057612). In accordance with the present invention, further investigation resulted
in finding of a method for an obtaining enhanced immune response to Aβ and novel Aβ peptides with addition of a
cysteine molecule that are expected to induce a reduced cellular immune response.
[0010] The present disclosure relates to a novel method for enhancing an immune response, more specifically, a
method for enhancing an immune response characterized by that a cysteine molecule is added or inserted to an immu-
nogenic peptide. The present invention relates to the following aspects:

1. A peptide selected from (A) to (G) as follows:

(A) a peptide consisting of (a) a peptide consisting of the amino acid residues No. 1 to No. 10 from the N-terminal
of SEQ ID NO:1 and (b) a peptide selected from peptides consisting of the amino acid residues No. 28 to No.
36, No. 28 to No. 37, No. 28 to No. 38, No. 28 to No. 39, No. 28 to No. 40, No. 28 to No. 41, No. 28 to No. 42
from the N-terminal of SEQ ID NO:1, the peptide (a) and the peptide (b) being bound to each other, wherein
cysteine or a cysteine analogue is bound to the C-terminal of the resulting combination of the peptide (a) and
the peptide (b);

(B) a peptide consisting of (a) a peptide consisting of the amino acid residues No. 2 to No. 10, , No. 2 to No. 9,
from the N-terminal of SEQ ID NO:1 and (b) a peptide consisting of the amino acid residues No. 28 to No. 37
from the N-terminal of SEQ ID NO:1, the peptide (a) and the peptide (b) being bound to each other, wherein
cysteine or a cysteine analogue is bound to the C-terminal of the resulting combination of the peptide (a) and
the peptide (b);

(C) a peptide consisting of (a) a peptide consisting of the amino acid residues No. 1 to No. 18 from the N-terminal
of SEQ ID NO: 1 and (b) a peptide consisting of the amino acid residues No. 28 to No. 42 from the N-terminal
of SEQ ID NO:1, the peptide (a) and the peptide (b) being bound to each other, wherein cysteine or a cysteine
analogue is bound to the C-terminal of the resulting combination of the peptide (a) and the peptide (b);

(D) a peptide consisting of the amino acid residues No. 1 to 26 from the N-terminal of SEQ ID NO:1 wherein
cysteine or a cysteine analogue is inserted between the amino acid residues Nos. 18 and 19 from the N-terminal;

(E) a peptide consisting of the amino acid residues No. 1 to No. 28 from the N-terminal of SEQ ID NO:1, wherein
cysteine or a cysteine analogue is inserted between the amino acid residues Nos. 18 and 19 from the N-terminal,
and wherein cysteine or a cysteine analogue is bound to the C-terminal of said peptide;

(F) a peptide consisting of the amino acid residues No. 1 to No. 18 from the N-terminal of SEQ ID NO:1 to the
C-terminal of which cysteine or a cysteine analogue is bound, to which a peptide consisting of the amino acid
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residues No. 28 to No. 37 from the N-terminal of SEQ ID NO:1 is further bound;

(G) a peptide consisting of the amino acid residues No. 1 to No. 28 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a cysteine analogue is bound;

(H) a peptide consisting of two of a peptide consisting of the amino acid residues No. 1 to No. 28 from the N-
terminal of SEQ ID NO:1, to the C-terminal of which cysteine or a cysteine analogue is bound, said two of the
peptides being bound to each other via a disulfide bond between said cysteines or said cysteine analogues,

wherein said peptide is characterized by that cysteine or a cysteine analogue is added to or inserted into a portion
of an amyloid β peptide or a sequence derived from an amyloid β peptide.

2. The peptide of item 1, wherein said cysteine analogue is homocysteine.

3. The peptide of item 1 or 2, wherein said peptide is a peptide selected from the group consisting of the following:

• a peptide of any one of SEQ ID NO:2 to SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 15 to SEQ ID NO: 17, and SEQ ID NO: 19;

• a peptide consisting of two peptides, each of which peptides consist of SEQ ID NO:20 and are bound to each
other via a disulfide bond; and

• a peptide consisting of a peptide consisting of SEQ ID NO:20 and a peptide consisting of SEQ ID NO:21, each
of which peptides are bound to each other via a disulfide bond.

4. The peptide as defined in any of items 1 to 3 for use in the enhancement of the immune response to amyloid β.

5. Use of the peptide as defined in any of items 1 to 3 for the preparation of a medicament for the enhancement of
the immune response to amyloid β.

6. A medicament for use in prophylaxis and treatment of Alzheimer disease characterized by that the medicament
comprises as an active ingredient the peptide as set forth in any one of items 1 to 3.

7. Use of a peptide as defined in any of items 1 to 3 for the preparation of a medicament for the prophylaxis and
treatment of Alzheimer disease.

8. A DNA vaccine effective for use in prophylaxis and treatment of Alzheimer disease characterized by that the
vaccine comprises a gene fragment coding for the amino acid sequence of the peptide as set forth in any one of
items 1 to 3.

9. Use of a DNA vaccine comprising a gene fragment coding for the amino acid sequence of the peptide as defined
in any one of items 1 to 3 for the preparation of a medicament for prophylaxis and treatment of Alzheimer disease.

[0011] The present disclosure also relates to a method for prophylaxis and treatment of Alzheimer disease in a mammal
which comprises administering a pharmaceutically effective amount of the peptide of the present invention to said
mammal as well as a method for prophylaxis and treatment of Alzheimer disease in a mammal which comprises admin-
istering a pharmaceutically effective amount of a gene fragment coding for the amino acid sequence of the peptide of
the present invention to said mammal.
[0012] The present invention further relates to the use of the peptide of the present invention for the manufacture of
a medicament for prophylaxis and treatment of Alzheimer disease as well as the use of the gene fragment coding for
the amino acid sequence of the peptide of the present invention for the manufacture of a medicament for prophylaxis
and treatment of Alzheimer disease.

EFFECTS OF THE INVENTION

[0013] The present invention provides an immunogenic peptide that induces an enhanced and sufficient immune
response to an Aβ peptide even if it is used alone without an adjuvant. According to the present invention, merely by
addition or insertion of a cysteine molecule to a portion of an Aβ peptide or a sequence derived from an Aβ peptide,
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antibody production of an immunogenic peptide may be enhanced. Therefore, there is no disadvantage associated with
the use of an adjuvant to allow for easier design of a drug formulation.
[0014] The immunogenic peptide of the present invention that induces an enhanced immune response to an Aβ
peptide, when administered to the living body, may rapidly and abundantly induce an antibody specific to the peptide in
blood. No toxicity of cysteine is known but rather cysteine and its related substances are known to have an antitoxic
effect in the living body and therefore the immunogenic peptide of the present invention that induces an enhanced
immune response may be used in the body very safely.
[0015] The immunogenic peptide of the present invention that induces an enhanced immune response may be prepared
by a non-biological procedure by chemical synthesis without biological synthesis and hence in higher uniformity than
the conventional component vaccines. Additionally, with the lowest risk of toxicity, infection and decrease in quality due
to contamination, a safer vaccine may be provided.
[0016] A peptide preparation comprising the immunogenic peptide of the present invention that induces an enhanced
immune response to an Aβ peptide may be administered not only by injection such as subcutaneous or intramuscular
administration but also by oral, transnasal or transdermal administration, which would avoid stress and medical accidents
caused by syringe needle.

BRIEF DESCRIPTION OF DRAWINGS

[0017] Fig. 1 shows a structure of Aβ peptides of 28 amino acid residues with addition of cysteine bound to each other
via a disulfide bond.

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] In accordance with the present invention, a cysteine molecule or a derivative thereof may directly be added or
inserted to the peptide or alternatively a sequence expressing cysteine may be added or inserted to the DNA or RNA
sequence. The position of addition and insertion of cysteine is not especially limited insofar as the immune response
enhancing effect to an Aβ peptide may be obtained. The number of a cysteine molecule to be inserted may be one or
more. When plural cysteine molecules are inserted, they may be inserted either consecutively or not consecutively. The
simplest structure would be a portion of an Aβ peptide, to either the N-terminal or the C-terminal of which one cysteine
is bound.
[0019] The peptide of the present invention effective for prophylaxis and treatment of Alzheimer disease may include
a peptide that is a portion of, or is derived from, Aβ peptide (DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVG-
GVVIA: SEQ ID NO:1) consisting of the amino acid residues No. 1 to No. 42, to which cysteine (Cys) or its analogue is
added. Examples of such peptides include those listed hereinbelow. A cysteine analogue as used herein refers to a
precursor and a metabolite of cysteine and includes typically homocysteine.

(A) A peptide comprising (a) a peptide consisting of the amino acid residues No. 1 to No. 18 from the N-terminal of
SEQ ID NO:1 or a peptide consisting of a portion of the amino acid residues No. 1 to No. 18 from the N-terminal of
SEQ ID NO:1 and (b) a peptide consisting of 9 or more amino acid residues including the amino acid residues No.
28 to No. 36 from the N-terminal of SEQ ID NO:1 within the amino acid residues No. 28 to No. 42 from the N-terminal
of SEQ ID NO:1, the peptide (a) and the peptide (b) being bound to each other, wherein cysteine or a cysteine
analogue is bound to the C-terminal of the resulting combination of the peptide (a) and the peptide (b)

(1) A peptide consisting of the amino acid residues No. 1 to No. 10 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 42 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (1-10 · 28-42AACys): N-terminal-DAE-
FRHDSGYKGAIIGLMVGGVVIAC (SEQ ID NO:2)
(2) A peptide consisting of the amino acid residues No. 1 to No. 10 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 41 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (1-10 · 28-41AACys): N-terminal-DAE-
FRHDSGYKGAIIGLMVGGVVIC (SEQ ID NO:3)
(3) A peptide consisting of the amino acid residues No. 1 to No. 10 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 40 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (1-10 · 28-40AACys): N-terminal-DAE-
FRHDSGYKGAIIGLMVGGVVC (SEQ ID NO:4)
(4) A peptide consisting of the amino acid residues No.1 to No. 10 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 39 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (1-10 · 28-39AACys): N-terminal-DAE-
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FRHDSGYKGAIIGLMVGGVC (SEQ ID NO:5)
(5) A peptide consisting of the amino acid residues No. 1 to No. 10 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 38 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (1-10·28-38AACys): N-terminal-DAEFRH-
DSGYKGAIIGLMVGGC (SEQ ID NO:6)
(6) A peptide consisting of the amino acid residues No. 1 to No. 10 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 37 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (1-10·28-37AACys): N-terminal-DAEFRH-
DSGYKGAIIGLMVGC (SEQ ID NO:7)
(7) A peptide consisting of the amino acid residues No. 1 to No. 10 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 36 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (1-10 · 28-36AACys): N-terminal-DAE-
FRHDSGYKGAIIGLMVC (SEQ ID NO:8)
(8) A peptide consisting of the amino acid residues No. 2 to No. 10 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 37 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (2-10 · 28-37AACys): N-terminal-AEFRH-
DSGYKGAIIGLMVGC (SEQ ID NO:10)
(9) A peptide consisting of the amino acid residues No. 2 to No. 9 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 37 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (2-9 · 28-37AACys): N-terminal-AEFRH-
DSGKGAIIGLMVGC (SEQ ID NO:12)
(10) A peptide consisting of the amino acid residues No. 1 to No. 18 from the N-terminal of SEQ ID NO:1, to
the C-terminal of which a peptide consisting of the amino acid residues No. 28 to No. 42 from the N-terminal of
SEQ ID NO:1 is bound, to the C-terminal of which cysteine is added (1-18 · 28-42AACys): N-terminal-DAE-
FRHDSGYEVHHQKLVKGAIIGLMVGGVVIAC (SEQ ID NO:13)

(B) A peptide consisting of the amino acid residues No. 1 to No. 26 or No. 1 to No. 27 from the N-terminal of SEQ
ID NO:1 wherein cysteine or a cysteine analogue is inserted between the amino acid residues Nos. 18 and 19 from
the N-terminal

(1) A peptide consisting of the amino acid residues No. 1 to No. 26 from the N-terminal of SEQ ID NO:1
(hereinafter referred to as "26-amino acid Aβ peptide") wherein cysteine is inserted between the amino acid
residues Nos. 18 and 19 from the N-terminal (1-18Cys19-26AA) :
N-terminal-DAEFRHDSGYEVHHQKLVCFFAEDVGS (SEQ ID NO:15)

(C) A peptide consisting of the amino acid sequence of SEQ ID NO:1 or a peptide consisting of a portion of the
amino acid sequence of SEQ ID NO:1, wherein cysteine or a cysteine analogue is inserted between the amino acid
residues Nos. 18 and 19 from the N-terminal, and wherein cysteine or a cysteine analogue is bound to the C-terminal
of said peptide

(1) A peptide consisting of the amino acid residues No. 1 to No. 28 from the N-terminal of SEQ ID NO:1
(hereinafter referred to as "28-amino acid Aβ peptide"), wherein cysteine is inserted between the amino acid
residues Nos. 18 and 19 from the N-terminal, and wherein cysteine is bound to the C-terminal of said peptide
(1-18Cys19-28AACys) N-terminal-DAEFRHDSGYEVHHQKLVCFFAEDVGSNKC (SEQ ID NO:16)

(D) A peptide consisting of the amino acid residues No. 1 to No. 18 from the N-terminal of SEQ ID NO:1 or a peptide
consisting of a portion of the amino acid residues No. 1 to No. 18 from the N-terminal of SEQ ID NO:1, to the C-
terminal of which cysteine or a cysteine analogue is bound, to which a peptide consisting of the amino acid residues
No. 28 to No. 42 from the N-terminal of SEQ ID NO:1 or a peptide consisting of a portion of the amino acid residues
No. 28 to No. 42 from the N-terminal of SEQ ID NO:1 is further bound, to the C-terminal of which cysteine or a
cysteine analogue is optionally bound

(1) A peptide consisting of the amino acid residues No. 1 to No. 18 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which cysteine is bound, to which a peptide consisting of the amino acid residues No. 28 to No.
37 from the N-terminal of SEQ ID NO:1 is further bound (1-18Cys28-37AA) N-terminal-DAEFRHDSGYEVH-
HQKLVCKGAIIGLMVG (SEQ ID NO:17)

(E) A peptide consisting of the amino acid sequence of SEQ ID NO:1 or a peptide consisting of a portion of the
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amino acid sequence of SEQ ID NO:1, to the C-terminal of which cysteine or a cysteine analogue is bound

(1) A peptide consisting of the amino acid residues No. 1 to No. 28 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which homocysteine is bound (28AA-homocysteine) N-terminal-DAEFRHDSGYEVHHQKLVF-
FAEDVGSNKX (SEQ ID NO:19) (X: homocysteine)

(F) A peptide consisting of two or more of a peptide consisting of the amino acid sequence of SEQ ID NO:1 or a
peptide consisting of a portion of the amino acid sequence of SEQ ID NO:1, to the C-terminal of which cysteine or
a cysteine analogue is bound;, wherein said two or more of the peptides are bound to each other via a disulfide
bond between said cysteines or cysteine analogues

(1) 28-Amino acid Aβ peptide with addition of cysteine (28AAC) N-terminal-DAEFRHDSGYEVHHQKLVFFAED-
VGSNKC (SEQ ID NO:20)
(2) 28-Amino acid Aβ peptide with addition of two cysteines (28AACC) N-terminal-DAEFRHDSGYEVHHQK-
LVFFAEDVGSNKCC (SEQ ID NO:21)

[0020] A peptide consisting of 28AAC and 28AAC bound to each other via a disulfide bond (28AACdisulfide28AAC),
a peptide consisting of 28AAC and 28AACC bound to each other via a disulfide bond (28AACdisulfide28AACC), a
peptide consisting of 28AACC and 28AACC bound to each other via a disulfide bond (28AACCdisulfide28AACC; including
one with a disulfide bond formed between cysteines each at the N-terminal, one with a disulfide bond formed between
cysteines each at the C-terminal, one with a disulfide bond formed between cysteine at the N-terminal and cysteine at
the C-terminal, one with disulfide bonds each formed between cysteines each at the N-terminal and between cysteines
each at the C-terminal, and one with disulfide bonds each formed between cysteine at the N-terminal and cysteine at
the C-terminal), and a peptide consisting of plural 28AACC bound to each other via disulfide bonds
(28AACC(28AAC)-bound product). Fig. 1 shows the structure of these peptides.
[0021] Among Aβ peptides with addition of insertion of cysteine as described above, a peptide consisting of Aβ peptide
with a portion of its amino acid sequence being deleted with addition of cysteine such as 1-10 · 28-42AACys (SEQ ID
NO:2), 1-10 · 28-41AACys (SEQ ID NO:3), 1-10 · 228-40AACys (SEQ ID NO:4), 1-10 · 28-3-39AACys (SEQ ID NO:5),
1-10 · 28-38AACys (SEQ ID NO:6), 1-10 · 28-37AACys (SEQ ID NO:7), 1-10 · 28-36AACys (SEQ ID NO:8), 2-10 ·
28-37AACys (SEQ ID NO:10) and 1-18 · 28-42AACys (SEQ ID NO:13); a peptide consisting of 28-amino acid Aβ peptide
with addition or insertion of cysteine such as 1-18Cys19-28AACys (SEQ ID NO:16), 1-18Cys19-26AA (SEQ ID NO:15),
1-18Cys28-37AA (SEQ ID NO:17); a peptide consisting of 28-amino acid Aβ peptide with addition of homocysteine such
as 28AA-homocysteine (SEQ ID NO:19); and 28AACdisulfide28AAC and 28AACdisulfide28AACC may induce a partic-
ularly enhanced immune reaction and thus may efficaciously be used for prophylaxis and treatment of Alzheimer disease.
[0022] According to the present invention, a peptide that may induce an enhanced immune response can be prepared
by addition or insertion of cysteine or a cysteine analogue to a portion of an Aβ peptide or a sequence derived from an
Aβ peptide. Whether a peptide obtained after addition or insertion of cysteine exerts an immune response-enhancing
effect may be corroborated by immunization of mice with the peptide using the conventional techniques and determining
an anti-Aβ IgG antibody titer in blood. Thus, the present disclosure also provides a method for enhancing an immune
response characterized by that a peptide obtained by addition or insertion of cysteine or a cysteine analogue to a portion
of an Aβ peptide or a sequence derived from an Aβ peptide is used.
[0023] A peptide preparation containing the peptide with addition of cysteine obtained by the present invention may
be administered by any route of administration such as subcutaneous, transdermal, intramuscular, oral, or transnasal.
Most preferably, it may be administered subcutaneously or intramuscularly.
[0024] While the immunogenic peptide with addition of cysteine of the present invention may provide sufficient immu-
nization even if it is administered alone without an adjuvant, it may provide further sufficient immunization if in combination
with an adjuvant. An adjuvant that may be used herein includes one that may preferably activate humoral immunity but
may not stimulate cellular immunity, and typically an aluminum salt.
[0025] Moreover, a vector which comprises a gene fragment encoding a peptide that induce an enhanced immune
response obtained by addition or insertion of cysteine or a cysteine analogue to a portion of an Aβ peptide or a sequence
derived from an Aβ peptide may be used as a DNA vaccine for efficaciously preventing and treating Alzheimer disease.
A nucleotide sequence encoding cysteine includes e.g. tgt but may be any sequence as far as it encodes cysteine. A
gene fragment encoding the Aβ peptide consisting of the 42 amino acid residues mentioned above is described below.
However, the nucleotide sequence described below represents a typical gene sequence of the Aβ peptide but any gene
sequence may be employed insofar as it encodes the same amino acid sequence.
gatgcagaat tccgacatga ctcaggatat gaagttcatc atcaaaaatt ggtgttcttt gcagaagatg tgggttcaaa caaaggtgca atcattggac tcat-
ggtggg cggtgttgtc atagcg (SEQ ID NO:22)
[0026] An example of a gene fragment encoding a peptide obtained by addition or insertion of cysteine (Cys) to a
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portion of an Aβ peptide or a sequence derived from an Aβ peptide includes those described below. However, the
nucleotide sequences described below represent a typical gene sequence encoding each of the peptides mentioned
above but any gene sequence may be employed insofar as it encodes the same amino acid sequence.

· A gene fragment encoding 1-10 · 28-42AACys
gatgcagaat tccgacatga ctcaggatat aaaggtgcaa tcattggact catggtgggc ggtgttgtca tagcgtgt (SEQ ID NO:23)
· A gene fragment encoding 1-10 · 28-41AACys
gatgcagaat tccgacatga ctcaggatat aaaggtgcaa tcattggact catggtgggc ggtgttgtca tatgt (SEQ ID NO:24)
· A gene fragment encoding 1-10 · 28-40AACys
gatgcagaat tccgacatga ctcaggatat aaaggtgcaa tcattggact catggtgggc ggtgttgtct gt (SEQ ID NO:25)
· A gene fragment encoding 1-10 · 28-39AACys
gatgcagaat tccgacatga ctcaggatat aaaggtgcaa tcattggact catggtgggc ggtgtttgt (SEQ ID NO:26)
· A gene fragment encoding 1-10 · 28-38AACys
gatgcagaat tccgacatga ctcaggatat aaaggtgcaa tcattggact catggtgggc ggttgt (SEQ ID NO:27)
· A gene fragment encoding 1-10 · 28-37AACys
gatgcagaat tccgacatga ctcaggatat aaaggtgcaa tcattggact catggtgggc tgt (SEQ ID NO:28)
· A gene fragment encoding 1-10 · 28-36AACys
gatgcagaat tccgacatga ctcaggatat aaaggtgcaa tcattggact catggtgtgt (SEQ ID NO:29)
· A gene fragment encoding 2-10 · 28-37AACys
gcagaattcc gacatgactc aggatataaa ggtgcaatca ttggactcat ggtgggctgt (SEQ ID NO:31)
· A gene fragment encoding 2-9 · 28-37AACys
gcagaattcc gacatgactc aggaaaaggt gcaatcattg gactcatggt gggctgt (SEQ ID NO:33)
· A gene fragment encoding 1-18 · 28-42AACys
gatgcagaat tccgacatga ctcaggatat gaagttcatc atcaaaaatt ggtgaaaggt gcaatcattg gactcatggt gggcggtgtt gtcatagcgt
gt (SEQ ID NO:34)
· A gene fragment encoding 1-18Cys19-26AA
gatgcagaat tccgacatga ctcaggatat gaagttcatc atcaaaaatt ggtgtgtttc tttgcagaag atgtgggttc a (SEQ ID NO:36)
· A gene fragment encoding 1-18Cys19-28AACys
gatgcagaat tccgacatga ctcaggatat gaagttcatc atcaaaaatt ggtgtgtttc tttgcagaag atgtgggttc aaacaaatgt (SEQ ID NO:37)
· A gene fragment encoding 1-18Cys28-37AA
gatgcagaat tccgacatga ctcaggatat gaagttcatc atcaaaaatt ggtgtgtaaa ggtgcaatca ttggactcat ggtgggc (SEQ ID NO:38)

[0027] The present invention is explained in more detail by means of the following Examples but should not be construed
to be limited thereto.

Example 1

[0028] Comparison of antibody inducing ability between peptides consisting of the amino acid residues No. 1 to No.
10 of Aβ peptide, to which each of various C-terminal peptides is bound, to the C-terminal of which cysteine is added

(1) Preparation of Aβ peptides with addition of cysteine

[0029]

• 1-10+30-42-amino acid Aβ peptide with addition of Cysteine (1-10 · 30-42AACys): N-terminal-DAEFRHDSGYAI-
IGLMVGGVVIAC (SEQ ID NO:40)

• 1-10+29-42-amino acid Aβ peptide with addition of Cysteine (1-10 · 29-42AACys): N-terminal-DAEFRHDSGYGAI-
IGLMVGGVVIAC (SEQ ID NO:41)

• 1-10+28-42-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-42AACys): N-terminal-DAEFRHDSGYKGAI-
IGLMVGGVVIAC (SEQ ID NO:2)

• 1-10+28-42-amino acid Aβ peptide (1-10 · 28-42AA): N-terminal-DAEFRHDSGYKGAIIGLMVGGVVIA (SEQ ID
NO:42)

[0030] The above peptides were synthesized (Sigma Aldrich Japan) and diluted with saline to obtain a 5mg/mL stock
solution. To 100mL of the stock solution was added 900mL of saline to 0.5mg/mL of the concentration and the mixture
was dispensed into 1.5mL tube (immunogen) and stored at -80°C or lower till use.
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(2) Immunized Mice

[0031] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0032] The 16 mice were divided into 4 groups each comprising 4 mice: Group 1 administered with 1-10 · 30-42AACys;
Group 2 administered with 1-10 · 29-42AACys; Group 3 administered with 1-10 · 28-42AACys and Group 4 administered
with 1-10 · 28-42AA.

(4) Immunization and schedule

[0033] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0034] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0035] The Aβ peptide (1-40 amino acid sequence: N-terminal-DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLM-
VGGVV (SEQ ID NO: 43) synthesized by Hokkaido System Science Co., Ltd.), diluted to 10mg/mL with 0.1M carbonate
buffer, pH9.6, was added to 8-well strips (Nalge Nunc K.K., Immobilizer Amino) at 100mL/well and left to incubate at
4°C overnight for immobilization. On the following day, each well was washed 3 times with 300mL of PBS containing
0.05% Tween20 (PBST), added with 10mM ethanolamine at 300mL/well and left to incubate at room temperature for 1
hour.
[0036] After 1 hour, the 10mM ethanolamine was fully removed and a specimen diluted with PBST by 50- to 10000-
fold was added to each well at 100mL/well. After reaction at room temperature for 1 hour, the diluted serum added was
discarded and each well was washed 3 times with 300mL/well of PBST. After washing, the wash solution in the well was
fully removed, an HRP-labeled anti-mouse IgG goat antibody (American Curlex, A131PS) diluted with the solution for
the specimen dilution by 2000-fold was added at 100mL/well followed by reaction at room temperature for 1 hour. After
the reaction, the solution for labeled antibody dilution was discarded and each well was washed twice with 300mL/well
of PBST and twice with the equivalent amount of distilled water, to which 100mL/well of a chromogenic substrate solution
TMB+ (Dako Inc.) was added followed by reaction at room temperature for 30 min. under shading. Then, 100mL/well of
1N sulfuric acid was added to quench development and optical density at 450nm (OD450 value) was measured.
[0037] A commercially available monoclonal antibody to Aβ (CHEMI-CON Corporation, MAB1560) was used as stand-
ard serum. The standard serum was diluted with PBST to 0.156, 0.3125, 0.625, 1.25, 2.5, 5, 10ng/mL to prepare standards
for the antibody titer measurement. An anti-Aβ IgG antibody of each murine serum specimen was determined and
simultaneously the OD450 value of each diluted specimen was measured. An anti-Aβ IgG antibody titer of each murine
serum specimen was calculated using the unit of the resulting standards and the standard curve of the OD450 value.
[0038] Table 1 shows the calculated anti-Aβ antibody titer of the murine serum in each of the immunization groups.
As shown in Table 1, induction of an antibody to Aβ was observed in the group administered with 1-10 · 28-42AACys
and in the group administered with 1-10 · 28-42AA. Also, as compared to the immunization with Aβ peptide fragments
without addition of cysteine (1-10 · 28-42AA), the immunization with Aβ peptide fragments with addition of cysteine (1-10
· 28-42AACys) provided a higher antibody titer against Aβ.
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Example 2

[0039] Comparison of antibody inducing ability between peptides consisting of the amino acid residues No. 1 to No.
10 of Aβ peptide, to which each of the sequences of the amino acid residues No. 28 to No. 42, No. 28 to No. 41, No. 28
to No. 40, No. 28 to No. 39, No. 28 to No. 38, No. 28 to No. 37, No. 28 to No. 36, No. 28 to No. 35, and No. 28 to No.
34 of Aβ peptide is bound, to the C-terminal of which cysteine is added

(1) Preparation of Aβ peptides with addition of cysteine

[0040]

• 1-10+28-42-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-42AACys): N-terminal-DAEFRHDSGYKGAI-
IGLMVGGVVIAC (SEQ ID NO:2)

• 1-10+28-41-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-41AACys): N-terminal-DAEFRHDSGYKGAI-
IGLMVGGVVIC (SEQ ID NO:3)

• 1-10+28-40-amino acid Aβ peptide with addition of Cysteine (1-10 28-40AACys) : N-terminal-DAEFRHDSGYKGAI-
IGLMVGGVVC (SEQ ID NO:4)

• 1-10+28-39-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-39AACys): N-terminal-DAEFRHDSGYKGAI-
IGLMVGGVC (SEQ ID NO:5)

• 1-10+28-38-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-38AACys) : N-terminal-DAEFRHDSGYKGAI-
IGLMVGGC (SEQ ID NO:6)

• 1-10+28-37-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-37AACys): N-terminal-DAEFRHDS-
GYKGAAIIGLMVGC (SEQ ID NO:7)

• 1-10+28-36-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-36AACys): N-terminal-DAEFRHDSGYKGAI-
IGLMVC (SEQ ID NO:8)

• 1-10+28-35-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-35AACys) : N-terminal-DAEFRHDSGYKGAI-
IGLMC (SEQ ID NO:44)

• 1-10+28-34-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-34AACys): N-terminal-DAEFRHDSGYKGAI-
IGLC (SEQ ID NO:45)

[0041] The above peptides were synthesized (Sigma Aldrich Japan) and diluted with saline to obtain a 5mg/mL stock
solution. To 100mL of the stock solution was added 900mL of saline to 0.5mg/mL of the concentration and the mixture
was dispensed into 1.5mL tube (immunogen) and stored at -80°C or lower till use.

(2) Immunized Mice

[0042] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0043] The 36 mice were divided into 9 groups each comprising 4 mice: Group 1 administered with 1-10 · 28-42AACys,
Group 2 administered with 1-10 · 28-41AACys, Group 3 administered with 1-10 · 28-40AACys, Group 4 administered
with 1-10 · 28-39AACys, Group 5 administered with 1-10 28-38AACys, Group 6 administered with 1-10 · 28-37AACys,
Group 7 administered with 1-10 · 28-36AACys, Group 8 administered with 1-10 · 28-35AACys and Group 9 administered
with 1-10 · 28-34AACys.

Table 1

Group
Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

1-10·30-42AACys 9 7 11 8 8.4
1-10·29-42AACys 16 16 87 11 32.6
1-10·28-42AACys 46266 19854 40681 33 26708.6

1-10·28-42AA 66 715 3559 13 1088.5
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(4) Immunization and schedule

[0044] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0045] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0046] Measurement of anti-Aβ IgG antibody was performed as described above. Table 2 shows the calculated anti-
Aβ antibody titer of the murine serum in each of the immunization groups. As shown in Table 2, induction of an antibody
to Aβ was observed in 1-10 · 28-42AACys, 1-10 · 28-41AACys, 1-10 · 28-40AACys, 1-10 · 28-39AACys, 1-10 ·
28-38AACys, 1-10 · 28-37AACys and 1-10 · 28-36AACys.

Example 3

[0047] Comparison of antibody inducing ability between peptides consisting of each of various N-terminal peptides of
Aβ peptide, to which the amino acid residues No. 28 to No. 37 of Aβ peptide is bound, to the C-terminal of which cysteine
is added

(1) Preparation of Aβ peptides with addition of cysteine

[0048]

· 1-9+28-37-amino acid Aβ peptide with addition of Cysteine (1-9 · 28-37AACys): N-terminal-DAEFRHDSGKGAI-
IGLMVGC (SEQ ID NO:9)
· 1-8+28-37-amino acid Aβ peptide with addition of Cysteine (1-8 · 28-37AACys) : N-terminal-DAEFRHDSKGAI-
IGLMVGC (SEQ ID NO:46)
· 1-7+28-37-amino acid Aβ peptide with addition of Cysteine (1-7 · 28-37AACys): N-terminal-DAEFRHDKGAIIGLM-
VGC (SEQ ID NO:47)

[0049] The above peptides were synthesized (Sigma Aldrich Japan) and diluted with saline to obtain a 5mg/mL stock
solution. To 100mL of the stock solution was added 900mL of saline to 0.5mg/mL of the concentration and the mixture
was dispensed into 1.5mL tube (immunogen) and stored at -80°C or lower till use.

Table 2

Group
Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

1-10·28-42AACys 32 30482 33623 2072 16552.3
1-10·28-41AACys 292 1000 48460 422012 117941.1
1-10·28-40AACys 4560 148622 5118 4988 40822.0

1-10·28-39AACys 139361 10808 13326 230453 98487.0
1-10·28-38AACys 19149 34270 108780 61824 56005.8
1-10·28-37AACys 79708 1531 24694 100619 51638.0
1-10·28-36AACys 11821 259763 77 44922 79145.6
1-10·28-35AACys 44 19 8361 220 2161.0
1-10·28-34AACys 29 30 26 25 27.4
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(2) Immunized Mice

[0050] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0051] The 12 mice were divided into 3 groups each comprising 4 mice: Group 1 administered with 1-9 · 28-37AAGys,
Group 2 administered with 1-8 · 28-37AACys and Group 3 administered with 1-7 · 28-37AACys.

(4) Immunization and schedule

[0052] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0053] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0054] Measurement of anti-Aβ IgG antibody was performed as described above. Table 3 shows the calculated anti-
Aβ antibody titer of the murine serum in each of the immunization groups. As shown in Table 3, induction of an antibody
to Aβ was observed in 1-9·28-37AACys peptide.

Example 4

[0055] Comparison of antibody inducing ability between peptides consisting of the amino acid residues No. 2 to No.
10 or No. 3 to No. 10 or No. 4 to No. 10 of Aβ peptide, to which the amino acid residues No. 28 to No. 37 of Aβ peptide
is bound, to the C-terminal of which cysteine is added

(1) Preparation of Aβ peptides with addition of cysteine

[0056]

· 2-10+28-37-amino acid Aβ peptide with addition of Cysteine (2-10 · 28-37AACys): N-terminal-AEFRHDSGYKGAI-
IGLMVGC (SEQ ID NO:10)
· 3-10+28-37-amino acid Aβ peptide with addition of Cysteine (3-10 · 28-37AACys) : N-terminal-EFRHDSGYKGAI-
IGLMVGC (SEQ ID NO:11)
· 4-10+28-37-amino acid Aβ peptide with addition of Cysteine (4-10 · 28-37AACys): N-terminal-FRHDSGYKGAI-
IGLMVGC (SEQ ID NO:48)
· 2-9+28-37-amino acid Aβ peptide with addition of Cysteine (2-9 · 228-37AACys) : N-terminal-AEFRHDSGKGAI-
IGLMVGC (SEQ ID NO:12)

Table 3

Group
Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

1-9·28-37AACys 398 249 2772 8899 3079.5
1-8·28-37AACys 16 16 43 31 26.4
1-7·28-37AACys 26 27 34 15 25.6
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[0057] The above peptides were synthesized (Sigma Aldrich Japan) and diluted with saline to obtain a 5mg/mL stock
solution. To 100mL of the stock solution was added 900mL of saline to 0.5mg/mL of the concentration and the mixture
was dispensed into 1.5mL tube (immunogen) and stored at -80°C or lower till use.

(2) Immunized Mice

[0058] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0059] The 16 mice were divided into 4 groups each comprising 4 mice: Group 1 administered with 2-10 · 28-37AACys,
Group 2 administered with 3-10 · 28-37AACys, Group 3 administered with 4-10 · 28-37AACys and Group 4 administered
with 2-9 · 28-37AACys.

(4) Immunization and schedule

[0060] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0061] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0062] Measurement of anti-Aβ IgG antibody was performed as described above. Table 4 shows the calculated anti-
Aβ antibody titer of the murine serum in each of the immunization groups. As shown in Table 4, induction of an antibody
to Aβ was observed in 2-10 · 28-37AACys, 3-10 · 28-37AACys and 2-9 · 28-37AACys peptides.

Example 5

[0063] Comparison of antibody inducing ability between peptide consisting of the amino acid residues No. 1 to No.
10, to which the amino acid residues No. 28 to No. 42 of Aβ peptide is bound, to the C-terminal of which cysteine is
added, and peptide consisting of the amino acid residues No. 1 to No. 18, to which the amino acid residues No. 28 to
No. 42 of Aβ peptide is bound, to the C-terminal of which cysteine is added

(1) Preparation of Aβ peptides with addition of cysteine

[0064]

• 1-18+28-42-amino acid Aβ peptide with addition of Cysteine (1-18 · 28-42AACys): N-terminal-DAEFRHDSGYEVH-

Table 4

Group
Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

2-10·28-37AACys 72890 57573 6094 42593 44787.5

3-10·28- 37AACys 3203 1456 4500 52 2302.8
4-10·28-37AACys 24 31 53 27 33.8
2-9·28-37AACys 7038 29489 16 17 9139.9



EP 2 348 042 B1

14

5

10

15

20

25

30

35

40

45

50

55

HQKLVKGAIIGLMVGGVVIAC (SEQ ID NO: 13)
• 1-10+28-42-amino acid Aβ peptide with addition of Cysteine (1-10 · 28-42AACys) : N-terminal-DAEFRHDSGYKGAI-

IGLMVGGVVIAC (SEQ ID NO:2)

[0065] The above peptides were synthesized (Sigma Aldrich Japan) and diluted with saline to obtain a 5mg/mL stock
solution. To 100mL of the stock solution was added 900mL of saline to 0.5mg/mL of the concentration and the mixture
was dispensed into 1.5mL tube (immunogen) and stored at -80°C or lower till use.

(2) Immunized Mice

[0066] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0067] The 8 mice were divided into 2 groups each comprising 4 mice: Group 1 administered with 1-18 · 28-42AACys
and Group 2 administered with 1-10 · 28-42AACys.

(4) Immunization and schedule

[0068] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0069] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0070] Measurement of anti-Aβ IgG antibody was performed, as described above. Table 5 shows the calculated anti-
Aβ antibody titer of the murine serum in each of the immunization groups. As shown in Table 5, similar induction of an
antibody to Aβ was observed in both the group administered with 1-18 · 28-42AACys and the group administered with
1-10 · 28-42AACys.

Example 6

[0071] Comparison of antibody inducing ability between peptide consisting of Aβ peptide wherein cysteine is inserted
between the amino acid residues Nos. 18 and 19 of Aβ peptide and said peptide, to the C-terminal of which cysteine is
bound

• a peptide consisting of 28-amino acid Aβ peptide wherein cysteine is inserted between the amino acid residues
Nos. 18 and 19 of Aβ peptide (1-18Cys19-28AA): N-terminal-DAEFRHDSGYEVHHQKLVCFFAEDVGSNK (SEQ
ID NO:49)

• a peptide consisting of 28-amino acid Aβ peptide wherein cysteine is inserted between the amino acid residues
Nos. 18 and 19 of Aβ peptide, to the C-terminal of which cysteine is bound (1-18Cys19-28AACys): N-terminal-

Table 5

Group
Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

1-18·26-42AACys 69336 41211 51611 7004 42290.5
1-10·28-42AACys 886.2 463379 414.8 3314 116998.5
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DAEFRHDSGYEVHHQKLVCFFAEDVGSNKC (SEQ ID NO:1.6)

[0072] The above peptides were synthesized (Sigma Aldrich Japan) and diluted with saline to obtain a 5mg/mL stock
solutions. To 100mL of the stock solution was added 900mL of saline to 0.5mg/mL of the concentration and the mixture
was dispensed into 1.5mL tube (immunogen) and stored at -80°C or lower till use.

(2) Immunized Mice

[0073] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0074] The 8 mice were divided into 2 groups each comprising 4 mice: Group 1 administered with 1-18Cys19-28AA
and Group 2 administered with 1-18Cys19-28AACys.

(4) Immunization and schedule

[0075] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0076] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0077] Measurement of anti-Aβ IgG antibody was performed as described above. Table 6 shows the calculated anti-
Aβ antibody titer of the murine serum in each of the immunization groups. As shown in Table 6, similar induction of an
antibody to Aβ was observed in both the group administered with 1-18Cys19-28AA and the group administered with
1-18Cys19-28AACys.

Example 7

[0078] Evaluation of antibody induction in 25-amino acid Aβ peptide, 26-amino acid Aβ peptide and 27-amino acid Aβ
peptide, wherein cysteine is inserted between the amino acid residues Nos. 18 and 19 of said Aβ peptides

(1) Preparation of Aβ peptides with addition of cysteine

[0079]

· 27-amino acid Aβ peptide wherein cysteine is inserted between the amino acid residues Nos. 18 and 19
(1-18Cys19-27AA): N-terminal-DAEFRHDSGYEVHHQKLVCFFAEDVGSN (SEQ ID NO:14)
· 26-amino acid Aβ peptide wherein cysteine is inserted between the amino acid residues Nos. 18 and 19
(1-18Cys19-26AA): N-terminal-DAEFRHDSGYEVHHQKLVCFFAEDVGS (SEQ ID NO:15)

Table 6

Group
Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

1-18Cys19-28AA 448154 97146 233411 57794 209126.3
1-18Cys19-28AACys 119908 361259 4161 29412 103685.0
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· 25-amino acid Aβ peptide wherein cysteine is inserted between the amino acid residues Nos. 18 and 19
(1-18Cys19-25AA): N-terminal-DAEFRHDSGYEVHHQKLVCFFAEDVG (SEQ ID NO:50)

[0080] The above peptides were synthesized (Sigma Aldrich Japan) and diluted with saline to obtain a 5mg/mL stock
solution. To 100mL of the stock solution was added 900mL of saline to 0.5mg/mL of the concentration and the mixture
was dispensed into 1.5mL tube (immunogen) and stored at -80°C or lower till use.

(2) Immunized Mice

[0081] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0082] The 12 mice were divided into 3 groups each comprising 4 mice: Group 1 administered with 1-18Cys19-27AA,
Group 2 administered with 1-18Cys19-26AA and Group 3 administered with 1-18Cys19-25AA.

(4) Immunization and schedule

[0083] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0084] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0085] Measurement of anti-Aβ IgG antibody was performed as described above. Table 7 shows the calculated anti-
Aβ antibody titer of the murine serum in each of the immunization groups. As shown in Table 7, induction of an antibody
to Aβ was observed in the group administered with 1-18Cys19-27AA and in the group administered with 1-18Cys19-26AA.
In the group administered with 1-18Cys19-25AA, induction of an antibody to Aβ was observed in one of four cases.

Example 8

[0086] Evaluation of antibody induction in peptides consisting of the amino acid residues No. 1 to No. 18 of Aβ peptide,
to which the amino acid residues No. 28 to No. 37 of Aβ peptide is bound, with addition of cysteine

(1) Preparation of Aβ peptides with addition of cysteine

[0087]

· a peptide consisting of the amino acid residues No. 1 to No. 18 of Aβ peptide, to the C-terminal of which cysteine
is bound, to which a sequence consisting of the amino acid residues No. 28 to No. 37 of Aβ peptide is further bound

Table 7

Group
Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

1-18Cys19-27AA 2482 3125 2631 17.2 2063.8
1-18Cys19-26AA 127.5 7001 15779 164 5767.9
1-18Cys19-25AA 1.5 6.6 71.4 1398 369.4
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(1-18Cys28-37AA): N-terminal-DAEFRHDSGYEVHHQKLVCKGAIIGLMVG (SEQ ID NO:17)
· a peptide consisting of the amino acid residues No. 1 to No. 18 of Aβ peptide, to the C-terminal of which cysteine
is bound, to which a sequence consisting of the amino acid residues No. 28 to No. 37 of Aβ peptide is further bound,
to the C-terminal of which cysteine is bound (1-18Cys28-37AACys): N-terminal-DAEFRHDSGYEVHHQKLVCKGAI-
IGLMVGC (SEQ ID NO:18)
· a peptide consisting of the amino acid residues No. 1 to No. 18 of Aβ peptide, to which a sequence consisting of
the amino acid residues No. 28 to No. 37 of Aβ peptide is further bound, to the C-terminal of which cysteine is bound
(1-18 · 28-37AACys): N-terminal-DAEFRHDSGYEVHHQKLVKGAIIGLMVGC (SEQ ID NO:51)
• a peptide.consisting of the amino acid residues No. 1 to No. 18 of Aβ peptide, to which a sequence consisting of
the amino acid residues No. 28 to No. 37 of Aβ peptide is further bound (1-18 · 28-37AA): N-terminal-DAEFRHDS-
GYEVHHQKLVKGAIIGLMVG (SEQ ID NO:52)

[0088] The above peptides were synthesized (Sigma Aldrich Japan) and diluted with saline to obtain a 5mg/mL stock
solution. To 100mL of the stock solution was added 900mL of saline to 0.5mg/mL of the concentration and the mixture
was dispensed into 1.5mL tube (immunogen) and stored at -80°C or lower till use.

(2) Immunized Mice

[0089] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0090] The 16 mice were divided into 4 groups each comprising 4 mice: Group 1 administered with 1-18Cys28-37AA,
Group 2 administered with 1-18Cys28-37AACys, Group 3 administered with 1-18 · 28-37AACys and Group 4 administered
with 1-18 · 28-37AA.

(4) Immunization and schedule

[0091] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0092] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0093] Measurement of anti-Aβ IgG antibody was performed as described above. Table 8 shows the calculated anti-
Aβ antibody titer of the murine serum in each of the immunization groups. As shown in Table 8, induction of an antibody
to Aβ was observed in the group administered with 1-18Cys28-37AA and in the group administered with
1-18Cys28-37AACys.

Table 8

Group
Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

1-18Cys28-37AA 12541 1964 599 25102 10051.5
1-18Cys28-37AACys 1073 43 10 4864 1497.5
1-18·28-37AACys 11 9 10 13 10.75
1-18·28-37AA 11 11 11 9 10.5
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Example 9

[0094] Evaluation of antibody induction in peptides consisting of 28-amino acid Aβ peptide with addition of homo-
cysteine, a precursor of cysteine, and of glutathione, a metabolite of cysteine

(1) Preparation of Aβ peptides with addition of precursor or metabolite of cysteine

[0095]

· a peptide consisting of 28-amino acid Aβ peptide with addition of homocysteine (28AA-homocysteine): N-terminal-
DAEFRHDSGYEVHHQKLVFFAEDVGSNK-Homocysteine (SEQ ID NO:19)
· a peptide consisting of 28-amino acid Aβ peptide with addition of glutathione (28AA-gultathione): N-terminal-
DAEFRHDSGYEVHHQKLVFFAEDVGSNK-Glutathione (SEQ ID NO:53)

[0096] The above peptides were synthesized (Sigma Aldrich Japan) and diluted with saline to obtain a 5mg/mL stock
solution. To 100mL of the stock solution was added 900mL of saline to 0.5mg/mL of the concentration and the mixture
was dispensed into 1.5mL tube (immunogen) and stored at -80°C or lower till use.

(2) Immunized Mice

[0097] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0098] The 8 mice were divided into 2 groups each comprising 4 mice: Group 1 administered with 28AA-homocysteine
and Group 2 administered with 28AA-glutathion.

(4) Immunization and schedule

[0099] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0100] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0101] Measurement of anti-Aβ IgG antibody was performed as described above. Table 9 shows the calculated anti-
Aβ antibody titer of the murine serum in each of the immunization groups. As shown in Table 9, induction of an antibody
to Aβ was observed in the group administered with 28AA-homocysteine.

Table 9

Group
Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

28AA-Homocysteine 178 10525 4975 35154 12708
28AA-Glutathione 150 134 133 146 141
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Example 10

[0102] Evaluation of antibody induction in peptides consisting of 28-amino acid Aβ peptide with addition of cysteine
that formed disulfide bond

(1) Preparation of Aβ peptides with addition of cysteine

[0103]

· a peptide consisting of 28-amino acid Aβ peptide with addition of cysteine (28AAC): N-terminal-DAEFRHDS-
GYEVHHQKLVFFAEDVGSNK-C (SEQ ID NO:20)
· a peptide consisting of 28-amino acid Aβ peptide with addition of two cysteines (28AACC): N-terminal-DAEFRH-
DSGYEVHHQKLVFFAEDVGSNK-CC (SEQ ID NO:21)

(2) Preparation of peptides consisting of 28-amino acid Aβ peptide with addition of cysteine that formed disulfide bond

[0104] A peptide consisting of 28AAC and 28AAC bound to each other via disulfide bond (28AACdisulfide28AAC) and
a peptide consisting of 28AAC and 28AACC bound to each other via disulfide bond (28AACdisulfide28AACC) were
prepared. The obtained peptides had the structure that the two peptides are bound to each other with cysteines at the
C-terminal via disulfide bond, or the structures that a dimer comprising N-terminal-DAEFRHDSGYEVHHQKLVFFAED-
VGSNK-CC is further subject to disulfide bonds to form a trimer and a polymer (Fig. 1).

(2) Immunized Mice

[0105] Male C57BL/6 mice (7 weeks old, SPF) were purchased from Japan Charles River Co., Ltd. and bred in SPF
environment.

(3) Immunization Groups

[0106] The 8 mice were divided into 2 groups each comprising 4 mice: Group 1 administered with 28AACdisulfide28AAC
and Group 2 administered with 228AACdisulfide28AACC.

(4) Immunization and schedule

[0107] Each 200mL/mouse of an immunogen was administered to mice using a 1mL tuberculin syringe (Terumo, SS-
01T2613S) intradermally or subcutaneously at the abdomen (dose per mouse: 100mg). The mice were immunized 3
times at 2-week intervals.

(5) Blood sampling

[0108] On Day 7 from the final 3rd immunization, blood was collected from the abdominal aorta of all mice under
anesthesia with pentobarbital sodium (Kyoritsu Seiyaku Corporation, Somnopentyl). The sampling blood was transferred
to the Microtainer (Becton Dickinson Co., Ltd), adequate clotting has occurred at room temperature and then centrifuged
at 5,000 rpm for 10 min. Each of the separated serum was dispensed into two 0.5mL tubes and stored at - 80°C until
measurement.

(6) Measurement of anti-Aβ IgG antibody

[0109] Measurement of anti-Aβ IgG antibody was performed as described above. Table 10 shows the calculated anti-
Aβ antibody titer of the murine serum in each of the immunization groups. As shown in Table 10, for peptides consisting
of 28-amino acid Aβ peptide with addition of cysteine that formed disulfide bond, induction of an antibody to Aβ was
observed in both the group administered with 28AACdisulfide28AAC and the group administered with
228AACdisulfide28AACC.
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INDUSTRIAL APPLICABILITY

[0110] A method for enhancing an immune response characterized by that a peptide obtained by addition or insertion
of cysteine or a cysteine analogue to an Aβ peptide or a sequence derived from an Aβ peptide is used according to the
present disclosure is expected to be used for a safe and simple means for enhancing an immune response in a peptide
vaccine or a DNA vaccine aimed at prophylaxis and treatment of Alzheimer disease.

SEQUENCE LISTING

[0111]

<110> Juridical Foundation The Chemo-Sero-Therapeutic Research Institute

<120> Modified amiloid beta peptides

<130> T1645 EP S3

<140> EP 09 82 0642.8
<141> 2009-10-16

<150> JP 2008-267992
<151> 2008-10-16

<160> 53

<170> PatentIn version 3.4

<210> 1
<211> 42
<212> PRT
<213> Homo sapiens

<400> 1

<210> 2
<211> 26
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence:Synthesized Peptide"

Table 10

Group Antibody titer (ng/mL)

Animal No. 1 2 3 4 Mean

28AAC disulfide 28 AAC 244 2 428 770668 6683 195005.7
28AAC disulfide 28AACC 2110 136610 49129 1058945 311688.6
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<400> 2

<210> 3
<211> 25
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 3

<210> 4
<211> 24
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 4

<210> 5
<211> 23
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 5

<210> 6
<211> 22
<212> PRT
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<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 6

<210> 7
<211> 21
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 7

<210> 8
<211> 20
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 8

<210> 9
<211> 20
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 9
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<210> 10
<211> 20
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 10

<210> 11
<211> 19
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 11

<210> 12
<211> 19
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 12

<210> 13
<211> 34
<212> PRT
<213> Artificial
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<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 13

<210> 14
<211> 28
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 14

<210> 15
<211> 27
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 15

<210> 16
<211> 30
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 16
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<210> 17
<211> 29
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 17

<210> 18
<211> 30
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 18

<210> 19
<211> 29
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<220>
<221> misc_feature
<222> (29) .. (29)
<223> Xaa is Homocysteine

<400> 19
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<210> 20
<211> 29
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 20

<210> 21
<211> 30
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 21

<210> 22
<211> 126
<212> DNA
<213> Homo sapiens

<400> 22

<210> 23
<211> 78
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 23
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<210> 24
<211> 75
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 24

<210> 25
<211> 72
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 25

<210> 26
<211> 69
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 26

<210> 27
<211> 66
<212> DNA
<213> Artificial

<220>
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<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 27

<210> 28
<211> 63
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 28

<210> 29
<211> 60
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 29
gatgcagaat tccgacatga ctcaggatat aaaggtgcaa tcattggact catggtgtgt 60

<210> 30
<211> 60
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 30
gatgcagaat tccgacatga ctcaggaaaa ggtgcaatca ttggactcat ggtgggctgt 60

<210> 31
<211> 60
<212> DNA
<213> Artificial

<220>
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<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 31
gcagaattcc gacatgactc aggatataaa ggtgcaatca ttggactcat ggtgggctgt 60

<210> 32
<211> 57
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 32
gaattccgac atgactcagg atataaaggt gcaatcattg gactcatggt gggctgt 57

<210> 33
<211> 57
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 33
gcagaattcc gacatgactc aggaaaaggt gcaatcattg gactcatggt gggctgt 57

<210> 34
<211> 102
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 34

<210> 35
<211> 84
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"
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<400> 35

<210> 36
<211> 81
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 36

<210> 37
<211> 90
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 37

<210> 38
<211> 87
<212> DNA
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 38

<210> 39
<211> 90
<212> DNA
<213> Artificial
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<220>
<221> source
<223> /note= "Description of artificial sequence: DNA coding for amino acids
sequence of synthesized peptide"

<400> 39

<210> 40
<211> 24
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 40

<210> 41
<211> 25
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 41

<210> 42
<211> 25
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 42
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<210> 43
<211> 40
<212> PRT
<213> Homo sapiens

<400> 43

<210> 44
<211> 19
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 44

<210> 45
<211> 18
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 45

<210> 46
<211> 19
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 46
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<210> 47
<211> 18
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 47

<210> 48
<211> 18
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 48

<210> 49
<211> 29
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 49

<210> 50
<211> 26
<212> PRT
<213> Artificial

<220>
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<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 50

<210> 51
<211> 29
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 51

<210> 52
<211> 28
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<400> 52

<210> 53
<211> 29
<212> PRT
<213> Artificial

<220>
<221> source
<223> /note= "Description of artificial sequence: Synthesized Peptide"

<220>
<221> misc_feature
<222> (29) .. (29)
<223> Xaa is Glutathione

<400> 53
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Claims

1. A peptide selected from (A) to (H) as follows:

(A) a peptide consisting of (a) a peptide consisting of the amino acid residues No. 1 to No. 10 from the N-terminal
of SEQ ID NO:1 and (b) a peptide selected from peptides consisting of the amino acid residues No. 28 to No.
36, No. 28 to No. 37, No. 28 to No. 38, No. 28 to No. 39, No. 28 to No. 40, No. 28 to No. 41, No. 28 to No. 42
from the N-terminal of SEQ ID NO:1, the peptide (a) and the peptide (b) being bound to each other, wherein
cysteine or a cysteine analogue is bound to the C-terminal of the resulting combination of the peptide (a) and
the peptide (b);
(B) a peptide consisting of (a) a peptide consisting of the amino acid residues No. 2 to No. 10, , No. 2 to No. 9,
from the N-terminal of SEQ ID NO:1 and (b) a peptide consisting of the amino acid residues No. 28 to No. 37
from the N-terminal of SEQ ID NO:1, the peptide (a) and the peptide (b) being bound to each other, wherein
cysteine or a cysteine analogue is bound to the C-terminal of the resulting combination of the peptide (a) and
the peptide (b);
(C) a peptide consisting of (a) a peptide consisting of the amino acid residues No. 1 to No. 18 from the N-terminal
of SEQ ID NO: 1 and (b) a peptide consisting of the amino acid residues No. 28 to No. 42 from the N-terminal
of SEQ ID NO:1, the peptide (a) and the peptide (b) being bound to each other, wherein cysteine or a cysteine
analogue is bound to the C-terminal of the resulting combination of the peptide (a) and the peptide (b);
(D) a peptide consisting of the amino acid residues No. 1 to 26 from the N-terminal of SEQ ID NO:1 wherein
cysteine or a cysteine analogue is inserted between the amino acid residues Nos. 18 and 19 from the N-terminal;
(E) a peptide consisting of the amino acid residues No. 1 to No. 28 from the N-terminal of SEQ ID NO:1, wherein
cysteine or a cysteine analogue is inserted between the amino acid residues Nos. 18 and 19 from the N-terminal,
and wherein cysteine or a cysteine analogue is bound to the C-terminal of said peptide;
(F) a peptide consisting of the amino acid residues No. 1 to No. 18 from the N-terminal of SEQ ID NO:1 to the
C-terminal of which cysteine or a cysteine analogue is bound, to which a peptide consisting of the amino acid
residues No. 28 to No. 37 from the N-terminal of SEQ ID NO:1 is further bound;
(G) a peptide consisting of the amino acid residues No. 1 to No. 28 from the N-terminal of SEQ ID NO:1, to the
C-terminal of which a cysteine analogue is bound;
(H) a peptide consisting of two of a peptide consisting of the amino acid residues No. 1 to No. 28 from the N-
terminal of SEQ ID NO:1, to the C-terminal of which cysteine or a cysteine analogue is bound, said two of the
peptides being bound to each other via a disulfide bond between said cysteines or said cysteine analogues.

2. The peptide of claim 1, wherein said cysteine analogue is homocysteine.

3. The peptide of claim 1 or 2, wherein said peptide is a peptide selected from the group consisting of the following:

• a peptide of any one of SEQ ID NO:2 to SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 13,
SEQ ID NO: 15 to SEQ ID NO: 17, and SEQ ID NO: 19;
• a peptide consisting of two peptides, each of which peptides consist of SEQ ID NO:20 and are bound to each
other via a disulfide bond; and
• a peptide consisting of a peptide consisting of SEQ ID NO:20 and a peptide consisting of SEQ ID NO:21, each
of which peptides are bound to each other via a disulfide bond.

4. The peptide as defined in any of claims 1 to 3 for use in the enhancement of the immune response to amyloid β.

5. Use of the peptide as defined in any of claims 1 to 3 for the preparation of a medicament for the enhancement of
the immune response to amyloid β.

6. A medicament for use in prophylaxis and treatment of Alzheimer disease characterized by that the medicament
comprises as an active ingredient the peptide as set forth in any one of claims 1 to 3.
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7. Use of a peptide as defined in any of claims 1 to 3 for the preparation of a medicament for the prophylaxis and
treatment of Alzheimer disease.

8. A DNA vaccine effective for use in prophylaxis and treatment of Alzheimer disease characterized by that the vaccine
comprises a gene fragment coding for the amino acid sequence of the peptide as set forth in any one of claims 1 to 3.

9. Use of a DNA vaccine comprising a gene fragment coding for the amino acid sequence of the peptide as defined
in any one of claims 1 to 3 for the preparation of a medicament for prophylaxis and treatment of Alzheimer disease.

Patentansprüche

1. Peptid, das wie folgt ausgewählt ist aus (A) bis (H):

(A) einem Peptid, bestehend aus (a) einem Peptid, das aus den Aminosäureresten Nr. 1 bis Nr. 10 vom N-
Terminus der SEQ ID NO:1 besteht, und (b) einem Peptid, das ausgewählt ist aus Peptiden, die aus den
Aminosäureresten Nr. 28 bis Nr. 36, Nr. 28 bis Nr. 37, Nr. 28 bis Nr. 38, Nr. 28 bis Nr. 39, Nr. 28 bis Nr. 40, Nr.
28 bis Nr. 41, Nr. 28 bis Nr. 42 vom N-Terminus der SEQ ID NO:1 bestehen, wobei das Peptid (a) und das
Peptid (b) aneinander gebunden sind, wobei Cystein oder ein Cystein-Analog an den C-Terminus der daraus
resultierenden Kombination von Peptid (a) und Peptid (b) gebunden ist;
(B) einem Peptid, bestehend aus (a) einem Peptid, das aus den Aminosäureresten Nr. 2 bis Nr. 10, Nr. 2 bis
Nr. 9 vom N-Terminus der SEQ ID NO:1 besteht und (b) einem Peptid, das aus den Aminosäureresten Nr. 28
bis Nr. 37 vom N-Terminus der SEQ ID NO:1 besteht, wobei das Peptid (a) und das Peptid (b) aneinander
gebunden sind, wobei Cystein oder ein Cystein-Analog an den C-Terminus der daraus resultierenden Kombi-
nation von Peptid (a) und Peptid (b) gebunden ist;
(C) einem Peptid, bestehend aus (a) einem Peptid, das aus den Aminosäureresten Nr. 1 bis Nr. 18 vom N-
Terminus der SEQ ID NO:1 besteht und (b) einem Peptid, das aus den Aminosäureresten Nr. 28 bis Nr. 42
vom N-Terminus der SEQ ID NO:1 besteht, wobei das Peptid (a) und das Peptid (b) aneinander gebunden
sind, wobei Cystein oder ein Cystein-Analog an den C-Terminus der daraus resultierenden Kombination von
Peptid (a) und Peptid (b) gebunden ist;
(D) einem Peptid, bestehend aus den Aminosäureresten Nr. 1 bis 26 vom N-Terminus der SEQ ID NO:1, wobei
Cystein oder ein Cystein-Analog zwischen den Aminosäureresten Nr. 18 und 19 vom N-Terminus inseriert ist;
(E) einem Peptid bestehend aus den Aminosäureresten Nr. 1 bis Nr. 28 vom N-Terminus der SEQ ID NO:1,
wobei Cystein oder ein Cystein-Analog zwischen den Aminosäureresten Nr. 18 und 19 vom N-Terminus inseriert
ist, und wobei Cystein oder ein Cystein-Analog an den C-Terminus des Peptids gebunden ist;
(F) einem Peptid bestehend aus den Aminosäureresten Nr. 1 bis Nr. 18 vom N-Terminus der SEQ ID NO:1, an
deren C-Terminus Cystein oder ein Cystein-Analog gebunden ist, an das des Weiteren ein Peptid, das aus den
Aminosäureresten Nr. 28 bis Nr. 37 vom N-Terminus der SEQ ID NO:1 besteht, gebunden ist;
(G) einem Peptid bestehend aus den Aminosäureresten Nr. 1 bis Nr. 28 vom N-Terminus der SEQ ID NO:1,
an deren C-Terminus ein Cystein-Analog gebunden ist;
(H) einem Peptid bestehend aus zwei eines Peptids, das aus den Aminosäureresten Nr. 1 bis Nr. 28 vom N-
Terminus der SEQ ID NO:1 besteht, an deren C-Terminus Cystein oder ein Cystein-Analog gebunden ist, wobei
die zwei der Peptide über eine Disulfidbrücke zwischen den Cysteinen oder den Cystein-Analogen aneinander
gebunden sind.

2. Peptid nach Anspruch 1, wobei das Cystein-Analog Homocystein ist.

3. Peptid nach Anspruch 1 oder 2, wobei das Peptid ein Peptid ist, das ausgewählt ist aus der Gruppe, bestehend aus
den folgenden:

• einem Peptid einer aus SEQ ID NO:2 bis SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:13, SEQ
ID NO:15 bis SEQ ID NO:17 und SEQ ID NO:19;
• einem Peptid, das aus zwei Peptiden besteht, wobei jedes der Peptide aus SEQ ID NO:20 besteht und wobei
die Peptide jeweils über eine Disulfidbrücke aneinander gebunden sind; und
• einem Peptid, bestehend aus einem Peptid, das aus SEQ ID NO:20 besteht, und einem Peptid, das aus SEQ
ID NO:21 besteht, wobei die Peptide jeweils über eine Disulfidbrücke aneinander gebunden sind.

4. Peptid wie in einem der Ansprüche 1 bis 3 definiert zur Verwendung bei der Verbesserung der Immunantwort auf



EP 2 348 042 B1

37

5

10

15

20

25

30

35

40

45

50

55

Amyloid β.

5. Verwendung des wie in einem der Ansprüche 1 bis 3 definierten Peptids zur Herstellung eines Medikaments zur
Verbesserung der Immunantwort auf Amyloid β.

6. Medikament zur Verwendung bei der Vorbeugung und Behandlung der Alzheimer-Erkrankung, dadurch gekenn-
zeichnet, dass das Medikament das wie in einem der Ansprüche 1 bis 3 definierte Peptid als einen Wirkstoff umfasst.

7. Verwendung eines wie in einem der Ansprüche 1 bis 3 definierten Peptids zur Herstellung eines Medikaments zur
Vorbeugung und Behandlung der Alzheimer-Erkrankung.

8. DNA-Impfstoff, der für die Verwendung zur Vorbeugung und Behandlung der Alzheimer-Erkrankung wirksam ist,
dadurch gekennzeichnet, dass der Impfstoff ein Genfragment umfasst, das die Aminosäuresequenz des wie in
einem der Ansprüche 1 bis 3 definierten Peptids codiert.

9. Verwendung eines DNA-Impfstoffs, der ein Genfragment umfasst, das die Aminosäuresequenz des wie in einem
der Ansprüche 1 bis 3 definierten Peptids codiert, zur Herstellung eines Medikaments zur Vorbeugung und Behand-
lung der Alzheimer-Erkrankung.

Revendications

1. Peptide sélectionné parmi (A) à (H) ci-dessous :

(A) un peptide consistant en (a) un peptide consistant en les résidus d’acides aminés n° 1 à n° 10 de l’extrémité
N-terminale de SEQ ID NO: 1 et (b) un peptide sélectionné parmi des peptides consistant en les résidus d’acides
aminés n° 28 à n° 36, n° 28 à n° 37, n° 28 à n° 38, n° 28 . à n° 39, n° 28 à n° 40, n° 28 à n° 41, n° 28 à n° 42
de l’extrémité N-terminale de SEQ ID NO: 1, le peptide (a) et le peptide (b) étant liés l’un à l’autre, où une
cystéine ou un analogue de cystéine est lié(e) à l’extrémité C-terminale de la combinaison résultante du peptide
(a) et du peptide (b) ;
(B) un peptide consistant en (a) un peptide consistant en les résidus d’acides aminés n° 2 à n° 10, n° 2 à n° 9,
de l’extrémité N-terminale de SEQ ID NO: 1 et (b) un peptide consistant en les résidus d’acides aminés n° 28
à n° 37 de l’extrémité N-terminale de SEQ ID NO: 1, le peptide (a) et le peptide (b) étant liés l’un à l’autre, où
une cystéine ou un analogue de cystéine est lié(e) à l’extrémité C-terminale de la combinaison résultante du
peptide (a) et du peptide (b) ;
(C) un peptide consistant en (a) un peptide consistant en les résidus d’acides aminés n° 1 à n° 18 de l’extrémité
N-terminale de SEQ ID NO: 1 et (b) un peptide consistant en les résidus d’acides aminés n° 28 à n° 42 de
l’extrémité N-terminale de SEQ ID NO: 1, le peptide (a) et le peptide (b) étant liés l’un à l’autre, où une cystéine
ou un analogue de cystéine est lié(e) à l’extrémité C-terminale de la combinaison résultante du peptide (a) et
du peptide (b) ;
(D) un peptide consistant en les résidus d’acides aminés n° 1 à 26 de l’extrémité N-terminale de SEQ ID NO:
1, où une cystéine ou un analogue de cystéine est inséré(e) entre les résidus d’acides aminés n° 18 et 19 de
l’extrémité N-terminale ;
(E) un peptide consistant en les résidus d’acides aminés n° 1 à n° 28 de l’extrémité N-terminale de SEQ ID NO:
1, où une cystéine ou un analogue de cystéine est inséré(e) entre les résidus d’acides aminés n° 18 et 19 de
l’extrémité N-terminale, et où une cystéine ou un analogue de cystéine est lié(e) à l’extrémité C-terminale dudit
peptide ;
(F) un peptide consistant en les résidus d’acides aminés n° 1 à n° 18 de l’extrémité N-terminale de SEQ ID NO:
1, à l’extrémité C-terminale duquel une cystéine ou un analogue de cystéine est lié(e), à laquelle/auquel un
peptide consistant en les résidus d’acides aminés n° 28 à n° 37 de l’extrémité N-terminale de SEQ ID NO: 1
est en outre lié ;
(G) un peptide consistant en les résidus d’acides aminés n° 1 à n° 28 de l’extrémité N-terminale de SEQ ID
NO: 1, à l’extrémité C-terminale duquel un analogue de cystéine est lié ;
(H) un peptide consistant en deux d’un peptide consistant en les résidus d’acides aminés n° 1 à n° 28 de
l’extrémité N-terminale de SEQ ID NO: 1, à l’extrémité C-terminale duquel une cystéine ou un analogue de
cystéine est lié(e), lesdits deux des peptides étant liés l’un à l’autre via une liaison disulfure entre lesdites
cystéines ou lesdits analogues de cystéine.
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2. Peptide selon la revendication 1, dans lequel ledit analogue de cystéine est l’homocystéine.

3. Peptide selon la revendication 1 ou 2, où ledit peptide est un peptide sélectionné dans le groupe consistant en les
suivants :

• un peptide selon l’une quelconque de SEQ ID NO: 2 à SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ
ID NO: 13, SEQ ID NO: 15 à SEQ ID NO: 17, et SEQ ID NO: 19 ;
• un peptide consistant en deux peptides, chacun des peptides consistant en SEQ ID NO: 20, et étant liés l’un
à l’autre via une liaison disulfure ; et
• un peptide consistant en un peptide consistant en SEQ ID NO: 20 et un peptide consistant en SEQ ID NO:
21, les deux peptides étant liés l’un à l’autre via une liaison disulfure.

4. Peptide tel que défini dans l’une quelconque des revendications 1 à 3 destiné à être utilisé dans la stimulation de
la réponse immunitaire à l’amyloïde β.

5. Utilisation du peptide tel que défini dans l’une quelconque des revendications 1 à 3 pour la préparation d’un médi-
cament destiné à la stimulation de la réponse immunitaire à l’amyloïde β.

6. Médicament destiné à être utilisé dans la prophylaxie et le traitement de la maladie d’Alzheimer, caractérisé en ce
que le médicament comprend en tant qu’ingrédient actif le peptide tel que décrit dans l’une quelconque des reven-
dications 1 à 3.

7. Utilisation d’un peptide tel que défini dans l’une quelconque des revendications 1 à 3 pour la préparation d’un
médicament destiné à la prophylaxie et au traitement de la maladie d’Alzheimer.

8. Vaccin à ADN efficace pour être utilisé dans la prophylaxie et le traitement de la maladie d’Alzheimer, caractérisé
en ce que le vaccin comprend un fragment génique codant pour la séquence d’acides aminés du peptide tel que
décrit dans l’une quelconque des revendications 1 à 3.

9. Utilisation d’un vaccin à ADN comprenant un fragment génique codant pour la séquence d’acides aminés du peptide
tel que défini dans l’une quelconque des revendications 1 à 3 pour la préparation d’un médicament destiné à la
prophylaxie et au traitement de la maladie d’Alzheimer.
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