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DESCRIPTION

Title of the Invention: ANTIBODY OR FRAGMENT THEREOF BINDING

SPECIFICALLY TO MERTK, AND ANTI-TUMOR AGENT

TECHNICAL FIELD
[0001]
The present invention relates to an antibody or a
fragment thereof specifically binding to MerTK, and an anti-

tumor agent.

BACKGROUND ART
[0002]

“Myeloid-Epithelial-Reproductive Tyrosine Kinase”
(hereinafter also referred to as “MerTK”) 1s a known member of
the TAM (Tyro3, AXL and MerTK) family of receptor tyrosine
kinases. MerTK is a transmembrane protein having two
immunoglobulin-like domains, two fibronectin type III domains
and one tyrosine kinase domain.

[0003]

MerTK is known to have wvarious functions. For example,
it has been reported that activation of MerTK expressed on
cancer cells induces proliferation and migration of cancer
cells and MerTK contributes to an immunosuppressive tumor
microenvironment (e.g., Non-Patent Document 1 and Non-Patent
Document 2). Because of this, MerTK now attracts attention as

a novel target molecule in the cancer immunity field.



[0004]

For example, Patent Document 1 indicates that an anti-
MerTK antibody capable of inhibiting binding of MerTK with a
ligand of MerTK “Growth arrest-specific protein 67
(hereinafter also referred to as “Gas6”) is efficacious for
cancer therapy.

[0005]

On the other hand, inhibition of binding of MerTK with a
ligand thereof may cause side effects. For example, Non-Patent
Document 3 reports that administration of a MerTK small
molecule inhibitor (UNC569) to mice caused increased toluidine
blue-positive granules and vacuoles in photoreceptor,
resulting in ocular toxicity. Non-Patent Document 4 reports
that an anti-MerTK antibody having an efferocytosis inhibitory
ability and anti-tumor effects was attributed to ocular
toxicity in cynomolgus monkeys.

Citation List
Patent Document
[0006]

Patent Document 1: PCT International Publication No.
W02020/076799
Non-Patent Document
[0007]

Non-Patent Document 1: Pharmacol Ther. 2021
Sep;225:107822. doi: 10.1016/j.pharmthera.2021.107822. Epub
2021 Mar 10

Non-Patent Document 2: Immunity. 2020 Feb 18;52(2):357-373.e9.



doi: 10.1016/7.immuni.2020.01.014. Epub 2020 Feb 11
Non-Patent Document 3: Toxicol Pathol. 2018 Feb;46(2):193-201.
doi:10.1177/0192623317749469. Epub 2018 Jan 8

Non-Patent Document 4: https://www.surfaceoncolgy.com/wp-

content/uploads/Surface AACR1S 190307c.pdf

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0008]

However, to date, no reports have been found on an anti-
MerTK antibody having tumor suppressive effects and hardly
leading to ocular toxicity.

[0009]

With the foregoing in view, an object of the present
invention is to provide an anti-MerTK antibody having tumor
suppressive effects and hardly leading to ocular toxicity.
Means for Solving the Problems
[0010]

The inventors of the present invention have found, as a
result of extensive research, that an antibody or a fragment
thereof having prescribed sequences can solve the problem,
thereby achieving the present invention. The present invention
specifically provides the following.

[0011]

(1) An antibody or fragment thereof that specifically

binds to MerTK and has heavy chain and light chain CDRs 1-3

having amino acid sequences fulfilling all requirements in



[Requirements A] indicated below:

[Requirements A]

the heavy chain CDR1 has an amino acid sequence given in SEQ
ID NO: 2;

the heavy chain CDR2 has an amino acid sequence given in SEQ
ID NO: 3;

the heavy chain CDR3 has an amino acid sequence given in SEQ
ID NO: 4;

the light chain CDR1 has an amino acid sequence given in SEQ
ID NO: 6;

the light chain CDR2 has an amino acid sequence given in SEQ
ID NO: 7; and

the light chain CDR3 has an amino acid sequence given in SEQ
ID NO: 8.

[0012]

(2) The antibody or fragment thereof according to (1),
further fulfilling all requirements in [Requirements B]
indicated below:

[Requirements B]

the heavy chain variable region has an amino acid sequence
given in SEQ ID NO: 1; and

the light chain variable region has an amino acid sequence
given in SEQ ID NO: 5.

[0013]

(3} An antibody or fragment thereof that specifically
binds to MerTK and has heavy chain and light chain CDRs 1-3

having amino acid sequences fulfilling all requirements in



[Requirements C]
[Requirements C]

the heavy chain CDR1 has an

ID NO: 10;

the heavy chain CDR2 has an

ID NO: 11;

the heavy chain CDR3 has an

ID NO: 12;

the light chain CDR1 has an

ID NO: 14;

the light chain CDR2 has an

ID NO: 15; and

the light chain CDR3 has an

ID NO: 16.
[0014]

(4)

amino

amino

amino

amino

amino

amino

indicated below:

further fulfilling all requirements

or [Requirements E]
[Requirements D]
the heavy chain variable region
given in SEQ ID NO: 9; and

the light chain variable region
given in SEQ ID NO: 13;
[Requirements E]

the heavy chain variable region
and

given in SEQ ID NO: 23;

the light chain variable region

indicated below:

has

has

has

has

acid

acid

acid

acid

acid

acid

in either

an

an

an

an

seqguence

seqguence

seqguence

seqguence

seqguence

seqguence

The antibody or fragment thereof according to

amino

amino

amino

amino

acid

acid

acid

acid

given in SEQ

given in SEQ

given in SEQ

given in SEQ

given in SEQ

given in SEQ

(3),

[Requirements D]

seqguence

seqguence

seqguence

seqguence



given in SEQ ID NO: 24.
[0015]

(5} An antibody or fragment thereof that specifically
binds to MerTK and has heavy chain and light chain CDRs 1-3
having amino acid sequences fulfilling all requirements in
[Requirements F] indicated below:

[Requirements F]

the heavy chain CDR1 has an amino acid sequence given in SEQ
ID NO: 2;

the heavy chain CDR2 has an amino acid sequence given in SEQ
ID NO: 18;

the heavy chain CDR3 has an amino acid sequence given in SEQ
ID NO: 4;

the light chain CDR1 has an amino acid sequence given in SEQ
ID NO: 6;

the light chain CDR2 has an amino acid sequence given in SEQ
ID NO: 20; and

the light chain CDR3 has an amino acid sequence given in SEQ
ID NO: 8.

[0016]

(6) The antibody or fragment thereof according to (5),
further fulfilling all reguirements in either [Requirements G]
or [Requirements H] indicated below:

[Requirements G]
the heavy chain variable region has an amino acid sequence
given in SEQ ID NO: 17; and

the light chain variable region has an amino acid sequence



given in SEQ ID NO: 19;
[Requirements H]
the heavy chain variable region has an amino acid sequence
given in SEQ ID NO: 21; and
the light chain variable region has an amino acid sequence
given in SEQ ID NO: 22.
[0017]

(7) An anti-tumor agent, including the antibody or
fragment thereof according to any one of (1) to (6).
[0018]

(8) The anti-tumor agent according to (7), further
including an immune checkpoint inhibitor.
Effects of the Invention
[0019]

The present invention provides an anti-MerTK antibody
having tumor suppressive effects and hardly leading to ocular

toxicity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 shows results of the phosphorylation inhibition
test in the Examples;
Fig. 2 shows amino acid sequences of the H chain wvariable
region and the L chain variable region of the antibodies
prepared in the Examples and positions of CDR mutations
introduced to the sequences;

Fig. 3 shows reactivity of the antibodies prepared in the



Examples in ELISA to MerTKs derived from various animals;
Fig. 4 shows tumor suppressive effects of the antibodies
prepared in the Examples;

Fig. 5 shows tumor suppressive effects of the antibodies
prepared in the Examples;

Fig. 6 shows M1/M2 ratio in the TIL analysis in the Examples;
Fig. 7 shows tumor suppressive effects of the antibody
prepared in the Examples;

Fig. 8 shows tumor suppressive effects of the antibody
prepared in the Examples;

Fig. 9 shows tumor suppressive effects of the antibody
prepared in the Examples;

Fig. 10 shows tumor suppressive effects of the antibody
prepared in the Examples;

Fig. 11 shows tumor suppressive effects of the antibodies
prepared in the Examples;

Fig. 12 shows tumor suppressive effects of the antibodies
prepared in the Examples;

Fig. 13 shows ability of various anti-MerTK antibodies for
inhibiting binding of MerTK with Gasé6;

Fig. 14 shows ability of various anti-MerTK antibodies for
inhibiting binding of MerTK with TULPI1;

Fig. 15 shows ability of various anti-MerTK antibodies for
inhibiting binding of MerTK with Gasé6;

Fig. 16 shows ability of various anti-MerTK antibodies for
inhibiting binding of MerTK with TULPI1;

Fig. 17 shows results of TB staining of the retinal pigment



epithelium after administration of various agents;

Fig. 18 shows results of TB staining of the outer nuclear
layer after administration of various agents;

Fig. 19 shows results of TB staining of the retinal pigment
epithelium after administration of various agents;

Fig. 20 shows results of TB staining of the outer nuclear
layer after administration of various agents; and

Fig. 21 shows reactivity of human chimeric and humanized

antibodies of an anti-MerTK antibody in ELISA.

PREFERRED MODE FOR CARRYING OUT THE INVENTION
[0021]

The embodiments of the present invention will be
described below, but the invention is not limited to these.
[0022]
<Antibody or fragment thereof specifically binding to MerTK>

An antibody or fragment thereof (hereinafter also
referred to as “antibody or fragment thereof of the present
invention”) specifically binding to MerTK according to the
present invention includes three embodiments as described
hereinbelow.

[0023]

The antibody or fragment thereof of the present invention
is an anti-MerTK antibody or fragment thereof. It has been
conventionally known that anti-MerTK antibodies inhibit
binding of MerTK with ligands of MerTK, thereby exhibiting

anti-tumor effects. Anti-MerTK antibodies inhibit, for
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example, binding of MerTK with a ligand Gasé6 of MerTK,
resulting in modification of tumor microenvironments and
exhibition of anti-tumor effects.

[0024]

Among ligands of MerTK, “Tubby-related protein 17
(hereinafter also referred to as “TULPl1”) gene is a cause of
an eye disease, retinitis pigmentosa. Further, it is known
that knocking out of TULP1l causes photoreceptor degeneration
(Investigative Ophthalmology & Visual Science, August 2001,
Vol. 42, No. 9). It is also known that knocking out of MerTK
shows shrinkage of the outer nuclear layer which is one of
abnormalities known to correlate with deterioration of
eyesight (Neuron, 2012 Dec 20; 76(6): 1123-32). Thus, anti-
MerTK antibodies exhibiting anti-tumor effects which inhibit
binding of MerTK with TULPl may lead to ocular toxicity.
[0025]

The inventors of the present invention successfully
created, as a result of further exhaustive research, the
antibody or fragment thereof of the present invention and have
confirmed that although the antibody or the like inhibits
binding of MerTK with Gas6, the antibody or the like does not
inhibit binding of MerTK with TULP1l, has tumor suppressive
effects and hardly leads to ocular toxicity.

[0026]

The phrase “specifically binds to MerTK” or the like as

used herein means that the antibody or fragment thereof of the

present invention specifically binds to MerTK protein and does
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not bind to or hardly binds to other proteins. Whether an
antibody or fragment thereof specifically binds to MerTK is
identified by enzyme-linked immunosorbent assay (ELISA).
[0027]

The term “antibody” as used therein means a protein
having a Y-shaped four-chain structure also referred to as
immunoglobulin or the like.

[0028]

The term “fragment of the antibody” as used herein means
a protein having a structure of, among structures of the
antibody of the present invention, a complementarity
determining region (hereinafter also referred to as “CDR”) or
a variable region of the antibody. However, the fragment of
the antibody of the present invention is an antigen-binding
fragment that specifically binds to MerTK and fulfills at
least all requirements in any of requirements A to C described
hereinbelow.

[0029]
(Antibody or fragment thereof according to the first
embodiment)

Among the antibodies or fragments thereof of the present
invention, an antibody or fragment thereof according to the
first embodiment has heavy chain and light chain CDRs 1-3 that
have amino acid sequences fulfilling all regquirements in
[Requirements A] indicated below:

[Requirements A]

the heavy chain CDR1 has an amino acid sequence given in SEQ
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ID NO: 2;

the heavy chain CDR2 has an amino acid sequence given in SEQ
ID NO: 3;

the heavy chain CDR3 has an amino acid sequence given in SEQ
ID NO: 4;

the light chain CDR1 has an amino acid sequence given in SEQ
ID NO: 6;

the light chain CDR2 has an amino acid sequence given in SEQ
ID NO: 7; and

the light chain CDR3 has an amino acid sequence given in SEQ

ID NO: 8.

[0030]
[Table 1]

SEQ ID NO: Amino acid sequence

2 SYWMH
3 NINPSNGGTNYNEKFKS
4 LNYYGEFDGFAF
6 KASQDINSYLS
7 RANRLVD
8 LOYDEFPET

[0031]

The antibody or fragment thereof according to the first
embodiment preferably fulfills all regquirements in
[Requirements B] indicated below from the viewpoint that the
effects of the present invention are more likely to be
exhibited:

[Requirements B]
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the heavy chain variable region has an amino acid sequence
given in SEQ ID NO: 1; and
the light chain variable region has an amino acid sequence

given in SEQ ID NO: 5.

[0032]
[Table 2]
SEQ ID NO: Amino acid sequence
QVOLOOPGTELVKPGASVKLSCRASGNTEFTSYWMHWVKQRPGOGLEWIGNIN
1 PSNGGTNYNEKFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARLNYYGED
GEFAFWGQGTLVTVSA
DIKMTQSPSSMYASLGERVTITCKASQDINSYLSWEFQOKPGKSPKTLIYRANRL
’ VDGVPSRFESGSGSGODYSLTISSLEYEDMGIYYCLQYDEFPFTEGSGTKLEIK
[0033]

The antibody or fragment thereof according to the first
embodiment includes antibodies referred to as “20A777,
“20A77 mIgGl” and “20A77 mIgG2a” in the Examples.
[0034]

(Antibody or fragment thereof according to the second
embodiment)

Among the antibodies or fragments thereof of the present
invention, an antibody or fragment thereof according to the
second embodiment has heavy chain and light chain CDRs 1-3
that have amino acid sequences fulfilling all requirements in
[Requirements C] indicated below:

[Requirements C]
the heavy chain CDR1 has an amino acid sequence given in SEQ

ID NO: 10;



the heavy chain
ID NO: 11;

the heavy chain
ID NO: 12;

the light chain
ID NO: 14;

the light chain
ID NO: 15; and
the light chain
ID NO: 16.
[0035]

[Table 3]

CDR2

CDR3

CDR1

CDR2

CDR3

has

has

has

has

has

an

an

an

an

an

14

amino

amino

amino

amino

amino

acid

acid

acid

acid

acid

seqguence

seqguence

seqguence

seqguence

seqguence

SEQ ID NO:

Amino acid sequence

10 VYDMH

11 RIRSKSSNYATNYADSVKD

12 DGSHYYYALDY

14 RASQDINNYLN

15 YSSRLHS

16 QOGKME'PWT

[0036]

The antibody or fragment thereof according to the second
embodiment preferably fulfills all requirements in either

[Requirements D]

or

[Requirements E]

given

given

given

given

given

in

in

in

in

in

SEQ

SEQ

SEQ

SEQ

SEQ

indicated below from the

viewpoint that the effects of the present invention are more

likely to be exhibited:

[Requirements D]

the heavy chain variable region has an amino acid sequence
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given in SEQ ID NO: 9; and

the light chain variable region has an amino acid sequence
given in SEQ ID NO: 13;

[Requirements E]

the heavy chain variable region has an amino acid sequence
given in SEQ ID NO: 23; and

the light chain variable region has an amino acid sequence

given in SEQ ID NO: 24.

[0037]
[Table 4]
SEQ ID NO: Amino acid sequence
EVQLVESGGGLVQPKGSLKLSCAASGETEFNVYDMHWVRQAPGEGLEWVARIR
9 SKSSNYATNYADSVKDRETISRDDSQSMLYLOMNNLOTEDTATYYCVRDGSHY
YYALDYWGQGTSVTVSS
DIQMTQTTSSLSASLGDRVTISCRASQDINNYLNWYQQKLDGTVKLLIYYSSRL
1
’ HSGVPSRESGSGSGTDYSLTISNLEQEDIATYFCQQGKMFPWTEFGGGTKLEIK
EVQLVESGGGLVQPGGSLRLSCAASGETEFNVYDMHWVRQAPGKGLEWVARTIR
23 SKSSNYATNYADSVKDREFTISRDDAKNSLYLOMNSLRAEDTAVYYCVRDGSHY
YYALDYWGQGTTVTVSS
DIQMTQSPSSLSASVGDRVTITCRASOQDINNYLNWYQQKPGKAPKLLIYYSSRL
24
HSGVPSRESGSGSGTDYTLTISSLQPEDEFATYYCQQGKMFPWTEFGGGTKVEIK
[0038]

The antibody or fragment thereof according to the second
embodiment includes antibodies referred to as “24Al1”7,
“24A1 mIgGl”, “24Al1 mIgG2a”, “24A1 hIgGLlLALA”, “hz24Al” and
“hz24A1 hIgGlLALA” in the Examples.

“hz24A1” and “hz24Al1 hIgGI1LALA” are both humanized antibodies
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derived from “24A1".

[0039]

(Antibody or fragment thereof according to the third
embodiment)

Among the antibodies or fragments thereof of the present
invention, an antibody or fragment thereof according to the
third embodiment has heavy chain and light chain CDRs 1-3 that
have amino acid sequences fulfilling all regquirements in
[Requirements F] indicated below:

[Requirements F]

the heavy chain CDR1 has an amino acid sequence given in SEQ
ID NO: 2;

the heavy chain CDR2 has an amino acid sequence given in SEQ
ID NO: 18;

the heavy chain CDR3 has an amino acid sequence given in SEQ
ID NO: 4;

the light chain CDR1 has an amino acid sequence given in SEQ
ID NO: 6;

the light chain CDR2 has an amino acid sequence given in SEQ
ID NO: 20; and

the light chain CDR3 has an amino acid sequence given in SEQ

ID NO: 8.
[0040]
[Table 5]
SEQ ID NO: Amino acid sequence

2 SYWMH
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18 NINPSSGGTNYNEKFEKS
4 LNYYGEDGFAF

6 KASQDINSYLS

20 RANRLVS

8 LOYDEFPFET

[0041]

The antibody or fragment thereof according to the third
embodiment preferably fulfills all requirements in either
[Requirements G] or [Requirements H] indicated below from the
viewpoint that the effects of the present invention are more
likely to be exhibited:

[Requirements G]

the heavy chain variable region has an amino acid sequence
given in SEQ ID NO: 17; and

the light chain variable region has an amino acid sequence
given in SEQ ID NO: 19;

[Requirements H]

the heavy chain variable region has an amino acid sequence
given in SEQ ID NO: 21; and

the light chain variable region has an amino acid sequence
given in SEQ ID NO: 22.

[0042]

[Table 6]

SEQ ID NO: Amino acid sequence

QVOLQQPGTELVKPGASVKLSCRASGNTEFTSYWMHWVKQRPGQGLEWIGNIN
17
PSSGGTINYNEKFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARLNYYGED




18

GFAFWGQGTLVIVSA

DIKMTQSPSSMYASLGERVTITCKASQDINSYLSWEQQKPGKSPKTLIYRANRL
19
VSGVPSRESGSGSGODYSLTISSLEYEDMGIYYCLQYDEFPFTEFGSGTKLEIK

QVOLVQSGAEVKKPGSSVKVSCKASGNTETSYWMHWVRQAPGQGLEWIGNIN

21 PSSGGTINYNEKFKSRVTITVDKSTSTAYMELSSLRSEDTAVYYCARLNYYGED

GFAFWGQGTLVTVSS

DIOMTQSPSSLSASVGDRVTITCKASQDINSYLSWEQQKPGKAPKTLIYRANRL
22
VSGVPSRESGSGSGTDYTLTISSLOQPEDFATYYCLQYDEFPFTEFGGGTKVEIK

[0043]

The antibody or fragment thereof according to the third
embodiment includes antibodies referred to as “m20A777,
“m20A77 mIgGl”, “m20A77 hIgGlLALA”, “hz20A77” and
“hz20A77 hIgGILALA” in the Examples.

“hz20A77” and “hz20A77 hIgGl1LALA” are both humanized
antibodies derived from “m20A77".

[0044]

<Method for producing the antibody or fragment thereof of the
present invention>

Producing method of the antibody or fragment thereof of
the present invention is not limited, and any conventionally
known methods for producing various antibodies (such as
monoclonal antibodies and polyclonal antibodies) and various
polypeptides can be used.

[0045]

The antibody of the present invention is preferably

produced as a monoclonal antibody.

[0046]
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The antibody or fragment thereof of the present invention
may be purified, 1f necessary.
[0047]

Whether or not an antibody or a fragment thereof is the
antibody or fragment thereof of the present invention can be
identified by any methods (such as N-terminal amino acid
sequencing) for identifying amino acid sequences.

[0048]

The present invention encompasses a gene encoding the
antibody or fragment thereof of the present invention, an
expression vector including the gene and the like. The gene
and expression vector can be prepared according to
conventionally known methods.

[0049]
<Anti-tumor agent of the present invention>

The antibody or fragment thereof of the present invention
exhibits preferable anti-tumor effects, and thus can be
preferably used as an anti-tumor agent.

[0050]

The anti-tumor agent of the present invention may be
efficacious for therapy of, for example, cancer (such as lung
cancer, breast cancer, colon cancer and acute lymphoblastic
leukemia) .

[0051]

The anti-tumor agent of the present invention can be

administered according to methods similar to those for

conventionally known antibody drugs. For example, the anti-
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tumor agent of the present invention can be administered by
oral, intravenous and subcutaneous administrations.
[0052]

Any amount of the antibody or fragment thereof of the
present invention without limitation may be included in the
anti-tumor agent of the present invention. The amount can be
set, as appropriate, according to the condition of a subject,
desired effects and the like.

[0053]

The anti-tumor agent of the present invention may be
administered to any subjects without limitation. Examples of
the subject include mammals (such as humans and non-human
animals). Examples of the non-human animals include monkeys.
[0054]

The anti-tumor agent of the present invention may contain
an arbitrary component that is other than the antibody or
fragment thereof of the present invention and is a known
ingredient for medicaments in a range that does not inhibit
the effects of the present invention. The amount and type of
such component can be set, as appropriate, according to
desired effects and the like.

[0055]

The anti-tumor agent of the present invention may or may
not contain an active component other than the antibody or
fragment thereof of the present invention. The anti-tumor
agent of the present invention may be used in combination with

an active component other than the antibody or fragment
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thereof of the present invention. Such an active component may
be administered as a single drug containing the same together
with the antibody or fragment thereof of the present

invention, or may be prepared as a drug separate from the
antibody or fragment thereof of the present invention and may
be administered in combination with the anti-tumor agent of
the present invention.

[0056]

Examples of preferable active components that may be used
in combination with the antibody or fragment thereof of the
present invention include immune checkpoint inhibitors.
Examples of the immune checkpoint inhibitor include anti-PD-1
antibodies, anti-PD-L1 antibodies and anti-CTLA4 antibodies.
[0057]

The present invention encompasses a method for treating

cancer using the anti-tumor agent of the present invention.

EXAMPLES
[0058]

The present invention will be further specifically
described hereinbelow by way of Examples. However, the present
invention is not limited to those Examples.

[0059]
<Test 1: Establishment of monoclonal antibodies for MerTK>

Monoclonal antibodies for MerTK were obtained on the

basis of the method indicated below.

[0060]
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(1-1) Construction of human MerTK expression vector

On the basis of the amino acid sequence (UniProt No:
Q012866) of human MerTK protein, DNA containing the Kozak
translation initiation sequence at the 5’end and a translation
termination codon at the 3’ side inserted therein was
synthesized (using GENEWIZ gene synthesis service). Using “In-
Fusion HD Cloning Kit” (Takara Bio Inc.), the synthesized DNA
was inserted to the cloning site of “pcDNA 3.4” (Thermo Fisher
Scientific Inc.) to obtain a human MerTK expression vector.
[0061]
(1-2) Construction of mouse MerTK expression vector

On the basis of the amino acid sequence (UniProt No:
Q060805) of mouse MerTK protein, a mouse MerTK expression
vector was obtained according to the same method as the human
MerTK expression vector above.
[0062]
(2-1) Expression and purification of human MerTK-mouse Fc
fusion protein

As a human MerTK-mouse Fc fusion protein (hereinafter
also referred to as “hMerTKECD-mFc”), a protein containing
amino acids in positions 1-505 of human MerTK protein (UniProt
No: Q12866) fused to amino acids in positions 114-330 of mouse
IgG2a heavy chain (UniProt No: P01863) was designed. On the
basis of the amino acid sequence, an expression vector was
constructed, resulting in a hMerTKECD-mFc expression vector.
Next, by using the hMerTKECD-mFc expression vector as a

plasmid to be introduced, transient expression was performed
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using “Expi293 expression system” (Thermo Fisher Scientific
Inc.). After the transient expression, a culture supernatant
was recovered and subjected to affinity purification using
“HiTrap Protein G HP column” (Cytiva). The eluent of the
affinity purification was concentrated and subjected to gel
filtration purification using “Sephadex 200pg 16/60” (Cytiva).
Elution fractions of the gel filtration purification were
subjected to SDS-PAGE and fractions with observed bands were
collected and used as hMerTKECD-mFc.
[0063]
(2-2) Expression and purification of mouse MerTK-mouse Fc
fusion protein

As a mouse MerTK-mouse Fc fusion protein (hereinafter
also referred to as “mMerTKECD-mFc”), a protein containing
amino acids in positions 1-497 of mouse MerTK protein (UniProt
No: Q60805) fused to amino acids in positions 114-330 of mouse
IgG2a heavy chain (UniProt No: P01863) was designed. On the
basis of the amino acid sequence, the protein was expressed
and purified according to the same method as the method for
preparing hMerTKECD-mFc above, thereby obtaining mMerTKECD-
mE'c.
[0064]
(3-1) Construction of EL4 cells stably expressing human MerTK

The human MerTK expression vector as a plasmid was
transferred to a mouse lymphoma cell line EL4 using
“Nucleofector” (Lonza). After the gene transfer, “G418”

(Nacalai Tesque, Inc.) was added to a medium, and the cells
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were plated in a 96-well plate and cultured. After the
cultivation, cells exhibited G418-resistant growth were
subjected to flow cytometry using an anti-human MerTK antibody
(R&D Systems, MAB89%12) to verify expression of human MerTK. A
monoclone-derived cell line was ultimately selected and used
for the tests indicated below as EL4 cells stably expressing
human MerTK (hereinafter also referred to as “hMerTK-EL4").
[0065]
(3-2) Construction of BaF/3 cells stably expressing mouse
MerTK

The mouse MerTK expression vector as a plasmid was
transferred to a mouse pro-B cell line Ba/F3 using
“Nucleofector” (Lonza). After the gene transfer, “G418”
(Nacalai Tesque, Inc.) was added to a medium, and the cells
were plated in a 96-well plate and cultured. After the
cultivation, cells exhibited G418-resistant growth were
subjected to flow cytometry using an anti-mouse MerTK antibody
(R&D Systems, AF591) to verify expression of mouse MerTK. A
monoclone-derived cell line was ultimately selected and used
for the tests indicated below as BaF/3 cells stably expressing
mouse MerTK (hereinafter also referred to as “mMerTK-Ba/F37).
[0066]
(4) Preparation of monoclonal antibodies for MerTK

On the basis of the following two methods, MerTK purified
proteins or cells stably expressing MerTK were used to
immunize MerTK knockout mice (The Jackson Laboratory, B6;129-

MerTK<tmlG41>/J). After the immunization, isolated lymph node
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cells were used to prepare monoclonal antibodies for MerTK.
[0067]
(Immunization method-1)

hMerTKECD-mFc and mMerTKECD-mFc (both MerTK purified
proteins) were used as antigens. The antigens were
respectively mixed with an adjuvant “TiterMax Gold” (TiterMax)
and intravenously administered to mouse footpad so that the
antigen dose per mouse was 100 ug. After 7 and 10 days of the
administration, animals were boosted according to the same
manner as above except that the antigen dose per mouse was 10
ug. After completion of the immunization, the popliteal lymph
node was harvested from mice, a cell suspension was prepared,
then mixed with SP2/0-Agl4d myeloma cells and subjected to
electro cell fusion using an electro cell fusion device
("ECFG21”, Nepa Gene Co., Ltd.). The fused cells were
suspended in “ClonaCellTM-HY Medium D” (“ST-03804", Stemcell
Technologies) and plated to a plastic dish. After the plating,
colonies formed after 8-10 days were isolated in a 96-well
plastic plate of which wells respectively containing a
hybridoma medium, and the culture supernatants thereof were
used for the following evaluation. The hybridoma medium used
contained a 1/50 amount of “Nutridom-CS” (113637430017,
Merck) and a 1/50 amount of “HAT Supplement” (210600177,
Thermo Fisher Scientific Inc.) relative to RPMI1640
(“A1049101”, Thermo Fisher Scientific Inc.).
[0068]

(Immunization method-2)
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hMerTK-EL4 and mMerTK-Ba/F3 (both cells stably expressing
MerTK) were used as antigens. The cells were prepared as
suspensions in PBS. The antigens were respectively mixed with
an adjuvant “TiterMax Gold” (TiterMax) and intravenously
administered to mouse footpad so that the antigen dose per
mouse was 1x107 cells. After 7 and 10 days of the
administration, animals were boosted according to the same
manner as above except that the antigen dose per mouse was
1x10° cells and the administration was intraperitoneally
carried out. After the immunization, culture supernatants were
obtained according to the same manner as in “Immunization
method-1) above and used for the following evaluation.
[0069]
(5) Antibody screening

Using the culture supernatants obtained as above,
hybridoma clones capable of binding to human and mouse MerTKs
were screened. Specifically, antibody binding was evaluated by
flow cytometry using a human melanoma cell line G361
intrinsically expressing human MerTK and mMerTK-Ba/F3. As a
result of screening about 15,000 clones, 76 hybridoma clones
capable of binding to human and mouse MerTKs were obtained.
[0070]
<Test 2: Antibody evaluation>

The hybridoma clones obtained as above were subjected to
the following respective evaluations and functions of
monoclonal antibodies for MerTK were studied.

[0071]
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(1) Phosphorylation inhibitory activity

On the basis of the procedures indicated below, the
clones were evaluated for MerTK phosphorylation inhibitory
activity. Higher activity means higher binding ability to
MerTK.

[0072]
(Procedures)

The cells (hMerTK-EL4) stably expressing human MerTK were
cultured in a “DMEM high glucose medium” (Thermo Fisher
Scientific Inc.) containing 10% FBS. After the cultivation,
the cells were washed in PBS, suspended in a serum-free
medium, plated in a 96-well plate at 1x10% cells/well and
incubated at 37°C for 3 hours. After the incubation, the
respective clones were added, the hMerTK-EL4 was allowed to
react for 1 hour, stimulated with 200 nM human Gas6 (R&D
Systems) for 10 minutes and centrifuged and collected. The
collected hMerTK-EL4 was lysed in a cell lysis solution, and
the level of the phosphorylated MerTK protein in the lysate
was determined using “Human Phospho-Mer DuoSet IC ELISA” (R&D
Systems). The cell lysis solution used contained 1% “IGEPAL
CA-630" (SIGMA) and lxconcentration of “Halt Protease and
Phosphatase Inhibitor Single-Use Inhibitor Cocktail” (Thermo
Fisher Scientific Inc.) added to MilliQ water.

[0073]
(Results)
Among 76 clones, 14 clones showed phosphorylation

inhibitory activity. Among these 14 clones, “20A77” and “24Al1”
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were selected as clones showing particularly high inhibitory
activity and subjected to the following tests. Fig. 1 shows
the phosphorylation inhibitory activity of these clones. As
shown in Fig. 1, it was found that “20A77” and “24Al1"
respectively inhibited binding of Gas6 with MerTK and MerTK
phosphorylation in a concentration dependent manner and thus
had high binding ability to MerTK.
[0074]
(2) Antibody sequencing

On the basis of the following procedures, “20A77” and
“24A1" were respectively sequenced for the immunoglobulin gene
variable regions. The hybridoma cells were expanded, RNA was
extracted using “RNeasy mini kit” (Qiagen) and cDNA was
synthesized using “SuperScript III First-Strand Synthesis
Super mix” (Invitrogen). The synthesized c¢DNA was used as a
template to amplify the sequences of antibody variable regions
by PCR. The amplification was carried out with primers
respectively recognizing upstream of the variable region and
downstream of the constant region for both heavy and light
chains. The obtained DNA fragments were cloned into the vector
attached to “Zeroblunt TOPO TA Cloning and Sequencing kit”
(Thermo Fisher Scientific Inc.) and sequenced. CDR regions
were determined in the obtained antibody sequences according
to the method of Kabat et al. (Sequences of Proteins of
Immunological Interests, Fifth edition, NIH Publication No.
91-3242, U.S. Department of Health and Human Services, 1991).

[0075]
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The antibody sequences and sequences of the CDR regions

thereof analyzed are summarized in Table 7 below.

The

abbreviations in Tables hereinbelow have the following

meanings.

VH: Heavy chain variable region

CDRH: Heavy chain CDR

VL: Light chain variable region

CDRL: Light chain CDR
[0076]
[Table 7]
CDRH CDRH CDRH CDRL CDRL CDRL
VH VL
1 2 3 1 2 3
SEQ SEQ SEQ SEQ SEQ SEQ SEQ SEQ
20A77 1D 1D 1D 1D 1D 1D 1D 1D
NO:1 NO:2 NO:3 NO:4 NO:5 NO: 6 NO:7 NO:8
SEQ SEQ SEQ SEQ SEQ SEQ SEQ SEQ
24A1 1D 1D 1D 1D 1D 1D 1D 1D
NO: 9 NO:10 NO:11 NO:12 NO:13 | NO:14 NO:15 | NO:16
[0077]

(3) Preparation of recombinant mouse antibody and antibody

sequence modification

The respective antibody sequences indicated in Table 7
were joined to the mouse IgGl heavy chain and x light chain or
the mouse IgG2a heavy chain and x light chain, thereby
designing mouse IgGl and mouse IgGZ2a antibody gene seguences.
expression

On the basis of the designed antibody sequences,

vectors were constructed, resulting in antibody expression
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vectors. By using the antibody expression vectors as plasmids
to be transferred, transient expression was performed using
“Expi293 expression system” (Thermo Fisher Scientific Inc.).
The culture supernatants of transient expression were
recovered and subjected to affinity purification using “Ab-
Capcher ExTra column” (ProteNova Co., Ltd.). The eluent of the
affinity purification was concentrated and subjected to gel
filtration purification using “Sephadex 200pg 16/60” (Cytiva)
with histidine buffer (1% Histidine, pH 6.0). The elution
fractions of the gel filtration purification were subjected to
SDS-PAGE and bands were observed. The fractions for which
bands were observed were collected to obtain mouse IgGl
antibodies and mouse IgG2a antibodies for “20A77” and “24A1”
(respectively also referred to as “20A77 mIgGl”,

“20A77 mIgG2a”, “24Al1 mIgGl” and “24A1 mIgG2a”).

[0078]

Further, modification of amino acids in the CDR regions
was sought. Fig. 2 shows the positions where the sequence
modifications were introduced, and the modifications were made
in CDR region sequences which highly possibly undergo cleavage
and deamination reactions. The antibody provided with the CDR
sequence modifications is referred to as “m20A77”. Table 8
below shows segquence information thereof. For “m20A77", a
mouse IgGl antibody (also referred to as “m20A77 mIgGl”) was
obtained according to the same manner as above.

[0079]

[Table 8]
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CDRH CDRH CDRH CDRL CDRL CDRL
VH VL
1 2 3 1 2 3
SEQ SEQ SEQ SEQ SEQ SEQ SEQ SEQ
m20A77 ID ID ID ID ID ID ID ID
NO:17 NO:2 NO:18 NO:4 NO:19 NO: 6 NO:20 NO:8
[0080]

(4)y Cross-reactivity between MerTKs from various animals
The antibody clones obtained as above were studied for
cross-reactivity between MerTKs derived from various animals

(humans, mice, cynomolgus monkeys and rats) by ELISA. In the

ELISA, the antigens used were human Fc¢ fusion proteins of

MerTKs derived from various animals (humans, mice, cynomolgus

monkeys and rats). Specifically, human and mouse MerTK

antigens used were “Recombinant Human Mer Fc Chimera Protein”
(R&D systems) and “Recombinant Mouse Mer Fc Chimera Protein”
(R&D systems). Cynomolgus MerTK and rat MerTK antigens used
(hereinafter also referred to as

were cynomolgus MerTKECD-hFc

“ecynoMerTKECD-hFc”) and rat MerTKECD-hFc (hereinafter also

referred to as “ratMerTKECD-hFc”) prepared in the same manner
as that for hMerTKECD-mFc and mMerTKECD-mFc.
[0081]

The ELISA was performed according to the procedures

indicated below. First, the respective antigens were added to

an ELISA plate (Nunc) at a concentration of 5 ug/ml and

immobilized overnight at room temperature. After removing the
immobilization solution, 1% BSA/PBS was added for blocking

reaction and left to stand at room temperature for 1 hour.
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After the blocking, the plate was washed with 0.05% Tween
20/PBS and an antibody solution was added for primary reaction
at room temperature for 1 hour. After washing, an HRP-labelled
antibody (GE Healthcare) was added for secondary reaction for
1 hour. After washing, a chromogenic substrate solution of TMB
(Dako) was added for chromogenic reaction for 10 minutes, 1 N
sulfuric acid was added to terminate the reaction and the
absorbance was measured at 450 nm.
[0082]

Fig. 3 shows reactivity of “m20A77 mIgGl” and
"m24A1 mIgGl” in ELISA to MerTKs derived from various animals.
As shown in Fig. 3, both “20A77” and “24A1” showed similar
reactivity to human, mouse, cynomolgus monkey and rat
antigens. These results show that both “20A77” and “24A1” have
high species cross-reactivity.
[0083]
<Test 3: anti-tumor effects of the antibody of the present
invention>

On the basis of the procedures indicated below, anti-
tumor effects of “20A77 mIgG2a” was evaluated. A syngeneic
tumor model using the mouse colon cancer cell line CT26 (ATCC)
was used for the evaluation.
[0084]

CT26 cells (5x10% cells per mouse) were subcutaneously
transplanted to Balb/c mice at the right flank. After 5 days
of the tumor transplantation, the mice were divided into

groups and an isotype control antibody mIgG2a and
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“20A77 mIgG2a” were respectively intraperitoneally
administered at a dose of 10 mg/kg at a frequency of twice a
week. After the administration, the tumor size was measured at
a frequency of twice a week until day 19 after the tumor
transplantation. The tumor size was calculated from the
equation below with the minor axis and the major axis of the
tumor measured using calipers:

Tumor size=(Minor axis (mm))}?x (Major axis (mm))x3.14/6

[0085]

Figs. 4 and 5 show the evaluation results. As can be
seen from the results, “20A77 mIgGZ2a” significantly suppressed
tumor compared to the mIgG2a administration group.

[0086]

Further, the tumor was collected on day 19 after tumor
transplantation and subjected to tumor-infiltrating lymphocyte
(TIL) analysis. For the TIL analysis, after collection of the
tumor, the tumor mass was added to “gentleMACS C Tubes”
(Miltenyi Biotec) together with an enzyme solution of “Tumor
Dissociation kit, mouse” (Miltenyi Biotec) and the tumor was
dissociated using “gentleMACS Octo Dissociator” (Miltenyi
Biotec). After the tumor was dissociated, the tumor was washed
with 1% FBS/PBS and then stained using the flow cytometry
(FCM) analysis antibodies indicated in Table 9. After the
staining, the FCM analysis was carried out using FACS calibur
(BD) . Fig. 6 shows the “M1/M2 ratio”. Ml represents
inflammatory macrophages and M2 represents immunosuppressive

macrophages. The M1/M2 ratio is an index indicating a change
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characteristic to tumor microenvironments due to MerTK
inhibition. Fig. 6 shows that administration of “20A77 mIgGza”
increases the M1/M2 ratio and the tumor microenvironment 1s

transformed into an antitumor environment.

[0087]
[Table 8]
Antibody Manufacturer Catalog No.
FITC anti- mouse
Biolegend 103108
CD45 Antibody
APC anti- mouse
Biolegend 123115
F4/80 Antibody
FITC anti- mouse
Biolegend 105005
CD86 Antibody
PE anti- mouse CD206
Biolegend 141705
(MMR) Antibody

[0088]
<Test 4: Efficacious dosage of the antibody of the present
invention>

On the basis of the procedures indicated below, anti-
tumor effects of “20A77 mIgGl” and “24A1 mIgGl” according to
the dosage thereof were evaluated. As “Test 3” above, a
syngeneic tumor model using the mouse colon cancer cell line
CT26 (ATCC) was used for the evaluation.
[0089]

In the “20A77 mIgGl” administration group, a solvent (1%
histidine buffer, pH 6.0) and “20A77 mIgGl” were

intraperitoneally administered at a dose of 3, 10 or 30 mg/kg
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at a frequency of twice a week. In the “24A1 mIgGl”
administration group, a solvent (1% histidine buffer, pH 6.0)
and “24A1 mIgGl” were intraperitoneally administered at a dose
of 3, 5 or 30 mg/kg at a frequency of twice a week. The tumor
size was measured at a frequency of twice a week until day 19
and 22 after the tumor transplantation for the “20A77 mIgGl”
and “24A1 mIgGl” administration groups, respectively.
[0090]

Figs. 7 to 10 show the evaluation results. As shown in
Figs. 7 and 8, the “20A77 mIgGl” administration group showed
tumor growth suppressing effects compared to the solvent
control group at all concentrations. Particularly, significant
suppressing effects were observed in the 3 mg/kg and 30 mg/kg
administration groups. As shown in Figs. 9 and 10, the
“24A1 mIgGl” administration group showed significant tumor
growth suppression particularly in the 5 mg/kg and 30 mg/kg
administration groups compared to the solvent control group.
[0091]
<Test 5: anti-tumor effects of combined administration of the
antibody of the present invention and an anti-PD-1 antibody>

On the basis of the procedures indicated below, anti-
tumor effects of combined use of each of “20A77 mIgGl” and
“24A1 mIgGl” and an anti-PD-1 antibody were evaluated. As
“Test 3” above, a syngeneic tumor model using the mouse colon
cancer cell line CT26 (ATCC) was used for the evaluation.
Anti-PD-1 antibodies are known to have anti-tumor effects.

[0092]
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The administration groups received the antibodies
indicated below at a frequency of twice a week. The
administration was continued until day 19 after the tumor
transplantation.

“mIgGl”: “mIgGl” at 5 mg/kg

“m20A77"”: “20A77 mIgGl” at 3 mg/kg

“24A17: “24A1 mIgGl” at 5 mg/kg

“oPD-1": Anti-mouse PD-1 antibody (“29F.1A12”, BioXcell) at
0.3 mg/kg

“m20A77+aPD-1": “m20A77 mIgGl” and the anti-mouse PD-1
antibody at 3 mg/kg and 0.3 mg/kg, respectively

“24A1+aPD-1": “24A1 mIgGl” and the anti-mouse PD-1 antibody at
5 mg/kg and 0.3 mg/kg, respectively

[0093]

Figs. 11 and 12 show the evaluation results. As can be
seen from these figures, “20A77 mIgGl” tended to have enhanced
anti-tumor effects as a result of combined use with the PD-1
antibody. "“24A1 mIgGl” had enhanced anti-tumor effects as a
result of combined use with the PD-1 antibody. Consequently,
it was found that the antibody of the present invention has
enhanced anti-tumor effects as a result of combined use
thereof with an anti-PD-1 antibody.

[0094]
<Test 6: Evaluation of various ligand binding inhibitory
ability>

“20A77" and “24A1" were evaluated for the ability to

inhibit binding of MerTK with various ligands. The MerTK
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ligands used were human Gasé6 (R&D Systems) and human TULP1
(abcam plc.) which were respectively biotinylated using
“Biotin Labeling Kit-NH” (Dojindo Laboratories Co., Ltd.).
Gas6 1s a ligand correlated with anti-tumor effects, and an
antibody having an activity to inhibit binding of MerTK with
Gas6 may exhibit anti-tumor effects. TULP1l is a ligand
correlated with ocular toxicity, and an antibody having an
activity to inhibit binding of MerTK with TULP1l may have
ocular toxicity. Thus, an antibody having high inhibitory
activity of binding to Gas6 and low inhibitory activity of
binding to TULPl may be an efficacious anti-tumor agent having
low ocular toxicity.

[0095]

The ligand binding inhibition test was carried out as
indicated below. First, human MerTK (R&D Systems) was added to
an ELISA plate (Nunc) at a concentration of 5 ug/ml and
immobilized overnight at room temperature. After removing the
immobilization solution, % BSA/PBS was added for blocking
reaction and left to stand at room temperature for 1 hour.
After the blocking, the plate was washed with 0.05% Tween
20/PBS and an antibody solution was added for primary reaction
at room temperature for 1 hour. After washing, biotinylated
Gasb or biotinylated TULP1l was added at a concentration of 10
nM or 40 nM, respectively, for secondary reaction at room
temperature for 1 hour. After washing, a HRP-labelled
streptavidin (Thermo Fisher Scientific Inc.) was added for

tertiary reaction for 30 minutes. After washing, a chromogenic
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substrate solution of TMB (Dako) was added for chromogenic
reaction for 20 minutes, 1 N sulfuric acid was added to
terminate the reaction and the absorbance was measured at 450
nm.

[0096]

Figs. 13 and 14 show the evaluation results. As shown in
these figures, the positive control (anti-goat MerTK
polyclonal antibody) inhibited binding of both Gas6é and TULP1
with MerTK. On the other hand, although “20A77” and “24A1"
inhibited binding of Gas6 with MerTK, both antibodies did not
inhibit binding of TULP1 with MerTK. The above results show
that the antibodies of the present invention may be antibodies
having low ocular toxicity while having preferable anti-tumor
effects.

[0097]

The inhibitory ability of ligand binding for many anti-
MerTK antibodies was similarly evaluated. Figs. 15 and 16 show
some of the results. Almost all antibodies inhibited both
binding of Gas6 with MerTK and binding of TULP1l with MerTK.
Thus, only “20A77” and “24Al1"” strongly inhibited binding of
Gas6 with MerTK and did not inhibit binding of TULP1 with
MerTK.

[0098]
<Test 7: Study on ocular toxicity by in vivo ocular toxicity
test>

In accordance with the results of “Test 6” above, in vivo

ocular toxicity of the antibodies of the present invention was
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evaluated on the basis of the procedures indicated below.
[0099]

The ocular toxicity test was carried out using Balb/c
mice. The mice intravenously received “20A77 mIgGl”,

“24A1 mIgGl” or an isotype control antibody mIgGl at a dose of
10 mg/kg at a frequency of twice a week. As a positive control
of ocular toxicity, mice orally received a MerTK small
molecule inhibitor UNC56% at a dose of 150 mg/kg for 10 days.
At day 29 after the first administration, eyes were removed,
fixed with a Karnovsky’s fixative and then subjected to
embedding in a resin, preparation of sections and toluidine
blue staining (hereinafter also referred to as “TB staining”)
carried out by Applied Medical Research Laboratory. Increased
TB-positive granules means progressed abnormality of the eye.
[0100]

Figs. 17 and 18 show images of sections after TB
staining. As shown in Fig. 17, the UNC569%9 administration group
showed increased TB-positive granules (sites indicated with
arrows) in the retinal pigment epithelium. Meanwhile, no
increase in TB-positive granules was observed in the groups
received “20A77 mIgGl” and “24A1 mIgGl”.

[0101]

As shown in Fig. 18, no shrinkage of the outer nuclear
layer (abnormality recognized to correlate with deterioration
of eyesight) was observed in any administration groups. The
above results suggest that the antibodies of the present

invention may be antibodies having low risk of ocular toxicity
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while providing anti-tumor effects.
[0102]
<Test 8: Study on toxic dose by in vivo ocular toxicity test>

In accordance with the results of “Test 7” above, the
antibody of the present invention was evaluated for toxic dose
on the basis of the procedures indicated below.

[0103]

The ocular toxicity test was carried out using Balb/c
mice. The mice intravenously received a solvent or
“m20A77 mIgGl” at a dose of 3 or 10 mg/kg at a frequency of
twice a week. At day 30 after the first administration, eyes
were removed, fixed with a Karnovsky’s fixative and then
subjected to embedding in a resin, preparation of sections and
TB staining carried out by Applied Medical Research
Laboratory.

[0104]

Figs. 19 and 20 show images of sections after TB
staining. As shown in Fig. 19, no increase in TB-positive
granules was observed in any administration groups. Meanwhile,
as shown in Fig. 20, no abnormal shrinkage of the outer
nuclear layer was observed in any of solvent control or
administration groups of 3 mg/kg and 10 mg/kg.

[0105]
<Test 9: Preparation of humanized antibodies>

Chimeric antibodies (hereinafter also referred to as

“human chimeric antibodies”) of mouse heavy and light chain

variable regions and human IgGl heavy and x light chain
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constant regions were prepared for “m20A77” and “24A1”. Human
chimeric antibodies were prepared according to the same manner
as in “(3) Preparation of recombinant mouse antibody and
antibody sequence modification” above.

[0106]

The obtained human chimeric antibodies were subjected to
humanization of antibody sequence on the basis of the
procedures indicated below. The sequences of antibody variable
regions were humanized by CDR grafting. The humanized
sequences were designed by referring to the method of
Tsurushita et al. (2005, Design of humanized antibodies: From
anti-Tac to Zenapax, Methods 36:69-83). Next, 3D molecular
models of the mouse antibodies were prepared according to a
conventional method. On the basis of the molecular models,
residues considered to be important for CDR structure
formation and residues considered to be essential for antigen
reaction in the amino acid sequence of the framework region
were estimated. 1In parallel to this process, sequences having
high identity with the heavy chain variable regions and light
chain variable regions of the antibodies were searched from
the c¢DNA sequence database of human antibody heavy chain
variable regions and light chain variable regions. Sequences
were designed by connecting the sequence of the framework of
the searched human antibody sequence and CDR sequences of each
of the antibodies. Then, residues considered to be essential
for CDR structure formation or antigen reaction were further

grafted thereto, thereby designing the humanized antibody
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sequences “hz20A77” and “hz24Al1” indicated in Table 10. The
CDR sequences of the humanized antibody sequences are
identical to those of the original mouse antibodies.
[0107]
[Table 10]
CDRH CDRH CDRH CDRL CDRL CDRL
VH VL
1 2 3 1 2 3
SEQ SEQ SEQ SEQ SEQ SEQ SEQ SEQ
hz20A77 1D 1D 1D 1D 1D 1D 1D 1D
NO:21 NO: 2 NO:18 NO: 4 NO:22 NO:6 NO:20 NO:8
SEQ SEQ SEQ SEQ SEQ SEQ SEQ SEQ
hz24A1 1D 1D 1D 1D 1D 1D 1D 1D
NO:23 | NO:10 | NO:11 | NO:12 | NO:24 | NO:14 | NO:15 | NO:16
[0108]

The designed antibodies were prepared as indicated below.

The DNA sequence encoding the amino acid sequence of the heavy

chain variable region was linked
peptide and cloned into pcDNA3.4
IgGl constant region having LALA
(hereinafter also referred to as

HD Cloning Kit”

(Takara Bio Inc.).

“hIgG1LALA")

to the a-lactalbumin signal
vector together with human
sequence introduced therein
using “In-Fusion

The DNA sequence encoding

the amino acid sequence of the light chain variable region was

linked to the o-lactalbumin signal peptide as the heavy chain

variable region and cloned into pcDNA3.4 vector together with

human Ig x constant region using “In-Fusion HD Cloning Kit”

(Takara Bio Inc.).

the same manner as in

A\ (3)

Then antibodies were prepared according to

Preparation of recombinant mouse
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antibody and antibody sequence modification” above.
[0109]

The prepared antibodies were checked for antigen binding
activity by ELISA. Fig. 21 shows the results. As shown in
Fig. 21, the obtained humanized antibodies
(*hz20A77 hIgGILALA” and “hz24A1 hIgGILALA”) showed reactivity
similar to or higher than original human chimeric antibodies
(*m20A77 hIgGILALA” and “24A1 hIgGILALA”, respectively). These
results show that the prepared humanized antibodies have

sufficient reactivity for human MerTK.



1.

to MerTK and has heavy chain and light chain CDRs 1-3 having
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CLAIMS

An antibody or fragment thereof that specifically binds

amino acid sequences fulfilling all requirements in

[Requirements A]

[Requirements A]

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

2.

the heavy chain
ID NO: 2;

the heavy chain
ID NO: 3;

the heavy chain
ID NO: 4;

the light chain
ID NO: 6;

the light chain
ID NO: 7; and

the light chain

ID NO: 8.

The antibody or

CDR1

CDR2

CDR3

CDR1

CDR2

CDR3

fragment thereof according to claim 1,

has

has

has

has

has

has

indicated below:

an

an

an

an

an

an

amino

amino

amino

amino

amino

amino

further fulfilling all requirements in

indicated below:

[Requirements B]

sequence given in SEQ ID NO:

acid

acid

acid

acid

acid

acid

seqguence

seqguence

seqguence

seqguence

seqguence

seqguence

given

given

given

given

given

given

[Requirements B]

the heavy chain variable region has an amino acid

1;

and

the light chain variable region has an amino acid

in

in

in

in

in

in



sequence given in SEQ ID NO:

3.

to MerTK and has heavy chain and light chain CDRs 1-3 having

5.
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An antibody or fragment thereof that specifically binds

amino acid sequences fulfilling all requirements in

[Requirements C]

[Requirements C]

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

4.

further fulfilling all requirements in either

or

[Requirements E]

the heavy chain
ID NO: 10;

the heavy chain
ID NO: 11;

the heavy chain
ID NO: 12;

the light chain
ID NO: 14;

the light chain
ID NO: 15; and

the light chain

ID NO: 16.

The antibody or

[Requirements D]

sequence given in SEQ ID NO:

CDR1

CDR2

CDR3

CDR1

CDR2

CDR3

fragment thereof according to claim 3,

has

has

has

has

has

has

indicated below:

an

an

an

an

an

an

amino

amino

amino

amino

amino

amino

indicated below:

acid

acid

acid

acid

acid

acid

seqguence

seqguence

seqguence

seqguence

seqguence

seqguence

given

given

given

given

given

given

in

in

in

in

in

in

[Requirements D]

the heavy chain variable region has an amino acid

9;

and

the light chain variable region has an amino acid



sequence given in SEQ

[Requirements E]

sequence given in SEQ

sequence given in SEQ

5.

to MerTK and has heavy chain and light chain CDRs 1-3 having

the heavy chain

the light chain

ID NO:

46

13;

variable region has an amino acid

ID NO:

23;

and

variable region has an amino acid

ID NO:

24.

An antibody or fragment thereof that specifically binds

amino acid sequences fulfilling all requirements in

[Requirements F]

[Requirements F]

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

6.

further fulfilling all requirements in either

the heavy chain
ID NO: 2;

the heavy chain
ID NO: 18;

the heavy chain
ID NO: 4;

the light chain
ID NO: 6;

the light chain
ID NO: 20; and

the light chain

ID NO: 8.

The antibody or

CDR1

CDR2

CDR3

CDR1

CDR2

CDR3

fragment thereof according to claim 5,

has

has

has

has

has

has

indicated below:

an

an

an

an

an

an

amino

amino

amino

amino

amino

amino

acid

acid

acid

acid

acid

acid

seqguence

seqguence

seqguence

seqguence

seqguence

seqguence

given

given

given

given

given

given

in

in

in

in

in

in

[Requirements G]
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or [Requirements H] indicated below:
[Requirements G]

the heavy chain variable region has
sequence given in SEQ ID NO: 17; and

the light chain variable region has
sequence given in SEQ ID NO: 19;
[Requirements H]

the heavy chain variable region has
sequence given in SEQ ID NO: 21; and

the light chain variable region has

sequence given in SEQ ID NO: 22.

an

an

an

an

amino

amino

amino

amino

7. An anti-tumor agent, comprising the antibody

thereof according to any one of claims 1 to 6.

8. The anti-tumor agent according to claim 7,

comprising an immune checkpoint inhibitor.

acid

acid

acid

acid

or fragment

further



PHOSPHORYLATED MerTK
RELATIVE PROPORTION (%)

1501

100+

50

[1/21]

FIG. 1

—&— 20A77

—ii— 24A1

0.1

LELILILE | 1

1 10
ANTIBODY CONCENTRATION

(nM)

™
100



[2/21]

<w>h>qhocﬂ§

IIIIIIIIIIIIIIII jmmm———

mv_m._v;wmouﬁ_m_.“_.mmwm...“o;_o_z@m_._mm;._wEowmcmomu_mmew.._mz«mwﬁb_%v_on_v_oou_;w.;mza8<v__oE>~_m_a._m<>zwmn_mo§_v_5
o o
......... m L8390 A LLVOZ

u_<%9.c>>z#_<o>>><w8mh_wm,_oz><5wmv_oi._.§__mv_§uz>zh».H.m_z._mv§m_._occn_moz%fs_>>>w_k:zow<m_ow._v_>m<un_v_>._anoggo
eH ¢H m L OIH
} 449 | HA LLVYO0Z

PR
o
o
&



[3/21]

(WY) NOILVHLNIONOO AQOAILNV
0ol 0l | 10 100 1000 00!

01

|

Livieg

(WY) NOILVHLNIONOO AQOHILNY
10 100 1000

TR Liiy o

ALIAILDOV3IY-SSOHO
A 74

ALPPN LVH —e—

A14PN SNDTONONAD —w—
M14N ISNON —m—
A1®N NVANH —e—

€ Old

LLVOC

0

ALIAILOVIY-SSO0HO



[4/21]

(AVA) NOLLVTINOONI ¥314V SAVd

0¢ Gl 01 g 0 0¢ Gl 01 g 0
0 0
\ 00S 009
VA 0001 7 0001
00S1 0061
LLVOC ezo3W

v "Old

(gWw) JWNTOA HOWNL



AVERAGE TUMOR VOLUME (mm3)

[5/21]

1500 —— migG2a
—&— 20A77
1000 —
p=0.0459
500 N
0 T T | |
0 5 10 15 20

DAYS AFTER INOCULATION (DAY)



M1/M2 RATIO

0.8 T

0.6 7

0.4

0.2 7

[6/21]

FIG. 6
p=0.0336
m N
w ®
® & B
o () ]
& 1)

0.0

mlgG2a 20A77




[7/21]

0¢ 0l

w‘

/

3/3W0g LLV0?

(AVQ) NOILVINOONI H314V SAVA

0¢ ol
0 —
00§ w
0001
0061 %
000¢

/3wl LLV0T

00§

000}

00§1

000¢

0¢ 0l

W

/

3 /3wg//V0T

L "Old

0¢ ol
0
008
000l /
0061 \
000¢
dNoydd
TOH1INOO
IN3IATOS

00§

000!

0061

000¢

(gWw) JNNTOA HOWNL



AVERAGE TUMOR VOLUME (mm3)

[8/21]

FIG. 8

—®— SOLVENT CONTROL GROUP

1500 —l— 20A77_3mg/keg
—&— 20A77_10mg/kg
—W¥— 20A77_30mg/kg
1000
500
0 I | |
0 5 10 15 20

DAYS AFTER INOCULATION (DAY)

Mp=0.0136
V¥ p=0.0270



[9/21]

0¢ 0l

oC

00§

/i

000}

!

0061

000¢

8%/3W0g” LV

006¢

(AVQ) NOILVTINOONI 4314V SAVA

02 0l 0 02 0l 0 02 0l 0
0 0 L=
005 —7 00§ 00§ m
Py
\ \ 0001 \ 000} \ 000! <
)
\ 006 | \ 0051 \ \ 00§} =
<
0002 \ 0002 / 000z M
. 0052 - 0052 0052 w
8/3WgIVPE 3%/3WgT Ve dnodo L
TO4dLNOD
1IN3IATI0S

6 Old



AVERAGE TUMOR VOLUME (mm?3)

2500

2000

1500 —

1000 —

500 —

[10/21]

FIG. 10

—®— SOLVENT CONTROL GROUP
—l— 24A1.3mg/kg
—&— 24A1 5mg/kg
—4&@— 24A1_30mg/kg

A p=0.0156
@ 0=0.0268

| | I l
9 10 15 20

DAYS AFTER INOCULATION (DAY)

25



[11/21]

(AVQ) NOILVINOONI H314V SAVA

11 "OId

0 0¢ 0l 0 0¢ 0l 0 027 0l 0 02 0l 02 0l 0
0 0 0 0 0
005 005 005 005 005
\ 000} \\ 000} w\\ 000} 000} 000} \
-+ 005t - 00G} 4\ 0051 0051 005}
0002 000z 0002 0002 000z
0052 0052 0052 005¢ 0052
I-ad D + V¥ 1-Qd P + LLVOTW I-ad© IV¥e LLVOTW 1 D3[w

o

JINNTOA HOWNL

00023

ew

0052~



AVERAGE TUMOR VOLUME (mm?3)

[12/21]

FIG. 12
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FIG. 15
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FIG. 16
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Sequence Listing

1 Sequence Listing
Information
1-1 File Name ATF-688PCT.xml
1-2 DTD Version V1 3
1-3 Software Name WIPO Sequence
1-4 Software Version 212
1-5 Production Date 2022-08-26
1-6 Original free text language
code
1-7 Non English free text
language code
2 General Information
2-1 Current application: IP
Office
2-2 Current application:
Application number
2-3 Current application: Filing
date
2-4 Current application: ATF-688PCT
Applicant file reference
2-5 Earliest priority application:| JP
IP Office
2-6 Earliest priority application:| 2021-169289
Application number
2-7 Earliest priority application:| 2021-10-15
Filing date
2-8en Applicant name
2-8 Applicant name: Name Chiome Bioscience Inc.
Latin
2-9en Inventor name
2-9 Inventor name: Name Latin
2-10en Invention title
2-11 Sequence Total Quantity |24




3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type AA
3-1-3 Length 120
3-1-4 Features source 1..120
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-1-5 Residues QVQLQRPGTE LVKPGASVKL SCRASGNTFT SYWVHWKQR PGQGLEW GN | NPSNGGTNY 60
NEKFKSKATL TVDKSSSTAY MALSSLTSED SAVYYCARLN YYGFDGFAFW GQGTLVTVSA 120
3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type AA
3-2-3 Length 5
3-2-4 Features source 1..5
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-2-5 Residues SYWWH 5
3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type AA
3-3-3 Length 17
3-3-4 Features source 1..17
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-3-5 Residues NI NPSNGGTN  YNEKFKS 17
3-4 Sequences
3-4-1 Sequence Number [ID] 4
3-4-2 Molecule Type AA
3-4-3 Length 11
3-4-4 Features source 1..11
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-4-5 Residues LNYYGFDGFA F 11
3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type AA
3-5-3 Length 107
3-5-4 Features source 1..107
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-5-5 Residues DI KMT@SPSS MYASLGERVT | TCKASQDI N SYLSWFQQKP GKSPKTLI YR ANRLVDGVPS 60
RFSGSGSGQD YSLTI SSLEY EDMA YYCLQ YDEFPFTFGS GTKLEI K 107
3-6 Sequences
3-6-1 Sequence Number [ID] 6
3-6-2 Molecule Type AA
3-6-3 Length 11
3-6-4 Features source 1..11
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-6-5 Residues KASQDI NSYL S 11
3-7 Sequences
3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type AA
3-7-3 Length 7
3-7-4 Features source 1.7
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-7-5 Residues RANRLVD 7
3-8 Sequences
3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type AA




3-8-3 Length 9
3-8-4 Features source 1.9
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-8-5 Residues LQYDEFPFT 9
3-9 Sequences
3-9-1 Sequence Number [ID] 9
3-9-2 Molecule Type AA
3-9-3 Length 122
3-9-4 Features source 1..122
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-9-5 Residues EVQLVESGGG LVQPKGSLKL SCAASGFTFN VYDVHWRQA PGEGLEW/AR | RSKSSNYAT 60
NYADSVKDRF Tl SRDDSQSM LYLQWNNLQT EDTAI YYCVR DGSHYYYALD YWGQGTSVTV 120
SS 122
3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type AA
3-10-3 Length 5
3-10-4 Features source 1.5
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-10-5 Residues VYDIVH 5
3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type AA
3-11-3 Length 19
3-11-4 Features source 1..19
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-11-5 Residues Rl RSKSSNYA TNYADSVKD 19
3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type AA
3-12-3 Length 11
3-12-4 Features source 1..11
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-12-5 Residues DGSHYYYALD Y 11
3-13 Sequences
3-13-1 Sequence Number [ID] 13
3-13-2 Molecule Type AA
3-13-3 Length 107
3-13-4 Features source 1..107
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-13-5 Residues DI QUIQTTSS LSASLGDRVT | SCRASQDI N NYLNWYQQKL DGTVKLLI YY SSRLHSGVPS 60
RFSGSGSGTD YSLTI SNLEQ EDI ATYFCQQ GKMFPWIFGG GTKLEI K 107
3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type AA
3-14-3 Length 11
3-14-4 Features source 1..11
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-14-5 Residues RASQDI NNYL N 11
3-15 Sequences
3-15-1 Sequence Number [ID] 15
3-15-2 Molecule Type AA
3-15-3 Length 7
3-15-4 Features source 1..7




Location/Qualifiers

NonEnglishQualifier Value

mol_type=protein
organism=synthetic construct

3-15-5 Residues YSSRLHS 7
3-16 Sequences
3-16-1 Sequence Number [ID] 16
3-16-2 Molecule Type AA
3-16-3 Length 9
3-16-4 Features source 1..9
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-16-5 Residues QRGKMFPWI 9
3-17 Sequences
3-17-1 Sequence Number [ID] 17
3-17-2 Molecule Type AA
3-17-3 Length 120
3-17-4 Features source 1..120
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-17-5 Residues QVQLQRPGTE LVKPGASVKL SCRASGNTFT SYWHWKQR PGQGLEW GN | NPSSGGTNY 60
NEKFKSKATL TVDKSSSTAY MQALSSLTSED SAVYYCARLN YYGFDGFAFW GQGTLVTVSA 120
3-18 Sequences
3-18-1 Sequence Number [ID] 18
3-18-2 Molecule Type AA
3-18-3 Length 17
3-18-4 Features source 1..17
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-18-5 Residues NI NPSSGGTN  YNEKFKS 17
3-19 Sequences
3-19-1 Sequence Number [ID] 19
3-19-2 Molecule Type AA
3-19-3 Length 107
3-19-4 Features source 1..107
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-19-5 Residues DI KMT@SPSS MYASLGERVT | TCKASQDI N SYLSWFQQKP GKSPKTLI YR ANRLVSGVPS 60
RFSGSGSGQD YSLTI SSLEY EDMA YYCLQ YDEFPFTFGS GTKLEI K 107
3-20 Sequences
3-20-1 Sequence Number [ID] 20
3-20-2 Molecule Type AA
3-20-3 Length 7
3-20-4 Features source 1..7
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-20-5 Residues RANRLVS 7
3-21 Sequences
3-21-1 Sequence Number [ID] 21
3-21-2 Molecule Type AA
3-21-3 Length 120
3-21-4 Features source 1..120
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-21-5 Residues QVQLVQSGAE VKKPGSSVKV SCKASGNTFT SYWHW/RQA PGQGLEW GN | NPSSGGTNY 60
NEKFKSRVTI TVDKSTSTAY MELSSLRSED TAVYYCARLN YYGFDGFAFW GQGTLVTVSS 120
3-22 Sequences
3-22-1 Sequence Number [ID] 22
3-22-2 Molecule Type AA
3-22-3 Length 107
3-22-4 Features source 1..107

Location/Qualifiers

mol_type=protein
organism=synthetic construct




NonEnglishQualifier Value

3-22-5 Residues Dl QUTQSPSS LSASVGDRVT | TCKASQDI N SYLSWFQQKP GKAPKTLI YR ANRLVSGVPS 60
RFSGSGSGTD YTLTI SSLQP EDFATYYCLQ YDEFPFTFGG GTKVEI K 107
3-23 Sequences
3-23-1 Sequence Number [ID] 23
3-23-2 Molecule Type AA
3-23-3 Length 122
3-23-4 Features source 1..122
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-23-5 Residues EVQLVESGGG LVQPGGSLRL SCAASGFTFN VYDVHWRQA PGKGLEW/AR | RSKSSNYAT 60
NYADSVKDRF Tl SRDDAKNS LYLQWNSLRA EDTAVYYCVR DGSHYYYALD YWGQGTTVTV 120
SS 122
3-24 Sequences
3-24-1 Sequence Number [ID] 24
3-24-2 Molecule Type AA
3-24-3 Length 107
3-24-4 Features source 1..107
Location/Qualifiers mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-24-5 Residues DI QUIQSPSS LSASVGDRVT | TCRASQDI N NYLNWYQQKP GKAPKLLI YY SSRLHSGVPS 60

RFSGSGSGID YTLTI SSLQP EDFATYYCQQ GKMFPWIFGG GTKVEI K 107
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