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DESCRIPTION

COMPOSITION CONTAINING INFLUENZA VACCINE

Technical Field
[0001]

The present invention relates to a composition
comprising a vaccine adjuvant and a universal influenza
vaccine antigen.

Background Art
[0002]

Component vaccines comprising virus-derived proteins or
partial peptides thereof are safer than live vaccines or
whole-particle inactivated vaccines. However, component
vaccines tend to have low immunostimulatory efficacy.
Therefore, in order to enhance the immunogenicity of the
epitope and to improve the immuno-stimulating activity of
the vaccines, it has been investigated for methods using an
adjuvant and an antigen in combination. Adjuvants are an
additive to enhance humoral and/or cellular immune responses
to antigens, and Alum, saponin, and the like have been used
as a vaccine adjuvant.

[0003]

Recently, it has been found that Toll-like Receptor
(TLR) plays an important role in the activation of innate
immunity, which is one of the defense mechanisms in living
organisms against microorganisms, and that monophosphoryl
lipid A (MPL), oligodeoxynucleotide containing unmethylated
cytidyl guanosyl (CpG) sequence (CpG ODN), etc., have
immunostimulatory effects via TLR. It is said that of the
known thirteen TLRs identified in human, five TLRs (TLRs 1,
2, 4, 5, 6) are involved 1in recognition of bacterial
components, and four TLRs (TLR 3, 7, 8, 9) are involved in
recognition of viral nucleic acids (Non Patent Document 1).
As an agonist (activator) of TLR7 and TLR8, small molecules
that mimic a single-stranded RNA of virus, which is a natural
ligand, has been known. For example, synthetic compounds,
such as pyrimidine compounds (Patent Documents 1 and 2) and
imidazoquinoline compounds (Patent Document 3), have been
reported.

[0004]
Activation of TLR7 and/or TLR8 with its agonists
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activates dendritic cells (DC) wvia TLR and myeloid
differentiation factor 88 (MyD 88)-dependent signaling
pathway. As a result, the expression of the T cell co-

stimulatory molecules (CD80, CD86, CD40) is enhanced, and
inflammatory cytokines including type I interferon
(especially IFNwa), TNFa, IL-6 or IL-12 are produced.
[0005]

In addition to the activation of DC, the TLR7 and/or
TLR8 agonists (activator) are known to activate T and B cells
and further stimulate NK cells to promote IFNy production,
and therefore it is expected to have a vaccine adjuvant
activity. Indeed, adjuvant activity of TLR7 and/or TLRS
agonists, such as Resiquimod and Imiquimod, has been reported
(Non Patent Document 2).

[0006]
The following complexes of TLR7 and/or TLR 8 agonists
with other substances are known: vaccine adjuvants in

which fatty acids and imidazogquinoline compounds are
covalently linked (Patent Documents 4, 5, 6 and Non-Patent
Document 4), conjugated compounds of phospholipids and
adenine compounds (Patent Documents 7, 8, and 9), conjugated
compounds of fatty acids and adenine compounds (Non-Patent
Document 5), conjugated compounds of fatty acid glycerides
or phospholipids and adenine compounds via polyethylene
glycol (Patent Document 10), conjugated compounds of
squalenes and adenine compounds (Patent Document 11), and
conjugated compounds of squalenes and pyrimidine compounds
(Patent Document 12).

[0007]

Current influenza haemagglutinin (hereinafter also
abbreviated as “HA”) vaccines, which are also called
influenza HA split vaccines, induce an anti-HA antibody,
thereby exerting a protective effect against infection. The
anti-HA antibody binds to a portion of a virus called a “head
region” in hemagglutinin externally exposed from a virus
membrane. This region most frequently undergoes structural
change in a viral strain. Therefore, in some cases, the
anti-HA antibody may fail to bind to a virus which causes
antigenic variation and is different from the vaccine strain,
and the vaccine cannot exert the protective effect against
the infection.

[0008]
Recently, it has been revealed that antibodies that
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bind to a stem region in hemagglutinin which is less likely
to cause antigenic variation (anti-stem antibody) include
protective antibodies against infection (Patent Document 13).
In order to efficiently induce the anti-stem antibody, a HA
stem protein having a stabilized stem portion has been
developed, and its clinical trial in humans has been carried
out: the stem portion, which 1is originally unstable, has
been stabilized through artificial variation in
hemagglutinin or binding of linkers to hemagglutinin.

However, in the practical application of the HA stem protein,

there still remain problems in the improvement of
immunogenicity and in the production process.

[0009]

It has been reported that the ability of anti-stem
antibodies to protect against infection depends not only on
their antigen binding properties and antibody levels, but
also strongly on the subclass of the induced IgG antibodies
(Non Patent Document 3). Specifically, it has been shown
that stem IgG2 antibodies are functional and cross-reactive,
and vaccines that strongly induce anti-stem IgG2 antibodies
are effective in protecting against a wide range of influenza
infections. However, no method for effectively-enhancing
the ability of the vaccines to induce the anti-stem IgG2
antibodies has been found.

Prior Art Document

Patent Document
[0010]
Patent Document 1: WO 00/12487
Patent Document 2: WO 2009/067081
Patent Document 3: US Patent Application Publication
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Non Patent Document 3: DiLillo, DJ., Nat. Medicine 2014,
20, 143
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Summary of Invention

Technical Problem
[0012]

An object of the present application is to find an
influenza HA split vaccine that effectively produces an
antibody that binds to a HA stem region, which is less likely
to undergo antigenic variation, of an influenza virus, and
to provide a method for improving the ability of the vaccine
to induce an IgGZ antibody.

Solution to Problem
[0013]
The present inventors have intensively studied to solve
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the above problems, and have found that by subjecting a
current influenza HA split vaccine to an acidic treatment,
the stem region of hemagglutinin is exposed to the outside,
and the influenza HA split vaccine after the acidic treatment
may produce a cross-reactive antibody capable of binding to
LAH (long alpha helix) in the HA stem region, and thereby
may serve as a universal 1influenza vaccine antigen.
Furthermore, the present inventors have found that by adding
a compound that enhances the physiological activity of TLR7
to the influenza HA split vaccine after the acidic treatment,
the compound functions as a vaccine adjuvant, and the IgG2
antibody inducing ability of the vaccine is improved, and
thereby have achieved the present invention.

[0014]

Specifically, the present invention relates to the

following.
[0015]
[ITtem 1]
A composition comprising the following (1) and (2);
(1) a universal influenza vaccine antigen; and
(2) a vaccine adjuvant.
[0016]
[ITtem 2]

The composition according to Item 1, wherein the
universal influenza vaccine antigen is an influenza HA split
vaccine antigen which produces an antibody that binds to a
LAH of a HA stem region.

[Item 3]

The composition according to Item 2, wherein the
influenza HA split vaccine antigen has a HA stem region
exposed outside.

[0017]
[Item 4]

The composition according to Item 1, wherein the
universal influenza vaccine antigen is an influenza HA split
vaccine antigen wherein the HA stem region, which is exposed
outside, enhances the antigenicity of the LAH of the HA stem
region, and the influenza HA split vaccine is capable of
producing an antibody that binds to the LAH of the HA stem
region.

[0018]
[Item 5]
The composition according to any one of Items 1 to 4,
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wherein the universal influenza vaccine antigen is produced
by subjecting an influenza HA split vaccine to an acidic
treatment.

[0019]

[ITtem 6]

The composition according to any one of Items 1 to 5,
wherein the universal influenza vaccine antigen is produced
by subjecting an influenza HA split vaccine which has not
undergone a formalin treatment to an acidic treatment.
[0020]

[ITtem 7]

The composition according to any one of Items 1 to 6,
wherein the universal influenza vaccine antigen is produced
by a production process including: subjecting an influenza
HA split vaccine to an acidic treatment; and thereafter,
subjecting the influenza HA split vaccine to a formalin
treatment.

[0021]
[Item 8]

The composition according to any one of Items 1 to 7,
wherein the universal influenza vaccine antigen is produced
by subjecting an influenza HA split vaccine of a single HA
subtype to an acidic treatment.

[0022]
[Ttem 9]

The composition of according to any one of Items 1 to
7, wherein the universal influenza vaccine antigen 1is a
vaccine antigen comprising two or more kinds of influenza HA
split vaccine antigens each of which 1is produced by
subjecting an influenza HA split vaccine of a single HA
subtype to an acidic treatment.

[0023]
[ITtem 10]

The composition of any one of Items 1 to 9, wherein the
vaccine adjuvant 1is a substance which enhances the
physiological activity of TLR.

[Item 11]

The composition of any one of Items 1 to 10, wherein
the wvaccine adjuvant 1is a substance which enhances the
physiological activity of one or more TLRs selected from the
group consisting of TLR7, TLR8, and TLRO.

[Ttem 12]
The composition of any one of Items 1 to 11, wherein
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the vaccine adjuvant 1is a substance which enhances the
physiological activity of at least TLR7.
[ITtem 13]

The composition of any one of Items 1 to 12, wherein
the vaccine adjuvant is a substance which enhances the
physiological activity of at least TLRS.

[Item 14]

The composition of any one of Items 1 to 13, wherein
the vaccine adjuvant 1is a substance which enhances the
physiological activity of at least TLRO9.

[0024]
[Item 15]

The composition according to Items 11 or 12, wherein
the substance which enhances the physiological activity of
TLR7 is a low molecular weight compound which enhances the
physiological activity of TLR7, or a conjugated compound in
which a low molecular weight compound which enhances the
physiological activity of TLR7 and a lipid are chemically
linked via a spacer.

[Item 16]

The composition of Item 15, wherein the low molecular
weight compound which enhances the physiological activity of
TLR7 or the low molecular weight compound which enhances the
physiological activity of TLR7 comprised in the conjugated
compound has a molecular weight of 200 to 600 and has an
adenine skeleton, a pyrimidine skeleton, an imidazoguinoline
skeleton, an imidazopyridine skeleton, or a quinazoline
skeleton.

[Item 17]
The composition of Item 16, wherein the low molecular

weight compound which enhances the physiological activity of
TLR7 or the low molecular weight compound which enhances the
physiological activity of TLR7 comprised in the conjugated
compound has a pyrimidine skeleton, an adenine skeleton, or
an imidazoquinoline skeleton.

[Item 18]
The composition of any one of Items 15 to 17, wherein

the lipid is a lipid derived from squalene or squalane.
[0025]

[Item 19]
The composition according to any one of Items 15 to 18,

wherein the compound which enhances the physiological
activity of TLR7 is a conjugated compound in which a low
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lipid derived from squalene or squalane are chemically linked
via a spacer or a pharmaceutically acceptable salt thereof.
[0026]

[Item 20]

The composition according to any one of Items 15 to 18,
wherein the compound which enhances the physiological
activity of TLR7 is a conjugated compound in which a low
molecular weight compound having a pyrimidine skeleton and
a lipid derived from squalene or squalane are chemically
linked via a spacer or a pharmaceutically acceptable salt
thereof.

[0027]
[ITtem 21]

The composition according to any one of Items 15 to 18
and 20, wherein the compound which enhances the physiological
activity of TLR7 is a compound represented by Formula (1) or
a pharmaceutically acceptable salt thereof:

NH,

R'" N°SN

1
Rz*ﬁ)ﬁ%Ra
R4
X\@ 2
Y“X\N’L‘N
R® RS

M)

wherein

X represents methylene,

R! represents a hydrogen atom or an alkyl group having
1 to 3 carbon atoms which may be substituted with hydroxy
group,

R2 represents a hydrogen atom or an alkyl group having
1l to 6 carbon atoms,

R3 represents an alkyl group having 1 to 3 carbon atoms,

R4 represents a hydrogen atom, a halogen atom, a hydroxy
group, an alkyl group having 1 to 3 carbon atoms, or an
alkoxy group having 1 to 3 carbon atoms,

Yl represents a single bond or methylene,

Y2 represents a single bond or -C(O)-,

L represents a straight chain alkylene having 2 or 3
carbon atoms,

R> and R® independently represent a hydrogen atom or an
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alkyl group having 1 to 3 carbon atoms, or R° and R® are
taken together to form a substituted or unsubstituted 5- to
8-membered nitrogen-containing saturated heterocycle,
provided that when the 5- to 8-membered nitrogen-containing
saturated heterocycle is substituted, it is substituted with
the same or different 1 to 4 substituents selected from
hydroxy group and halogen atom, and

m represents 0 or 1,

""""" are all double bonds.

[Item 22]

The composition according to any one of Items 15 to 18,
20 and 21, wherein the conjugated compound is:

(4E, 8E,12E,16E,20E) -N-{2~-[{4-[(2~amino-4-{ [ (3S)-1-
hydroxyhexan-3-yl]amino}-6-methylpyrimidin-5-
yl)methyllbenzyl} (methyl)amino]ethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide;

(4E,8E,12E, 16E,20E)~1-(4~-{4~[(2-amino-4-{ [ (2S)-1-
hydroxypentan-2-yl]amino}-6-methylpyrimidin-5-yl)methyl]-3-
methoxybenzyl}piperazin-1-yl1)-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaen-1-one;

(4E,8E,12E,16E,20E)-1-(4-{4~[(2-amino-4-{ [ (28)-1-
hydroxypentan-2-yl]amino}-6-methylpyrimidin-5-yl)methyl]-3-
methoxybenzoyl}piperazin-1-yl)-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24~-hexaen-1-one;

4~ (2=-amino-4-{[ (2S)-1-hydroxypentan-2-yl]amino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[ (4E,8E, 12E, 16E, 20E) -
4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24-
hexaenoyl]amino}lethyl)-3-methoxybenzamide;

4-[(2-amino-4-{[ (2S)-1-hydroxypentan-2-yl]Jamino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[ (4E,8E, 12E, 16E, 20E) -
4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24-
hexaenoyl] (methyl)amino}ethyl)-3-methoxybenzamide;or
a pharmaceutically acceptable salt thereof.

[Item 23]

The composition according to any one of Items 15 to 18
and 20 to 22, wherein the compound which enhances the
physiological activity of TLR7 is:

(4E,8E, 12E,16E,20E) -N-{2-[{4-[ (2-amino-4-{ [ (3S)-1-
hydroxyhexan-3-yl]lamino}-6-methylpyrimidin-5-
yl)methyl]lbenzyl} (methyl)amino]ethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide;

4-[ (2-amino-4-{ [ (2S)-1-hydroxypentan-2-yl]lamino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[ (4E, 8E, 12E, 16E, 20E) -
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4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24-
hexaenoyl]amino}ethyl)-3-methoxybenzamide;or

a pharmaceutically acceptable salt thereof.

[0028]
[Item 24]

An influenza vaccine comprising the composition
according to any one of Items 1 to 23.

[0029]
[Ttem 25]

A method for preventing influenza comprising
administering to a warm-blooded animal in need thereof a
prophylactically effective amount of the composition
according to any one of Items 1 to 23.

[Item 26]

A method for preventing influenza comprising
administering to a warm-blooded animal in need thereof a
prophylactically effective amount of a universal influenza
vaccine antigen and a prophylactically effective amount of
a vaccine adjuvant (for example, a substance which enhances
the physiological activity of TLR7).

[0030]
[Item 27]

A kit for preventing influenza comprising a universal
influenza vaccine antigen, and a vaccine adjuvant (for
example, a substance which enhances the physiological
activity of TLR7).

[0031]
[Ttem 28]

A vaccine adjuvant (for example, a substance which
enhances the physiological activity of TLR7) for use in the
prevention of influenza in combination with a wuniversal
influenza vaccine antigen.

[Ttem 29]

A universal influenza vaccine antigen for use in the
prevention of influenza 1in combination with a vaccine
adjuvant (for example, a substance which enhances the
physiological activity of TLR7).

[0032]
[ITtem 30]

Use of a vaccine adjuvant (for example, a substance
which enhances the physiological activity of TLR7) in the
manufacture of a composition for preventing influenza
comprising a universal influenza vaccine antigen.
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[Item 31]

Use of a universal influenza vaccine antigen in the
manufacture of a composition for preventing influenza
comprising a vaccine adjuvant (for example, a substance which
enhances the physiological activity of TLR7).

[0033]
[ITtem 32]
The method according to Item 25 or 26, the kit according

to Item 27, the vaccine adjuvant according to Item 28, or
the antigen according to Item 29, wherein the universal
influenza vaccine antigen and the vaccine adjuvant (for
example, a substance which enhances the physiological
activity of TLR7) are administered simultaneously or
separately.

[Item 32-1]

The method according to Item 25 or 26, the kit according
to Item 27, the vaccine adjuvant according to Item 28, or
the antigen according to Item 29, wherein the universal
influenza vaccine antigen is administered prior to, after,
or concurrently with the administration of the vaccine
adjuvant (for example, a substance which enhances the
physiological activity of TLR7).

[0034]

[Item 33]
A method for producing a composition comprising an

influenza HA split vaccine antigen and a vaccine adjuvant
(for example, a substance which enhances the physiological
activity of TLR7), comprising the following steps:

a) producing an influenza HA split vaccine antigen which
produces an antibody that binds to a LAH of a HA stem region
by subjecting an influenza HA split vaccine which has not
undergone a formalin treatment to an acidic treatment; and

b) mixing the vaccine antigen obtained in step a) with
the vaccine adjuvant.

[0035]
[Item 34]

A method for producing a composition comprising an
influenza HA split vaccine antigen and a vaccine adjuvant
(for example, a substance which enhances the physiological
activity of TLR7), comprising the following steps:

a) subjecting an influenza HA split vaccine to an acidic

treatment,
b) thereafter, conducting a formalin treatment to
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obtain an influenza HA split vaccine antigen which produces
an antibody that binds to a LAH of a HA stem region; and

c) mixing the vaccine antigen obtained in step b) with the
vaccine adjuvant.

[0036]

[Ttem 35]

A method for producing a kit comprising an influenza HA
split vaccine antigen and a vaccine adjuvant (for example,
a substance which enhances the physiological activity of
TLR7), comprising the following steps:

a) producing an influenza HA split vaccine antigen which
produces an antibody that binds to a LAH of a HA stem region
by subjecting an influenza HA split vaccine which has not
undergone a formalin treatment to an acidic treatment; and

b) combining the vaccine obtained in step a) with the
vaccine adjuvant to form a kit.

[0037]
[ITtem 36]

A method for producing a kit comprising an influenza HA
split vaccine antigen and a vaccine adjuvant (for example,
a substance which enhances the physiological activity of
TLR7), comprising the following steps:

a) subjecting an influenza HA split vaccine to an acidic
treatment,

b) thereafter, conducting a formalin treatment to
obtain an influenza HA split vaccine antigen which produces
an antibody that binds to a LAH of a HA stem region; and

c) combining the vaccine obtained in step b) with the
vaccine adjuvant to form a kit.

Effect of the invention
[0038]

According to the present invention, a wuniversal
influenza vaccine antigen 1is provided and 1its vaccine
activity can be further improved by adding a vaccine adjuvant.

Brief description of Drawings
[0039]

[FIG. 1] FIG. 1 is a schematic diagram illustrating an
influenza virus.

[FIG. 2] FIG. 2 is a graph showing an increase in the
titer of an anti-LAH antibody in sera of mice inoculated
with a membrane fusion-type H3N2 HA split vaccine.
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[FIG. 3] FIG. 3 1is a graph showing an improvement in
the cross-protective capacity of mice inoculated with the
membrane fusion-type H3N2 HA split vaccine against an
antigenic variant.

[FIG. 4] FIG. 4 is a graph showing an increase in the
titer of an anti-LAH antibody in sera of mice inoculated
with a membrane fusion-type HIN1l HA split vaccine.

[FIG. 5] FIG. 5 is a graph showing an improvement in
the cross-protective capacity of mice inoculated with the
membrane fusion-type HIN1 HA split vaccine against an
antigenic variant.

[FIG. 6] FIG. 6 shows graphs each indicating that a LAH
binding monoclonal antibody binds more strongly to a membrane
fusion-type HA split vaccine than to a current HA split
vaccine.

[FIG. 7] FIG. 7 shows graphs each showing the cross-
reactive IgG2c-inducing activity of membrane fusion-type HA
split vaccines supplemented with A-1, A-2, or CpG.

[FIG. 8] FIG. 8 shows graphs each showing the cross-
reactive IgGl-inducing activity of the membrane fusion-type
HA split vaccines supplemented with A-1, A-2, or CpG.

[FIG. 9] FIG. 9 shows graphs each showing the cross-
reactive IgG2c/IgGl ratio of the membrane fusion-type HA
split vaccines supplemented with A-1, A-2, or CpG.

[FIG. 10] FIG. 10 shows graphs each showing the cross-
reactive IgG2c-inducing activity of membrane fusion-type HA
split vaccines supplemented with A-1, A-3, or AddaVax (™).

[FIG. 11] FIG. 11 shows graphs each showing the cross-
reactive IgGl-inducing activity of the membrane fusion-type
HA split vaccines supplemented with A-1, A-3, or AddaVax (™),

[FIG. 12] FIG. 12 shows graphs each showing the cross-
reactive IgG2c/IgGl ratio of the membrane fusion-type HA
split vaccines supplemented with A-1, A-3, or AddaVax (™,

[FIG. 13] FIG. 13 1is a graph showing the cross-
protective capacity of mice inoculated with the membrane
fusion-type H3N2 HA split vaccines supplemented with A-1, A-
3, or AddaVax (™ against an antigenic variant.

[FIG. 14] FIG. 14 is a graph showing the suppressive
effect of the membrane fusion-type H3N2 HA split vaccines
supplemented with A-1, A-3, or AddaVax (™) on mice weight
loss due to antigenic variant infection.

[FIG.15] FIG. 15 shows graphs each indicating that the
LAH binding monoclonal antibody strongly binds to a membrane
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fusion-type HA split vaccine that has been subjected to a
formalin treatment after an acidic treatment.

[FIG. 16] FIG. 16 is a graph showing an increase in the
titer of an anti-LAH antibody in sera of mice inoculated
with membrane fusion-type H3N2 HA split vaccines ((Pre-fix)
and (Post-fix)).

[FIG. 17] FIG. 17 shows graphs each showing the cross-
reactive IgG2c-inducing activity of the membrane fusion-type
HA split vaccines supplemented with A-1, A-3, or AddaVax (™,

[FIG. 18] FIG. 18 shows graphs each showing the cross-
reactive IgGl-inducing activity of the membrane fusion-type
HA split vaccines supplemented with A-1, A-3, or AddaVax (™,

[FIG. 19] FIG. 19 shows graphs each showing the cross-
reactive IgG2c/IgGl ratio of the membrane fusion-type HA
split vaccines supplemented with A-1, A-3, or AddaVax (™.

[FIG. 20] FIG. 20 1is a graph showing the cross-
protective capacity of mice inoculated with the membrane
fusion-type HIN1 HA split vaccines supplemented with A-1, A-
3, or AddaVax (™ against an antigenic variant.

[FIG. 21] FIG. 21 is a graph showing the suppressive
effect of the membrane fusion-type HIN1 HA split vaccines
supplemented with A-1, A-3, or AddaVax (™ on mice weight
loss due to antigenic variant infection.

Description of embodiments
[(0040]

Embodiments of the present invention will be described
in detail below. The embodiments are intended to facilitate
understanding of the principle of the present invention, and
the scope of the invention is not limited to the following
embodiments. Other embodiments, in which the configuration
of the following embodiments has been appropriately replaced
by those skilled in the art, are also encompassed in the
scope of the present invention.

[0041]

As used herein, the term "vaccine adjuvant" means a
substance having an immune-enhancing effect or a preparation
containing the same, which enhances the immunogenicity of an
antigen by being added to the antigen.

[0042]

Vaccine adjuvants herein include alum, emulsions (for
example, Freund's adjuvant, MF59(Registered trademark) = AddaVax (™,
AS03, etc.), substances that enhance the physiological
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activity of NOD receptors, substances that enhance the
physiological activity of RIG-I receptors, substances that
enhance the physiological activity of C-type lectin
receptors, substances that enhance the physiological
activity of cytosolic DNA receptors, substances that enhance
the physiological activity of STING, substances that enhance
the physiological activity of TLR, and the like.

[0043]

Vaccine adjuvants herein preferably include substances
that enhance the physiological activity of TLR.
[0044]

As used herein, a substance which enhances the
physiological activity of TLR refers to a TLR agonist having
a TLR receptor agonist activity, and 1is not particularly
limited as long as the substance enhances the function of
the TLR receptor(s).

[0045]
Examples of the substances which  enhance the

physiological activity of TLR as used herein include
monophosphoryl 1lipid A and derivatives thereof, adenine
compounds, pyrimidine compounds, imidazoquinoline compounds,
benzapine compounds, imidazopyridine compounds, quinazoline
compounds, guanine compounds, dihydropteridine compounds,
CpG ODN, and the like.

[0046]

The substances which enhance the physiological activity
of TLR as used herein preferably include substances which
enhance the physiological activity of one or more TLRs
selected from the group consisting of TLR7, TLR8 and TLRY,
and more preferably include substances which enhance the
physiological activity of at least TLR7.

[0047]

As used herein, a substance which enhances the
physiological activity of TLR7 refers to a TLR7 agonist
having a TLR7 receptor agonist activity, and is not
particularly limited as long as the substance enhances the
function of the TLR7 receptor.

[0048]

As used herein, a substance which enhances the
physiological activity of TLR8 refers to a TLR8 agonist
having a TLR8 receptor agonist activity, and is not
particularly limited as long as the substance enhances the
function of the TLR8 receptor.
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[0049] »
As used herein, a substance which enhances the
physiological activity of TLRY9 refers to a TLR9 agonist
having TLRY9 receptor agonist activity, and 1is not
particularly limited as long as the substance enhances the
function of the TLRY9 receptor.

[0050]

Examples of the substances which  enhance the
physiological activity of TLR7 herein include substances
which enhance the physiological activity of TLR7 or
substances which enhance the physiological activity of TLR7
and TLRS8.

[0051]

The substances which enhance the physiological activity
of TLR7 as used herein preferably include TLR7 selective
agonists. As used herein, the term "TLR7 selective" means
that the TLR, other than TLR7, receptor agonist activity is
weaker than the TLR7 receptor agonist activity, and includes,
for example, the case where the TLR7 receptor agonist
activity is stronger than the TLR8 receptor agonist activity
(TLR8's endogenous ligand is a single chain RNA), more
specifically, the case where the TLR7 receptor agonist
activity (EC 50 value) is 10 times or more of the TLR8
receptor agonist activity
[0052]

Examples of substances which enhance the physiological
activity of TLR7 herein include low molecular weight
compounds which enhance the physiological activity of TLR7,
and conjugated compounds in which a low molecular weight
compound (s) which enhances the physiological activity of
TLR7 and a lipid(s) are chemically linked via a spacer(s).
[0053]

Specific examples of the low molecular weight compounds
which enhance the physiological activity of TLR7 herein
include those having a molecular weight of 200 to 600,
preferably a molecular weight of 250 to 500, and more
preferably a molecular weight of 300 to 500.

[0054]

The low molecular weight compounds which enhance the
physiological activity of TLR7 herein preferably include
compounds having an adenine skeleton(s), a pyrimidine
skeleton(s), imidazoquinoline skeleton(s), an
imidazopyridine skeleton(s), quinazoline skeleton(s), a
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guanine skeleton(s), or a dihydropteridine skeleton(s), and
more preferably include compounds having an adenine
skeleton(s), a pyrimidine skeleton(s), an imidazoquinoline
skeleton(s).

[0055]

Examples of compounds having an adenine skeleton(s)
include compounds having a 4-amino-8-oxo-purine (8-
oxoadenine) skeleton, such as compounds having a 4-amino-8-
oxo-purine skeleton in which the 9-position is substituted
with an alkyl group (for example, straight chain alkyl group
having 1 to 6 carbon atoms) which may be substituted with 5
to 6 membered aromatic carbocyclic ring, 5 to 6 membered
aromatic heterocyclic ring or 4 to 7 membered aliphatic
nitrogen-containing heterocyclic ring. The specific
examples include compounds described in MedChemComm 2011, 2,
185., such as GSK-2245035[6-amino-2-{[(1S)~-1-
methylbutyl]oxy}-9-[5-(l-piperidinyl)pentyl]-7,9-dihydro-
8H-purine-8-one], PF-4171455[4-amino~-1-benzyl-6-
trifluoromethyl-1,3-dihydroimidazo[4,5-c]pyridine-2-one]
and the 1like, and compounds described in WO 98/01448, WO
99/28321, WO 02/085905, WO 2008/114008, WO 2008/114819, WO
2008/114817, WO 2008/114006, WO 2010/018131, WO 2010/018134,
WO 2008/101867, Wwo 2010/018133, WO 2009/005687, WO
2012/080730 and the like.

[0056]

The compounds having an adenine skeleton(s) preferably
include  the following compounds or pharmaceutically
acceptable salts thereof:

6—-amino=-9-({6-[2-(dimethylamino)ethoxy]lpyridin-3-
yl}methyl)-2-ethoxy~-7,9-dihydro-8H-purine-8-one;

6-amino-2- (butylamino) -9~ ({6-[2-
(dimethylamino)ethoxylpyridin-3-yl}methyl)-7,9-dihydro-8H-
purine-8-one;

N-(4-{[6-amino-2-(butylamino)-8-oxo-7, 8-dihydro-9H-
purin-9-yllmethyl}benzoyl)glycine;

methyl (3-{[[3-(6-amino-2-butoxy-8-oxo-7,8~dihydro-9H-
purin-9-yl)propyl] (3-morpholin-4-
yvlpropyl)aminolmethyl}phenyl)acetate; or

methyl (4-{[[3-(6-amino-2-butoxy-8-oxo-7,8~dihydro-9H~-
purin-9-yl)propyl] (3-piperidin-1-
ylpropyl)amino]methyl}phenyl)acetate.

[0057]
Examples of compounds having a pyrimidine skeleton (s)
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include compounds having a 2,4-diaminopyrimidine skeleton,
such as 2,4-diaminopyrimidine in which the 6-position may
optionally be substituted with an alkyl group or the like
and the 5-position is substituted with an alkyl group (for
example, a straight chain alkyl group having 1 to 6 carbon
atoms) which may be substituted with 5 to 6 membered aromatic
carbocyclic ring, 5 to 6 membered aromatic heterocyclic ring,
or 4 to 7 membered aliphatic nitrogen-containing
heterocyclic ring. More specific examples of the compounds
include compounds described in WO 00/12487, WO 2010/133885,
WO 2013/172479 or WO 2012/136834.

[0058]

Examples of compounds having an imidazoquinoline
skeleton(s) include compounds having a 4-amino-1H-
imidazo[4,5-clquinoline skeleton, such as Imiquimod,

resiquimod or 852A[N-[4- (4-amino-2-ethyl~1H-imidazo[4, 5-
clquinolin-1-yl)butyl]methanesulfonamide], such as 4-amino-
1H[4,5-c]lquinoline in which the 1l-position is substituted
with a Cl-6alkyl group or a Cl-6alkoxy group and the 2-
position is substituted with a Cl-6alkyl group or a Cl-

balkoxy group. More specific examples of the compounds
include compounds described in WO 2010/48520, WO 2008/135791
US4689338, US 4698348, or WO 2007/030777. Preferable

examples of compounds having an imidazoquinoline skeleton(s)
include Imiquimod.
[0059]

Examples of compounds having an imidazopyridine
skeleton(s) include compounds having a 4-amino-1,3-dihydro-
2H-imidazo[4,5-c]pyridine-2-one skeleton, such as compounds
having a 4-amino-1,3-dihydro-2H-imidazo[4,5-c]pyridine-2-
one skeleton in which the 6-position or the 7-position 1is
substituted with a Cl-6alkyl group or a Cl-6alkoxy group,
each of which may optionally substituted with halogen atom,
and the 1l-position is substituted with an alkyl group (for
example, a straight chain alkyl group having 1 to 4 carbon
atoms) optionally substituted with 5 to 6 membered aromatic
carbocyclic ring, 5 to 6 membered aromatic heterocyclic ring
or 4 to 7 membered aliphatic nitrogen-containing
heterocyclic ring. More specific examples of the compounds
include compounds described in WO 2007/93901 and PF-
4171455 [4-amino-1-benzyl-6-(trifluoromethyl) -1, 3-dihydro-
2H-imidazo[4,5-c]pyridine-2-one].

[0060]
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Examples of compounds having a quinazoline skeleton(s)
include derivatives having a 2,4-diaminoquinazoline skeleton,
such as compounds having a 2,4-diaminoquinazoline skeleton
in which the 4-position is substituted with an alkyl group
(for example, a straight or branched chain alkyl group having
1 to 8 carbon atoms) optionally substituted with hydroxyl
group, halogen atom and the like. Specific examples include
compounds described in WO 2012/156498 or WO 2014/76221.
[0061]

Examples of compounds having a guanine skeleton(s)
include compounds having a 2-amino-6-oxopurine skeleton, and
specifically, Loxoribine.

[0062]

Examples of compounds having a dihydropteridine
skeleton(s) include compounds having a 4-amino-7, 8-
dihydropteridine-6 (5H) —one skeleton, specifically
vesatolimod [4-amino-2-butoxy-8-[[3-[ (pyrrolidin-1-

yl)methyl]lphenyl]methyl]-7,8~-dihydropteridine~6(5H)-one].
[0063]

Other examples of low molecular weight compounds that
are TLR7 agonists include Isatoribine, ANA-773, and
compounds described in WO 2010/077613.

[0064]

Examples of lipids in the conjugated compounds in which
a low molecular weight compound(s) which enhances the
physiological activity of TLR7 and a lipid(s) are chemically
linked via a spacer(s) as used herein include: saturated or
unsaturated fatty acids having less than 100 carbon atoms;
diglycerides of saturated or unsaturated fatty acids having
10 to 30 carbon atoms and glycerin; phospholipids including
phosphatidic acids in which a phosphoric acid is further
bonded to a diglyceride of saturated or unsaturated fatty

-acids having 10 to 30 carbon atoms and glycerol; and the

like. Preferably, saturated or unsaturated fatty acids
having 18 to 30 carbon atoms are exemplified, and more
preferably, fatty acids derived from squalene or squalane
are exemplified.

[0065]

Examples of the fatty acids derived from squalene
include (4E,8E,12E,16E,20E)-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenoic acid and the
like. Examples of the fatty acids derived from squalane
include 4,8,12,17,21,25-hexamethylhexacosanoic acid and the
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like. A compound derived from squalene or squalane can be
linked to a spacer to provide a conjugate compound by methods
well known to those skilled in the art, as appropriate.
[0066]

Examples of the parts of the low molecular weight
compounds which enhance the physiological activity of TLR7
in the conjugated compounds in which a low molecular weight
compound (s) which enhances the physiological activity of
TLR7 and a lipid(s) are chemically linked via a spacer(s) as
used herein include the aforementioned low molecular weight
compounds which enhance the physiological activity of TLR7.
[0067]

Examples of the conjugated compounds in which a low
molecular weight compound (s) which enhances the
physiological activity of TLR7 and a lipid(s) are chemically
linked via a spacer(s) as used herein 1include vaccine
adjuvants in which a fatty acid(s) and an imidazoquinoline
compound (s) are covalently bonded (Patent Documents 4, 5, 6,
and Non Patent Document 4), conjugate compounds of a
phospholipid(s) and an adenine compound(s) (Patent Documents
7, 8, 9), conjugate compounds of a fatty acid(s) and an
adenine compound(s) (Non Patent Document 5), conjugate
compounds of a fatty acid glyceride(s) and an adenine
compound (s) via a polyethylene glycol (Patent Document 10),

conjugate compounds of a squalene(s) and an adenine
compound (s) (Patent Document 11), conjugate compounds of a
squalene(s) and a pyrimidine compound(s) (Patent Document
12), and the like.

[0068]

Preferred examples of the conjugated compounds in which
a low molecular weight compound(s) which enhances the
physiological activity of TLR7 and a lipid(s) are chemically
linked via a spacer(s) as used herein include conjugated
compounds in which a low molecular weight compound(s) having
an adenine skeleton(s) and a lipid(s) derived from squalene
or squalane are chemically linked via a spacer(s), conjugated
compounds in which a low molecular weight compound(s) having
a pyrimidine skeleton(s) and a lipid(s) derived from squalene
or squalane are chemically linked via a spacer(s), and
pharmaceutically acceptable salts thereof.
[0069]

Preferred examples of the conjugated compounds in which
a low molecular weight compound(s) having an adenine
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skeleton(s) and a lipid(s) derived from squalene or squalane
are chemically linked via a spacer(s) include compounds
described in Patent Document 11.
[0070]

Preferred examples of the conjugated compounds in which
a low molecular weight compound(s) having a pyrimidine
skeleton(s) and a lipid(s) derived from squalene or squalane
are chemically 1linked via a spacer(s) include compounds
described in Patent Document 12. More preferably, compounds
represented by formula (1) or pharmaceutically acceptable
salts thereof are exemplified.

[0071]
NH,
R! w SN
Rka 7 R
H 4
R
X |§3 2
Y“X\N’L‘N
[ .5
RS R m
(1)
wherein

X represents methylene,

Rl represents a hydrogen atom or an alkyl group having
1 to 3 carbon atoms which may be substituted with hydroxy
group,

R? represents a hydrogen atom or an alkyl group having
1l to 6 carbon atoms,

R3 represents an alkyl group having 1 to 3 carbon atoms,

R? represents a hydrogen atom, a halogen atom, a hydroxy
group, an alkyl group having 1 to 3 carbon atoms, or an
alkoxy group having 1 to 3 carbon atoms,

Y! represents a single bond or methylene,

Y2 represents a single bond or -C(O)-,

L represents a straight chain alkylene having 2 or 3
carbon atoms,

R> and R® independently represent a hydrogen atom or an
alkyl group having 1 to 3 carbon atoms, or RS and R® are
taken together to form a substituted or unsubstituted 5- to
8-membered nitrogen-containing saturated heterocycle,
provided that when the 5- to 8-membered nitrogen-containing
saturated heterocycle is substituted, it is substituted with
the same or different 1 to 4 substituents selected from
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hydroxy group and halogen atom,
m represents 0 or 1,
""" are all double bonds.

[0072]

The "halogen atom" includes a fluorine atom, a chlorine
atom, a bromine atom, and an iodine atom, and preferably
includes a fluorine atom or a chlorine atom.

[0073]

Examples of "a straight chain alkylene having 2 or 3
carbon atoms" include, but are not limited to, ethylene and
n-propylene.

[0074]

The term "an alkyl group having 1 to 3 carbon atoms"

include a straight or branched alkyl group having 1 to 3

carbon atoms. Examples include, but are not limited to,
methyl, ethyl, propyl, and isopropyl.
[0075]

The term "an alkoxy group having 1 to 3 carbon atoms”
includes a straight or branched alkoxy group having 1 to 3

carbon atoms. Examples include, but are not limited to,
methoxy, ethoxy, propoxy, 1SOpropoxy.
[0076]

The term "5- to 8-membered nitrogen-containing

saturated heterocycle" includes 5- to 8-membered nitrogen-
containing saturated heterocycle containing 1 to 3 hetero
atoms selected from 2 or 3 nitrogen atoms, 0 or 1 oxygen
atom and 0 or 1 sulfur atom wherein at least two nitrogen
atoms are contained in the ring. Specific examples include
pyrrolidine, piperidine, perhydroazepine, 1imidazolidine,
piperazine, morpholine, thiomorpholine, perhydro-1,4-
diazepine, and the like.

Examples of the substituent group for the nitrogen-
containing saturated heterocycle include preferably methyl
group, ethyl group, propyl group, hydroxymethyl group,
hydroxyethyl group, carbonyl group, hydroxy group and
halogen atom, and more preferably hydroxy group and halogen
atom. The nitrogen-containing saturated heterocycle may be
substituted with the same or different 1 to 4 said
substituent groups.

[0077]

More preferable examples of the conjugated compounds in
which a low molecular weight compound(s) having a pyrimidine
skeleton(s) and a lipid(s) derived from squalene or squalane
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are chemically linked via a spacer(s) include:

(4E,8E, 12E, 16E, 20E) -N-{2-[{4-[(2-amino-4-{[ (3S)-1-
hydroxyhexan-3-yl]amino}-6-methylpyrimidin-5-
yl)methyl]benzyl} (methyl)amino]ethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide (Patent
Document 12, compound of Example 1, Formula (2) as below);

(4E,8E,12E,16E,20E)-1-(4-{4-[ (2-amino-4-{[(2S)-1-
hydroxypentan-2-yl]amino}-6-methylpyrimidin-5-yl)methyl]-3-
methoxybenzyl}piperazin-1-yl)-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24~-hexaen-1-one (Patent
Document 12, compound of Example 2);

(4E,8E,12E,16E,20E)-1-(4-{4~-[ (2-amino-4-{[(2S)-1-
hydroxypentan-2-yl]amino}-6-methylpyrimidin-5-yl)methyl]-3-
methoxybenzoyl}piperazin-1-yl1)-4,8,12,17,21,25~
hexamethylhexacosa-4,8,12,16,20,24-hexaen-1-one (Patent
Document 12, compound of Example 3);

4-[(2-amino~-4-{[(2S)-1-hydroxypentan-2-yllamino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[ (4E,8E, 12E, 16E,20E) -
4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24-
hexaenoyl]amino}ethyl)-3-methoxybenzamide (Patent Document
12, compound of Example 4, Formula (3) as below);

4~ (2-amino-4-{[(2S)-1-hydroxypentan-2-yljamino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[ (4E,8E,12E,16E,20E) -
4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24-
hexaenoyl] (methyl)amino}ethyl)-3-methoxybenzamide (Patent
Document 12, compound of Example 5); and

pharmaceutically acceptable salts thereof.

(0078]

More preferred examples of the conjugated compounds in
which a low molecular weight compound(s) having a pyrimidine
skeleton(s) and a lipid(s) derived from squalene or squalane
are chemically linked via a spacer(s) include

(4E,8E,12E,16E,20E)-N-{2-[{4-[ (2-amino-4-{ [ (3S)-1-
hydroxyhexan-3-yl]amino}-6-methylpyrimidin-5-
yl)methyl]lbenzyl} (methyl)amino]ethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide (Patent
Document 12, compound of Example 1, Formula (2) as below),

4-[(2-amino-4-{[(2S8)-1-hydroxypentan-2-yl]amino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[ (4E,8E,12E, 16E, 20E) -
4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24-
hexaenoyl]amino}lethyl)-3-methoxybenzamide (Patent Document
12, compound of Example 4, Formula (3) as below), and

pharmaceutically acceptable salts thereof.
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[0079]
NH, OH
NI =N z (2)
Me 7 H/\\/”\Me (0] Me Me Me
| HN = = = Z Z & Me
N Me Me Me

Me Me Me
74 =z = Me

[0080]

Examples of pharmaceutically acceptable salts as used
herein include acid addition salts or base addition salts.
Examples of the acid addition salt include acid addition
salts with inorganic or organic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, trifluoroacetic acid,
citric acid and maleic acid. Examples of the base addition
salt include alkali metal salts such as sodium salt and
potassium salt, alkaline earth metal salts such as calcium
salt, and ammonium salt.

[0081]

As used herein, a universal influenza vaccine antigen
refers to an influenza vaccine antigen that induces an
antibody which may broadly protect influenza including
variant viruses (for example, a cross-protective antibody).
[0082]

The universal influenza vaccine antigen includes, for
example, particle antigens comprising an influenza virus-
derived protein(s) disclosed in Patent Document 14 and
influenza HA antigens disclosed in Non Patent Documents 6,
7 and 8.

[0083]

Preferred example of the universal influenza vaccine
antigen includes "an influenza HA split vaccine antigen which
produces an antibody that binds to a LAH of a HA stem region”.
More preferably, "an influenza HA split vaccine antigen,
wherein the HA stem region is exposed outside, capable of
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producing an antibody that binds to a LAH of a HA stem
region" (hereinafter referred to as the influenza HA split
vaccine of the present invention) is exemplified, which may
be manufactured, for example, by a method comprising a step
of applying an acidic treatment described below.

[0084]

Since the influenza HA split vaccine of the present
invention induces an antibody that binds to LAH in the stem
region of hemagglutinin which 1is less 1likely to cause
antigenic variation, the influenza HA split vaccine of the
present invention may be effective against an influenza virus
in which an antigenic site, which is located in the head
region of hemagglutinin, to which an antibody induced by a
conventional influenza HA split vaccine binds, is mutated.
[0085]

In a preferred embodiment, the influenza HA split
vaccine of the present invention binds to a LAH binding
monoclonal antibody more strongly than a current HA split
vaccine. For example, the influenza HA split vaccine binds
to the LAH binding monoclonal antibody at least 1.05 times,
preferably at least 1.1 times, more preferably at least 1.5
times, and even more preferably at least two times more
strongly than the current HA split vaccine. In this context,
“the influenza HA split vaccine binds at least 1.05 times,
at least 1.1 times, at least 1.5 times, or at least two times
more strongly than the current HA split vaccine” means, for
example, that the reciprocal of the antibody concentration
at the time when an absorbance determined by regression is
0.7 is at least 1.05 times, at least 1.1 times, at least 1.5
times, or at least two times the reciprocal of the antibody
concentration of the current HA split vaccine. In a preferred
embodiment, the binding capacity of the influenza HA split
vaccine of the present invention to the LAH binding
monoclonal antibody is higher than that of the current HA
split vaccine. Although the upper limit is not particularly
limited, the binding capacity may be in a range of, for
example, 1.05 to 200 times, 1.1 to 150 times, 1.5 to 100
times, or 2 to 50 times. Alternatively, the range of the
binding capacity of the influenza HA split vaccine of the
present invention to the LAH binding monoclonal antibody
compared to that of the current HA split vaccine may be
indicated by a combination of the lower limit value selected
from 1.05, 1.1, 1.5, 2, 3, 4, and 5 and the upper limit value
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selected from 200, 150, 100, 50, 30, and 20. For the
measurement of the binding capacity of the influenza HA split
vaccine to the LAH binding monoclonal antibody, any method
can be used without particular limitations, and a common
method known to those skilled in the art can be employed.
For example, the binding capacity can be measured by a method
described in examples of the present application.

[0086]

In the present application, the “LAH binding monoclonal
antibody” means a monoclonal antibody which binds to the LAH.
For the production of the monoclonal antibody, any method
may be used without particular limitations, and a common
method known to those skilled in the art may be employed.
In the measurement of the binding capacity of the influenza
HA split vaccine to the LAH binding monoclonal antibody, it
is assumed that the LAH binding monoclonal antibody 1is
capable of binding to a peptide corresponding to at least a
portion of the LAH of an influenza virus from which the
influenza HA split vaccine is derived.

[0087]

In this application, the “current HA split vaccine”
means a vaccine from which lipid components that become
pyrogens are removed through a treatment of the whole-virus
vaccine with ether, and can be produced by a method described
in Example 1 of the present application, for example. The
current HA split vaccine may also be an influenza HA split
vaccine produced without being subjected to an acidic
treatment, 1in contrast with the influenza HA split vaccine
of the present invention prepared by a method including the
following acidic treatment.

[0088]

An example of the method for producing the influenza HA
split vaccine of the present invention is described below.
The method for producing an influenza HA split vaccine
includes a step of subjecting an influenza HA split vaccine
to an acidic treatment.

[0089]

An influenza HA split vaccine is prepared through a
treatment of a whole-virus vaccine with ether to remove lipid
components which become pyrogens. The influenza HA split
vaccine has HA protein as the main ingredient because the
influenza HA split vaccine is produced by collecting the HA
protein, which 1s required for immunization, from the
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surfaces of the virus particles by density gradient
centrifugation.
[0090]

Glycoprotein called “spike protein” protrudes from the
surface of an influenza virus (FIG. 1). An influenza A virus
has two types of spike proteins, namely, HA and NA
(neuraminidase), which help the virus cause the infection.
HA binds to a cell to be infected and helps the entry of the
virus into the cell. HA frequently causes antigenic variation.
NA unbinds the infected cell from HA, and serves to release
the replicated viruses from the cell.

[0091]

An acidic treatment on the influenza HA split vaccine
changes the structure of the HA protein to a structure called
membrane fusion-type. In the membrane fusion-type HA protein,
the stem region is exposed outside from the viral membrane
instead of the head region, with a large structural change
in the conformation of an antigen stem. The present
inventors have found in vivo that when the membrane fusion-
type HA protein is used as a vaccine, an antibody that binds
to a LAH of the stem region is induced, and that this antibody
has a protective effect against a virus strain that causes
antigenic variation.

[0092]

The acidic treatment is not particularly limited, and
may be performed at a pH of, for example, 3.0 to 6.5,
preferably 4.0 to 6.0, and more preferably 4.4 to 5.8. The
acid for use in the acidic treatment is not particularly
limited, and may be, for example, phosphoric acid, citric
acid, maleic acid, or any other suitable acid.

[0093]

The production of the influenza HA split vaccine of the
present invention may include performing a formalin
treatment. In a preferred embodiment, the acidic treatment
of the influenza HA split vaccine is performed before the
formalin treatment. In preparing an influenza HA split
vaccine antigen of the present invention (an influenza HA
split vaccine antigen capable of producing an antibody that
binds to the LAH of the HA stem region), a HA fraction for
use for the current influenza HA split vaccine is subjected
to an acidic treatment, and then to a formalin treatment.
This makes it possible to obtain an influenza HA split
vaccine antigen which produces a cross-reactive antibody



10

15

20

25

30

35

40

28

more effectively, and thus, is more preferable as a universal
influenza vaccine antigen. That is, in a preferred embodiment
of the present application, a HA fraction from which fat
solvents are removed through a treatment of the virus
particles with ether or any other appropriate agents 1is
subjected to an acidic treatment, and then to a formalin
treatment.

[0094]

In a preferred embodiment of the present application,
the influenza HA split vaccine before the acidic treatment
is a split vaccine which has not undergone the formalin
treatment.

Commercially available Influenza HA Vaccine (trade name) has
already undergone a treatment with formaldehyde or a
substance having an equivalent action after the virus is
decomposed by ether or any other appropriate agents and fat
solvents are removed, as described in Biological Products
Standards (March 30, 2004, Ministerial Notification No. 155
of Ministry of Health, Labor and Welfare, most recent
revision on November 30, 2018, Ministerial Notification No.
409). It is preferable not to use the commercially available
Influenza HA Vaccine (trade name), which 1is one of the
influenza HA split vaccines, for the production of the
influenza HA split vaccine of the present invention because
it has already been treated with formaldehyde or any other
appropriate agents.

[0095]

The concentration of formalin in a formalin treatment
solution for used in the formalin treatment of the influenza
HA split vaccine after the acidic treatment is, for example,
0.0005 v/v% to 10 v/v%, preferably 0.001 v/v% to 1 v/v$%,
more preferably 0.003 v/v% to 0.5 v/v%, and still more
preferably 0.005 v/v% to 0.1 v/v%. It is preferable to use
formalin of a medical grade.

[0096]

Based on differences in antigenicity, HA of the
influenza A virus is classified into 18 subtypes (H1 to H18),
and NA into 9 subtypes (N1 to N9). The influenza HA split
vaccine of the present invention is applicable to all of
these subtypes. In addition, the method for producing the
influenza HA split vaccine according to the present invention
can produce a vaccine which is effective against not only
the influenza A virus, but also an influenza B virus having
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HA. Thus, vaccines for the influenza A virus and the
influenza B virus are within the scope of the influenza HA
split vaccine of the present invention.

Preferred examples of the influenza HA split vaccines
of the present invention include those derived from H3N2
influenza virus and HIN1 influenza virus.

[0097]

In the present application, an “influenza HA split
vaccine of a single HA subtype” refers to an influenza HA
split vaccine of a single HA subtype which is selected from
the 18 subtypes (H1 to H18) of the influenza A virus, or the
influenza B virus. As long as with the single HA subtype,
the NA subtypes may be identical or different. Preferred HA
subtypes include H1l, H3, and B.

[0098]

To produce a mixed vaccine containing two or more HA
subtypes, influenza HA split vaccines each of which is of a
single HA subtype are subjected to an acidic treatment, and
a plurality of (two or more) influenza HA split vaccines
thus obtained can be mixed together. Alternatively, a mixed
vaccine can also be produced by performing an acidic
treatment on an influenza HA split vaccine previously
prepared by mixing vaccines of two or more HA subtypes. To
inoculate the vaccine as a vaccine including two or more
subtypes, the vaccine preferably includes one to three
subtypes selected from the group consisting of H1l, H3, and
B.

[0099]

The influenza HA split vaccine according to the present
invention produces an antibody that binds to a LAH which is
less likely to cause variation. Therefore, the vaccine can
be cross-protective against an influenza virus, which is
known as an antigenic variant, as long as the virus has the
same HA subtype. Furthermore, the influenza HA split vaccine
obtained by the production method according to the present
invention may be cross-reactive between HA subtypes of
similar amino acid sequences of LAH (e.g., H3 and H7).
[0100]

The influenza HA split vaccine obtained by the above
production method has a protective effect against a virus
strain that causes antigenic variation. For example, if a
current HA split vaccine is prepared from particles of H3N2
influenza virus (A/Fujian/411/02(H3N2)) and subjected to an
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acidic treatment, the vaccine may have a protective effect
against infection of not only A/Fujian/411/02(H3N2), but

also A/Guizhou/54/89 (H3N2), A/OMS/5389/88 (H3N2),
A/Beijing/32/92 (H3N2), A/England/427/88 (H3N2),
A/Johannesburg/33/94 (H3N2), A/Leningrad/360/86 (H3N2),
A/Mississippi/1/85(H3N2), A/Philippines/2/82 (H3N2),
A/Shangdong/9/93 (H3N2), A/Shanghai/16/89 (H3N2),
A/Shanghai/24/90 (H3N2), A/Sichuan/2/87 (H3N2),
A/Kitakyushyu/159/93 (H3N2), A/Akita/1/94 (H3N2),
A/Panama/2007/99 (H3N2), A/Wyoming/03/03(H3N2), A/New

York/55/2004 (H3N2) or A/Hiroshima/52/2005(H3N2), for example.
Also, for example, i1f a current HA split vaccine is prepared
from particles of HIN1 influenza virus (A/Puerto
Rico/8/34 (HIN1)) and subjected to an acid treatment, the

vaccine may also have a protective effect against infection
of not only A/Puerto Rico/8/34 (HIN1), but also

A/Narita/1/09(HIN1), A/Beijing/262/95(HIN1), A/Brazil/11/78

(HIN1), A/Chile/1/83 (HIN1), A/New Jersey/8/76 (HIN1),

A/Taiwan/1/86 (HIN1), A/Yamagata/32/89 (HIN1), A/New
Caledonia/20/99 (HIN1), A/Solomon Islands/3/2006 (H1IN1),

A/Brisbane/59/2007 (H1N1) or A/Mexico/4108/2009 (HIN1), for
example.

[0101]

The influenza HA split vaccine of the present invention
has an enhanced ability to induce anti-stem IgG2 antibodies
by combining a compound that enhances the physioclogical
activity of TLR7, and exhibits excellent vaccine activity.
[0102]

One embodiment of the combination of a universal
influenza vaccine antigen and a vaccine adjuvant herein
includes a combination of a universal influenza vaccine
antigen(s) selected from particle antigens comprising an
influenza virus-derived protein disclosed in Patent Document
14, influenza HA antigens disclosed in Non Patent Documents
6, 7 and 8, and membrane fusion-type influenza HA split
vaccine antigens; and a vaccine adjuvant(s) selected from
alum, emulsions (for example, Freund's adjuvant, MF59(Registered
trademark) =~ AddaVax(™), AS03, etc.), substances that enhance the
physiological activity of NOD receptors, substances that
enhance the physiological activity of RIG-I receptors,
substances that enhance the physiological activity of C-type
lectin receptors, substances that enhance the physiological
activity of cytosolic DNA receptors, substances that enhance
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the physiological activity of STING, and substances that
enhance the physiological activity of TLR.
[0103]

Another embodiment of the combination of a universal
influenza vaccine antigen and a vaccine adjuvant includes a
combination of an influenza HA split vaccine antigen(s) which
produces an antibody that binds to a LAH of a HA stem region;
and a substance(s) which enhances the physiological activity
of TLR.

[0104]

Another embodiment of the combination of a universal
influenza vaccine antigen and a vaccine adjuvant includes a
combination of an influenza HA split vaccine antigen(s),
wherein the HA stem region 1is exposed outside, capable of
producing an antibody that binds to a LAH of a HA stem
region; and a substance(s) which enhances the physiological
activity of TLR7 selected from low molecular weight compounds
which enhance the physiological activity of TLR7, and
conjugated compounds in which a low molecular weight
compound (s) which enhances the physiological activity of
TLR7 and a lipid{(s) are chemically linked via a spacer(s).
[0105]

Another embodiment of the combination of a universal
influenza vaccine antigen and a vaccine adjuvant includes a
combination of an influenza HA split vaccine antigen(s),
wherein the HA stem region 1is exposed outside, capable of
producing an antibody that binds to a LAH of a HA stem
region; and a conjugated compound(s) in which a low molecular
weight compound(s) which enhances the physiological activity
of TLR7 and a lipid(s) are chemically linked via a spacer(s),
has a molecular weight of 200 to 600, and has an adenine
skeleton(s), a pyrimidine skeleton(s), an imidazoquinoline

skeleton(s), an imidazopyridine skeleton(s), or a
quinazoline skeleton(s).
[0106]

Another embodiment of the combination of a universal
influenza vaccine antigen and a vaccine adjuvant includes a
combination of an influenza HA split vaccine antigen(s)
wherein the HA stem region, which 1is exposed outside,
enhances the antigenicity of the LAH of the HA stem region,
capable of producing an antibody that binds to the LAH of
the HA stem region; and a conjugated compound(s) in which a
low molecular weight compound(s) having a pyrimidine
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skeleton(s) and a lipid(s) derived from squalene or squalane
are chemically linked via a spacer(s).
(0107]

Another embodiment of the combination of a universal
influenza vaccine antigen and a vaccine adjuvant includes a
combination of an influenza HA split vaccine antigen(s)
wherein the HA stem region, which 1is exposed outside,
enhances the antigenicity of the LAH of the HA stem region,
capable of producing an antibody that binds to the LAH of
the HA stem region; and a compound(s) that enhances the
physiological activity of TLR7 represented by Formula (1) or
a pharmaceutically acceptable salt(s) thereof;

NH,

R' N7SN

|
J\N Z R?
H »
Ol
>\er

R2

/L\N

5 |'a5

2
N
R

)

wherein

X represents methylene,

R! represents a hydrogen atom or an alkyl group having
1 to 3 carbon atoms which may be substituted with hydroxy
group,

R2 represents a hydrogen atom or an alkyl group having
1 to 6 carbon atoms,

R3 represents an alkyl group having 1 to 3 carbon atoms,

R4 represents a hydrogen atom, a halogen atom, a hydroxy
group, an alkyl group having 1 to 3 carbon atoms, or an
alkoxy group having 1 to 3 carbon atoms,

Yl represents a single bond or methylene,

Y2 represents a single bond or -C(O)-,

L represents a straight chain alkylene having 2 or 3
carbon atoms,

R> and R® independently represent a hydrogen atom or an
alkyl group having 1 to 3 carbon atoms, or R> and R® are
taken together to form a substituted or unsubstituted 5- to
8-membered nitrogen-containing saturated heterocycle,
provided that when the 5- to 8-membered nitrogen-containing
saturated heterocycle is substituted, it is substituted with
the same or different 1 to 4 substituents selected from
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hydroxy group and halogen atom,
m represents 0 or 1,
""" are all double bonds.

Another embodiment of the combination of a universal
influenza vaccine antigen and a vaccine adjuvant includes a
combination of an influenza HA split vaccine antigen(s)
wherein the HA stem region, which 1is exposed outside,
enhances the antigenicity of the LAH of the HA stem region,
capable of producing an antibody that binds to the LAH of
the HA stem region; and a compound(s) that enhances the
physiological activity of TLR7 selected from the following
compounds:

(4E,8E, 12E,16E,20E)-N-{2-[{4~-[ (2~amino-4-{[(3S)-1-
hydroxyhexan-3-yl]amino}-6-methylpyrimidin-5-
yl)methyl]lbenzyl} (methyl)aminolethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide;

(4E,8E, 12E, 16E,20E) -1~ (4-{4~-[ (2-amino-4-{ [ (2S)-1-
hydroxypentan-2-yl]amino}-6-methylpyrimidin-5-yl)methyl]-3-
methoxybenzyl}piperazin-1-y1)-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaen-1-one;

(4E,8E, 12E, 16E,20E) -1~ (4-{4-[ (2-amino-4-{ [ (2S)-1-
hydroxypentan-2-yl]amino}-6-methylpyrimidin-5-yl)methyl] -3~
methoxybenzoyl}piperazin-1-yl)-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaen-1-one;

4-[(2-amino-4-{ [ (2S)~-1-hydroxypentan-2-yl]amino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[(4E,8E,12E, 16E, 20E) -
4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24~-
hexaenoyl]amino}ethyl)-3-methoxybenzamide;

4~[(2-amino-4-{[(2S8)~-1-hydroxypentan-2-yl]lamino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[ (4E, 8E,12E, 16E, 20E) -
4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24~-
hexaenoyl] (methyl)amino}ethyl)-3-methoxybenzamide; and

a pharmaceutically acceptable salt thereof.

Another embodiment of the combination of a universal
influenza vaccine antigen and a vaccine adjuvant includes a
combination of an influenza HA split vaccine antigen(s)
wherein the HA stem region, which 1s exposed outside,
enhances the antigenicity of the LAH of the HA stem region,
capable of producing an antibody that binds to the LAH of
the HA stem region; and a compound(s) that enhances the
physiological activity of TLR7 selected from the following
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compounds:

(4E, 8E,12E,16E,20E) -N-{2-[{4-[ (2-amino-4-{ [ (3S)-1-
hydroxyhexan-3-yl]amino}-6-methylpyrimidin-5-
yl)methyl]lbenzyl} (methyl)amino]ethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide;

4-[ (2-amino-4-{[ (2S)-1-hydroxypentan-2-yl]lamino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[ (4E,8E,12E, 16E, 20E) -
4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24-
hexaenoyllamino}ethyl)-3-methoxybenzamide; and

a pharmaceutically acceptable salt thereof.

Another embodiment of the combination of a universal
influenza vaccine antigen and a vaccine adjuvant includes a
combination of an influenza HA split vaccine antigen(s)
capable of producing an antibody that binds to a LAH of a HA
stem region, produced by subjecting an influenza HA split
vaccine to an acidic treatment; and a compound(s) that
enhances the physiological activity of TLR7 selected from
the following compounds:

(4E,8E, 12E,16E,20E) -N-{2-[{4-[ (2-amino-4-{ [ (3S)-1-
hydroxyhexan-3-yl]amino}-6-methylpyrimidin-5-
yl)methyl]benzyl} (methyl)aminolethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide;

4-[ (2-amino-4-{[(2S)-1-hydroxypentan-2-yl]lamino}-6-
methylpyrimidin-5-yl)methyl]-N-(2-{[ (4E,8E,12E,16E, 20E) -
4,8,12,17,21,25-hexamethylhexacosa-4,8,12,16,20,24-
hexaenoyl]amino}ethyl)-3-methoxybenzamide; and

a pharmaceutically acceptable salt thereof.

[0108]

As used herein, the term "a prophylactically effective
amount" is the amount of universal influenza vaccine antigen
and/or vaccine adjuvant required to confer a benefit in
influenza prevention.

[0109]

In the present application, the universal influenza
vaccine antigen and the vaccine adjuvant may be contained
together in one composition and may be formulated in separate
compositions, but from the perspective of reducing patient
burden, it is preferred that the universal influenza vaccine
antigen and the vaccine adjuvant be contained in one
composition so that they can be administered simultaneously
when administered.

[0110]
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When the universal influenza vaccine antigen and the
vaccine adjuvant are formulated in separate compositions,
the administration routes of the universal influenza vaccine
antigen composition and the vaccine adjuvant composition may
be the same or different. In the present application, the
vaccine antigen and the vaccine adjuvant may be administered
simultaneously or by time difference, i.e., the vaccine
antigen composition and the vaccine adjuvant composition may
be administered simultaneously or separately (for example,
the vaccine adjuvant composition is administered before or
after administration of the vaccine antigen composition).
The universal influenza vaccine antigen composition and the
vaccine adjuvant composition may be provided as a kit
comprising them.

[0111]

As used herein, the compositions comprising a universal
influenza vaccine antigen and/or a vaccine adjuvant may be
prepared by a usual method, with the addition of one or more
pharmaceutically acceptable diluents or carriers, for
example, in the form of oral agents such as tablets, capsules,
granules, powders, troche, syrups, emulsions, suspensions,
and the like, or parenteral agents such as external agents,
suppositories, injections, eye drops, intranasal agents,
pulmonary agents, and the like. Preferred examples of the
formulations include injectable or intranasal solutions, or
lyophilized formulations prepared by lyophilizing said
solutions.

[0112]

Examples of the injectable solutions include emulsions
and liposomes comprising an aqueous solution and oleaginous
compositions, aqueous solution formulations or aqueous
suspension formulations in which the universal influenza
vaccine antigen and/or the vaccine adjuvant (for example,
compounds represented by formula (1) or pharmaceutically
acceptable salts thereof) are dissolved or dispersed in water,
or oleaginous solution formulations or oleaginous suspension
formulations in which the universal influenza vaccine
antigen and/or the vaccine adjuvant (for example, compounds
represented by formula (1) or pharmaceutically acceptable
salts thereof) are dissolved or dispersed in oil.

[0113]

Examples of the aqueous solutions, the aqueous solution

formulations or the aqueous suspension formulations include
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aqueous solutions or agqueous suspensions etc. comprising
distilled water for injection and opptionally comprising
buffers, pH adjusters, stabilizers, isotonizers and/or
emulsifiers.

[0114]

Examples of the oleaginous compositions, the oleaginous
solution formulations or the oleaginous suspension
formulations include compositions containing vegetable oils
and fats, animal oils and fats, hydrocarbons, fatty acid
esters, phospholipids, etc., and more specifically, a
composition containing squalene, squalane, etc.

[0115]

Examples of the emulsifiers include hydrophilic
surfactants and hydrophobic surfactants.
[0116]

The composition herein may comprise one oOr more
pharmaceutically acceptable carriers selected from the group
consisting of sucrose, sucralose, trehalose, mannitol,
glycine, methionine, citric acid, lactic acid, tartaric acid,
acetic acid, trifluoroacetic acid and a pH adjuster.

[0117]

The method of administration of the composition, kit,
or the like in the present application can be appropriately
selected according to conditions such as the type of disease,
the condition of the subject, and the target site. Examples
of the method of administration include parenteral
administration, specifically, intravascular (for example,
intravenous), subcutaneous, intradermal, intramuscular,
transnasal, and transdermal administration.

[0118]

In the present application, the doses of the vaccine
adjuvant and the vaccine antigen are not particularly limited,
and are appropriately selected according to the method of
administration, the subject, the age of the subject, the
dosage form, the route of administration, etc.

[0119]

For example, when the vaccine adjuvant is a compound of
formula (1) or a pharmaceutically acceptable salt thereof,
the compound of formula (1) or a pharmaceutically acceptable
salt thereof may be administered to a warm-blooded animal in
a unit dose ranging from usually 5 to 5000 mg/m? of body
surface area, i.e., about 0.1 ng/kg to 100 mg/kg, which
usually provides a prophylactically effective dose. Unit
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dosage forms such as injections, tablets or capsules usually
contain, for example, 1 ng to 250 mg of a compound of formula
(1) or a pharmaceutically acceptable salt thereof, and
preferably, used at a dose ranging from 1 ng to 50 mg/kg per
day. However, the daily dose may vary depending on the host
to be treated, the route of administration and the severity
of the disease being treated. Thus, the optimal dose can be
determined by a practitioner who treats individual patient

or warm-blooded animal. If

the wvaccine adjuvant is

administered concurrently with the universal influenza
vaccine antigen, the vaccine adjuvant is administered, for

example, according to the

following schedule of

administration of the universal influenza vaccine antigen.
Even when the vaccine adjuvant is administered separately
from the universal influenza vaccine antigen, it may be
administered, for example, in consideration of the following
administration schedule of the universal influenza vaccine

antigen.
[0120]

In the present application, the dosage of the universal
influenza vaccine antigen (for example, influenza HA split
vaccines of the present invention), the dosage form of the
composition, the number of doses, the time required for a

single administration, and the

like can be appropriately

selected depending on the conditions such as the age of the
subject and the target site. The universal influenza vaccine
antigens (for example, influenza HA split vaccines of the
present invention) may be administered in a single dose only
or may be administered in an initial dose and a booster dose
which 1s administered after a predetermined period of time
following the initial dose, for example. The period from
the initial vaccination to the booster vaccination is not
particularly limited, but is, for example, 20 days to 3 years,
preferably 3 months to 2 years, and more preferably 6 months
to 1 year. The amounts of a universal influenza vaccine
antigen for a primary vaccination and a booster vaccination
are not particularly limited, but is, for example, 1 ug to
200 upg per dose, preferably 10 ug to 30 pg per dose, and

more preferably 15 pg per dose.

For example, one dose 1is

0.5 mL. The amounts of a substance that enhances the
physiological activity of TLR7 in a primary vaccination and
a booster vaccination are usually 0.0001 mg to 1000 mg,

preferably 0.001 mg to 1000 mg,

and more preferably 0.1 mg
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to 10 mg. For a primary vaccination and a booster
vaccination, the method of administration is not
particularly limited, but may be, for example, nasal,
subcutaneous, intradermal, transdermal, intraocular, mucosal,

or oral administration, preferably intramuscular
administration.
[0121]

As used herein, "warm-blooded animal" includes human
and non-human animals. Non-human animals include, but are

not limited to, for example, mammals such as non-human
primates, sheep, dogs, cats, horses, and cattle. Among warm-
blooded animals, human, especially human requiring the
prevention of influenza, is preferable.

[0122]

One embodiment of the method for preventing influenza
herein includes a method comprising administering a
composition comprising the wuniversal influenza vaccine
antigen(s) and a vaccine adjuvant(s) described mentioned
above. Another embodiment includes a method comprising
administering a universal influenza vaccine antigen
composition and a vaccine adjuvant composition.

Example
[0123]

Hereinafter, the present invention will be described in
detail by Examples, but the present invention is not limited
thereto.

[0124]

Example 1: Influenza HA Split Vaccine of the Present
Invention

[(0125]

1. Preparation of HA Split Vaccine

Tween 80 was added to particles of H3N2 influenza virus
(strain X31) or particles of HIN1 influenza virus (A/Puerto
Rico/8/34 strain) suspended in phosphate buffered saline to
a final concentration of 0.1 v/v%, and suspended therein.
Diethyl ether was added and suspended, and the suspension
was left stand until an aqueous layer and a diethyl ether
layer were completely separated, and then the diethyl ether
layer was removed. After repeating this ether extraction,
diethyl ether remaining in the recovered aqueous layer was
distilled off at normal pressure to obtain an HA split
vaccine.
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2. Acidic Treatment
The HA split vaccine was suspended in phosphate buffered
saline, and an acidic treatment was then performed by adding
0.15 M citrate buffer (pH 3.5) to bring the pH to 5.0.
After standing at room temperature for 30 minutes, 1 M Tris
buffer (pH 8.0) was added so that the pH was returned to 7.3.

Thereafter,

centrifugation was performed

to obtain a

membrane fusion-type HA split vaccine. Formalin was added to
the membrane fusion-type HA split vaccine thus prepared to

a final concentration of 0.05 v/v%,

several days.

[0127]

and left stand for

A current HA split vaccine was prepared in the same
as described in 1 above except that no acidic
treatment was provided.

manner

[0128]

3. Measurement of Titer of anti-LAH Antibody by ELISA
3-1. Inoculation of H3N2 Influenza Vaccine

BALB/c

mice (female, 6 to

12 weeks

old) were

intraperitoneally inoculated with the current H3N2 HA split
vaccine or the membrane fusion-type HA split vaccine (10 ug
10 v/v% of AddavVax adjuvant

of wvaccine +

(InvivoGen)

dissolved in phosphate buffered saline to a liquid volume of

200 pl).

Twenty eight days after the initial inoculation,

the mice were intraperitoneally inoculated with the membrane

fusion-type HA vaccine

(10 pg of the vaccine alone was

dissolved in phosphate buffered saline to a liquid volume of

200 pl).

At least 14 days after the additional inoculation,

blood was collected from the mice inoculated with the vaccine,
from which sera were collected.

[0129]

3-2. Measurement by ELISA

The concentration of the anti-LAH antibody in the sera
of BALB/c mice intraperitoneally inoculated with the current
H3N2 HA split vaccine or the membrane fusion-type HA split

vaccine was measured by ELISA

Assay)
[0130]

in the following manner.

Specifically, a synthetic
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKTRRQLRENADYKD
(SEQ ID NO: 1) corresponding to a portion (long alpha

DDDKC)
helix)

of the

stem portion was

peptide

dissolved

(Enzyme-Linked Immuno Sorbent

(H3; Ac-

in phosphate
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buffered saline (pH 7.3) at 10 pg/ml, and added to 96-well
plates by 100 pl each. After standing overnight at 4°C, each
well was washed three times with phosphate buffered saline,
and 150 pl of phosphate buffered saline containing 1 v/v%
bovine serum albumin was added. After standing at room
temperature for two hours, each well was washed three times
with phosphate buffered saline. Then, 100 pl of a mouse serum
serially diluted with phosphate buffer containing 0.05 v/v%
of Tween 20 and 1 v/v% bovine serum albumin, and 100 pl of
a standard monoclonal antibody of known concentration (H3;
clone name V15-5) were added to each well. After standing at
room temperature for two hours, each well was washed three
times with phosphate buffered saline (containing 0.05 v/v%
of Tween 20), and 100 upl of a peroxidase-labeled anti-mouse
IgG antibody (Southern Biotech) diluted with phosphate
buffered saline containing 0.05 v/v% Tween 20 and 1 v/v$%
bovine serum albumin was added to each well. After standing
at room temperature for two hours, each well was washed three
times with phosphate buffered saline (containing 0.05 v/v%
of Tween 20). Then, 30 mg of o-phenylendiamine tablet (Sigma)
and 24 ul of 30% hydrogen peroxide solution (30% w/w; Sigma)
were added to 60 ml of citrate buffer (pH 5.0) as a substrate,
and 100 ul of the resultant was added to each well. After
the color development, 50 pl of 1 mol/L sulfuric acid (Wako
Pure Chemical Industries, Ltd.) was added to stop the
reaction, and an absorbance value at 490 nm was measured
using a Microplate Reader 450 (Biorad).

[0131]

As shown in FIG. 2, the titer of the anti-LAH antibody
in the serum of the BALB/c mice intraperitoneally inoculated
with the membrane fusion-type HA split vaccine was
significantly higher than the titer of the anti-LAH antibody
in the serum of BALB/c mice intraperitoneally inoculated
with the current HA split vaccine.

[0132]
4. Cross-Protection against Antigenic Variant

In an experiment on protection against infection with
the H3N2 virus, 200 pl of a serum collected from uninoculated
mice, 200 pl of a serum collected from mice inoculated with
the current H3N2 HA split vaccine, or 200 upl of a serum
collected from mice inoculated with the membrane fusion-type
HA split vaccine was intraperitoneally administered to
BALB/c mice (female, 6 to 12 weeks old).
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[0133]

Three hours after the serum administration, another
H3N2 influenza virus (A/Guizhou/54/89) having different
antigenicity from the vaccine strain was intranasally
administered at 5 mouse lethal dose 50 (five times the amount
of virus lethal to 50% of mice) under anesthesia.

[0134]

Mice were weighed and observed daily for 21 days from
the viral infection to study the change in body weight and
the survival rate. The humane endpoint was set at 25% body
weight loss.

[0135]

As shown in FIG. 3, regarding the BALB/c mice inoculated
with the membrane fusion-type HA split vaccine, the decrease
in the survival rate was significantly curbed on and after
the ninth day after the infection with the other H3N2
influenza virus of different antigenicity.

[0136]
5. Measurement of Titer of anti-LAH Antibody by ELISA
5-1. Particles of HIN1l Influenza Virus

C57BL/6 mice (female, 6 to 12 weeks old) were
intraperitoneally inoculated with a current HIN1 HA split
vaccine or a membrane fusion-type HA split vaccine (10 ug of
vaccine + 10 ng of CpG-ODN 1760 suspended in phosphate
buffered saline and mixed with an equal volume of Freund’s
incomplete adjuvant (ROCKLAND) to a liquid volume of 200 ul).
Twenty eight days after the initial inoculation, the mice
were intraperitoneally inoculated with the membrane fusion-
type HA split vaccine (10 pug of vaccine + 10 pug of CpG-ODN
suspended in phosphate buffered saline and mixed with an
equal volume of Freund’s incomplete adjuvant (ROCKLAND) to
a liquid volume of 200 pl, in the same manner as the initial
inoculation). At least 14 days after the additional
inoculation, blood was collected from the mice inoculated
with the vaccine, from which sera were collected.

[0137]
5-2. Measurement by ELISA

The concentration of the anti-LAH antibody in the sera
of C57BL/6 mice intraperitoneally inoculated with the
current HIN1 HA split vaccine or the membrane fusion-type HA
split vaccine was measured by ELISA in the following manner.
[0138]

The measurement was performed in the same manner as
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described above except that a synthetic peptide (H1; Ac-
RIENLNKKVDDGFLDIWTYNAELLVLLENERTLDYHDSNVKNLYEKVRSQLKNNADYKD
DDDKC) (SEQ ID NO: 2) corresponding to a portion (long alpha
helix) of the stem portion was used and a standard monoclonal
antibody of known concentration (H1; clone name F2) was used.
[0139]

As shown in FIG. 4, the titer of the anti-LAH antibody
in the sera of the C57BL/6 mice intraperitoneally inoculated
with the membrane fusion-type HA split vaccine was
significantly higher than the titer of the anti-LAH antibody
in the sera of the C57BL/6 mice intraperitoneally inoculated
with the current HA split vaccine.

[0140]
6. Cross—-Protection against Antigenic Variant

In an experiment on protection against infection with
the HIN1 virus, 200 ul of a serum collected from uninoculated
mice, 200 ul of a serum collected from mice inoculated with
the current HIN1 HA split vaccine, or 200 pl of a serum
collected from mice inoculated with the membrane fusion-type
HA split wvaccine was intraperitoneally administered to
C57BL/6 mice (female, 6 to 12 weeks old).

[0141]

Three hours after the serum administration, another
HIN1 influenza virus (A/Narita/1/09) having different
antigenicity from the vaccine strain was 1intranasally
administered at 5 mouse lethal dose 50 (five times the amount
of virus lethal to 50% of mice) under anesthesia.

[0142]

Mice were observed daily for 20 days from the viral
infection to study the survival rate. As shown in FIG. 5,
regarding the C57BL/6 mice inoculated with the membrane
fusion-type HA split vaccine, the decrease in the survival
rate was significantly curbed on and after the ninth day
after the infection with the other HIN1 influenza virus of
different antigenicity.

[0143]
7. Binding Capacity of Antibody to LAH Epitope
[0144]

Binding of anti-LAH monoclonal antibodies (#1 to #5 in
FIG. 6) prepared from murine or human peripheral blood
infected with strain X31 to a current HA split vaccine or a
membrane fusion-type HA split vaccine was measured by ELISA
(Enzyme-Linked Immuno Sorbent Assay). The current HA split
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vaccine or membrane fusion-type HA split vaccine of an H3N2
influenza virus (strain X31) was dissolved in phosphate
buffered saline (pH 7.3), and added to a 96-well plate by 50
pl each. After standing overnight at 4°C, each well was
washed three times with phosphate buffered saline, and 150
pul of phosphate buffered saline containing 1 v/v% bovine
serum albumin was added. After standing at room temperature
for two hours, each well was washed three times with
phosphate buffered saline (containing 0.05 v/v% of Tween 20),
and 50 pl of the LAH binding monoclonal antibody serially
diluted with phosphate buffer containing 1 v/v% bovine serum
albumin was added. After standing overnight at 4°C, each
well was washed three times with phosphate buffered saline
(containing 0.05 v/v% of Tween 20), and 100 ul of a
peroxidase-labeled anti-mouse IgG antibody (Southern
Biotech) diluted with phosphate buffered saline containing
0.05 v/v% Tween 20 and 1 v/v% bovine serum albumin was added
to each well. After standing at room temperature for two
hours, each well was washed three times with phosphate
buffered saline (containing 0.05 v/v% of Tween 20). Then, 30
mg of o-phenylendiamine tablet (Sigma) and 24 npl of 30%
hydrogen peroxide solution (30% w/w; Sigma) were added to 60
ml of citrate buffer (pH 5.0) as a substrate, and 50 pl of
the resultant was added to each well. After the color
development, 25 pL of 1 mol/L sulfuric acid (Wako Pure
Chemical Industries, Ltd.) was added to stop the reaction,
and an absorbance value at 490 nm was measured using
Microplate Reader 450 (Biorad). The <change in binding
capacity was calculated from the absorbance values measured
with respect to the current HA split vaccine or the membrane
fusion-type HA split vaccine.

[0145]

As shown in FIG. 6, the binding capacity of the LAH
binding monoclonal antibody to the membrane fusion-type HA
split vaccine was 1.05 to 21 times greater than the binding
capacity to the current HA split vaccine. The results show
that an acidic treatment of the HA split vaccine enhances
the binding capacity of the antibody to the LAH epitope.
[0146]
Example 2: Composition comprising TLR Agonist and Influenza
HA Split Vaccine of The Present Invention
[0147]

1. Preparation of Adjuvant Composition containing
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Compound which enhances Physiological Activity of TLR7

Preparation method of A-1

Two point nine six grams (2.96 g) of
dimyristoylphosphatidylcholine (DMPC), 2.04 g of egg yolk
phosphatidylglycerol (EPG), and 0.5 g of TLR7 agonist
((4E,8E,12E,16E,20E)-N-{2-[{4~-[(2-amino-4-{[(38)-1-
hydroxyhexan-3-yl]amino}-6-methylpyrimidin-5-
yl)methyl]lbenzyl} (methyl)aminolethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide)
(hereinafter referred to as compound A) were each weighed,
and 20 g of cyclohexane and 0.4 g of ethanol were added
thereto so that they were dissolved in them. After
filtration using a 0.2 pum membrane filter, and the filtrate
was lyophilized. The resulting solid was dispersed in 9
v/v$% sucrose aqueous solution. The mixture was subjected to
an extruder to provide a liposome liquid. The liposome
ligquid passed through a 0.22 pm filter was lyophilized.
Distilled water for injection was added to the resulting
solid, at the time of use.

Preparation method of A-2

Four milligrams (4 mg) of TLR7 agonist (methyl (4-
{[[3-(6-amino-2-butoxy-8-oxo-7,8-dihydro-9H-purin-9-
y1l)propyl] (3-piperidin-1-
ylpropyl)amino]lmethyl}phenyl)acetate hydrochloride)
(hereinafter referred to as compound B) was weighed, and
suspended in 1 mL of 0.6 v/v% phosphate buffered saline
containing 0.1 v/v% Tween 80 (pH 6).

Preparation method of A-3

TLR7 agonist (Compound A) was dissolved in oily
components (squalane, sorbitan trioleate, and a-tocopherol)
so that the weight ratio of Compound A, squalane, sorbitan
trioleate, o-tocopherol was 1:225:25:25. The aqueous
components (sucrose, polysorbate 80 and sodium ascorbate)
were dissolved in water for injection. The resulting mixture
and the above oleaginous composition was mixed preliminarily.
In this mixture, the weight ratio of Compound A, sodium
ascorbate, polysorbate 80, sucrose was 1:10:25:500. The
mixture was emulsified and dispersed, using an ultrahigh-
pressure emulsification disperser. After filtration through
a 0.2 um sterile filter, glass vials were filled with 1 mL
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of the mixture, followed by lyophilization. Distilled water
for injection was added to the resulting solid, at the time
of use.

[0148]

2. Administration of the composition of the present
invention, comprising an influenza HA split vaccine and a
compound that enhances the physioclogical activity of TLR7

The membrane fusion-type HA split vaccine derived from
strain X31 (10pg); and phosphate buffered saline; A-1
containing 50 ug of TLR7 agonist (Compound A); A-2 containing
200 pg of TLR7 agonist (Compound B); A-3 containing 10 ug of
TLR7 agonist (Compound A); AddaVax adjuvant (InvivoGen)
whose volume was equal to the liquid of membrane fusion-type
HA split vaccine derived from strain X31; or a mixture of 10
ng of CpG-ODN1760 suspended in phosphate buffered saline and
an equal volume of Freund’s incomplete adjuvant (ROCKLAND) ;
were mixed to give each composition. C57BL/6 mice (female,
6 to 12 week old) were inoculated intradermally in the thighs
or intramuscularly in the thighs (50 pl into each thigh, 100
pl in total) with the above composition. After 3 weeks, the
same mice were boosted with the same antigen and under the

same conditions. Two weeks after the booster, blood was
drawn, from which serum was collected.
[0149]

3. Measurement by ELISA

The concentration of the anti-HA antibody in the sera
of the mice was measured by ELISA in the following manner.

A recombinant HA protein (strain X31 or
A/Uruguay/716/2007 of H3N2 influenza virus) was dissolved in
phosphate buffered saline (pH 7.3) at 10 pug/ml, and added to
96-well plates by 100 pl each. After standing overnight at
4°C, each well was washed three times with phosphate buffered
saline, and 150 pl of phosphate buffered saline containing
1 v/v% bovine serum albumin was added. After standing at
room temperature for two hours, each well was washed three
times with phosphate buffered saline. Then, 100 pl of a mouse
serum serially diluted with phosphate buffer containing 0.05
v/v% Tween 20 and 1 v/v% bovine serum albumin, and 100 pl of
a standard monoclonal antibody of known concentration (H3;
clone name V15-5) were added to each well. After standing at
room temperature for two hours, each well was washed three
times with phosphate buffered saline (containing 0.05 v/v%
Tween 20), and 100 upl of a peroxidase-labeled anti-mouse
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IgGl antibody or IgG2c antibody (Southern Biotech) diluted
with phosphate buffered saline containing 0.05 v/v% Tween 20
and 1 v/v% bovine serum albumin was added to each well. After
standing at room temperature for two hours, each well was
washed three times with phosphate buffered saline
(containing 0.05 v/v% Tween 20). Then, 30 mg of o-
phenylendiamine tablet (Sigma) and 24 ul of 30% hydrogen
peroxide solution (30% w/w; Sigma) were added to 60 ml of
citrate buffer (pH 5.0) as a substrate, and 100 upl of the
resultant was added to each well. After the color development,
50 ul of 1 mol/L sulfuric acid (Wako Pure Chemical Industries,
Ltd.) was added to stop the reaction, and an absorbance value
at 490 nm was measured using a Microplate Reader 450 (Biorad).
[0150]

As shown in FIG. 7, the IgG2c titers against HA derived
from strain X31 of all of the groups inoculated with the
membrane fusion-type HA split vaccine with an adjuvant were
significantly higher than that of the group inoculated with
the membrane fusion-type HA split vaccine without adjuvant.
The IgG2c titer against HA derived from strain X31 of A-1-
administered group was higher than that of the group
administered with CpG-ODN1760/Freund’s incomplete adjuvant
(CpG/IFA). Among the groups, A-l-administered group induced
the highest IgG2c titer against HA derived from strain X31.
Furthermore, for HA derived from Urg, similar results of the
reactivity were observed. Thus, these results show the
induction of cross-reactive IgG2 antibodies, which is highly
effective in protection against infection, by the
inoculation with the composition of the present application.
[0151]

As shown in FIG. 8, the IgGl titers against HA derived
from strain X31 of all of the groups inoculated with the
membrane fusion-type HA split vaccine with an adjuvant were
significantly higher than that of the group inoculated with
the membrane fusion-type HA split vaccine without adjuvant.
Among the groups, the group administered with CpG-
ODN1760/Freund’s incomplete adjuvant (CpG/IFA) induced the
highest IgGl titer against HA derived from strain X31.
Furthermore, for HA derived from Urg, exactly similar results
of the reactivity were observed. Thus, these results show
the induction of cross-reactive antibodies by the
inoculation with the composition of the present application.
[0152]
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As shown in FIG. 9, the anti-HA derived from strain X31
IgG2c/IgGl antibody ratio of A-l-administered group was
higher than that of the group administered with CpG-
ODN1760/Freund’s incomplete adjuvant (CpG/IFA). Furthermore,
for HA derived from Urg, exactly similar results of the anti-
HA IgG2c/IgGl antibody ratio were observed. Thus, these
results show the induction of cross-reactive antibodies,
which is highly effective in protection against infection,
by the inoculation with the composition of the present
application.

[0153]

As shown in FIG. 10, the IgG2c titers against HA derived
from strain X31 of all of the groups inoculated with the
membrane fusion-type HA split vaccine with an adjuvant were
significantly higher than that of the group inoculated with
the membrane fusion-type HA split vaccine without adjuvant.
The IgG2c titer against HA derived from strain X31 of A-1-
administered group and A-3-administered group was higher
than that of AddaVax adjuvant-administered group.
Furthermore, for HA derived from Urg, exactly similar results
of the reactivity were observed. Thus, these results show
the induction of cross-reactive IgG2 antibodies, which is
highly effective in protection against infection, by the
inoculation with the composition of the present application.
[0154]

As shown in FIG. 11, the IgGl titers against HA derived
from strain X31 of all of the groups inoculated with the
membrane fusion-type HA split vaccine with an adjuvant were
significantly higher than that of the group inoculated with
the membrane fusion-type HA split vaccine without adjuvant.
Among the groups, A-3-administered group and AddaVax-
administered group induced the highest IgGl titer against HA
derived from strain X31. Furthermore, for HA derived from
Urg, exactly similar results of the reactivity were observed.
Thus, these results show the induction of cross-reactive
antibodies by the inoculation with the composition of the
present application.

[0155]

As shown in FIG. 12, the anti-HA derived from strain
X31 IgG2c/IgGl antibody ratios of A-l-administered group and
A-3-administered group were higher than that of AddaVax
adjuvant-administered group. Furthermore, for HA derived
from Urg, exactly similar results of the anti-HA IgG2c/IgGl
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antibody ratio were observed. Thus, these results show the

induction of cross-reactive antibodies,

effective in

[0156]

which 1is highly

protection against infection, by the
inoculation with the composition of the present application.

4. Cross-Protection against Antigenic Variant

Three weeks after the booster,
virus (A/Guizhou/54/89)

another H3N2 influenza
having different antigenicity from

the vaccine strain was intranasally administered at 5 mouse
(five times the amount of virus lethal to 50%

lethal dose 50

of mice) under anesthesia.

Mice were weighed and observed

daily for 14 days from the viral infection to study the
change in body weight and the survival rate. The humane
endpoint was set at 25% body weight loss.

[0157]

As shown in FIG.
inoculated with the membrane fusion-type HA split vaccine

with an adjuvant,

13, regarding all of

the mice groups

the decrease in the survival rates were

significantly curbed on and after the seven day after the
infection with the other H3N2 influenza virus of different

antigenicity.

Among them,
administered group showed 100%

effects of protection against infection.

[0158]

As shown in FIG.
inoculated with the membrane fusion-type HA split wvaccine
with an adjuvant, the body weight losses due to the infection
with the other H3N2 influenza virus of different antigenicity

were suppressed.

Among the groups,

14, regarding all of

A-l-administered group and A-3-
survivals and the highest

the mice groups

A-3-administered group

showed a higher effect of suppressing the body weight loss
than that of AddaVax adjuvant-administered group.

[0159]

5. Administration Of The Composition Of The Present Invention,
Comprising An Influenza HA Split Vaccine And A Compound That
Enhances The Physiological Activity Of TLR7

The membrane fusion-type HA split vaccine derived from
strain PR8 of HINl influenza virus (10pg)
buffered saline; A-1

C57BL/6 mice

(female,

and: phosphate

containing 50 wupg of TLR7 agonist
(Compound A); A-3 containing 10 pug of TLR7 agonist (Compound
A); or AddaVax adjuvant (InvivoGen) whose volume was equal
to the liquid of membrane fusion-type HA split vaccine
derived from strain PR8, were mixed to give each composition.

6 to 12 week old)

were inoculated



10

15

20

25

30

35

40

49

intradermally in the thighs or intramuscularly in the thighs
(50 pl into each thigh, 100 pl in total) with the above
composition. After 3 weeks, the same mice were boosted with
the same antigen and under the same conditions. Two weeks
after the booster, blood was drawn, from which serum was
collected.
[0160]
6. Measurement by ELISA

The concentration of the anti-HA antibody in the sera
of the mice was measured by ELISA in the following manner.
A recombinant HA protein (strain PR8 or A/Narita/1/09 of
HIN1l influenza virus) was dissolved in phosphate buffered
saline (pH 7.3) at 10 pg/ml, and added to 96-well plates by
100 pl each. After standing overnight at 4°C, each well was
washed three times with phosphate buffered saline, and 150
pl of phosphate buffered saline containing 1 v/v$% bovine
serum albumin was added. After standing at room temperature
for two hours, each well was washed three times with
phosphate buffered saline. Then, 100 pl of a mouse serum
serially diluted with phosphate buffer containing 0.05 v/v$%
of Tween 20 and 1 v/v% bovine serum albumin, and 100 upl of
a standard monoclonal antibody of known concentration (H1;
clone name F2) were added to each well. After standing at
room temperature for two hours, each well was washed three
times with phosphate buffered saline (containing 0.05 v/v%
of Tween 20), and 100 pl of a peroxidase-labeled anti-mouse
IgGl antibody or IgG2c antibody (Southern Biotech) diluted
with phosphate buffered saline containing 0.05 v/v% Tween 20
and 1 v/v% bovine serum albumin was added to each well. After
standing at room temperature for two hours, each well was
washed three times with phosphate buffered saline
(containing 0.05 v/v% of Tween 20). Then, 30 mg of o-
phenylendiamine tablet (Sigma) and 24 ul of 30% hydrogen
peroxide solution (30% w/w; Sigma) were added to 60 ml of
citrate buffer (pH 5.0) as a substrate, and 100 ul of the
resultant was added to each well. After the color development,
50 ul of 1 mol/L sulfuric acid (Wako Pure Chemical Industries,
Ltd.) was added to stop the reaction, and an absorbance value
at 490 nm was measured using a Microplate Reader 450 (Biorad).
[0161]

As shown in FIG. 17, the IgG2c titers against HA derived
from strain PR8 of all of the groups inoculated with the
membrane fusion-type HA split vaccine with an adjuvant were
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significantly higher than that of the group inoculated with
the membrane fusion-type HA split vaccine without adjuvant.
The IgG2c titer against HA derived from strain PR8 of A-1-
administered group was higher than that of AddaVax adjuvant-
administered group. Among the groups, A-3-administered
group induced the highest IgG2c titer against HA derived
from strain PRS8. Furthermore, for HA derived from
A/Narita/1/09, exactly similar results of the reactivity
were observed. Thus, these results show the induction of
cross-reactive IgG2 antibodies, which is highly effective in
protection against infection, by the inoculation with the
composition of the present application.

[0162]

As shown in FIG. 18, the IgGl titers against HA derived
from strain PR8 of all of the groups inoculated with the
membrane fusion-type HA split vaccine with an adjuvant were
significantly higher than that of the group inoculated with
the membrane fusion-type HA split vaccine without adjuvant.
Among the groups, A-3-administered group induced the highest
IgGl titer against HA derived from strain PR8. Furthermore,
for HA derived from A/Narita/1/09, exactly similar results
of the reactivity were observed. Thus, these results show
the induction of cross-reactive antibodies by the
inoculation with the composition of the present application.
[0163]

As shown in FIG. 19, the anti-HA derived from strain
PR8 IgG2c/IgGl antibody ratios of A-l-administered group and
A-3-administered group were higher than that of AddaVax
adjuvant-administered group. Furthermore, for HA derived
from A/Narita/1/09, exactly similar results of the anti-HA
IgG2c/IgGl antibody ratio were observed. Thus, these results
show the induction of cross-reactive antibodies, which 1is
highly effective in protection against infection, by the
inoculation with the composition of the present application.
[0164]

7. Cross-Protection against Antigenic Variant

Four weeks after the booster, another HIN1 influenza
virus (A/Narita/1/09) having different antigenicity from the
vaccine strain was intranasally administered at 5 mouse
lethal dose 50 (five times the amount of virus lethal to 50%
of mice) under anesthesia. Mice were weighed and observed
daily for 14 days from the viral infection to study the
change in body weight and the survival rate. The humane
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endpoint was set at 25% body weight loss.
[0165]

As shown in FIG. 20, regarding the mice groups
inoculated with the membrane fusion-type HA split vaccine
with A-1 adjuvant or A-3 adjuvant, the decrease in the
survival rates were significantly curbed on and after the
seven day after the infection with the other HIN1 influenza
virus of different antigenicity, which showed a strong
infection protection effect.

[0166]

As shown in FIG. 21, regarding all of the mice group
inoculated with the membrane fusion-type HA split vaccine
with an adjuvant, the body weight losses due to the infection
with the other HIN1 influenza virus of different antigenicity
were suppressed. Among the groups, A-l-administered group
and A-3-administered group showed higher effects of
suppressing the body weight loss than that of AddavVax
adjuvant-administered group.

[0167]

Example 3: 1Influence of Order of Formalin Treatment on
Binding Capacity of Antibody and Antibody Inducibility
[0168]

1. Preparation of Formalin-Pretreated HA Split Vaccine

To particles of H3N2 influenza virus (strain X31)

suspended in phosphate buffered saline, Tween 80 was added
and suspended in a final concentration of 0.1 v/v$%. Diethyl
ether was added and suspended, and the suspension was left
stand until an aqueous layer and a diethyl ether layer were
completely separated, and then the diethyl ether layer was
removed.
After repeating this ether extraction, diethyl ether
remaining in the recovered aqueous layer was distilled off
at normal pressure. Further, formalin was added at a final
concentration of 0.05 v/v%, and the mixture was left stand
for several days to obtain a formalin-pretreated HA split
vaccine.

[0169]
2. Acidic Treatment of Formalin-Pretreated HA Split Vaccine

The formalin-pretreated HA split vaccine was suspended
in phosphate buffered saline, and then an acidic treatment
was performed by adding 0.15 M citrate buffer (pH 3.5) to
bring the pH to 5.0. After standing at room temperature for
30 minutes, 1 M Tris buffer (pH 8.0) was added so that the
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pH was returned to 7.3. Thereafter, centrifugation was
performed.
[0170]
3. Binding Capacity of Antibody to LAH Epitope

The binding capacity of the antibody to the LAH epitope
was measured in the same manner as described in Example 1,
and the change in the binding capacity was calculated. Here,
the same antibodies as #2, #4 and #5 shown in FIG. 6 were
used as the monoclonal antibodies, and the monoclonal
antibody #6 which binds to the HA head region was used as a
control.

[0171]

4. Measurement of Titer of anti-LAH Antibody by ELISA
4-1. Inoculation of H3N2 Influenza Vaccine

BALB/c mice (female, 6 to 12 weeks old) were
intraperitoneally inoculated with the current H3N2 HA split
vaccine or the membrane fusion-type HA split vaccine (10 ug
vaccine + 10 v/v% AddaVax adjuvant (InvivoGen) dissolved in
phosphate buffered saline to a liquid volume of 200 pl). At
least 12 days after the inoculation, blood was collected
from the mice inoculated with the vaccines, from which sera
were collected.

4-2. Measurement by ELISA

The titer of the anti-LAH antibody was measured in the
same manner as described in 3-2 in the above Example 1.
[0172]

As shown in FIG. 15, the LAH binding monoclonal antibody
bound to the vaccine (Post-fix) that had undergone the
formalin treatment after the acidic treatment in the process
of preparing the membrane fusion-type HA split vaccine more
strongly than to the vaccine (Pre-fix) that had undergone
the formalin treatment prior to the acidic treatment. The
results indicate that when to perform the formalin treatment
has influence on the enhancement of the binding capacity of
the antibody to the LAH epitope obtained through the acidic
treatment of the HA split vaccine, and that the formalin
treatment is desirably performed after the acidic treatment.
In FIGS. 15 and 16, a vaccine obtained by subjecting the HA
split wvaccine to the acidic treatment after the formalin
treatment in the same manner as described in Example 3 1is
referred to as “a membrane fusion-type split vaccine (Pre-
fix).” Further, according to the procedure of Example 1, a
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vaccine obtained by subjecting the HA split vaccine to the
formalin treatment after the acidic treatment in the same
manner as described in Example 1 1is referred to as “a
membrane fusion-type split vaccine (Post-fix).”

[0173]
As shown in FIG. 16, the titer of the anti-LAH antibody

in the sera of the BALB/c mice intraperitoneally inoculated
with the membrane fusion-type HA split vaccine was higher
than the titer of the anti-LAH antibody in the sera of the
BALB/c mice intraperitoneally inoculated with the current HA
split vaccine. Furthermore, the membrane fusion-type HA
split vaccine (Post-fix) exhibited higher titer of the anti-
LAH antibody than the membrane fusion-type split vaccine
(Pre~fix).

Industrial Applicability
[0174]
The present invention can be used in the field of

development or production of influenza vaccines.

Sequence listing free text
[0175]
SEQ ID NO: 1, 2: Synthetic Peptide
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CLAIMS

1. A method for producing a composition comprising an
influenza HA split vaccine antigen and a wvaccine adjuvant,
comprising the following steps:

a) producing an influenza HA split vaccine antigen which
produces an antibody that binds to a LAH of a HA stem region
by subjecting an influenza HA split wvaccine which has not
undergone a formalin treatment to an acidic treatment,
wherein the acidic treatment is performed at a pH of 4.0 to
6.0; and

b) mixing the vaccine antigen obtained in step a) with

the vaccine adjuvant.

2. A method for producing a composition comprising an
influenza HA split vaccine antigen and a wvaccine adjuvant,
comprising the following steps:

a) subjecting an influenza HA split vaccine to an acidic
treatment, wherein the acidic treatment is performed at a pH
of 4.0 to 6.0,

b) thereafter, conducting a formalin treatment to
obtain an influenza HA split vaccine antigen which produces
an antibody that binds to a LAH of a HA stem region; and
c) mixing the wvaccine antigen obtained in step b) with the

vaccine adjuvant.

3. A method for producing a kit comprising an influenza HA
split vaccine antigen and a vaccine adjuvant, comprising the
following steps:

a) producing an influenza HA split vaccine antigen which
produces an antibody that binds to a LAH of a HA stem region
by subjecting an influenza HA split wvaccine which has not
undergone a formalin treatment to an acidic treatment,
wherein the acidic treatment is performed at a pH of 4.0 to
6.0; and
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b) combining the vaccine antigen obtained in step a)

with the vaccine adjuvant to form a kit.

4. A method for producing a kit comprising an influenza HA
split vaccine antigen and a vaccine adjuvant, comprising the
following steps:

a) subjecting an influenza HA split vaccine to an acidic
treatment, wherein the acidic treatment is performed at a pH
of 4.0 to 6.0,

b) thereafter, conducting a formalin treatment to
obtain an influenza HA split vaccine antigen which produces
an antibody that binds to a LAH of a HA stem region; and

c) combining the vaccine antigen obtained in step b)

with the vaccine adjuvant to form a kit.





