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DESCRIPTION
Title of Invention: APTAMER PREPARATION
[Technical Field]
[0001]

The present invention relates to an aptamer preparation,
particularly an aptamer preparation containing an aptamer for a
basic fibroblast growth factor (FGF2) as an active ingredient.
[Background Art]

[0002]

In recent years, applications of RNA aptamers to
medicaments, diagnostic reagents, and test reagents have been
drawing attention, and some RNA aptamers have already been in
the stage of clinical study or practical use. The world’s
first RNA aptamer drug, Macugen (registered trade mark)
(general name: pegaptanib sodium), was approved as a
therapeutic drug for age-related macular degeneration in
December 2004 in the US, and in July 2008 in Japan. Macugen
(registered trade mark) contains an aptamer against VEGF as the
living body. The aptamer is composed of a synthetic
oligonucleotide consisting of 28 nucleic acid molecules, and a
polyethylene glycol (PEG) derivative is bound to the 5/-
terminal thereof.

[0003]

The dosage form of Macugen (registered trade mark) is a
prefilled syringe injection, and it is injected into the
vitreous body. It is a clear aqueous injection that is
colorless to slightly colored, and contains sodium hydrogen
phosphate, sodium dihydrogen phosphate, an isotonic agent, and
a pH adjuster. It has been shown that this preparation
formulation is stable for 6 months in an accelerated test at
2512°C and for 36 months in a long-term storage test at 5%3°C
(non-patent document 1).

[0004]
On the other hand, at the time of filing of the present

application, there was no pharmaceutical product other than
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Macugen (registered trade mark) that contained an aptamer as
the active ingredient, and it is not known at all what
preparation formulation is appropriate for aptamer preparations.
[0005]

The Applicant is developing a pharmaceutical product
containing an aptémer for FGF2 as an active ingredient and
applicable to age-related macular degeneration, achondroplasia,
and cancer pain (patent documents 1 and 2). In the process of
developing an FGF2 aptamer preparation, the present inventors
obtained results that a preparation formulation considered to
be almost the same as Macugen (registered trade mark) and a
preparation formulation containing phosphate buffered saline
(PBS) as a medium cannot maintain the activity of FGF2 aptamer.
[Document List]

[Patent documents]

[0006]

patent document 1: WO 2011/099576

patent document 2: WO 2015/147017

[non-patent document]

[0007]

non-patent document 1: Pharmaceutical product interview form,
age-related macular degeneration therapeutic agent Macugen
(registered trade mark) intravitreal injection kit 0.3 mg,
March 2015 (revised 5th edition)

[Summary of Invention]

[Technical Problem]

[0008]

Therefore, the present invention aims to provide a
preparation formulation capable of stably maintaining the
activity of an aptamer, particularly an aptamer for FGFZ, for a
long term, thereby providing a pharmaceutical preparation
containing an aptamer, particularly an FGFZ aptamer, as an
active ingredient.

[Solution to Problem]
[0009]
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The present inventors have conducted intensive studies in
an attempt to achieve the above-mentioned purpose and found
optimal preparation conditions for FGF2 aptamer, which resulted
in the completion of the present invention.

[0010]

Accordingly, the present invention provides the following.
[1] An aqueous liquid comprising an aptamer or a salt thereof
that binds to FGF2, and a non-electrolytic osmoregulator,
wherein the aptamer or a salt thereof is stable for a long term.
[2] The aqueous liquid of [1], wherein the liquid is
substantially free of an electrolyte other than the
aforementioned aptamer or a salt thereof.
[3] The aqueous liquid of [1l], wherein the aforementioned
aptamer comprises a nucleotide sequence represented by the
following formula (1) (wherein uracil is optionally thymine):
N'GGAN?ACUAGGGCN’UUAAN“GUN’ACCAGUGUN® (1)
(wherein N' and N® are each independently any 0 to several
bases, and
N?, N°, N? and N° are independently any one base),
and is the following (a) or (b):
(a) an aptamer wherein, in the nucleotides contained in the
aptamer,

(1) the 2’ -position of the ribose of each pyrimidine
nucleotide is a fluorine atom,

(11) the 2’-position of the ribose of each purine
nucleotide is a hydroxy group;

(b) the aptamer of (a), wherein

(1) the fluorine atom at the 2’'-position of the ribose of
each pyrimidine nucleotide 1s independently unsubstituted, or
substituted by an atom or group selected from the group
consisting of a hydrogen atom, a hydroxy group and a methoxy
group,

(ii) the hydroxy group at the 2'-position of the ribose
of each purine nucleotide is independently unsubstituted, or

substituted by an atom or group selected from the group
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consisting of a hydrogen atom, a methoxy group and a fluorine

atom.

[4] The aqueous liquid of [1] or [2], wherein the
aforementioned aptamer comprises a nucleotide sequence
represented by the following formula (3):
N!GGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCN® (3)

(wherein N!' and N® are each independently any 0 to several
bases) .

[5] The aqueous liquid of [1] or [2], wherein the

aforementioned aptamer comprises a nucleotide sequence shown in

SEQ ID NO: 3, 8, 9, 10 or 12.
[6] The aqueous ligquid of any of [1l] to [5], wherein the
aptamer has a concentration of 1 - 60 mg/mL.

[7] The agueous liquid of any of [1l] to [6], wherein the

osmoregulator is blended at a proportion of 2 - 7.5%(w/v) of

the whole aqueous liquid.

[8] The agueous liquid of any of [1l] to [7], wherein the
osmoregulator is mannitol. -

[9] The agueous liquid of [8], wherein the mannitol is
contained at 1 - 50 mg per 1 mg of the aptamer.

[10] The aqueous liquid of any of [1] to [9], wherein the
liquid is stored at not more than 5°C.

[11] The aqueous liquid of any of [1] to [10], wherein a
proportion of a monomer aptamer is not less than 80% after
storage at 4°C for 3 months.

[12] The aqueous liquid of any of [1] to [11l], wherein the
liquid is an injection.

[13] The aqueous liquid of any of [1] to [12], wherein the
liquid is for preventing or treating a disease accompanied
angiogenesis, bone or cartilage disease or pain.

[14] A method for preventing or treating a disease accompan
by angiogenesis, bone or cartilage disease or pain, compris
administering the aqueous liquid of any of [1] to [12] to a

subject.

by

ied

ing

[15] The aqueous liquid of any of [1] to [12] for use in the
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prophylaxis or treatment of a disease accompanied by
angiogenesis, bone or cartilage disease or pain.
[Advantageous Effects of Invention]

[0011]

According to the present invention, an easily handleable
aptamer preparation can be provided because an aptamer for FGE2Z
or a salt thereof which is the active ingredient can be stably
stored for a long term in the form of an agueous liquid.
[Description of Embodiments]

[0012]

The present invention provides a pharmaceutical
preparation containing an aptamer for FGF2 or a salt thereof as
an active ingredient, wherein the aptamer or a salt thereof is
stably maintained for a long term (hereinafter to be also
referred to as “the aptamer preparation of the present
invention”). As used herein, “stable for a long term” means
that the proportion of a monomer aptamer after storage of the
preparation enclosed in a glass bottle at 4°C for 3 months is
not less than 70%. The proportion of the monomer aptamer is a
value obtained by separating and detecting monomers and
multimers by size-exclusion chromatography under the following
conditions, and calculating (peak area of monomers)/(total peak
area of monomers and multimers)x100(%) .

apparatus: ACQUITY UPLC H-Class Bio manufactured by
Waters

detector: TUV detector manufactured by Waters

column: ACQUITY UPLC BEH200 SEC column manufactured by
Waters

sample concentration: 0.2 mg/mL

injection volume: 5 uL

eluent: 10% acetonitrile/PBS

flow rate: 0.3 mL/min

column temperature: 25°C

The aptamer preparation of the present invention contains

an aptamer for FGF2 or a salt thereof as the active ingredient,
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and a non-electrolyte osmoregulator.
[0013]

An aptamer refers to a nucleic acid molecule having a
binding activity for a particular target molecule. The aptamer
can inhibit the activity of a particular target molecule by
binding to the target molecule. The aptamer to be the active
ingredient of the aptamer preparation of the present invention
is an aptamer having a binding activity to FGF2. In a
preferred embodiment, the aptamer is an aptamer that can bind
to FGF2 and inhibit the binding between FGF2 and FGF receptor.
That is, the aptamer has an inhibitory activity against FGF2.
[0014]

The aptamer used in the present invention is an aptamer
that binds to FGF2, and further preferably an aptamer that can
bind to FGF2 and inhibit the binding between FGF2 and FGF
receptor. Whether or not the aptamer used in the present
invention inhibits the binding between FGF2 and FGF receptor
can be evaluated by, for example, a test using the surface
plasmon resonance method such as Example 1 and the like.
[0015]

While the aptamer for FGF2 is not particularly limited,
for example, the aptamer described in WO 2015/147017,
specifically, an aptamer containing a nucleotide seguence
represented by the following formula (1) (wherein uracil is
optionally thymine):

N'GGAN?ACUAGGGCN>UUAAN“GUN’ACCAGUGUN® (1)

and is the following (a) or (b):

(a) an aptamer wherein, in the nucleotides contained in the
aptamer,

(1) the 2" -position of the ribose of each pyrimidine
nucleotide is a fluorine atom,

(1i) the 2’ -position of the ribose of each purine
nucleotide is a hydroxy group;

(b) the aptamer of (a), wherein

(1) the fluorine atom at the 2’ -position of the ribose of
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each pyrimidine nucleotide is independently unsubstituted, or
substituted by an atom or group selected from the group
consisting of a hydrogen atom, a hydroxy group and a methoxy
group,

(ii) the hydroxy group at the 2’-position of the ribose
of each purine nucleotide is independently unsubstituted, or
substituted by an atom or group selected from the group
consisting of a hydrogen atom, a methoxy group and a fluorine
atom.

[0016]

In the above-mentioned formula (1), N' and N® are each
independently any 0 to several bases, and N?, N°, N* and N° are
independently any one base. In the present specification,
“base” means any of adenine (A), guanine (G), cytosine (C),
uracil (U) or thymine (T) constituting a nucleic acid.

While the base number of N* is not particularly limited
as long as an aptamer containing a nucleotide sequence
represented by the formula (1) binds to FGFZ, it may be, for
example, 0 - about 10, 0 - 9, 0 -8, 0 -7, 0 -6, 0 -5, 0 - 4,
0 -3, 0 - 2 and the like, preferably 0 - 2.

Similarly, while the base number of N® is not
particularly limited, it may be, for example, 0 - about 10, 0 -
9, 0 -8, 0-7,0-6, 0-5,0-14, 0 - 3 and the like,
preferably 0 - 10, 3 - 9, or 5 - 8.

[0017]

In a preferred embodiment, in the above-mentioned formula

' is G, GG, AG, C or gap,

2 is A or U,

3 is G, C or A,

tis G, C or U,

N° is G or U, and

N® is UUCN®' or AGUCN®? wherein N®' and N* are each independently
any 0 to several bases. Here, N! is a “gap” means that N is

absent in the formula (1), namely, N? is 0 base.
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While the base number of N®' is not particularly limited,
it may be, for example, 0 - about 10, 0 - 7, 0 - 6, 0 = 5, 0 -
4 and the like, preferably 0 - 5, 1 - 5, or 2 - 4.

While the base number of N® is also not particularly
limited, it may be, for example, 0 - about 10, 0 - 7, 0 - 5, 0
- 4, 0 - 3 and the like, preferably 0 - 5, 0 - 4, or 0 - 3.
[0018]

In another preferred embodiment, in the above-mentioned
formula (1),

N! is G, GG, AG or gap,
N° is A or U,
N® is G or A,
*is C or U,

is G or U,

zZ 2 =
on

6 is UUCN®' or AGUCN®® wherein N® and N®* are as defined above.
[0019]

In a preferred embodiment, the aptamer used in the
present invention contains a nucleotide sequence represented by
the following formula (2) or (3):
GGGAAACUAGGGCGUUAACGUGACCAGUGUUUCN® (2)
N'GGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCN®* (3)
wherein Nl, N®' and N®% are as defined above, more preferably, a
nucleotide sequence represented by the formula (3).

[0020]

In a preferred embodiment, the aptamer used in the
present invention contains a nucleotide sequence shown by any
of SEQ ID NOs: 1 - 12. The nucleotide sequences shown in SEQ
ID NOs: 1 - 12 are given below (wherein uracil is optionally
thymine) (hereinafter A, G, C and U show that the base of
nucleotide is adenine, guanine, cytosine or uracil,
respectively):

SEQ ID NO: 1:

GGGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCUCGA
SEQ ID NO: 2:

GGGAARCUAGGGCGUUAACGUGACCAGUGUUUCUCGA
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SEQ ID NO: 3:

GGGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCCC
SEQ ID NO: 4:

GGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCC
SEQ ID NO: 5:

GGGGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCCCC
SEQ ID NO: 6: '

AGGGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCCC
SEQ ID NO: 7:

GGGRAAACUAGGGCGUUAACGUGACCAGUGUUUCCC
SEQ ID NO: 8:

CGGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCCG
SEQ ID NO: 9:

CCGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCGG
SEQ ID NO: 10:

GGGAUACUAGGGCGUUAACGUUACCAGUGUAGUCCC
SEQ ID NO: 11:

GGGAUACUAGGGCCUUAAGGUUACCAGUGUAGUCCC
SEQ ID NO: 12:

GGGAUACUAGGGCAUUUAUGUUACCAGUGUAGUCCC

In one preferred embodiment, the aptamer used in the
present invention contains a nucleotide seguence shown in SEQ
ID NO: 1, 3, 4, 5, 6, 8, 9, 10 or 12, more preferably, SEQ ID
NO: 3, 8, 9, 10 or 12.

In another preferred embodiment, the aptamer used in the
present invention contains a nucleotide sequence shown in SEQ
ID NO: 2 or 7 (encompassed in the above-mentioned formula (2)).

In still another preferred embodiment, the aptamer used
in the present invention contains a nucleotide sequence shown
in SEQ ID NO: 1, 3, 4, 5, 6 or 8 (encompassed in the above-
mentioned formula (3)).

[0021]

In one embodiment, the aptamer used in the present

invention may contain, in any of the above-mentioned nucleotide

sequences, a nucleotide sequence wherein 1 or several
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nucleotides are substituted, deleted, inserted or added, as
long as the aptamer still binds to FGF2, and may be

(a) an aptamer wherein, in the nucleotides centained in the
aptamer,

(i) the 2’-position of the ribose of each pyrimidine
nucleotide is a fluorine atom,

(11) the 2’-position of the ribose of each purine
nucleotide is a hydroxy group, ;

(b) the aptamer of (a), wherein

(i) the fluorine atom at the 2’-position of the ribose of
each pyrimidine nucleotide is independently unsubstituted, or
substituted by an atom or group selected from the group
consisting of a hydrogen atom, a hydroxy group and a methoxy
group,

(ii) the hydroxy group at the 2’-position of the ribose
of each purine nucleotide is independently unsubstituted, or
substituted by an atom or group selected from the group
consisting of a hydrogen atom, a methoxy group and a fluorine
atom.

[0022]

As used herein, the number of the above-mentioned
nucleotides substituted, deleted, inserted or added is not
particularly limited as long as the aptamer still binds to FGF2
even after the substitution, deletion, insertion or addition.
It can be, for example, l-about 10, preferably 1-6, more
preferably 1-5, further preferably 1-4, further preferably 1-3,
most preferably 1 or 2. While the site of the nucleotide to be
substituted, deleted, inserted or added is not particularly
limited as long as the aptamer still binds to FGF2 even after
the substitution, deletion, insertion or addition, at the sites
specified to be one kind of nucleotide in the above-mentioned
formula (1), (2) and (3) (namely, A, G, C or U), nucleotides
are substituted, deleted, inserted or added at 1 - 3,
preferably 1 or 2, more preferably 1, site. On the other hand,

when plural kinds of nucleotides may be present in the formulas
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(1), (2) and (3) (namely, N, N2, N3, N4, N°, NS, Nl or N%%),

more number of nucleotides (e.g., 1 - about 10, preferably 1 -
6, more preferably 1 - 5, further preferably 1 - 4) may be
substituted, deleted, inserted or added. For example, when the
nucleotide sequence shown in SEQ ID NO: 3 is the original
sequence, SEQ ID NO: 1 is SEQ ID NO: 3 in which the 3’ -terminal
CC is substituted with UCGA, SEQ ID NO: 4 is SEQ ID NO: 3 in
which one nucleotide is deleted from each of the both terminals,
SEQ ID NO: 5 is SEQ ID NO: 3 in which G is added to the 5'-
terminal and C is added to the 3’-terminal, SEQ ID NO: 6 is SEQ
ID NO: 3 in which A is added to the 5’ -terminal, SEQ ID NO: 8

is SEQ ID NO: 3 in which the 5’'-terminal G is substituted with
C, and the 3"-terminal C i1s substituted with G, SEQ ID NO: 9 is
SEQ ID NO: 3 in which the 5’-terminal GG is substituted with CC,
and the 3’-terminal CC is substituted with GG, SEQ ID NO: 10 is
SEQ ID NO: 3 in which the 14th A is substituted with G, and the
19th U is substituted with C, and SEQ ID NO: 12 is SEQ ID NO: 3
in which the 17th A is substituted with U.

[0023]

The length of the aptamer used in the present invention
is not particularly limited, and can usually be about 10 to
about 200 nucleotides and can be, for example, not less than
about 20 nucleotides (e.g., not less than 25 nucleotides, not
less than 30 nucleotides, not less than 31 nucleotides, not
less than 32 nucleotides, not less than 33 nucleotides),
preferably not less than 25 nucleotides, more preferably not
less than 30 nucleotides, further preferably not less than 33
nucleotides. In addition, it can be, for example, not more
than about 100 nucleotides, generally not more than about 80
nucleotides, preferably not more than about 70 nucleotides,
more preferably not more than about 60 nucleotides, further
preferably not more than about 50 nucleotides, further
preferably not more than about 45 nucleotides (e.g., not more
than 44 nucleotides, not more than 43 nucleotides, not more

than 42 nucleotides, not more than 41 nucleotides, not more
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than 40 nucleotides). When the total number of nucleotides is
smaller, chemical synthesis and mass-production will be easier,
and there is a major advantage in terms of cost. It is also
thought that chemical modification is easy, stability in the
body is high, and toxicity is low.

Therefore, the length of the aptamer used in the present
invention may be generally about 10 - about 200 nucleotides,
preferably 20 - 80 nucleotides, more preferably 25 - 60
nucleotides, further preferably 25 - 50 nucleotides, most
preferably 30 - 45 nucleotides. ‘

[0024]

The aptamer used in the present invention may be a
conjugate selected from the group consisting of a conjugate of
plural aptamers containing a nucleotide sequence represented by
the above-mentioned formula (1) (aptamer (A)), a conjugate of
plural aptamers containing a nucleotide sequence wherein 1 or
several nucleotides are substituted, deleted, inserted or added
in the nucleotide sequence represented by the above-mentioned
formula (1) (aptamer (B)), and a conjugate of 1 or plural
aptamers (A) and 1 or plural aptamers (B). These conjugates
can also bind to FGF2.

Here, conjugation can be achieved by tandem binding. 1In
the conjugation, a linker may be utilized. As the linker,
nucleotide chains (e.g., 1 to about 20 nucleotides) and non-
nucleotide chains (e.g., =(CHy),— linker, - (CHyCHy;0),~ linker,
hexaethylene glycol linker, TEG linker, peptide-containing
linker, -S-S- bond-containing linker, -CONH- bond-containing
linker, -OPO3- bond-containing linker) can be mentioned. The
plurality as mentioned in the above-described conjugate of a
plurality thereof is not particularly limited, as long as it is
two or more, and the plurality can be, for example, 2, 3 or 4.
[0025]

Each nucleotide contained in the aptamer used in the
present invention is the same or different and can be a

nucleotide comprising a hydroxyl group at the 2'-position of
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ribose (e.g., ribose of pyrimidine nucleotide, ribose of purine
nucleotide) (i.e., a natural nucleotide) or a nucleotide
wherein hydroxyl group is substituted (modified) by any atom or
group at the 2’/-position of ribose (sometimes to be indicated
as “modified nucleotide” in the present specification).

[0026]

As examples of any such atom or group, a nucleotide
substituted by a hydrogen atom, a fluorine atom or an -O-alkyl
group (e.g., -O-Me group), an -O-acyl group (e.g., —0-CHO
group), or an amino group (e.g., -NH> group) can be mentioned.
In the aptamer used in the present invention, at least one kind
(e.g., 1, 2, 3 or 4 kinds) of nucleotide can also be a modified
nucleotide comprising a hydroxyl group, or the above-described
any atom or group, for example, at least two kinds (e.g., 2, 3
or 4 kinds) of groups selected from the group consisting of a
hydrogen atom, a fluorine atom, a hydroxyl group and a —O-Me
group, at the 2’-position of ribose.

[0027]

In the aptamer used in the present invention, all
pyrimidine nucleotides may be nucleotides wherein the 2'-
position of ribose is a fluorine atom, or may be the same or
different and nucleotides wherein fluorine atom is
unsubstituted, or substituted by any atom or group mentioned
above, preferably an atom or group selected from the group
consisting of a hydrogen atom, a hydroxyl group and a methoxy
group. Particularly, when a production method using the
DuraScribe™ T7 Transcription Kit (manufactured by Epicentre)
is applied as a production method of the aptamer used in the
present invention, an aptamer wherein the 2’-position of ribose
of all pyrimidine nucleotides is fluorinated can be obtained.
The aptamer wherein fluorine atom is substituted by other
above-mentioned atom or group can be produced by the below-
mentioned method.

[0028]

In the aptamer used in the present invention, all purine
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nucleotides may be nucleotides wherein the 2’-position of
ribose is a hydroxy group, or may be the same or different and
nucleotides wherein hydroxy group is unsubstituted, or a
nucleotide substituted by any atom or group mentioned above,
preferably an atom or group selected from the group consisting
of a hydrogen atom, a methoxy group and a fluorine atom at the
2’ -position of ribose. The aptamer wherein a hydroxyl group is
substituted by other above-mentioned atom or group can be
produced by the below-mentioned method.

[0029]

In the aptamer used in the present invention, all
pyrimidine nucleotides may be nucleotides wherein the fluorine
atom at the 2’-position of ribose is substituted by any of the
aforementioned atoms or groups, for example, the same atoms or
groups selected from the group consisting of a hydrogen atom, a
hydroxy group and an -0-Me group.

In the aptamer used in the present invéntion, moreover,
all purine nucleotides may be nucleotides wherein the hydroxy
group at the 2’-position of ribose is substituted by any of the
aforementioned atoms or groups, for example, the same atoms or
groups selected from the group consisting of a hydrogen atom, a
fluorine atom and an -0-Me group.

[0030]

In a preferable embodiment, each pyrimidine nucleotide
contained in the aptamer used in the present invention is a
nucleotide containing a fluorine atom at the 2’'-position of
ribose, and each purine nucleotide is a nucleotide having a
hydroxy group at the 2’-position of ribose. In another
embodiment, the above-mentioned fluorine atom at the 2'-
position of the ribose of each pyrimidine nucleotide is
independently optionally substituted by an atom or group
selected from the group consisting of a hydrogen atom, a
hydroxy group and a methoxy group, and the above-mentioned
hydroxy group at the 2’-position of the ribose of each purine

nucleotide is optionally independently substituted by an atom
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or group selected from the group consisting of a hydrogen atom,
a methoxy group and a fluorine atom.
[0031]

In this description, the nucleotides constituting the
aptamer are assumed to be RNAs (i.e., the sugar groups are
assumed to be ribose) in describing how the sugar groups are
modified in the nucleotides. However, this does not mean that
DNA is exempted from the aptamer-constituting nucleotides, and
a modification of RNA should read as a modification of DNA as
appropriate. When the nucleotide constituting the aptamer is
DNA, for example, replacement of the hydroxyl group at the 2=
position of ribose by X should read as a replacement of a
hydrogen atom at the 2’ -position of deoxyribose by X.

When uracil is substituted with thymine in the aptamer of
the present invention, FGF2-binding activity, FGF2-FGF receptor
binding inhibitory activity, stability, drug deliverability and
stability in blood of the aptamer and the like can be increased.
[0032]

In the aptamer used in the present invention, 1 or
several, for example, 1 - 2, 1 - 3, 1 - 4, 1 - 5 nucleotides of
phosphoric acid diester bond in the nucleotide may be modified
or substituted by any substituent(s). For example, phosphoric
acid diester bond may be substituted by a phosphorothiocate bond,
a phosphorodithioate bond, an alkylphosphonate bond, a
phosphoramidate bond and the like. Here, for example,
“nucleotide is substituted by a phosphorothiocate bond” means
that a phosphoric acid group at a binding site between adjacent
nucleotides is sulfurated, that is, a phosphodiester bond is
altered to a phosphorothioate bond.

[0033]

In the aptamer used in the present invention, one or
several, for example, 1 - 2, 1 - 3, 1 - 4, 1 - 5 nucleotides
may be substituted by Bridged Nucleic Acid (BNA) or Locked
Nucleic Acid (LNA) to stabilize aptamer and improve the

activity thereof. As used herein, the “bridged nucleic acid”
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refers to one having a structure wherein the binding affinity
to a complementary sequence is enhanced by restricting the
degree of freedom of nucleic acid by intramolecular
crosslinking, and acgquire nuclease resistance. Examples
thereof include, but are not limited to, 2’,4’-BNA (Locked
Nucleic Acid (LNA)), 2’'-0,4’'-C-ethylene-bridged Nucleic Acid
(ENA) and the like.

[0034]

The aptamer used in the present invention may be one
wherein a sugar residue (e.g., ribose) of each nucleotide has
been modified to increase the FGF2 binding activity, stability,
drug deliverability and the like. As examples of the
modification in a sugar residue, replacement of oxygen atom at
the 2’ -position, 3’-position and/or 4’-position of the sugar
residue with another atom, and the like can be mentioned. As
the kind of the modification, fluorination, O-alkylation (e.g.,
O-methylation, O-ethylation), O-arylation, S-alkylation (e.g.,
S-methylation, S-ethylation), S-arylation, and amination (e.g.,
-NH;) can be mentioned. In addition, examples thereof include
4’ -SRNA wherein the 4’'-position oxygen is replaced with sulfur,
LNA (Locked Nucleic Acid) wherein the 2’ -position and the 4’-
position are crosslinked via methylene, 3’ -N-phosphoramidate
nucleic acid wherein the 3’ -position hydroxyl group is replaced
with an amino group and the like. The aptamer used in the
present invention is sometimes produced with a given
modification of the oxygen atom at the 2’-position of ribose of
pyrimidine nucleotide, due to the production method thereof.
When a production method using, for example, DuraScribe™ T7
Transcription Kit (manufactured by Epicentre) is applied as a
production method of the aptamer used in the present invention,
an aptamer wherein the 2’-position of ribose of preferably all
pyrimidine nucleotides is fluorinated is produced. Therefore,
it is possible to produce various variations of aptamers having
enhanced activity even though the base sequence is the same, by

applying such alteration in the sugar residue to the obtained
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aptamer. From the above, the aptamer used in the present
invention can be preferably an aptamer wherein a sugar residue
of at least one nucleotide is modified. Such alterations in
the sugar residue can be performed by a method known per se
(see, for example, Sproat et al., (1991) Nucl. Acid. Res. 19,
733-738; Cotton et al., (1991) Nucl. Acid. Res. 19, 2629-2635;
Hobbs et al., (1973) Biochemistry 12, 5138-5145). To be
specific, an aptamer wherein the hydroxyl group at the 2’-
position of ribose is substituted by an atom or group selected
from the group consisting of a hydrogen atom, a hydroxyl group
and a methoxy group can be produced by using, as a base, an
aptamer wherein the hydroxyl group at the 2’-position of ribose
of all pyrimidine nucleotides is substituted by a fluoro group.
[0035]

The aptamer used in the present invention may also have a
nucleic acid base (e.g., purine or pyrimidine) altered (e.g.,
chemical substitution) to enhance the FGF2 binding activity,
prevention of multimerization, stability, drug deliverability
and the like. As examples of such alterations, pyrimidine
alteration at 5-position, purine alteration at 6- and/or 8-
position(s), alteration with an extracyclic amine, substitution
with 4-thiouridine, and substitution with 5-bromo or 5-iodo-
uracil can be mentioned. The phosphate group contained in the
aptamer used in the present invention may be altered to confer
resistance to nuclease and hydrolysis. For example, the P(O)O
group may be replaced with P(0O)S (thioate), P(S)S (dithiocate),
P(O)N(R)R’ (amidate), P(O)R, P(O)OR, CO or CH, (formacetal) or
3’ —amine (-NH-CH,-CH,-) [wherein each unit of R or R’ 1is |
independently H or a substituted or unsubstituted alkyl (e.g.,
methyl, ethyl)].

The linking group is, for example, -0-, -N- or -S-, and
nucleotides can bind to an adjoining nucleotide via these
linking groups.

The alterations may also include alterations such as

capping at 3’ and 5’.
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[0036]

An alteration can further be performed by adding to an
end a polyethyleneglycol (PEG), amino acid, peptide, inverted
dT, nucleic acid, nucleosides, Myristoyl, Lithocolic-oleyl,
Docosanyl, Lauroyl, Stearoyl, Palmitoyl, Oleoyl, Linoleoyl,
other lipids, steroids, cholesterol, caffeine, vitamins, dyes,
fluorescent substances, anticancer agents, toxins, enzymes,
radioactive substances, biotin and the like. For such
alterations, see, for example, US Patents 5,660,985 and
5,756,703.

[0037]

Particularly, when alteration is performed by terminus
addition of PEG, the molecular weight of PEG is not
particularly limited, and is preferably 1000 - 100000, more
preferably 30000 - 90000. PEG may be linear or branched into
two or more chains (multi-arm PEG). The terminus addition of
PEG is useful for preventing the multimerization of the below-
mentioned aptamer.

Such PEG is not particularly limited, and those of
ordinary skill in the art can appropriately select and use
commercially available or known PEG (e.g., http://www.peg-
drug.com/peg product/branched.html). Specific preferable
examples of the PEG to be applied to the aptamer used in the
present invention include 2-branched GS type PEG having a
molecular weight of 40000 (SUNBRIGHT GL2-400GS manufactured by
NOF CORPORATION), 2-branched TS type PEG having a molecular
weight of 40000 (SUNBRIGHT GL2-400TS manufactured by NOF
CORPORATION), 4-branched TS type PEG having a molecular weight
of 40000 (SUNBRIGHT GL4-400TS manufactured by NOF CORPORATION),
2-branched TS type PEG having a molecular weight of 80000
(SUNBRIGHT GL2-800TS manufactured by NOF CORPORATION), 4-
branched TS type PEG having a molecular weight of 80000
(SUNBRIGHT GL4-800TS manufactured by NOF CORPORATION) and the
like.

[0038]
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In this case, in the aptamer used in the present
invention, PEG may be directly added to the terminus. It is
more preferable that a linker having a group bindable to PEG
and the like be added to the terminus thereof, and PEG be added
to the aptamer used in the present invention via the linker.
[0039]

The linker for PEG and the aptamer used in the present
invention is not particularly limited, and carbon chain number,
functional group and the like can be appropriately selected
according to the binding site, the kind of PEG and the like.
Examples of such linker include a linker having an amino group.
Specifically, when added to the 5’ end, ssH Linker (SAFC) or
DMS (O) MT-AMINO-MODIFIER (GLEN RESEARCH) can be mentioned, and
when added to the 3’ end, TFA Amino C-6 lcaa CPG (ChemGenes)
and the like can be mentioned. When this linker is selected,
for example, an active group of N-hydroxysuccinimide is added
to PEG, and reacted with an amino group on the linker side,
whereby the aptamer used in the present invention can be bound
to PEG via the linker.

[0040]

As PEG and linker, commercially available products can be
preferably used. The reaction conditions and the like relating
to the binding of PEG, a linker and the aptamer used in the
present invention can be appropriately determined by those of
ordinary skill in the art.

[0041]

More preferred embodiments of the aptamer used in the
present invention include aptamer ID1 containing the nucleotide
sequence shown in SEQ ID NO: 3:
GL2-400TS-C6-
G(M)G(M)GMA(MUMAM)CM)U(E)A(M)G(M)G(M)GC(M)A(M)U(M)U(F)A(
M)A(M)U(M)G(M)U(F)UM)A(M)C(M)C(M)A(M)GU(F)GU(F)A(M)G(M)U(M)C(M
)C (M) C(M)~-1idT;

aptamer ID2 containing the nucleotide sequence shown in

SEQ ID NO: 8:
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GL2-400TS~-Cb6-
CIMGIM)GIMAMUMAMCMU(F)A(M)G(M)G(M)GC(MA(M)UM)U(F)A(
MYA(M)U(M)G(M)U(F)U(M)A(M)C(M)C(M)A(M)GU(F)GU(F)A(M)G(M)U(M)C(M
) C(M)G(M)-1dT;

aptamer ID3 containing the nucleotide sequence shown in
SEQ ID NO: 9:
GL2-400TS-C6-
C(M)C(M)GM)AMUM)A(M)C(M)U(F)A(M)G(M)G(M)GC(M)A(M)U(M)U(F)A(
M)AMUM)G(MU(F)U(M)A(M)C(M)C(M)A(M)GU(F)GU(F)A(M)G(M)U(M)C (M
) G (M) G (M) ~-1dT;

aptamer ID4 containing the nucleotide sequence shown in
SEQ ID NO: 10:
GL2-400TS-C6-
GIM)GM)GMAMUMAM)C(M)U(F)AM)G(M)G(M)GC(M)G(M)U(M)U(F)A(
M)AM)C(M)G(M)U(F)U(M)A(M)C(M)C(M)A(M)GU(F)GU(F)A(M)G(M)U(M)C(M
)C(M)C (M) -1dT;

aptamer ID5 containing the nucleotide sequence shown in
SEQ ID NO: 12:
GL2-400TS-C6-
GIMGM)GMAMUMA(M)C(M)U(F)A(M)G(M)G(M)GC(M)A(M)UM)U(F)U(
MYAMUMGMU(F)UMAM)C(M)C(M)A(M)GU(F)GU(F)A(M)G(M)U(M)C(M
YC(M)C (M) -1idT; and

aptamer ID6 containing the nucleotide sequence shown in
SEQ ID NO: 3:
idT-
GIMGM)GM)AM)UM)A(M)C(M)U(F)A(M)G(M)G(M)GC(M)A(M)U(M)U(F)A(
MAMUM)G(MU(F)UM)A(M)C(M)C(M)A(M)GU (F)GU(F)A(M)G(M)U(M)C(M
)C(M)C(M)-C6-GL2-400TS
In each of the above-mentioned formulas, the parentheses in
each nucleotide indicate the modification of the 2’-position of
ribose, F is a fluorine atom, and M is a methoxy group.

Irrespective of which of these aptamers is used, these
aptamers can be stably present in the constitution of the
aptamer preparation of the present invention, and thus are

suitable as the active ingredient of the aptamer preparation of
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the present invention.
[0042]

The aptamer used in the present invention may be a free
form or a pharmaceutically acceptable salt thereof. Examples
of such salt include metal salt, ammonium salt, organic amine
addition salt, aminoc acid addition salt and the like. Examples
of the metal salt include alkali metal salts such as sodium
salt, potassium salt and the like, alkaline earth metal salts
such as magnesium salt, calcium salt and the like, aluminum
salt, zinc salt and the like. Examples of the ammecnium salt
include salts such as ammonium, tetramethylammonium and the
like. Examples of the organic amine addition salt include
salts such as trishydroxyaminomethane and the like. Examples
of the amino acid addition salt include salts of lysine,
arginine, histidine, tryptophan, ornithine and the like.

[0043]

The concentration of the aptamer for FGF2 used in the
present invention is not particularly limited, and the aptamer
may be contained in any amount as long as the aptamer
preparation of the present invention exerts the desired
efficacy and effect. In the present specification, the
“concentration of the aptamer” means the proportion (mg/mL) of
the weight of the nucleic acid part linked by the 53’
phosphate bond constituting the aptamer molecule to the volume
of the whole preparation. The concentration of the aptamer is,
for example, 1 - 60 mg/mL.

[0044]

When the concentration of the aptamer for FGF2 exceeds 20
mg/mL, a multimer of the aptamer tends to be easily produced
even at the general storage temperature of 4 - 5°C. The
aptamer for FGF2 when present as a monomer binds to FGF2, and
inhibits the function of FGF2 and exerts the efficacy thereof.
However, when it is multimerized, the binding to FGF2 is not
observed in an assay using viacore. It is thus considered that

the aptamer does not inhibit the function of FGF2 (see Example
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4). When the concentration of the aptamer is low, the
intermolecular distance is long and the tendency to multimerize
is low. However, when the concentration of the aptamer exceeds
20 mg/mL, the aptamer is multimerized even at the general
storage temperature of 4 - 5°C, as a result of which the
binding activity to FGF2 tends toc decrease as a whole (see
Example 5). Therefore, the upper limit of the concentration of
the FGF2 aptamer in the aptamer preparation of the present
invention is desirably a concentration not exceeding 20 mg/mL.
In addition, when the concentration of the aptamer in the
aptamer preparation of the present invention is low, the effect
as an injection may not be obtained. Therefore, while the
lower limit of the concentration of the aptamer in the aptamer
preparation of the present invention is not particularly
limited as long as the effect as an injection can be obtained,
it is desirably, for example, a concentration of not less than
1 mg/mL.

[0045]

The dosage form of the aptamer preparation of the present
invention is not particularly limited as lcng as it is an
aqueous liquid. It is preferably an injection. Since the
aptamer preparation of the present invention is an aqueous
ligquid, the aptamer for FGF2, which is the active ingredient,
1s dissolved in a solvent.

[0046]

It is well known that aptamers generally require an
inorganic salt, which is a strong electrolyte, to maintain the
higher-order structure thereof. Macugen (registered trade
mark), which is the only aptamer pharmaceutical product
currently on the market, alsc contains sodium hydrogen
phosphate, sodium dihydrogen phosphate, an isotonicity agent
and a pH adjuster. Macugen in this state has been shown to be
stable for 6 months in an accelerated test at 25+2°C and for 36
months in a long-term storage test at 5+3°C. From these, those

of ordinary skill in the art should consider that an inorganic
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salt (electrolyte) is necessary for stable existence of the
aptamer in an injection while maintaining the higher-order
structure of the aptamer.

[0047]

However, as shown in the below-mentioned Example, it was
found that when PBS or physiological saline is used as the
solvent, the above-mentioned aptamer for FGF2, which is the
active ingredient in the present invention, tends to lose
stability and form a multimer due to the influence of the
inorganic salt which is a strong electrolyte and, as a result,
loses the binding activity to FGF2. Therefore, the present
inventors used water free of an inorganic salt (electrolyte) as
a solvent and unexpectedly found that the multimerization of
FGF2 aptamer was suppressed and the proportion of FGFZ aptamer
present as a monomer increased (see Example 3).

[0048]

Without wishing to be bound by theory, when an FGF2
aptamer is dissolved in water, the Tm value of the FGF2Z aptamer
cannot be measured as shown in Example 1, and the proton shift
in NMR cannot be observed as shown in Example 2. Thus, the
FGF2 aptamer dissolved in water is assumed to exist as a
monomer in a state of being fully stretched. That is, it is
thought that the higher-order structure of the aptamer, which
is considered to be necessary for activity construction, is
destroyed by using water free of inorganic salt as a solvent,
denatured and exists in a single-stranded state, whereby
deactivation (multimerization) can be prevented. Moreover, as
shown in Examples 4 and 5, when the surface plasmon resonance
(SPR) assay was performed by dissolving in a solution
containing an electrolyte, the FGF2 aptamer maintained the
binding activity to FGF2. Thus, it was demonstrated that when
FGF2 aptamer dissolved in water is administered into the body,
the higher-order structure required for aptamer activity is
reconstructed by the action of the electrolyte present in the

body fluid, and the activity can be exhibited.
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[0049]

As described above, It was revealed that a preparation
formulation in which the higher-order structure of the FGF2
aptamer is intentionally destroyed to cause a fully-elongated
state by dissolving the aptamer in a solvent free of an
electrolyte, thereby also preventing multimerization during
long-term storage and, after administration, the higher-order
structure is re-constructed by exposure to a physiological salt
concentration and the efficacy i1s exerted can eventually
maintain the activity of the FGF2 aptamer for a long term. The
present invention has been completed by verifying in detail the
mode of existence of aptamer in such solution, and cannot be
easily envisaged even by those skilled in the art.

[0050]

From the above, the solvent used for the aptamer
preparation of the present invention is preferably an aqueous
solvent free of an inorganic salt (electrolyte), and water is
particularly preferable. |
[0051]

As described above, since a solvent free of an inorganic
salt (electrolyte) is used for the aptamer preparation of the
present invention, the osmotic pressure is low and the
preparation cannot be used as an injection as it is. Therefore,
the aptamer preparation of the present invention is
characterized in that it contains a non-electrolyte
osmoregulator (osmolyte) for the purpose of adjusting the
osmotic pressure ratio to the plasma osmotic pressure to 1 or
more, preferably 1 - 3.

[0052]

The osmoregulator used for the aptamer preparation of the
present invention is not particularly limited as long as it is
a non-electrolyte, and may be any osmoregulator generally used
other than inorganic ions (potassium ion, chloride ion, etc.).
Examples of the osmoregulator include polyhydric alcchols

(glycerol, mannitol, trehalose, glucose, sucrose, sorbitol,
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inositecl, etc.), amino acids (alanine, glycine, glutamate,
proline, GABA, taurine, ectin, etc.), methylammoniums (TMAO,
choline, acetylcholine, glycine betaine, GPC, DMSP, etc.),
ureas and the like. Polyhydric alcohols are preferably used,
and mannitol is more preferably used.

[0053]

The amount of the osmoregulator is not particularly
limited, and those skilled in the art can appropriately change
the amount of FGF2 aptamer in the preparation according to the
kind (molecular weight) of the osmoregulator to be used and the
target osmotic pressure. For example, when mannitol is used as
the osmoregulator and the ratio of the osmotic pressure to the
physioclogical saline is about 1, the blending ratio of the
osmoregulator in the entire injection is 2 - 7.5%(w/v). More
specifically, when the ratio of the osmotic pressure to the
physiological saline is 1, the blending ratio cof mannitol is
4.9% when the concentration of the above-mentioned FGFZ aptamer
is 2 mg/ml, and the blending ratio of mannitcl is 3.6% when the
concentration of the above-menticned FGF2 aptamer is 20 mg/ml.
[0054]

The aptamer preparation of the present invention is
preferably substantially free of an electrolyte other than the
aptamer for FGF2 or a salt thereof to be the active ingredient.
As used herein, “substantially free” means that a small amount
of electrolyte may be contained as long as the FGF2 aptamer in
the preparation can be stably stored for a long term. More
preferably, the aptamer preparation of the present invention
does not contains an electrolyte other than the aptamer for
FGF2 or a salt thereocf to be the active ingredient.

[0055]

The aptamer preparation of the present inventiocn may
further contain a pharmaceutically acceptable additive where
necessary. Examples of such additive include stabilizer,
preservative, solubilizer, buffer, pH adjuster, soothing agent

and the like, and well-known non-electrolyte pharmaceutical
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additives that are conventionally used as additives for
injections can be preferably used.
[0056]

The pH of the aptamer preparation of the present
invention is not particularly limited. When the preparation is
used as an injection, the pH is desirably near neutral, and can
be appropriately selected within the range of, for example, 5
to 9, preferably 6 to 8. When an aptamer for FGFZ or a salt
thereof, which is the active ingredient, is dissolved in water,
the pH of the solution falls within the above-mentioned range.
Therefore, it i1s not necessary to add an electrolyte pH
adjuster or buffer to the aptamer preparation of the present
invention.

[0057]

The aptamer preparation of the present invention may
contailn other active ingredients as long as they do not
adversely affect the activity and stability of the FGF2Z2 aptamer.
As such active ingredient, VGEF inhibitors such as McGen
(registered trade mark), Lucentis (registered trade mark),
Eylea (registered trade mark), Avastin (registered trade mark)
and the like as therapeutic drugs for diseases accompanied by
angiogenesis and the like, anti-inflammatory agents such as
steroids and the like, human growth hormone preparations such
as Norditropin (registered trade mark) and Genotropin
(registered trade mark) as therapeutic agents for bone diseases
and the like, and analgesic/sedative agents such as morphine
may be contained. Examples thereof include pharmaceutical
compounds for treating or preventing diseases accompanied by
angiogenesis such as age-related macular degeneration and the
like, bone or cartilage diseases such as osteoporosis,
rheumatoid arthritis, ostecarthritis, bone fracture and the
like, and pain.

[0058]
The aptamer preparation of the present invention having

the above-mentioned constituent i1s stable at 4°C for not less
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than 3 months. As used herein, “stable” means that the
proportion of a monomer aptamer in the preparation after
storage of the preparation enclosed in a glass bottle at 4°C is
not less than 70%, as mentioned above. Preferably, in the
aptamer preparation of the present invention, the proportion of
a monomer aptamer in the preparation after storage at 4°C for 3
months is not less than 80%. In addition, the aptamer
preparation of the present invention is stable even when
exposed to white fluorescent lighting or near-ultraviolet
fluorescent lighting.

Therefore, the aptamer preparation of the present
invention can be stored stably for a long term in the form of
an aqueous liquid as is, preferably in a dosage form of an
injection such as a pre-filled syringe, cartridge or the like,
by refrigerating at not more than 5°C, and is extremely easy to
handle.

[0059]

The aptamer preparation of the present invention can be
preferably used as, for example, a medicament for the treating
or preventing diseases accompanied by angiogenesis such as age-
related macular degeneration and the like, bone or cartilage
diseases such as osteoporosis, rheumatoid arthritis,
osteocarthritis, bone fracture and the like.

[0060]

The aptamer preparation of the present invention can be
administered parenterally (e.g., intravenous administration,
subcutaneous administration, intramuscular administration,
topical administration, intraperitoneal administration,
intranasal administration, pulmonary administration,
instillation administration and the like). The dosage of the
aptamer preparation of the present invention varies depending
on the kind and activity of FGF2 aptamer, seriousness of
disease, animal species being the subject of administration,
drug tolerability of the subject of administration, body weight,

age and the like, and the usual dosage, based on the amount of
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active ingredient (oligonucleotide site of aptamer) per day for
an adult, can be about 0.0001 to about 100 mg/kg, for example,
about 0.0001 to about 10 mg/kg, preferably about 0.005 to about
1 mg/kg.

[Example]

[0061]

The present invention is explained in more detail in the
following by referring to Examples; however, the present
invention is not limited by the Examples.

[0062]
Example 1 (Structural analysis of FGF2 aptamer in solvent
determination of Tm value)

The structure of the aptamer shown in aptamer IDl is
shown below. Capital letter shows RNA, small letter shows DNA,
and 1dT shows inverted dT. The parenthesis in each nucleotide
shows modification at the 2’-position thereof, F shows a
fluorine atom, and M shows an O-methyl group. C6 shows -

(CH,) ~linker. PEG40TS2 is 2-branched TS type polyethylene
glycol having a molecular weight of 40000 (SUNBRIGHT GLZ2-400TS
manufactured by NOF CORPORATION) .
aptamer ID1:
GL2-400TS-Cé6-
G(M)G(M)G(M)A(M)U(M)A(M)C(M)U(F)A(M)G(M)G(M)GC(M)A(M)U(M)U(F)A(
M)A(M)U(M)G(M)U(F)U(M)AM)C(M)C(M)A(M)GU (F)GU(F)A(M)G(M)U(M)C (M
)C(M)C (M) -1dT

[0063]

The aptamer represented by aptamer IDl was dissolved in
water to a concentration of 0.1 mg/mL and in PBS or
physiological saline to a concentration of 0.06 mg/mL. The
obtained solution was heated at 95°C for 5 min, cooled to room
temperature and filled in a quartz glass cuvette. The Tm value
was determined by measuring UV absorption with a
spectrophotometer while changing the temperature from 20°C to
90°C.

As a result, the Tm value was 60.1°C in PBS, and 63.6°C
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in physiological saline. On the other hand any particular Tm
value was not observed in water. From this, it was assumed
that the aptamer represented by aptamer ID1 forms a higher-
order structure by intermolecular interaction in PBS or
physiological saline, which can generally be a solvent for
injections. In addition, it was assumed that the aptamer
represented by aptamer ID1 does not form a base pair between
molecules or within molecule, and does not form a higher-order
structure in water free of electrolyte.
[0064]
Example 2 (Structural analysis of FGF2 aptamer in deuterium
oxide: measurement of NMR spectrum)

A 20 mg aptamer represented by aptamer ID1 was filled in
a glass vial and dissolved in about 1 mL of deuterium oxide to
prepare a measurement sample. It was measured using a Bruker
Avance 600 MHz NMR spectrometer. As a result, an iminoproton

signal derived from base pairs formation, which should be

observed in a magnetic field lower than 8 ppm, was not observed.

Therefrom, it was assumed that the aptamer represented by
aptamer ID1 does not form a base pair between molecules or
within molecule, and does not form a higher-order structure in
water free of electrolyte.

[0065]
Example 3 (Structural analysis of FGF2 aptamer in solution
containing electrolyte: SEC-MALS measurement)

The aptamer represented by aptamer ID1 was dissolved in
physiological saline to a concentration of 20 mg/mL, and
incubated at 37°C for 2 weeks to artificially prepare an FGE2
aptamer preparation that forms a higher-order structure. The
preparation and a sample obtained by freezing and storing
immediately after preparation to minimize the formation of
higher-order structure were each diluted with physiological
saline to 0.2 mg/mL, and subjected to analysis.

Monomers and multimers were separated by size-exclusion

chromatography, and respective molecular weights were measured
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with MALS (Multi Angle Light Scattering) detector manufactured
by Wyatt Technology. The size-exclusion chromatography was
performed by ACQUITY UPLC manufactured by Waters and using a
REH200 SEC column.

As a result, the molecular weight of the peak that seemed
to be a monomer was measured to be about 64000, and the
molecular weight of the peak that seemed to be a higher-order
structure composed of multimers was measured to be about 122000.
From the results, it was found that the higher-order structure
formed by the aptamer represented by aptamer ID1 in water
containing an electrolyte is a dimer.

[0066]
Example 4 (Correlation between monomer content percentage and
binding activity of aptamer)

The aptamer represented by aptamer ID]1 was dissolved in
PBS, physiological saline or 3.3% mannitol aqueous solution to
a concentration of 20 mg/mL or 2 mg/mL to prepare FGF2 aptamer
preparations that show various monomer content percentages
under the storage conditions shown in Table 1. The monomer
content of each of the prepared FGF2 aptamer preparations was
determined by size-exclusion chromatography. The results
thereof are also shown in Table 1.

The binding activity of each of the prepared FGF2 aptamer
preparations to FGF2 protein was measured by surface plasmon
resonance (SPR) using Biacore T200 manufactured by GE. As the
sensor chip, CM4 that reacts with an amino group was used.
Human FGF2 was dissolved in immobilization solution (10 mM
sodium acetate, pH 6) at 10 pg/ml. For the reaction of an
amino group on the protein side and a carboxyl group on the
chip side, ethyl-3-carbodiimide hydrochloride and N-
hydroxysuccinimide were used. After the reaction, blocking by
ethanolamine was performed. The immobilized amount of FGF2 was
set to 1000 RU. An aptamer for analyte was prepared to 5 uM.
As a running buffer, 295 mM sodium chloride, 5.4 mM potassium

chloride, 0.8 mM magnesium chloride, 1.8 mM calcium chloride,
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20 mM Tris, 0.05% Tween20, pH 7.6) were used, and 2M sodium
chloride was used as a regeneration solution. FGF2 was
immobilized on a flow cell FC2 or FC4, and the results of FCI1
or FC3 were subtracted to give a final sensorgram. The
activity was evaluated as a relative value to the FGFZ aptamer
preparation standard having an extremely low multimer content
and prepared when in use using a solution free of an
electrolyte.

Table 1 shows the preparation method, monomer content
percentage, and the measurement results of the binding activity
to FGF2 protein of respective FGF2 aptamer preparations. From
the results, it was clarified that the monomer content of the
FGF2 aptamer preparation and the binding activity to the FGFZ

protein are correlated.
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[0067]
[Table 1]
Monomer content percentage and binding activity to FGF2 protein

FGF2 aptamer preparation

preparation monomer .,

FGF2 aptamer method content blnql?g
. activity

preparation (storage percentage |

conditions) (%) (%)

2 mg/mL 3.3% ,

mannitol preparation on 98.7 98.1
) demand

preparation

20 mg/mL 3.3% ,

mannitol preparation on 91.3 91.6
. demand

preparation

20 mg/mL 3.3%

mannitol 25°C 1 week 80.5 75.7

preparation

20 mg/mL 3.3%

mannitol 25°C 2 weeks 71.5 65.2

preparation

20 mg/mL 3.3%

mannitol 25°C 1 month 63.4 57.2

preparation

20 mg/mL 3.3%

mannitol 25°C 3 months 50.2 50.2

preparation

2 mg/mL

physiological 37°C 2 days 56.9 56.2

saline

2 mg/mL PBS 37°C 2 days 57.2 60.6

20 mg/mL

physiological 37°C 2 days 12.1 18.3

saline

20 mg/mL PBS 37°C 2 days 11.3 13.1

5
[0068]

Example 5 (Stability test of FGF2 aptamer preparation)
The aptamer represented by aptamer ID1 was dissolved in
3.3% or 3.6% or 4.9% mannitol solution to a concentration of 20
10 mg/mL or 2 mg/mL, stored for 3 months under various temperature
conditions shown in Table 2, and the monomer content percentage

and binding activity were measured by size-exclusion
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chromatography and the SPR method. The results are shown in
Table 2.

From the results, it was clarified that an FGF2 aptamer
preparation prepared using a mannitol agueous solution free of

electrolyte is stable.
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25

[0069]
[Table 2]
Stability test results of FGF2 aptamer preparation
preparation monomer binding
, , storage content L
concentration | solution temperature ercentage activity
(mg/mL) P 39) 9 (%)
2 3.3% mannitol | -20°C 98.4 102.0
2 3.3% mannitol | 5°C 99.1 102.7
20 3.3% mannitol | -20°C 89.2 91.0
20 3.3% mannitol | 5°C 88.5 90.8
2 4.9% mannitol | -20°C 98.3 101.0
2 4.9% mannitol | 5°C 98.0 103.1
20 3.6% mannitol | -20°C 88.8 g84.1
20 3.6% mannitol | 5°C 88.0 81.8
[0070]
Example 6 (Results in other FGF2 aptamer preparations)
The aptamers represented by aptamer ID2 - 6 are dissolved
in water (mannitol aqueous solution), physiological saline or

PBS to appropriate

preparations.

concentrations to prepare FGF2 aptamer

The respectively obtained FGFZ aptamer

preparations are stored under various temperature conditions

and storage temperature for several months,

and the monomer

content percentage and binding activity are measured by size-

exclusion chromatography and the SPR method.

aptamer ID2:

GL2-400TS-Cb6-
C(M)G(M)G(M)A(M)U(M)A(M)C(M)U(F)A(M)G(M)G(M)GC(M)A(M)U(M)U(F)A(
MA(M)UM)GM)U(E)U(M)A(M)C(M)C(M)A(M)GU(F)GU(F)A(M)G(M)U(M)C(M
) C(M)G(M)-1dT;

aptamer ID3:

GL2-400TS-Cb—
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CMCM)GMAMUMAMCMU(F)A(M)G(M)G(M)GC(MAM)U(M)U(F)A(
M)A(M)U(M)G(M)U(F)U (M)A (M)C(M)C (M)A (M)GU(F)GU(F)A(M)G(M)U(M)C(M
)G (M) G (M)~-1dT;

aptamer ID4:

GL2-400TS-C6-
G(M)G(M)G(M)A(M)U(MA(M)C(M)U(F)A(M)G(M)G(M)GC(M)G(M)U(M)U(F)A(
M)A(M)C(M)G(M)U(F)U(M)A(Mjc(M)C(M)A(M)GU(F)GU(F)A(M)G(M)U(M)C(M
)C(M)C (M) idT-;

aptamer IDb5:

GL2-400TS-Cé6-
G(M)G(M)G(M)A(M)U(M)A(M)C(M)U(F)A(M)G(M)G(M)GC(M)A(M)U(M)U(F)U(
M)A(M)U(M)G(M)U(F)U (M)A (M)C(M)C (M)A (M)GU(F)GU(F)A(M)G(M)U(M)C(M
)C(M)C (M) idT-; and

aptamer ID6:

idT-
GIMGMGMAMUMAMCMU(E)A(M)G(M)G(M)GC(M)A(M)U(M)U(F)A(
M)A(M)U(M)G(M)U(F)U (M)A (M)C(M)C (M)A (M)GU(F)GU(F)A(M)G(M)U(M)C(M
)C(M)C(M)-C6-GL2-400TS

From these results, it is clarified that other FGF2
aptamer preparations prepared using a mannitol aqueous solution
free of electrolyte are alsoc stable.

[0071]
Comparative Example 1 (Stability test of FGFZ aptamer
preparation)

The aptamer represented by aptamer ID]1 was dissolved in
physiological saline or PBS to a concentration of 20 mg/mL to
prepare FGF2 aptamer preparations. The respectively obtained
FGF2 aptamer preparations were stored for 3 months under
various temperature conditions shown in Table 3, and the
monomer content percentage and binding activity were measured
by size-exclusion chromatography. The results are shown in
Table 3. From the results, it was clarified that FGF2 aptamer
preparations prepared using physiological saline and PBS
containing electrolyte are unstable.

[0072]
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[Table 3]
Stability test results of FGF2 aptamer preparations prepared

using solution containing electrolyte

. monomer

preparation
. . storage content

concentration | solution temperature ercentage
(mg/mL) P 39) J
20 physioclogical saline | -20°C 65.4
20 physiological saline | 5°C 44.5
20 3.3% mannitol ~-20°C 68.2
20 3.3% mannitol 5°C 36.8

[Industrial Applicability]
[0073]

The aptamer preparation of the present invention can
stably store an aptamer for FGFZ2 or a salt thereof for a long
term in the form of an agqueous liguid such as injection or the
like by refrigerating. Therefore, it i1s extremely useful in
that it can provide a preparation superior in handling as a
therapeutic or prophylactic agent for diseases for which
inhibition of FGF2 can exhibit efficacy (e.g., diseases
accompanied by angicgenesis such as age-related macular
degeneration and the like, bone or cartilage diseases such as
osteoporosis, rheumatoid arthritis, osteocarthritis, bone
fracture and the like, pain).

This application is based on a patent application No.
2018-124390 filed in Japan (filing date: June 29, 2018), the

contents of which are incorporated in full herein.
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<110>
<120>
<130>

<150>
<151>

<160>
<170>
<210>
AN D2
212>
213>

<2207
<223>

<400>

SEQUENCE LISTING
RIBOMIC INC.
Aptamer Preparation
092922

JP 2018-124390
2018-06-29
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PatentIn version 3.5
1

38

RNA

Artificial Sequence

FGF2 Aptamer
1

gggauacuag ggcauuaaug uuaccagugu agucucga

<210>
AN D2
212>
213>

<2207
<223>

<400>

2

37

RNA

Artificial Sequence

FGF2 Aptamer
2

gggaaacuag ggcguuaacg ugaccagugu uucucga

<210>
AN D2
212>
213>

<2207
<223>

<400>

3

36

RNA

Artificial Sequence

FGF2 Aptamer
3

gggauacuag ggcauuaaug uuaccagugu aguccc

<210>
AN D2
212>
213>

<220>
<223>

4

34

RNA

Artificial Sequence

FGF2 Aptamer

38

317

36



<400> 4
ggauacuagg gcauuaaugu uaccagugua gucc

<210> 5

211> 38

<212> RNA

<213> Artificial Sequence

<220>
<223> FGF2 Aptamer

<400> 5
ggggauacua gggcauuaau guuaccagug uaguccce

<210> 6

211> 31

<212> RNA

<213> Artificial Sequence

<220>
<223> FGF2 Aptamer

<400> 6
agggauacua gggcauuaau guuaccagug uaguccc

210> 7

211> 35

<212> RNA

<213> Artificial Sequence

<220>
<223> FGF2 Aptamer

<400> 7
gggaaacuag ggcguuaacg ugaccagugu uucce

<210> 8

211> 36

<212> RNA

<213> Artificial Sequence

<220>
<223> FGF2 Aptamer

<400> 8
cggauacuag ggcauuaaug uuaccagugu aguccg

<210> 9

211> 36

<212> RNA

<213> Artificial Sequence

34

38

317

35

36



<2207
<223>

<400>

FGF2 Aptamer
9

ccgauacuag ggcauuaaug uuaccagugu agucgg

<210>
Q211>
212>
213>

<220>
<223>

<400>

10

36

RNA

Artificial Sequence

FGF2 Aptamer
10

gggauacuag ggcguuaacg uuaccagugu agucce

<210>
AN D2
212>
213>

<2207
<223>

<400>

11

36

RNA

Artificial Sequence

FGF2 Aptamer
11

gggauacuag ggccuuaagg uuaccagugu agucce

<210>
AN D2
212>
213>

<2207
<223>

<400>

12

36

RNA

Artificial Sequence

FGF2 Aptamer
12

gggauacuag ggcauuuaug uuaccagugu aguccc

36

36

36

36
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CLAIMS

1. An aqueous ligquid comprising an aptamer or a salt thereof
that binds to FGF2, and a non-electrolytic osmoregulator,

wherein the aptamer or a salt thereof is stable for a long term.

2. The aqueous liguid according to claim 1, wherein the ligquid
is substantially free of an electrolyte other than the aptamer

or a salt thereof.

3. The aqueous liquid according to claim 1, wherein the aptamer
comprises a nucleotide sequence represented by the following
formula (1) (wherein uracil is optionally thymine):
N'GGAN’ACUAGGGCN’UUAAN‘GUN’ACCAGUGUN® (1)

(wherein N' and N® are each independently any O to several
bases, and

NZ, N3, N* and N° are independently any one base),

and is the following (a) or (b):

(a) an aptamer wherein, in the nucleotides contained in the
aptamer,

(1) the 2’-position of the ribose of each pyrimidine
nucleotide is a fluorine atom,

(1ii) the 2’-position of the ribose of each purine
nucleotide is a hydroxy group;

(b) the aptamer of (a), wherein

(1) the fluorine atom at the 2’-position of the ribose of
each pyrimidine nucleotide is independently unsubstituted, or
substituted by an atom or group selected from the group
consisting of a hydrogen atom, a hydroxy group and a methoxy
group,

(ii) the hydroxy group at the 2’-position of the ribose
of each purine nucleotide is independently unsubstituted, or
substituted by an atom or group selected from the group
consisting of a hydrogen atom, a methoxy group and a fluorine

atom.
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4. The aqueous liquid according to claim 1 or 2, wherein the
aptamer comprises a nucleotide sequence represented by the
following formula (3):

N'GGAUACUAGGGCAUUAAUGUUACCAGUGUAGUCN® (3)

(wherein N' and N®® are each independently any 0 to several

bases) .

5. The aqueous liquid according to claim 1 or 2, wherein the
aptamer comprises a nucleotide sequence shown in SEQ ID NO: 3,

8, 9, 10 or 12.

6. The aqueous liquid according to any one of claims 1 to 5,

wherein the aptamer has a concentration of 1 - 60 mg/mL.

7. The aqueous liquid according to any one of claims 1 to 6,
wherein the osmoregulator is blended at a proportion of 2 -

7.5%(w/v) of the whole aqueous liquid.

8. The aqueous liquid according to any one of claims 1 to 7,

wherein the osmoregulator is mannitol.

9. The agueous liquid according to claim 8, wherein the

mannitol is contained at 1 - 50 mg per 1 mg of the aptamer.

10. The aqueous liquid according to any cne of claims 1 to 9,

wherein the liquid is stored at not more than 5°C.

11. The aqueous ligquid according to any one of claims 1 to 10,

oe

wherein a proportion of a monomer aptamer is not less than 80

after storage at 4°C for 3 months.

12. The aqueous liquid according to any one of claims 1 to 11,

wherein the liquid is an injection.
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13. The aqueous liquid according to any one of claims 1 to 12,
wherein the liquid is for preventing or treating a disease

accompanied by angiogenesis, bone or cartilage disease or pain.

14. A method for preventing or treating a disease accompanied
by angiogenesis, bone or cartilage disease or pain, comprising
administering the aqueous liquid according to any one of claims

1 to 12 to a subject.
15. The aqueous ligquid according to any one of claims 1 to 12

for use in the prophylaxis or treatment of a disease

accompanied by angiogenesis, bone or cartilage disease or pain.
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