wO 20197112027 A1 |0 000 00000 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
13 June 2019 (13.06.2019)

(10) International Publication Number

WO 2019/112027 A1

WIPO I PCT

(51) International Patent Classification:
CO7K 16/42 (2006.01) GOIN 33/53 (2006.01)
CO7K 1/22 (2006.01) CI2N 15/13 (2006.01)

(21) International Application Number:
PCT/JP2018/045024

(22) International Filing Date:
07 December 2018 (07.12.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

2017-235244 07 December 2017 (07.12.2017) JP

(71) Applicant: CHUGAI SEIYAKU KABUSHIKI KAISHA
[JP/IP]; 5-1, Ukima 5-chome, Kita-ku, Tokyo, 1158543
(JP).

(72) Inventors: TAKAHASHI, Noriyuki, c/o CHUGAI
SEIYAKU KABUSHIKI KAISHA, 135, Komakado 1-
chome, Gotemba-shi, Shizuoka, 4128513 (JP). IGAWA,
Tomoyuki; c/o CHUGAI SEIYAKU KABUSHIKI
KAISHA, 135, Komakado 1-chome, Gotemba-shi, Shizuo-
ka, 4128513 (JP). BABA, Takeshi; c/o CHUGAI
SEIYAKU KABUSHIKI KAISHA, 135, Komakado 1-

chome, Gotemba-shi, Shizuoka, 4128513 (JP).

(74) Agent: HARUNA, Masao et al.; Kantetsu Tsukuba Bldg.
6F, 1-1-1, Oroshi-machi, Tsuchiura-shi, Ibaraki, 3000847
(JP).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

(54) Title: ANTIBODIES, COMPOSITIONS FOR USE IN DETECTING OR CAPTURING A POLYPEPTIDE IN A SAMPLE, AND
METHODS FOR DETECTING OR CAPTURING A POLYPEPTIDE IN A SAMPLE

3.0

25 = %
—~ 7z
g 20 §
g 15 Z
- 7
a 10 Z
i ?f
0.5 %

0»0 - | ann:| / = {— 1o n | ) sl

v AN M| Moo 9

9, %92, 99, 2%, ¢

58 5 22 5 28 3 22 3

3g % 3% % 3% ¥ 3% 3

5 O 1 I RS O

% » % 2% B2 %Y B

YG55 Isotype Control

(57) Abstract: An objective of the invention is to provide an antibody, a composition for use in detecting or capturing a polypeptide
in a sample, and a method for detecting or capturing a polypeptide in sample. The disclosure provides an antibody, a composition for
use in detecting or capturing a polypeptide in a sample, and a method for detecting or capturing a polypeptide in sample.

[Continued on next page]



WO 20197112027 A1 0000000 00000 OO0

Published:
—  with international search report (Art. 21(3))
—  with sequence listing part of description (Rule 5.2(a))



WO 2019/112027 PCT/JP2018/045024

Description
Title of Invention: ANTIBODIES, COMPOSITIONS FOR USE IN
DETECTING OR CAPTURING A POLYPEPTIDE IN A
SAMPLE, AND METHODS FOR DETECTING OR CAPTURING

A POLYPEPTIDE IN A SAMPLE
Technical Field

[0001]  The present invention relates to antibodies, compositions for use in detecting or
capturing a polypeptide in a sample, and methods for detecting or capturing a
polypeptide in a sample.

Background Art

[0002]  Hybridoma technology has enabled the production of monoclonal antibodies and this
monoclonal antibody technology has a wide range of applications in many scientific
fields (NPL1). After this technological achievement, further efforts were made in the
field of therapeutic and diagnostic antibodies. 30 years have passed since the first US
approval of monoclonal antibody therapy (NPL2). More than 30 antibodies have been
approved by the FDA and a significant number of candidates are under clinical and
pre-clinical evaluation. So far, monoclonal antibodies have remained the standard
therapeutic molecules and are used in various disease areas such as cancer, au-
toimmune diseases, respiratory diseases, infectious diseases and neural diseases
(NPL3).

[0003]  In order to increase the merit of therapeutic antibodies, many different types of en-
gineered Fc modifications to improve functions such as those for antibody-dependent
cell-mediated cytotoxicity enhancement, complement dependent cytotoxicity en-
hancement, antibody half-life extension, antigen clearance modulation and facilitation
of heavy chain heterodimerization, were identified (NPL4).

[0004]  During the process of therapeutic monoclonal antibody production, the heterogeneity
of antibody molecules can cause potential difficulties in achieving consistent manu-
facturing and quality control (NPL5). Heavy chain C-terminal heterogeneity for re-
combinant monoclonal antibodies, comprising wild type heavy chain, C-terminus
lysine-deleted heavy chain (referred to as "delta-K"), and heavy chain ending with
amidated proline (referred to as "delta-GK-amide"), is one such example previously
reported (NPL6). Interestingly, this cleaving event is similar to the modification of en-
dogenous antibody Fc. In general, endogenous antibody heavy chain C-terminal lysine
is cleaved by endogenous carboxypeptidase in vivo. Further modifications of C-

terminal glycine cleavage and proline amidation have also been reported. This is
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[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

because peptidylglycine alpha-amidating monooxygenase (PAM) cleaves C-terminal
glycine and amidates proline.
To overcome this C-terminal heterogeneity problem, scientists have successfully

identified the pivotal residues and engineered an antibody Fc whereby the C-terminal
lysine (K) (position 447 in the EU numbering system) and glycine (G) (position 446 in
the EU numbering system) are genetically deleted from the Fc region (referred to as
"delta-GK") (PTL1).

Antibodies that specifically bind to engineered Fc regions but not to a wild-type Fc
have been reported (NPL7; PTL2). It was proven that antibodies against engineered Fc

regions are quite useful for various purposes.
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Summary of Invention

We have provided some antibodies comprising a modified IgG heavy chain constant
region which has originated from a human IgG heavy chain constant region and lacks
both of glycine at position 446 according to the EU numbering system and lysine at
position 447 according to the EU numbering system, and in which an amino acid at
position 445 according to the EU numbering system remains, the set of modifications
in such modified IgG heavy chain constant region being referred to as "IgG delta-GK"
herein and antibodies comprising a modified IgG heavy chain constant region having
the IgG delta-GK include, for example, satralizumab, nemolizumab, emicizumab,
SKY59, AMY109, and GYM329. The present invention provides antibodies that
specifically bind to, detect, and capture such delta-GK in a modified IgG heavy chain
constant region, compositions comprising the antibody, and methods using the
antibody.

Specifically, the present invention relates to:

[1] An antibody that specifically binds to a first modified IgG heavy chain constant
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region which has originated from human IgG heavy chain constant region, wherein the
first modified IgG heavy chain constant region lacks both of glycine at position 446
according to the EU numbering system and lysine at position 447 according to the EU
numbering system, wherein an amino acid at position 445 according to the EU
numbering system remains in the first modified IgG heavy chain constant region.

[2] The antibody of [1], wherein the amino acid at position 445 according to the EU
numbering system in the first modified IgG heavy chain constant region is not
amidated.

[3] The antibody of [2], which substantially does not bind to a second modified IgG
heavy chain constant region which has originated from human IgG heavy chain
constant region, wherein the second modified IgG heavy chain constant region lacks
both of glycine at position 446 according to the EU numbering system and lysine at
position 447 according to the EU numbering system, wherein an amino acid at position
445 according to the EU numbering system remains in the second modified IgG heavy
chain constant region and is amidated.

[4] The antibody of any one of [1] to [3], which substantially does not bind to the
following (i) or (ii):

(1) a third modified IgG heavy chain constant region which has originated from human
IgG heavy chain constant region or a non-modified human IgG heavy chain constant
region, wherein an amino acids at position 445, position 446, and position 447
according to the EU numbering system remain in the third modified IgG heavy chain
constant region or the non-modified human IgG heavy chain constant region; and

(i1) a fourth modified IgG heavy chain constant region which has originated from
human IgG heavy chain constant region, wherein the fourth modified IgG heavy chain
constant region lacks lysine at position 447 according to the EU numbering system,
wherein an amino acids at position 445 and position 446 according to the EU
numbering system remain in the fourth modified IgG heavy chain constant region.

[5] The antibody of [3], wherein a binding activity of the antibody to the second
modified IgG heavy chain constant region is below the detection limit in an enzyme-
linked immunoassay.

[6] The antibody of [4], wherein a binding activity of the antibody to at least one IgG
heavy chain constant region selected from the group consisting of the third modified
IgG heavy chain constant region, the fourth modified IgG heavy chain constant region,
and the non-modified human IgG heavy chain constant region is below the detection
limit in an enzyme-linked immunoassay.

[7] The antibody of any one of [1] to [6], wherein a binding activity of the antibody to
the first modified IgG heavy chain constant region is detectable in an enzyme-linked

immunoassay.
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[8] The antibody of any one of [1] to [7], wherein the antibody competes for binding to
the first modified IgG heavy chain constant region with an antibody which comprises:
(a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2;

(b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3;

(c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4;

(d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 6;

(e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 7; and

(f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 8.

[9] The antibody of any one of [1] to [8], wherein the antibody binds to the same
epitope as an antibody which comprises:

(a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2;

(b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3;

(c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4;

(d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 6;

(e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 7; and

(f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 8.

[10] A composition for use in detecting or capturing a polypeptide in a sample,
wherein the composition comprises the antibody of any one of [1] to [9], and the
polypeptide comprises a fifth modified IgG heavy chain constant region which has
originated from human IgG heavy chain constant region, wherein the fifth modified
IgG heavy chain constant region lacks both of glycine at position 446 according to the
EU numbering system and lysine at position 447 according to the EU numbering
system, wherein an amino acid at position 445 according to the EU numbering system
remains in the fifth modified IgG heavy chain constant region.

[11] The composition of [10], wherein the amino acid at position 445 according to the
EU numbering system in the fifth modified IgG heavy chain constant region is not
amidated.

[12] A method for detecting or capturing a polypeptide in a sample, wherein the
method comprises contacting the antibody of any one of [1] to [8] with the sample, and
the polypeptide comprises a sixth modified IgG heavy chain constant region which has
originated from human IgG heavy chain constant region, wherein the sixth modified
IgG heavy chain constant region lacks both of glycine at position 446 according to the
EU numbering system and lysine at position 447 according to the EU numbering
system, wherein an amino acid at position 445 according to the EU numbering system
remains in the sixth modified IgG heavy chain constant region.

[13] The method of [12], wherein the amino acid at position 445 according to the EU
numbering system in the sixth modified IgG heavy chain constant region is not

amidated.
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[0011]

[0012]

[0013]

Brief Description of Drawings

[fig.1]Figure 1 shows the ELISA results of the primary screening. The identified single
hit (positive) B-cell clone could bind to IgG1 delta-GK and IgG4 delta-GK
specifically, and did not bind to IgG1 delta-K and IgG4 delta-K. An anti-keyhole
limpet hemocyanin (KLH) rabbit monoclonal antibody was used as an isotype control.
[fig.2]Figure 2 shows the ELISA results of the secondary screening. The identified
single hit (positive) B-cell clone could bind to IgG1 delta-GK and IgG4 delta-GK
specifically, and did not bind to IgG1 delta-GK-amide and IgG4 delta-GK-amide. An
anti- KLH rabbit monoclonal antibody was used as an isotype control.

[fig.3]Figure 3 shows the ELISA result of the purified monoclonal antibody. YGS55
could bind to IgG1 delta-GK and IgG4 delta-GK specifically, and did not bind to IgG1
delta-GK-amide and IgG4 delta-GK-amide. An anti- KLH rabbit monoclonal antibody

was used as an isotype control.

Description of Embodiments

L. Definition

"Affinity" refers to the strength of the sum total of noncovalent interactions between
a single binding site of a molecule (e.g., an antibody) and its binding partner (e.g., an
antigen). Unless indicated otherwise, as used herein, "binding affinity"” or "binding
activity" refers to intrinsic binding affinity which reflects a 1:1 interaction between
members of a binding pair (e.g., antibody and antigen). The affinity of a molecule X
for its partner Y can generally be represented by the dissociation constant (Kd).
Affinity can be measured by common methods known in the art, including those
described herein. Specific illustrative and exemplary embodiments for measuring
binding affinity are described below.

The term "an antibody that specifically binds to a modified IgG heavy chain constant
region which has originated from a human IgG heavy chain constant region" refers to
an antibody that is capable of binding to a specific type of modified IgG heavy chain
constant region with sufficient affinity such that the antibody is useful as a detection,
capturing, or diagnostic agent in targeting the modified IgG heavy chain constant
region. In one embodiment, for an antibody that specifically binds to a first modified
IgG heavy chain constant region which has originated from a human IgG heavy chain
constant region, the extent of binding of the antibody, which specifically binds to the
first modified IgG heavy chain constant region, to an IgG heavy chain constant
region(s) other than the first modified IgG heavy chain constant region, e.g., second,
third, and fourth modified IgG heavy chain constant regions and a non-modified
human IgG heavy chain constant region, is less than about 10% of the binding of the

first modified IgG heavy chain constant region as measured, e.g., by a radioim-
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[0014]

[0015]

[0016]

[0017]

munoassay (RIA). In certain embodiments, an antibody that binds to a modified IgG
heavy chain constant region which has originated from a human IgG heavy chain
constant region has a dissociation constant (Kd) of 1 micro M or less, 100 nM or less,
10 nM or less, 1 nM or less, 0.1 nM or less, 0.01 nM or less, or 0.001 nM or less (e.g.,
10#M or less, e.g. from 10*M to 10-° M, e.g., from 10°M to 10-1* M). In certain em-
bodiments, an antibody that binds to a modified IgG heavy chain constant region
which has originated from a human IgG heavy chain constant region binds to an
epitope of the modified IgG heavy chain constant region.

The term "antibody" herein is used in the broadest sense and encompasses various
antibody structures, including but not limited to monoclonal antibodies, polyclonal an-
tibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody fragments
so long as they exhibit the desired antigen-binding activity.

The "class" of an antibody refers to the type of constant domain or constant region
possessed by its heavy chain. There are five major classes of antibodies: IgA, IgD, IgE,
IgG, and IgM, and several of these may be further divided into subclasses (isotypes),
e.g., IgGl, IgG2, IgG3, IgG4, IgA1l, and IgA2. The heavy chain constant domains that
correspond to the different classes of immunoglobulins are called alpha, delta, epsilon,
gamma, and mu, respectively.

The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies
composing the population are identical and/or bind the same epitope, except for
possible variant antibodies, €.g., containing naturally occurring mutations or arising
during production of a monoclonal antibody preparation, such variants generally being
present in minor amounts. In contrast to polyclonal antibody preparations, which
typically include different antibodies directed against different determinants (epitopes),
each monoclonal antibody of a monoclonal antibody preparation is directed against a
single determinant on an antigen. Thus, the modifier "monoclonal” indicates the
character of the antibody as being obtained from a substantially homogeneous
population of antibodies, and is not to be construed as requiring production of the
antibody by any particular method. For example, the monoclonal antibodies to be used
in accordance with the present invention may be made by a variety of techniques,
including but not limited to the hybridoma method, recombinant DNA methods,
phage-display methods, and methods utilizing transgenic animals containing all or part
of the human immunoglobulin loci, such methods and other exemplary methods for
making monoclonal antibodies being described herein.

The term "Fc region" herein is used to define a C-terminal region of an im-
munoglobulin heavy chain that contains at least a portion of the constant region. The

term includes native sequence Fc regions and variant Fc regions. In one embodiment, a
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[0018]

[0019]

[0020]

human IgG heavy chain Fc region extends from Cys226, or from Pro230, to the
carboxyl-terminus of the heavy chain. Unless otherwise specified herein, numbering of
amino acid residues in the Fc region or constant region is according to the EU
numbering system, also called the EU index, as described in Kabat et al., Sequences of
Proteins of Immunological Interest, Sth Ed. Public Health Service, National Institutes
of Health, Bethesda, MD, 1991.

The term "variable region” or "variable domain" refers to the domain of an antibody
heavy or light chain that is involved in binding the antibody to antigen. The variable
domains of the heavy chain and light chain (VH and VL, respectively) of a native
antibody generally have similar structures, with each domain comprising four
conserved framework regions (FRs) and three hypervariable regions (HVRs). (See,
e.g., Kindt et al. Kuby Immunology, 6™ ed., W.H. Freeman and Co., page 91 (2007).)
A single VH or VL domain may be sufficient to confer antigen-binding specificity.
Furthermore, antibodies that bind a particular antigen may be isolated using a VH or
VL domain from an antibody that binds the antigen to screen a library of com-
plementary VL or VH domains, respectively. See, e.g., Portolano et al., J. Immunol.
150:880-887 (1993); Clarkson et al., Nature 352:624-628 (1991).

"Framework" or "FR" refers to variable domain residues other than hypervariable
region (HVR) residues. The FR of a variable domain generally consists of four FR
domains: FR1, FR2, FR3, and FR4. Accordingly, the HVR and FR sequences
generally appear in the following sequence in VH (or VL):
FR1-HI(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4.

The term "hypervariable region" or "HVR" as used herein refers to each of the
regions of an antibody variable domain which are hypervariable in sequence
("complementarity determining regions” or "CDRs") and/or form structurally defined
loops ("hypervariable loops") and/or contain the antigen-contacting residues ("antigen
contacts"). Generally, antibodies comprise six HVRs: three in the VH (H1, H2, H3),
and three in the VL (L1, L2, L3). Exemplary HVRs herein include:

(a) hypervariable loops occurring at amino acid residues 26-32 (L.1), 50-52 (L2),
91-96 (L3), 26-32 (H1), 53-55 (H2), and 96-101 (H3) (Chothia and Lesk, J. Mol. Biol.
196:901-917 (1987));

(b) CDRs occurring at amino acid residues 24-34 (L1), 50-56 (L2), 89-97 (L3),
31-35b (H1), 50-65 (H2), and 95-102 (H3) (Kabat et al., Sequences of Proteins of Im-
munological Interest, Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, MD (1991));

(c) antigen contacts occurring at amino acid residues 27¢-36 (L1), 46-55 (L2), 89-96
(L3), 30-35b (H1), 47-58 (H2), and 93-101 (H3) (MacCallum et al. J. Mol. Biol. 262:
732-745 (1996)); and
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[0021]

[0022]

[0023]

(d) combinations of (a), (b), and/or (¢), including HVR amino acid residues 46-56
(L2), 47-56 (L2), 48-56 (L2), 49-56 (L2), 26-35 (H1), 26-35b (H1), 49-65 (H2),
93-102 (H3), and 94-102 (H3).

"Percent (%) amino acid sequence identity"” with respect to a reference polypeptide
sequence is defined as the percentage of amino acid residues in a candidate sequence
that are identical with the amino acid residues in the reference polypeptide sequence,
after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative sub-
stitutions as part of the sequence identity. Alignment for purposes of determining
percent amino acid sequence identity can be achieved in various ways that are within
the skill in the art, for instance, using publicly available computer software such as
BLAST, BLAST-2, ALIGN, Megalign (DNASTAR) software, or GENETYX
(registered trademark) (Genetyx Co., Ltd.). Those skilled in the art can determine ap-
propriate parameters for aligning sequences, including any algorithms needed to
achieve maximal alignment over the full length of the sequences being compared.

The ALIGN-2 sequence comparison computer program was authored by Genentech,
Inc., and the source code has been filed with user documentation in the U.S. Copyright
Office, Washington D.C., 20559, where it is registered under U.S. Copyright Reg-
istration No. TXU510087. The ALIGN-2 program is publicly available from
Genentech, Inc., South San Francisco, California, or may be compiled from the source
code. The ALIGN-2 program should be compiled for use on a UNIX operating system,
including digital UNIX V4.0D. All sequence comparison parameters are set by the
ALIGN-2 program and do not vary. In situations where ALIGN-2 is employed for
amino acid sequence comparisons, the % amino acid sequence identity of a given
amino acid sequence A to, with, or against a given amino acid sequence B (which can
alternatively be phrased as a given amino acid sequence A that has or comprises a
certain % amino acid sequence identity to, with, or against a given amino acid
sequence B) is calculated as follows:

100 times the fraction X/Y

where X is the number of amino acid residues scored as identical matches by the
sequence alignment program ALIGN-2 in that program's alignment of A and B, and
where Y is the total number of amino acid residues in B. It will be appreciated that
where the length of amino acid sequence A is not equal to the length of amino acid
sequence B, the % amino acid sequence identity of A to B will not equal the % amino
acid sequence identity of B to A. Unless specifically stated otherwise, all % amino acid
sequence identity values used herein are obtained as described in the immediately
preceding paragraph using the ALIGN-2 computer program.

An "antibody that binds to the same epitope" as a reference antibody refers to an
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[0025]

[0026]

[0027]

antibody that blocks binding of the reference antibody to its antigen in a competition
assay by 50% or more, and conversely, the reference antibody blocks binding of the

antibody to its antigen in a competition assay by 50% or more. An exemplary com-

petition assay is provided herein.

II. Antibody

An antibody in the present invention specifically binds to a first modified IgG heavy
chain constant region which has originated from human IgG heavy chain constant
region. The first modified IgG heavy chain constant region lacks both of glycine at
position 446 according to the EU numbering system and lysine at position 447
according to the EU numbering system. An amino acid at position 445 according to the
EU numbering system remains in the first modified IgG heavy chain constant region.

In a further aspect of the invention, the antibody that specifically binds to the first
modified IgG heavy chain constant region which has originated from human IgG
heavy chain constant region is a monoclonal antibody, including a chimeric,
humanized or human antibody. In one embodiment, the antibody is an antibody
fragment, e.g., a Fv, Fab, Fab', scFv, diabody, or F(ab'), fragment. In another em-
bodiment, the antibody is a full length antibody, e.g., an intact IgG1, 1gG2, IgG3 and
IgG4 antibodies, or other antibody class or isotype as defined herein.

A. A first modified IgG heavy chain constant region

In one embodiment, a first modified IgG heavy chain constant region may form a
dimer, such as a heavy chain constant region in a naturally occurring IgG, or may form
a halfmer, such as a heavy chain constant region in the monomeric Fc reported in
Ishino, T. et al., J. Biol. Chem. 288:16529-37 (2013).

In one embodiment, a first modified IgG heavy chain constant region may have
originated from a part of a human IgG heavy chain constant region. In a preferred em-
bodiment, the first modified IgG heavy chain constant region comprises at least a
region corresponding to a CH3 region of a human IgG heavy chain. In this em-
bodiment, an epitope to which the antibody binds may be positioned in the range of
said at least a region corresponding to a CH3 region of a human IgG heavy chain. In a
further preferred embodiment, the first modified IgG heavy chain constant region
comprises at least regions corresponding to a CH2 region and a CH3 region of a
human IgG heavy chain. In this embodiment, an epitope to which the antibody binds
may be positioned in the range of said at least regions corresponding to a CH2 region
and a CH3 region of a human IgG heavy chain. In a still more preferred embodiment,
the first modified IgG heavy chain constant region comprises at least a region corre-
sponding to an Fc region of a human IgG heavy chain. In this embodiment, an epitope
to which the antibody binds may be positioned in the range of said at least a region

corresponding to an Fc region of a human IgG heavy chain.
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In one embodiment, when a first modified IgG heavy chain constant region is in a
human modified IgG heavy chain, the human modified IgG heavy chain is selected
from the group consisting of human IgG1, IgG2, IgG3 and IgG4 heavy chains. In a
preferred embodiment, the human IgG heavy chain is a human IgG1 or IgG4 heavy
chain.

In a preferred embodiment, the amino acid at position 445 according to the EU
numbering system in the first modified IgG heavy chain constant region is not
amidated.

A set of modifications in a modified IgG heavy chain constant region, i.e., lacking
both of glycine at position 446 according to the EU numbering system and lysine at
position 447 according to the EU numbering system while retaining a non-amidated
amino acid at position 445 according to the EU numbering system, such as the one in a
preferred first modified IgG heavy chain constant region, is called "IgG delta-GK" or
"delta-GK" herein.

In a further preferred embodiment, the antibody substantially does not bind to an IgG
heavy chain constant region comprising delta-GK-amide, which is a second modified
IgG heavy chain constant region which has originated from a human IgG heavy chain
constant region. The second modified IgG heavy chain constant region lacks both of
glycine at position 446 according to the EU numbering system and lysine at position
447 according to the EU numbering system. An amino acid at position 445 according
to the EU numbering system remains in the second modified IgG heavy chain constant
region and is amidated.

In all of that, the antibody can distinguish the modified IgG heavy chain constant
region with the non-amidated amino acid at position 445 according to the EU
numbering system in a human modified IgG heavy chain constant region, from the
modified IgG heavy chain constant region with delta-GK-amide.

In one embodiment, a binding activity of the antibody to the second modified IgG
heavy chain constant region is below the detection limit in an enzyme-linked im-
munoassay.

In another embodiment, a binding activity of the antibody to the first modified IgG
heavy chain constant region is detectable in an enzyme-linked immunoassay.

B. Human IgG heavy chain constant regions to which the antibody substantially does
not bind

In one embodiment, the antibody substantially does not bind to (i) a third modified
IgG heavy chain constant region with "not-deleted C-terminus"”, which has originated
from a human IgG heavy chain constant region, or a non-modified human IgG heavy
chain constant region, or (ii) a fourth modified IgG heavy chain constant region which

has originated from a human IgG heavy chain constant region, comprising "delta-K".
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In the third modified IgG heavy chain constant region comprising not-deleted C-
terminus or the non-modified human IgG heavy chain constant region of (i), amino
acids at position 445, position 446, and position 447 according to the EU numbering
system remain.

The fourth modified IgG heavy chain constant region with delta-K in (ii) lacks lysine
at position 447 according to the EU numbering system. Amino acids at position 445
and position 446 according to the EU numbering system remain in the fourth modified
IgG heavy chain constant region in (ii).

In all of that, the antibody can distinguish the first modified IgG heavy chain
constant region from the modified IgG heavy chain constant region with not-deleted C-
terminus or delta-K, or the non-modified human IgG heavy chain constant region.

In one embodiment, a binding activity of the antibody to at least one IgG heavy chain
constant region selected from the group consisting of the third modified IgG heavy
chain constant region, the fourth modified IgG heavy chain constant region, and the
non-modified human IgG heavy chain constant region is below the detection limit in
an enzyme-linked immunoassay.

C.YGSS

Because an antibody binds to its antigen by its variable region, the variable region is
important for binding specificity of the antibody. Furthermore, it is generally known
that hypervariable regions (HVRs) are the most important region for binding
specificity of the antibody.

The inventors obtained, by screening, the antibodies which are encompassed in the
above-mentioned antibody as explained in "Examples”, one of them is named "YGS55",
while the scope of the present invention is not limited to this particular antibody YGS5.
Based on the above-mentioned general knowledge, the inventors identified all HVRs
of YGS55. YGSS5 comprises (a) HVR-H1 comprising the amino acid sequence of SEQ
ID NO: 2, (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3, (c)
HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4, (d) HVR-L1
comprising the amino acid sequence of SEQ ID NO: 6, (¢) HVR-L2 comprising the
amino acid sequence of SEQ ID NO: 7, and (f) HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 8.

In one aspect, the invention provides an antibody comprising at least one, two, three,
four, five, or six HVRs selected from (a) HVR-H1 comprising the amino acid sequence
of SEQ ID NO: 2; (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3;
(c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4; (d) HVR-L1
comprising the amino acid sequence of SEQ ID NO: 6; (¢) HVR-L2 comprising the
amino acid sequence of SEQ ID NO: 7; and (f) HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 8.
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In one aspect, the invention provides an antibody comprising at least one, at least
two, or all three VH HVR sequences selected from (a) HVR-HI1 comprising the amino
acid sequence of SEQ ID NO: 2; (b) HVR-H2 comprising the amino acid sequence of
SEQ ID NO: 3; and (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO:
4. In one embodiment, the antibody comprises HVR-H3 comprising the amino acid
sequence of SEQ ID NO: 4. In another embodiment, the antibody comprises HVR-H3
comprising the amino acid sequence of SEQ ID NO: 4 and HVR-L3 comprising the
amino acid sequence of SEQ ID NO: 8. In a further embodiment, the antibody
comprises HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4, HVR-L3
comprising the amino acid sequence of SEQ ID NO: 8, and HVR-H2 comprising the
amino acid sequence of SEQ ID NO: 3. In a further embodiment, the antibody
comprises (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2; (b)
HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3; and (c) HVR-H3
comprising the amino acid sequence of SEQ ID NO: 4.

In another aspect, the invention provides an antibody comprising at least one, at least
two, or all three VL HVR sequences selected from (a) HVR-L1 comprising the amino
acid sequence of SEQ ID NO: 6; (b) HVR-L2 comprising the amino acid sequence of
SEQ ID NO: 7; and (c) HVR-L3 comprising the amino acid sequence of SEQ ID NO:
8. In one embodiment, the antibody comprises (a) HVR-L1 comprising the amino acid
sequence of SEQ ID NO: 6; (b) HVR-L2 comprising the amino acid sequence of SEQ
ID NO: 7; and (c) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 8.

In another aspect, an antibody of the invention comprises (a) a VH domain
comprising at least one, at least two, or all three VH HVR sequences selected from (i)
HVR-HI1 comprising the amino acid sequence of SEQ ID NO: 2, (ii)) HVR-H2
comprising the amino acid sequence of SEQ ID NO: 3, and (iii) HVR-H3 comprising
the amino acid sequence of SEQ ID NO: 4; and (b) a VL domain comprising at least
one, at least two, or all three VL. HVR sequences selected from (i) HVR-L1 comprising
the amino acid sequence of SEQ ID NO: 6, (ii)) HVR-L2 comprising the amino acid
sequence of SEQ ID NO: 7, and (c) HVR-L3 comprising the amino acid sequence of
SEQ ID NO: 8.

In another aspect, the invention provides an antibody comprising (a) HVR-H1
comprising the amino acid sequence of SEQ ID NO: 2; (b) HVR-H2 comprising the
amino acid sequence of SEQ ID NO: 3; (¢) HVR-H3 comprising the amino acid
sequence of SEQ ID NO: 4; (d) HVR-L1 comprising the amino acid sequence of SEQ
ID NO: 6; () HVR-L2 comprising the amino acid sequence of SEQ ID NO: 7; and (f)
HVR-L3 comprising the amino acid sequence selected from SEQ ID NO: 8.

In another aspect, an antibody described herein comprises a heavy chain variable
domain (VH) sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
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98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ ID NO: 1. In
certain embodiments, a VH sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative sub-
stitutions), insertions, or deletions relative to the reference sequence, but an antibody
described herein comprising that sequence retains the ability to bind to a first modified
IgG heavy chain constant region. In certain embodiments, a total of 1 to 10 amino
acids have been substituted, inserted and/or deleted in SEQ ID NO: 1. In certain em-
bodiments, substitutions, insertions, or deletions occur in regions outside the HVRs
(i.e., in the FRs). Optionally, the antibody comprises the VH sequence in SEQ ID NO:
1, including post-translational modifications of that sequence. In a particular em-
bodiment, the VH comprises one, two or three HVRs selected from: (a) HVR-H1
comprising the amino acid sequence of SEQ ID NO: 2, (b) HVR-H2 comprising the
amino acid sequence of SEQ ID NO: 3, and (c) HVR-H3 comprising the amino acid
sequence of SEQ ID NO: 4. Post-translational modifications include but are not limited
to a modification of glutamine or glutamate in N-terminal of heavy chain or light chain
to pyroglutamic acid by pyroglutamylation.

In another aspect, an antibody is provided, wherein the antibody comprises a light
chain variable domain (VL) having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ ID
NO: 5. In certain embodiments, a VL sequence having at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative
substitutions), insertions, or deletions relative to the reference sequence, but an
antibody comprising that sequence retains the ability to bind to a first modified IgG
heavy chain constant region. In certain embodiments, a total of 1 to 10 amino acids
have been substituted, inserted and/or deleted in SEQ ID NO: 5. In certain em-
bodiments, the substitutions, insertions, or deletions occur in regions outside the HVRs
(i-e., in the FRs). Optionally, the antibody comprises the VL sequence in SEQ ID NO:
5, including post-translational modifications of that sequence. In a particular em-
bodiment, the VL comprises one, two or three HVRs selected from (a) HVR-L1
comprising the amino acid sequence of SEQ ID NO: 6; (b) HVR-L2 comprising the
amino acid sequence of SEQ ID NO: 7; and (c) HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 8. Post-translational modifications include but are not limited
to a modification of glutamine or glutamate in N-terminal of heavy chain or light chain
to pyroglutamic acid by pyroglutamylation.

In another aspect, an antibody is provided, wherein the antibody comprises a VH as
in any of the embodiments provided above, and a VL as in any of the embodiments
provided above. In one embodiment, the antibody comprises the VH and VL sequences
in SEQ ID NO: 1 and SEQ ID NO: 5, respectively, including post-translational modi-
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fications of those sequences. Post-translational modifications include but are not
limited to a modification of glutamine or glutamate in N-terminal of heavy chain or
light chain to pyroglutamic acid by pyroglutamylation.

In one aspect, an antibody is provided, wherein the antibody competes for binding to
the first modified IgG heavy chain constant region with an antibody which comprises:

(a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2;

(b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3;

(c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4;

(d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 6;

(e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 7; and

(H HVR-L3 comprising the amino acid sequence of SEQ ID NO: 8.

In one aspect, an antibody is provided, wherein the antibody binds to the same
epitope as an antibody which comprises:

(a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2;

(b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3;

(c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4;

(d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 6;

(e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 7; and

(H HVR-L3 comprising the amino acid sequence of SEQ ID NO: 8.

D. Recombinant Methods and Compositions

Antibodies may be produced using recombinant methods and compositions, €.g., as
described in U.S. Patent No. 4,816,567, In one embodiment, isolated nucleic acid(s)
encoding an antibody described herein is provided. Such nucleic acids may encode an
amino acid sequence comprising the VL and/or an amino acid sequence comprising the
VH of the antibody (e.g., the light and/or heavy chains of the antibody). In a further
embodiment, one or more vectors (e.g., expression vectors) comprising such nucleic
acids are provided. In a further embodiment, a host cell comprising such nucleic acids
is provided. In one such embodiment, a host cell comprises (e.g., has been transformed
with): (1) a vector comprising a nucleic acid molecule that encodes an amino acid
sequence comprising the VL of the antibody and an amino acid sequence comprising
the VH of the antibody, or (2) a first vector comprising a nucleic acid molecule that
encodes an amino acid sequence comprising the VL of the antibody and a second
vector comprising a nucleic acid molecule that encodes an amino acid sequence
comprising the VH of the antibody. In one embodiment, the host cell is eukaryotic, e.g.
a Chinese Hamster Ovary (CHO) cell or lymphoid cell (e.g., YO, NSO, Sp2/0 cell). In
one embodiment, a method of making an antibody described herein is provided,
wherein the method comprises culturing a host cell comprising a nucleic acid molecule

encoding the antibody, as provided above, under conditions suitable for expression of
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the antibody, and optionally recovering the antibody from the host cell (or host cell
culture medium).

For recombinant production of an antibody described herein, a nucleic acid molecule
encoding an antibody, e.g., as described above, is isolated and inserted into one or
more vectors for further cloning and/or expression in a host cell. Such nucleic acid
molecule may be readily isolated and sequenced using conventional procedures (e.g.,
by using oligonucleotide probes that are capable of binding specifically to genes
encoding the heavy and light chains of the antibody).

Suitable host cells for cloning or expression of antibody-encoding vectors include
prokaryotic or eukaryotic cells described herein. For example, antibodies may be
produced in bacteria, in particular when glycosylation and Fc effector function are not
needed. For expression of antibody fragments and polypeptides in bacteria, see, e.g.,
U.S. Patent Nos. 5,648,237, 5,789,199, and 5,840,523. (See also Charlton, Methods in
Molecular Biology, Vol. 248 (B.K.C. Lo, ed., Humana Press, Totowa, NJ, 2003), pp.
245-254, describing expression of antibody fragments in E. coli.) After expression, the
antibody may be isolated from the bacterial cell paste in a soluble fraction and can be
further purified.

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast
are suitable cloning or expression hosts for antibody-encoding vectors, including fungi
and yeast strains whose glycosylation pathways have been "humanized," resulting in
the production of an antibody with a partially or fully human glycosylation pattern. See
Gerngross, Nat. Biotech. 22:1409-1414 (2004), and Li et al., Nat. Biotech. 24:210-215
(2006).

Suitable host cells for the expression of glycosylated antibody are also derived from
multicellular organisms (invertebrates and vertebrates). Examples of invertebrate cells
include plant and insect cells. Numerous baculoviral strains have been identified which
may be used in conjunction with insect cells, particularly for transfection of
Spodoptera frugiperda cells.

Plant cell cultures can also be utilized as hosts. See, e.g., US Patent Nos. 5,959,177,
6,040,498, 6,420,548, 7,125,978, and 6,417,429 (describing PLANTIBODIES™
technology for producing antibodies in transgenic plants).

Vertebrate cells may also be used as hosts. For example, mammalian cell lines that
are adapted to grow in suspension may be useful. Other examples of useful mammalian
host cell lines are monkey kidney CV1 line transformed by SV40 (COS-7); human
embryonic kidney line (293 or 293 cells as described, e.g., in Graham et al., J. Gen
Virol. 36:59 (1977)); baby hamster kidney cells (BHK); mouse sertoli cells (TM4 cells
as described, e.g., in Mather, Biol. Reprod. 23:243-251 (1980)); monkey kidney cells
(CV1); African green monkey kidney cells (VERO-76); human cervical carcinoma
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cells (HELA); canine kidney cells (MDCK); buffalo rat liver cells (BRL 3A); human
lung cells (W138); human liver cells (Hep G2); mouse mammary tumor (MMT
060562); TRI cells, as described, e.g., in Mather et al., Annals N.Y. Acad. Sci.
383:44-68 (1982); MRC 5 cells; and FS4 cells. Other useful mammalian host cell lines
include Chinese hamster ovary (CHO) cells, including DHFR- CHO cells (Urlaub et
al., Proc. Natl. Acad. Sci. USA 77:4216 (1980)); and myeloma cell lines such as YO,
NSO and Sp2/0. For a review of certain mammalian host cell lines suitable for antibody
production, see, e.g., Yazaki and Wu, Methods in Molecular Biology, Vol. 248
(B.K.C. Lo, ed., Humana Press, Totowa, NJ), pp. 255-268 (2003).

E. Assays

Antibodies provided herein may be identified, screened for, or characterized for their
physical/chemical properties and/or biological activities by various assays known in
the art.

E. Binding assays and other assays

In one aspect, an antibody of the invention is tested for its antigen binding activity,
e.g., by known methods such as ELISA, Western blot, etc.

In another aspect, competition assays may be used to identify an antibody that
competes with YGS5 used in "Examples” for binding to a first modified IgG heavy
chain constant region. In certain embodiments, such a competing antibody binds to the
same epitope (e.g., a linear or a conformational epitope) that is bound by YGS5S5 used in
"Examples"”. Detailed exemplary methods for mapping an epitope to which an antibody
binds are provided in Morris (1996) "Epitope Mapping Protocols," in Methods in
Molecular Biology vol. 66 (Humana Press, Totowa, NJ).

In an exemplary competition assay, immobilized first modified IgG heavy chain
constant region is incubated in a solution comprising a first labeled antibody that binds
to the first modified IgG heavy chain constant region and a second unlabeled antibody
that is being tested for its ability to compete with the first antibody for binding to the
first modified IgG heavy chain constant region. The second antibody may be present in
a B-cell or hybridoma supernatant. As a control, immobilized first modified IgG heavy
chain constant region is incubated in a solution comprising the first labeled antibody
but not the second unlabeled antibody. After incubation under conditions permissive
for binding of the first antibody to the first modified IgG heavy chain constant region,
excess unbound antibody is removed, and the amount of label associated with im-
mobilized IgG heavy chain constant region is measured. If the amount of label as-
sociated with immobilized IgG heavy chain constant region is substantially reduced in
the test sample relative to the control sample, then that indicates that the second
antibody is competing with the first antibody for binding to the first modified IgG

heavy chain constant region. See Harlow and Lane (1988) Antibodies: A Laboratory
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Manual ch.14 (Cold Spring Harbor Laboratory, Cold Spring Harbor, NY).

III. Composition

In one aspect, a composition in the present invention is a composition for use in
detecting or capturing a polypeptide in a sample. The composition comprises the
antibody mentioned in "II. Antibody". The polypeptide comprises a fifth modified IgG
heavy chain constant region which has originated from a human IgG heavy chain
constant region. The fifth modified IgG heavy chain constant region lacks both of
glycine at position 446 according to the EU numbering system and lysine at position
447 according to the EU numbering system and an amino acid at position 445
according to the EU numbering system remains in the fifth modified IgG heavy chain
constant region.

In a preferred embodiment, the amino acid at position 445 according to the EU
numbering system in the fifth modified IgG heavy chain constant region is not
amidated.

The fifth modified IgG heavy chain constant region may comprise other amino acid
substitutions or modifications as long as it comprises the modifications of lacking both
of glycine at position 446 according to the EU numbering system and lysine at position
447 according to the EU numbering system and retaining an amino acid at position 445
according to the EU numbering system.

Furthermore, the polypeptide detected or captured using the composition in the
present invention is not particularly limited in terms of its structure as long as the
polypeptide comprises the fifth modified IgG heavy chain constant region at the C
terminus. The polypeptide detected or captured using the composition in the present
invention may be an antibody such as a human IgG1, IgG2, IgG3, or IgG4 molecule,
an antibody fragment, a fusion protein, or a polypeptide of any other form comprising
the fifth modified IgG heavy chain constant region.

IV. Method

In one aspect, a method in the present invention is a method for detecting or
capturing a polypeptide in a sample. The method comprises contacting the antibody
mentioned in "II. Antibody" with the sample. The polypeptide comprises a sixth
modified IgG heavy chain constant region which has originated from human IgG
heavy chain constant region. The sixth modified IgG heavy chain constant region lacks
both of glycine at position 446 according to the EU numbering system and lysine at
position 447 according to the EU numbering system and an amino acid at position 445
according to the EU numbering system remains in the sixth modified IgG heavy chain
constant region.

In a preferred embodiment, the amino acid at position 445 according to the EU

numbering system in the sixth modified IgG heavy chain constant region is not
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substitutions or modifications as long as it comprises the modifications of lacking both
of glycine at position 446 according to the EU numbering system and lysine at position
447 according to the EU numbering system and retaining an amino acid at position 445
according to the EU numbering system.

Furthermore, the polypeptide detected or captured by the method in the present
invention is not particularly limited in terms of its structure as long as the polypeptide
comprises the sixth modified IgG heavy chain constant region at the C terminus. The
polypeptide detected or captured by the method in the present invention may be an
antibody such as a human IgGl, IgG2, IgG3, or IgG4 molecule, an antibody fragment,
a fusion protein, or a polypeptide of any other form comprising the sixth modified IgG

heavy chain constant region.
Examples

Example 1
Preparation of delta-GK Fc

The human IgG4-derived delta-GK Fc fragment was expressed using the FreeStyle™
293 expression system (Invitrogen). The expressed Fc fragment was purified from the
harvested cell culture media by affinity chromatography (MabSelect SuRe, GE). In the
final step, the buffer was exchanged to D-PBS(-).

Example 2
Generation of anti-delta-GK antibodies

Anti-delta-GK antibodies were prepared, selected, and assayed as described below.

NZW rabbits were immunized intradermally with the human IgG4-derived delta-GK
Fc fragment expressed in Example 1 (100-200 micro g/dose/head). The dose was re-
peatedly given 6 times over a 3-month period followed by blood and spleen collection.
For B-cell selection, an IgG4 delta-GK antibody (an IgG4 antibody with genetically
deleted IgG4 C-terminal GK) and a wild type IgG4 antibody were prepared. Delta-GK
specific B-cells were sorted using a cell sorter and then plated and cultured according
to the procedure described in WO2016098356A1. After cultivation, the B-cell culture
supernatants were harvested for further analysis and the corresponding B-cell pellets
were cryopreserved.

Specific binding to IgG delta-GK was evaluated by ELISA using the B-cell culture
supernatants. In this primary screening, four types of antibodies were used as antigens
in order to evaluate the binding specificity against the delta-GK C-terminal sequence:
an IgG1 antibody with genetically deleted IgG1 C-terminal K (IgG1 delta-K), an IgG1
antibody with genetically deleted IgG1 C-terminal GK (IgG1 delta-GK), an IgG4
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antibody with genetically deleted IgG4 C-terminal K (IgG4 delta-K) and an IgG4
antibody with genetically deleted IgG4 C-terminal GK (IgG4 delta-GK). The results
showed that only one culture supernatant sample from a single B cell clone
demonstrated specific binding to both IgG1 delta-GK and IgG4 delta-GK (Figure 1).

Delta-GK Fc is more structurally similar to delta-GK-amide Fc than to delta-K Fc.
We have also characterized specific binding to delta-GK Fc and delta-GK-amide Fc
using the aforementioned selected culture supernatant from the positive B cell clone.
IgG1 delta-GK-amide and IgG4 delta-GK-amide were prepared by PAM treatment
with IgG1 delta-K or IgG4 delta-K mentioned above and were purified by con-
ventional method. In this secondary screening, four types of antibodies were used as
antigens in an ELISA assay to evaluate the binding specificity against the delta-GK C-
terminal sequence: IgG1 delta-GK, IgG1 delta-GK-amide, IgG4 delta-GK, and IgG4
delta-GK-amide. Surprisingly, the tested single B cell culture supernatant showed
extremely high specificity against delta-GK molecules (Figure 2).

Based on these screening results, the RNA of the selected clone was extracted from
its cryopreserved cell pellet using ZR-96 Quick-RNA kits (ZYMO RESEARCH, Cat
No. R1053). DNA encoding the antibody heavy chain variable region in the antibody
produced by the selected clone was obtained and amplified by reverse transcription
PCR then recombined with DNA encoding the rabbit IgG heavy chain constant region
(SEQ ID NO: 9). DNA encoding the antibody light chain variable regions was also
obtained and amplified by reverse transcription PCR then recombined with DNA
encoding the rabbit Igk light chain constant region (SEQ ID NO: 10). An anti-
delta-GK antibody, named "YG55", which has two heavy chains and two light chains,
was produced from these recombinants. The VH, VL, and HVRs sequences of the
heavy and light chains are described in Table 1. YG55 was expressed using the
FreeStyle™ 293 expression system and purified from the culture supernatants.

Example 3
Characterization of anti-delta-GK monoclonal antibody YG55

After gene cloning and antibody expression, the specificity of YG55 was assessed by
the ELISA assay as described above in the secondary screening. The antibody gene
cloning was successful, resulting in YGS5S5 retaining the same specificity shown by the
hit (positive) B-cell clone (Figure 3). This highly specific binding was also confirmed
by surface plasmon resonance assay. The specific binding motif and its epitope were

identified by crystal structure analysis.
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Antibody | SEQ ID NO.
Name VH HVR-H1 | HVR-H2 | HVR-H3 | VL HVR-L1 | HVR-L2 | HVR-L3
YG55 1 2 3 4 5 6 7 8




WO 2019/112027

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

21

PCT/JP2018/045024

Claims
An antibody that specifically binds to a first modified IgG heavy chain

constant region which has originated from human IgG heavy chain
constant region, wherein the first modified IgG heavy chain constant
region lacks both of glycine at position 446 according to the EU
numbering system and lysine at position 447 according to the EU
numbering system, wherein an amino acid at position 445 according to
the EU numbering system remains in the first modified IgG heavy
chain constant region.

The antibody of claim 1, wherein the amino acid at position 445
according to the EU numbering system in the first modified IgG heavy
chain constant region is not amidated.

The antibody of claim 2, which substantially does not bind to a second
modified IgG heavy chain constant region which has originated from
human IgG heavy chain constant region, wherein the second modified
IgG heavy chain constant region lacks both of glycine at position 446
according to the EU numbering system and lysine at position 447
according to the EU numbering system, wherein an amino acid at
position 445 according to the EU numbering system remains in the
second modified IgG heavy chain constant region and is amidated.
The antibody of any one of claims 1 to 3, which substantially does not
bind to the following (1) or (ii):

(1) a third modified IgG heavy chain constant region which has
originated from human IgG heavy chain constant region or a non-
modified human IgG heavy chain constant region, wherein an amino
acids at position 445, position 446 and position 447 according to the
EU numbering system remain in the third modified IgG heavy chain
constant region or the non-modified human IgG heavy chain constant
region; and

(i1) a fourth modified IgG heavy chain constant region which has
originated from human IgG heavy chain constant region, wherein the
fourth modified IgG heavy chain constant region lacks lysine at
position 447 according to the EU numbering system, wherein an amino
acids at position 445 and position 446 according to the EU numbering
system remain in the fourth modified IgG heavy chain constant region.
The antibody of claim 3, wherein a binding activity of the antibody to

the second modified IgG heavy chain constant region is below the
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detection limit in an enzyme-linked immunoassay.

The antibody of claim 4, wherein a binding activity of the antibody to
at least one IgG heavy chain constant region selected from the group
consisting of the third modified IgG heavy chain constant region, the
fourth modified IgG heavy chain constant region, and the non-modified
human IgG heavy chain constant region is below the detection limit in
an enzyme-linked immunoassay.

The antibody of any one of claims 1 to 6, wherein a binding activity of
the antibody to the first modified IgG heavy chain constant region is
detectable in an enzyme-linked immunoassay.

The antibody of any one of claims 1 to 7, wherein the antibody
competes for binding to the first modified IgG heavy chain constant
region with an antibody which comprises:

(a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2;
(b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3;
(c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4;
(d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 6;
(e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 7;
and

(f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 8.
The antibody of any one of claims 1 to 8, wherein the antibody binds to
the same epitope as an antibody which comprises:

(a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2;
(b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3;
(c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4;
(d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 6;
(e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 7;
and

(f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 8.

A composition for use in detecting or capturing a polypeptide in a
sample, wherein the composition comprises the antibody of any one of
claims 1 to 9, and the polypeptide comprises a fifth modified IgG heavy
chain constant region which has originated from human IgG heavy
chain constant region, wherein the fifth modified IgG heavy chain
constant region lacks both of glycine at position 446 according to the
EU numbering system and lysine at position 447 according to the EU
numbering system, wherein an amino acid at position 445 according to

the EU numbering system remains in the fifth modified IgG heavy
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[Claim 12]

[Claim 13]
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chain constant region.

The composition of claim 10, wherein the amino acid at position 445
according to the EU numbering system in the fifth modified IgG heavy
chain constant region is not amidated.

A method for detecting or capturing a polypeptide in a sample, wherein
the method comprises contacting the antibody of any one of claims 1 to
8 with the sample, and the polypeptide comprises a sixth modified IgG
heavy chain constant region which has originated from human IgG
heavy chain constant region, wherein the sixth modified IgG heavy
chain constant region lacks both of glycine at position 446 according to
the EU numbering system and lysine at position 447 according to the
EU numbering system, wherein an amino acid at position 445
according to the EU numbering system remains in the sixth modified
IgG heavy chain constant region.

The method of claim 12, wherein the amino acid at position 445
according to the EU numbering system in the sixth modified IgG heavy

chain constant region is not amidated.
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