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Abstract

Provided 1s an Fc fusion high affinity IgE receptor a-chain having excellent

stability at low pH.
An Fc fusion protein comprising:
(1) a high affinity IgE receptor a-chain; and
(11) an Fc region of IgG1, wherein
a linker fragment region between the (i) and the (ii) is the amino acid sequence

shown 1n SEQ ID NO: 2.
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Description

Title of Invention: Fc fusion high affinity IgE receptor a-chain

Technical Field
[0001]

The present invention relates to an Fe fusion high affinity IgE receptor a-chain that

1s useful as a pharmaceutical product.
[0002]
More specifically, the present invention relates to an Fc fusion high atfinity IgE

receptor a-chain having excellent stability at low pH, and a medicinal use thereof.

Background Art
[0003]

Immunoglobulin E(IgE) is one of an immunoglobulin group, which plays a role in
allergic reactions. The IgE, which is secreted from B cells or is expressed on the surface of
the B cells, binds to a high affinity IgE receptor (FceRI) found on the surface of mast cells,
basophils, etc. When an antigenic protein binds to IgE on a mast cell surface receptor, the
IgE becomes a form 1n which 1t crosslinks the antigen. Thereafter, chemical mediators such
as histamine or serotonin, which are stored in intracellular granules, are released.
Consequently, an inflammatory reaction 1s induced, and type I allergy symptoms such as
telangiectasis or vascular hyperpermeability are provoked (Non Patent Literature 1).

[0004]

Accordingly, since a compound or a protein, which inhibits the binding of IgE to
FceR1, inhibits the binding of the IgE to the FceRI found on the surface of mast cells,
basophils, etc., such a compound or a protein 1s expected as a therapeutic agent for type 1
allergic diseases such as bronchial asthma, allergic rhinitis, and allergic conjunctivitis (Non
Patent Literature 2).

[0005]
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In recent years, not only a conventional pharmaceutical product comprising, as an
active ingredient, a low-molecular-weight compound, but also a protein pharmaceutical
product, which strongly binds to a specific receptor or the like in a living body and exhibits
excellent therapeutic effects, has been developed. For example, Etanercept has been known
as a therapeutic agent for rheumatoid arthritis. Such Etanercept 1s a completely humanized
soluble TNFo/LTa receptor formulation, which has been focused because of the role of a
soluble receptor of a tumor necrosis factor (TNF) to suppress the action of TNF in a living
body, and has been then developed.

[0006]

The protein pharmaceutical product can be expected to have high therapeutic
effects. On the other hand, it may cause a problem specific to the protein pharmaceutical
product in the production process thereof.

[0007]

In general, when an antibody or an F¢ fusion protein is produced in the form of a
pharmaceutical product, a purification method of using protein A is applied. In this method,
a bufter with a low pH value is used to elute a protein of interest that binds to the protein A.
Moreover, in order to inactivate virus, the protein of interest is desirably treated at low pH
for a certain period of time.

[0008]

A protein, which is poor in stability at low pH, easily forms aggregates. If the ratio

of aggregates 1s high, a reduction in purification efficiency or production amount occurs in
the production of protein pharmaceutical products. In addition, an immune response is
provoked by mixing aggregates into pharmaceutical products, and as a result, serious side

effects, such as anaphylaxis, are likely to occur.

[0009]
As such, the instability of a protein of interest at low pH may be problematic in the
production of protein pharmaceutical products.

(0010]

A polypeptide (immunoadheson) comprising an immunoglobulin and an
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extracellular domain is disclosed in Patent Literature 1. Patent Literature 1 discloses a high
affinity IgE receptor as an example of such immunoadheson. However, this publication
does not specifically describe a fused protein of a high affinity IgE receptor and an
immunoglobulin.

[0011]

A fused protein (hereinafter referred to as "Fusion protein A") of a high affinity IgE
receptor a-chain (FceRI a-chain; hereinafter referred to as "FCER1A") and immunoglobulin
G1 (IgG1) is disclosed in Non Patent Literature 3. However, the Fusion protein A disclosed
in the aforementioned publication is largely different from the protein of the invention of the
present application, in terms of the mode of binding FCER1A to IgG1 (Fc). That is to say,
the protein of the invention of the present application has a characteristic amino acid
sequence in a linker fragment region between the FceRI and the 1gGl.

[0012]

A fused protein (NPB301) formed by linking a water-soluble fragment of the high
affinity IgE receptor (FceRI) to a human Fc region via a peptide linker is disclosed in Patent
Literature 2. However, the protein of the invention of the present application does not
comprise the peptide linker disclosed in Patent Literature 2. Moreover, Patent Literature 2
neither discloses nor suggests the characteristic amino acid sequence of the linker fragment
region of the present invention.

[0013]

A fused protein of FCER1A and immunoglobulin G2 (Ig(G2) is disclosed in Patent
Literature 3. However, this fused protein comprising IgG?2 is different from the protein of
the invention of the present application, in terms of the amino acid sequences of a linker

fragment region and an Fc¢ region.

[0014]

A fused protein of non-human primate FCER1A and IgG1 is disclosed in Patent
Literature 4. Moreover, a fused protein of FCER1A and IgGl 1s disclosed in Patent
Literatures 5 to 7. However, these publications neither disclose nor suggest the

characteristic amino acid sequence of the linker fragment region of the present invention.
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[0015]

The aforementioned Non Patent Literature 3 and Patent Literatures 1 to 7 neither

disclose nor suggest the protein of the present invention.

Citation List

Patent Literature

[0016]

Patent Literature 1: U. S. Patent No. 5,565,335

Patent Literature 2: International Publication WO 2012/169735

Patent Literature 3: Chinese Patent Application Laid-Open No. 101633698

Patent Literature 4: International Publication WO 2008/028068

Patent Literature 5: International Publication WO 2011/056606

Patent Literature 6: International Publication WO 2008/099178

Patent Literature 7: International Publication WO 2008/099188

Non Patent Literature

[0017]

Non Patent Literature 1: Chisel Ra, "Allergy no Bunshi Saibo Kiko (Molecular and Cellular
Mechanisms of Allergy)," BIO INDUSTRY, 2008, Vol. 25, No. 9, PP. 23-39

Non Patent Literature 2: Chisei Ra et al., "International Immunology," 1993, Vol. 5, No. 1,
PP. 47-54

Non Patent Literature 3: M. Haak-Frendscho et al., "Journal of Immunology," 1993, Vol.

151, No. 1, PP. 351-358

Summary of Invention

Technical Problem
[0018]

It is an object of the present invention to provide an Fc fusion high affinity IgE

receptor a-chain having excellent stability at low pH.



CA 02976623 2017-08-14
\ !

‘ -

Solution to Problem

[0019]

The present inventors have conducted intensive studies in order to obtain an Fc
fusion high affinity IgE receptor a-chain having high stability against low pH or heat. As a
result, the inventors have found that an Fc fusion high affinity IgE receptor a-chain having
high stability can be obtained by using a linker fragment comprising three Cys residues, in a
fused protein comprising a high affinity IgE receptor a-chain and the Fc region of IgGl,
thereby completing the present invention. Specifically, the present invention 1s as follows.
[0020]

The present invention relates to the following [1] to [5], etc.
[1] An Fc fusion protein comprising:

(1) a high affinity IgE receptor a-chain; and

(11) an Fc region of I1gG1, wherein

a linker fragment region between the (1) and the (i1) is the amino acid sequence
shown in SEQ ID NO: 2.
[2] The Fc fusion protein according to the above [1], comprising the amino acid
sequence shown in SEQ ID NO: 3, or an amino acid sequence comprising a deletion of
lysine (K) at the C-terminus of the amino acid sequence shown in SEQ ID NO: 3.

[3] The Fc fusion protein according to the above [1] or [2], which is a dimer.

(4] The Fc fusion protein according to the above [3], wherein cysteine residues in the
linker fragment region form three disulfide bonds.
[5] A pharmaceutical composition comprising, as an active ingredient, the Fc fusion
protein according to any one of the above {1] to [4].
[0021]

The present description includes the contents as disclosed in Japanese Patent

Application No. 2015-032231 and 2015-252231, which are priority documents of the

present application.
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Advantageous Effects of Invention
[0022]

The protein of the present invention has excellent stability at low pH. In addition,
the protein of the present invention has excellent neutralizing activity against IgE.
Accordingly, the protein of the present invention is useful as a protein pharmaceutical

product for preventing or treating type I allergic diseases mediated by IgE.

Brietf Description of Drawings

[0023]

[Figure 1] Figure 1 shows the activity of inhibiting the binding of human IgE. In the figure,
the horizontal axis indicates the concentration of each drug (mol/L); and the longitudinal
axis indicates the value of the amount of IgE bound to Protein 1 immobilized on a plate,
which 1s shown at a percentage (free IgE (percent with respect to a control)), using, as a
reference, the binding amount obtained when a predetermined amount of IgE is added. In
the figure, the circle indicates the value of Protein 1, and the square indicates the value of
Omalizumab, respectively.

[Figure 2] Figure 2 shows a transition of a change in the content rate (%) of aggregates at
low pH. In the figure, the horizontal axis indicates the number of days (Day), and the
longitudinal axis indicates a change 1n the content rate (%) of aggregates. In the figure, the

circle indicates the value of Protein 1, and the square indicates the value of Fusion protein A,
respectively.

[Figure 3] Figure 3 shows a transition of a change in the content rate (%) of aggregates by a
heat treatment. In the figure, the horizontal axis indicates the number of days (Day), and the
longitudinal axis indicates a change in the content rate (%) of aggregates. In the figure, the
circle indicates the value of Protein 1, and the square indicates the value of Fusion protein A,

respectively.
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Description of Embodiments
[0024]

The embodiments of the present invention will be described in detail below.
[0025]

In the present invention, individual terms have the following meanings, unless
otherwise specified.
[0026]

In the present invention, the "high affinity IgE receptor a-chain (FCER1A)" means
a protein comprising an a-chain portion that is an extracellular domain of a high affinity IgE

receptor. The high atfimity IgE receptor a-chain is, for example, a protein shown in the

following SEQ ID NO: 1.
SEQ ID NO: 1:
VPQKPKVSLNPPWNRIFKGENVTLTCNGNNFFEVSSTKWFHNGSLSEETNSSLNIVN
AKFEDSGEYKCQHQQVNESEPVYLEVFSDWLLLQASAEVVMEGQPLFLRCHGWR
NWDVYKVIYYKDGEALKYWYENHNISITNATVEDSGTYYCTGKVWQLDYESEPL
NITVIKAPREKYWL
[0027]

The above-described high affinity IgE receptor a-chain includes, for example, a
protein having identity of 90% or more, 95% or more, 97% or more, or 99% or more to the

amino acid sequence shown in SEQ ID NO: 1, when the identity is calculated using BLAST
(Basic Local Alignment Search Tool at the National Center for Biological Information) or
the like (e.g., using default parameters), and having binding ability to IgE. Moreover, the
high affinity IgE receptor a-chain also includes a protein comprising an amino acid sequence
having a substitution, deletion and/or addition of one or more, or several amino acids (1 to
10, preferably 1 to 5, and more preferably 1 or 2 amino acids) with respect to the amino acid
sequence shown in SEQ ID NO: 1, and having binding ability to IgE.

10028]

In the present invention, the "Fc region of IgG1" means the F¢ fragment of

immunoglobulin G1, namely, the CH2 and CH3 constant domains of native immunoglobulin

7
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G1. The Fc region of IgG1 includes all of a natural mutant, an artificial mutant, and a
truncated form.
[0029]

In the present invention, the "linker fragment region between the high affinity IgE
receptor a-chain and the Fc region of IgG1" means a region consisting of 14 amino acid
residues ranging from the junction point between the above-described high affinity IgE
receptor a-chain and the above described Fc region of IgGG1 towards the direction of the Fc
region.

[0030]

In the present invention, the "Fc fusion protein” means a recombinant protein
comprising the high affinity IgE receptor a-chain and the Fc fragment of an immunoglobulin.
[0031]

The protein of the present invention i1s characterized in that the linker fragment
region between the high affinity IgE receptor a-chain and the Fc region of IgG1 1s the amino
acid sequence shown in the following SEQ ID NO: 2.

SEQ ID NO: 2:
EPKSCDKTHTCPPC
[0032]
The protein of the present invention 1s preferably an Fc fusion protein comprising

the amino acid sequence shown in the following SEQ ID NO: 3 (hereinafter referred to as

"Protein 1").
SEQ ID NO: 3:
VPQKPKVSLNPPWNRIFKGENVTLTCNGNNFFEVSSTKWFHNGSLSEETNSSLNIVN

AKFEDSGEYKCQHQQVNESEPVYLEVFSDWLLLQASAEVVMEGQPLFLRCHGWR
NWDVYKVIYYKDGEALKYWYENHNISITNATVEDSGTYYCTGKVWQLDYESEPL

NITVIKAPREKYWLEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDW
LNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS

8
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VMHEALHNHYTQKSLSLSPGK
[0033]

The amino acid sequence shown in SEQ ID NO: 3 has a sequence formed by fusing
the amino acid sequence shown in SEQ ID NO: 1 (from Val at position 1 to Leu at position
179 of the amino acid sequence shown in SEQ ID NO: 3), the amino acid sequence shown
in SEQ ID NO: 2 (Glu at position 180 to Cys at position 193 of the amino acid sequence
shown in SEQ ID NO: 3), and the amino acid sequence of the Fc fragment of an
immunoglobulin (Pro at position 194 to Lys 411 of the amino acid sequence shown in SEQ
ID NO: 3) in this order. This Fc¢ fusion protein includes a protein comprising an amino acid
sequence having identity of 90% or more, 95% or more, 97% or more, or 99% or more to
the amino acid sequence shown in SEQ ID NO: 3, which 1s other than the amino acid
sequence portion from Glu at position 180 to Cys at position 193 that corresponds to the
amino acid sequence shown in SEQ ID NO: 2, when the 1dentity is calculated using, for
example, BLAST (Basic Local Alignment Search Tool at the National Center for Biological
Information) or the like (e.g., using default parameters), and having binding ability to IgE.
Moreover, this Fc fusion protein includes a protein comprising an amino acid sequence
having a substitution, deletion and/or addition of one or more, or several amino acids (1 to
10, preferably 1 to 5, and more preferably 1 or 2 amino acids) with respect to the amino acid
sequence shown in SEQ ID NO: 3, which is other than the amino acid sequence portion
from Glu at position 180 to Cys at position 193 that corresponds to the amino acid sequence
shown in SEQ ID NO: 2, and having binding ability to IgE.

[0034]

Upon the production of a recombinant antibody, there 1s a case where the lysine at
the C-terminus is deleted by post-translational modification. Accordingly, the protein of the
present invention may be an Fc fusion protein comprising an amino acid sequence having a

deletion of the lysine (K) at the C-terminus of the above-described Protein 1. For example,

such an Fc fusion protein comprising an amino acid sequence having a deletion of the lysine

(K) at the C-terminus of Protein 1 shown in SEQ ID NO: 3 consists of an amino acid
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sequence portion from the position 1 to the position 410 of the amino acid sequence shown
in SEQ ID NO: 3.
[0035]

The protein of the present invention includes both a monomer and a dimer of an Fc
fusion protein formed by linking a high affinity IgE receptor a-chain to the Fc region of
IgG1 via a linker fragment consisting of the amino acid sequence shown in SEQ ID NO: 2.
Three Cys residues are present in the above-described linker fragment region (the Cys
residues at positions 184, 190, and 193 of the amino acid sequence shown in SEQ ID NO: 3),
and a dimer can be formed by disulfide bonds. In general, two Fc fusion protein monomers
form a dimer as a result of the formation of three disulfide bonds between Cys residues at
the same positions as those of the above-described three Cys residues, and the above-
described three Cys residues. Because of the above-described three disulfide bonds, a dimer
1s stabilized, and it has high stability against low pH and heat. The phrase "having high
stability against low pH and heat" means, for example, that only a few aggregates are
tormed under conditions of low pH and under heating. Such high stability against low pH or
heat can be contirmed, for example, by performing a low pH treatment or a heat treatment
on a protein, and then measuring the content of aggregates in the protein by gel filtration
chromatography. For example, even if the Fc¢ fusion protein of the present invention is
preserved at a low temperature of 2°C to 8°C, and preferably 4°C, at pH 1 to 5, and

preferably at pH 2 to 4, for 1 day to 1 month, preferably for 1 day to 14 days, and more

preferably for 5 to 12 days, or even if the present Fc fusion protein is preserved at a

temperature of 25°C to 45°C, and preferably 30°C to 40°C, for 1 day to 1 month, preferably

I day to 14 days, and more preferably 1 day to 7 days, a change in the content rate of
aggregates 1s small. For example, when a change in the content rate of aggregates in the

protein of the present invention is calculated based on the peak area of gel filtration
chromatography, it is 10% or less, and preferably 8% or less. Further, when compared with
an Fc fusion protein having two or less Cys residues as a linker fragment, a change in the

content rate of aggregates in the protein of the present invention is small.

[10036]
10
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The protein of the present invention can be produced, for example, by the following

method or a method equivalent thereto, or by the methods described in publications or

methods equivalent thereto.

(0037]

The protein of the present invention can be produced using a genetic recombination
technique that 1s well known to a person skilled in the present technical field. For example,
DNA encoding the protein of the present invention is prepared, and an expression vector
comprising this DNA is then constructed. Subsequently, prokaryotic or eukaryotic cells are
transformed or transfected with the above-described vector, and a protein of interest can be

1solated and purified from a culture supernatant of the obtained cells.

10038]

The protein of the present invention can also be produced using protein-expressing
cells that are well known to a person skilled in the present technical field. For example,
cDNA encoding the amino acid sequence shown in SEQ ID NO: 3 is incorporated into a
mammalian expression plasmid vector to prepare a protein expression plasmid, and the
prepared plasmid 1s then introduced into animal cells such as Chinese hamster ovary cells
(CHO), so as to establish a stable expression cell line. The obtained cells are cultured, and

then, the protein of the present invention can be obtained from a culture supernatant.

[0039]

The protein of the present invention can be isolated and purified, as necessary, by
1solation and purification means that are well known to a person skilled in the present
technical field. Examples of the isolation and purification method include affinity
chromatography, 10n exchange chromatography, gel filtration chromatography, hydrophobic
chromatography, mixed mode chromatography, dialysis, a fractional precipitation method,
and electrophoresis. The protein of the present invention can also be isolated and purified

by combining these methods with one another, as appropriate.

[0040]

The protein of the present invention may also undergo chemical modification that is

well known to a person skilled in the present technical field. Examples of the chemical

11
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modification include glycosylation, polyethylene glycolation (PEG), acetylation, and
amidation.
[0041]

Since the protein of the present invention has neutralizing activity against IgE, it
can be used as a preventive or therapeutic agent for various diseases mediated by IgE. For
instance, the protein of the invention of the present application is useful as a preventive or
therapeutic agent for diseases associated with type I allergy, and the like, such as bronchial
asthma, eosinophilic otitis media, eosinophilic sinusitis, allergic conjunctivitis, allergic
rhinitis, pollinosis, food allergy, mite allergic disease, hives, and anaphylactic shock.
[0042]

The protein of the present invention has excellent affinity for IgE. Hence, the
protein of the present invention can also be used as a "protein-drug conjugate” that utilizes
such affinity, such as an antibody-drug conjugate (ADC). Examples of such a "protein-drug
conjugate” include the modes of use, such as "Protein 1-drug" and "Protein 1-linker-drug."
As a drug, an anti-allergic agent or the like can be used. Such a conjugate can be produced

by a method well known to a person skilled in the present technical field.
[0043]

With regard to the pharmaceutical composition of the present invention, various
dosage forms are used depending on usage. Examples of an oral agent include a tablet, a
powder agent, a granule, a fine granule, and a capsule. Examples of a parenteral agent
include an injection, inhalation powders, an inhalation liquid, eye drops, a liquid agent, a
lotion agent, a spray agent, nasal drops, a drip, an ointment, a suppository, and a patch.

10044]

The pharmaceutical composition of the present invention is administered by various

administration methods, depending on usage. Examples of the administration method
include oral administration, intravenous administration, intraperitoneal administration,
subcutaneous administration, topical administration, and intramuscular administration.

(0045]

The pharmaceutical composition of the present invention is prepared using the

12



. \ » |
CA 02976623 2017-08-14

ia

protein of the present invention and at least one pharmaceutical product additive. The
pharmaceutical composition of the present invention can be prepared by a known
pharmaceutical method, depending on its dosage form. Examples of such a pharmaceutical
product additive include an excipient, a disintegrator, a binder, a lubricant, a diluent, a buffer,
a tonicity agent, a preservative, a stabilizer, and a solubilizer. The above-described
pharmaceutical product additive also includes a physiological saline and water for injection.
The pharmaceutical composition of the present invention can be prepared by being mixed
with, being diluted with, or being dissolved in the above-described pharmaceutical product
additives.

[0046]

When the pharmaceutical composition of the present invention is used for
prevention or treatment, the dose of the protein of the present invention, which is comprised
therein as an active ingredient, is determined, as appropriate, depending on the age, sex, and
body weight of a patient, the degree of disease, a dosage form, an administration route, etc.
With regard to the dose applied to an adult by oral administration, the applied dose can be
determined, for example, in the range of 0.1 pg/kg to 1000 mg/kg/day. The daily dose in the
case of oral administration is preferably in the range of 0.1 mg/kg to 10 mg/kg/day,
depending on the dosage form. Such a daily dose may be administered at once, or dividedly
over two or three administrations. Moreover, the dose applied to an adult by parenteral

administration can be determined in the range of 0.01 pg/kg to 1000 mg/kg/day. The daily

dose in the case of parenteral administration is in the range of preferably 0.1 ug/kg to 10

ng/kg/day, 1 pg/kg to 100 pg/kg/day, or 10 pg/kg to 1000 ng/kg/day, depending on the

dosage form.

Examples
(0047]

The content of the present invention will be described in more detail in the
following examples and test examples. However, these examples are not intended to limit

the scope of the present invention.

13
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[0048]
Example 1
Expression and preparation of Protein 1
(1) Preparation of Protein 1 expression vector

cDNA encoding the amino acid sequence shown in SEQ ID NO: 3 was
incorporated mnto a mammalian expression plasmid vector to prepare a Protein 1 expression
plasmid.
[0049]
(2) Preparation of Protein 1-expressing cells

The Protein 1 expression plasmid was introduced into Chinese hamster ovary cells
(CHO) to establish a Protein 1 stable expression cell line. Secretion of Protein 1 into a
culture supernatant was confirmed by SDS-PAGE.
[0050]
Test Example 1
[gE binding inhibitory activity (IgE neutralizing activity)
(1) Preparation of assay plate

Protein 1 was dissolved 1n a coating buffer, and an aliquot of the obtained solution
was added onto a microplate. The microplate was left at 4°C for 18 or more hours, and was
then washed with a washing bufter (PBS-Tween 20). Thereafter, a blocking solution (Assay

Diluent) (BD Biosciences) was added thereto. The microplate was left at room temperature

for 1 hour, and the blocking solution was then removed. The plate was washed with a
washing buffer, and was then used in the measurement of binding inhibitory activity.
[0051]
(2) Method of measuring binding inhibitory activity

Using omalizumab (anti-human IgE antibody) as a positive control, the IgE binding
inhibitory activity of Protein 1 was measured by the following method.
[0052]

A certain amount of human Igk (ANTIBODY SHOP) was mixed with Protein 1 or

omalizumab (Novartis) having any given concentration. The obtained mixture was added to

14
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the plate prepared in the above (1), and it was then left at room temperature for
approximately 2 hours. After the mixed solution had been discarded, the plate was washed
with a washing buffer. A HRP-labeled anti-human IgE antibody (BD Biosciences) was
added to the resulting plate, and it was then left at room temperature for approximately 1
hour. After the antibody solution had been discarded, the plate was washed with a washing
buffer. A TMB (3,3',5,5'-tetramethylbenzidine) solution was added to the plate. After a
certain period of time had passed, phosphoric acid was added to the plate to terminate a
coloring reaction. Thereafter, using a plate reader, absorbance (OD450) was measured.
Based on the amount of IgE bound to Protein 1 immobilized on the plate, Protein 1 and
omalizumab were evaluated in terms of IgE binding inhibitory activity (IgE neutralizing
activity) (Figure 1).
[0053]
(3) Results

The Protein 1 of the present invention inhibited the binding of IgE to FCER1A in a
concentration-dependent manner.
[0054]
Test Example 2
Test regarding stability at low pH
(1) Preparation of sample

A purification operation was carried out using AKTA Explorer 10 S (GE
Healthcare). Protein 1 was allowed to be expressed by the same method as that described in
Example 1, and then, a culture supernatant thereof was 2 times diluted with D-PBS(-)
(Dulbecco’s Phosphate Buftered Saline). The diluted solution was loaded on HiTrap
rProtein A FF (GE Healthcare, 17-5079-01). The above-described column was washed with
D-PBS(-), and was then eluted with a 100 mM glycine-HCI buffer (pH 2.2). A protein A
adsorption fraction was fractionated at 1.0 mL/tube. The peak fractions were mixed with

one another to obtain a low pH-treated sample (pH 2.9). The low pH-treated sample that

had been preserved at 4°C was used as an evaluation sample. 0.25 mL of an aliquot was

sampled from the evaluation sample at a predetermined timing (5 to 12 days after the
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preservation at 4°C), and 0.05 mL of a 1 M Tris-HCI buffer (pH 9.0) was added to the
aliquot to neutralize it, thereby obtaining a neutralized sample.
100535]

As a control, Fusion protein A described in Non Patent Literature 3 was used.
Fusion protein A was allowed to be expressed by the same method as that described in
Example 1, and then, a neutralized sample was obtained by the same method as the
atorementioned method. It 1s to be noted that the Fusion protein A used in the present test is
a protein consisting of the amino acid sequence shown in the following SEQ ID NO: 4. The
amino acid sequence shown in SEQ ID NO: 4 comprises a linker fragment consisting of Asp
at position 180 to Cys at position 188, and the number of Cys residues contained in this
linker fragment is 2.
SEQ ID NO: 4:
VPQKPKVSLNPPWNRIFKGENVTLTCNGNNFFEVSSTKWFHNGSLSEETNSSLNIVN
AKFEDSGEYKCQHQQVNESEPVYLEVFSDWLLLQASAEVVMEGQPLFLRCHGWR
NWDVYKVIYYKDGEALKYWYENHNISITNATVEDSGTYYCTGKVWQLDYESEPL
NITVIKAPREKYWLDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHE
ALHNHYTQKSLSLSPGK
[0056]
(2) Method of analyzing content of aggregates

With regard to the operation of analyzing aggregates, the content of aggregates was
confirmed by performing gel filtration chromatography of using Superdex 200 10/300GL
(GE Healthcare, 17-5175-01), employing AKTA Explorer 10 S (GE Healthcare), and also
using D-PBS(-) as a mobile phase. The areas of a peak whose eluted position was a
monomer and an aggregate peak eluted in a high molecular region were calculated, and a
transition of a change in the content rate of aggregates (%) in Protein 1 and Fusion protein A,

which was caused by a low pH treatment, was evaluated (Figure 2).
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[0057]
(3) Results

In the protein of the present invention, the increased level of the formation of
aggregates assoclated with a low pH treatment time was significantly smaller than that in the
case of Fusion protein A, and thus, the protein of the present invention exhibited high
stability against exposure to low pH. Therefore, the protein of the present invention is
excellent in terms of stability at low pH, and thus, the improvement of purification
etficiency and productivity is expected in the production process.
[0058]
Test Example 3
Test regarding stability against heat
(1) Preparation of sample

A puritication operation was carried out using AKTA Explorer 10 S (GE
Healthcare). Protein 1 was allowed to be expressed by the same method as that described in
Example 1, and a culture supernatant thereof was then loaded on HiTrap MabSelect SuRe
(GE Healthcare , 17-0034-94). The above-described column was washed with D-PBS(-)
and a 100 mM citrate buffer (pH 4.0), and a protein A adsorbate was then eluted with a 100
mM glycine-HCI buffer (pH 3.3). A 1 M Tris-HCl buffer (pH 9.0) was added at a volume of
1/10 to the recovered fraction to neutralize it, so as to obtain a protein A-purified protein.

The pH of this protein A-purified protein was adjusted to pH 4.0 by addition of 1 N HCI,

and 1t was then loaded on a column filled with a mixed mode resin of hydrophobic
interaction and cation exchange. A non-adsorbed protein was washed with a 50 mM acetate
buffer (pH 4.0), and 100% linear gradient elution was then carried out with a 50 mM Tris-
Hcl butfter (pH 9.0). A peak fraction was recovered to obtain a purified protein. The
obtained protein was subjected to gel filtration fractionation, using D-PBS(-) as a mobile
phase, and employing HilLoad 16/60 Superdex 200 prep grade (GE Healthcare , 17-1069-01).
A peak fraction corresponding to a monomer was recovered to obtain a gel filtration purified
sample. This gel filtration purified sample was adjusted again with D-PBS(-), and it was

then poured into a microtube, followed by incubation at 37°C, so as to obtain an evaluation
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sample. An aliquot was sampled from this evaluation sample at a predetermined timing (1

day to 7 days after the preservation at 37°C), so as to obtain a heat treatment sample.
[0059]

As a control, Fusion protein A described in Non Patent Literature 3 was used.
Fusion protein A was allowed to be expressed by the same method as that in Example 1, and
then, a heat treatment sample was obtained by the same method as the aforementioned
method. It 1s to be noted that the Fusion protein A used in the present test is a protein
consisting of the same amino acid sequence as that of the protein used in Test Example 2.
[0060]
(2) Method of analyzing content of aggregates

With regard to the operation of analyzing aggregates, the content of aggregates was
confirmed by performing gel filtration chromatography of using Superdex 200 10/300GL
(GE Healthcare, 17-5175-01), employing AKTA Explorer 10 S (GE Healthcare), and also
using D-PBS(-) as a mobile phase. The areas of a peak whose eluted position was a
monomer and an aggregate peak eluted in a high molecular region were calculated, and a
transition of a change 1n the content rate of aggregates (%) in Protein 1 and Fusion protein A,

which was caused by a heat treatment, was evaluated (Figure 3).

[0061]
(3) Results
In the protein of the present invention, the increased level of the content of

aggregates after preservation at 37°C was smaller than that in the case of Fusion protein A,

and thus, the protein of the present invention exhibited more stability against exposure at

37°C. Therefore, the protein of the present invention is excellent in terms of stability against

heat, as well as stability at low pH, and thus, the improvement of purification efficiency and

productivity 1s expected in the production process.

Industrial Applicability
[0062]

Since the protein of the present invention has excellent neutralizing activity against
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IgE, it can be used as a protein pharmaceutical product for preventing or treating various

diseases mediated by the IgE.

Sequencing Free Text
[0063]
SEQ ID NO: 2 Synthesized
[0064]
All publications, patents and patent applications cited in the present description are

incorporated herein by reference in their entirety.
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Claims

[Claim 1}

An Fc fusion protein comprising:

(1) a high affinity IgE receptor a-chain; and

(11) an Fc region of IgG1, wherein

a linker fragment region between the (1) and the (11) 1s the amino acid sequence
shown in SEQ ID NO: 2.

[Claim 2]

The Fc fusion protein according to claim 1, comprising the amino acid sequence
shown in SEQ ID NO: 3, or an amino acid sequence comprising a deletion of lysine (K) at
the C-terminus of the amino acid sequence shown in SEQ ID NO: 3.

[Claim 3]

The Fc fusion protein according to claim 1 or 2, which is a dimer.
[Claim 4]

The Fc fusion protein according to claim 3, wherein cysteine residues in the linker
fragment region form three disulfide bonds.

[Claim 5]
A pharmaceutical composition comprising, as an active ingredient, the Fc fusion

protemn according to any one of claims 1 to 4.
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