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Description

Title of Invention: ANTI-HER3 ANTIBODY-DRUG CONJUGATE

[0001]

[0002]

[0003]

[0004]

Technical Field

The present invention relates to an antibody-drug conjugate having an anti-HER3
antibody and an antitumor drug conjugated to each other via a linker structure moiety,
the conjugate being useful as an antitumor drug.

Background Art

An antibody-drug conjugate (ADC) having a drug with cytotoxicity conjugated to an
antibody which binds to an antigen expressed on a surface of cancer cells and capable
of cellular internalization (the antibody which binds to the angtigen is also capable of
cellular internalization), can deliver the drug selectively to the cancer cells and is thus
expected to cause accumulation of the drug in the cancer cells and to kill the cancer
cells (see, Non Patent Literatures 1 to 3). As an ADC, Mylotarg (registered trademark;
Gemtuzumab ozogamicin) in which calicheamicin is conjugated to an anti-CD33
antibody is approved as a therapeutic agent for acute myeloid leukemia. Further,
Adcetris (registered trademark; Brentuximab vedotin), in which auristatin E is
conjugated to an anti-CD30 antibody, has recently been approved as a therapeutic
agent for Hodgkin's lymphoma and anaplastic large cell lymphoma (see, Non Patent
Literature 4). The drugs contained in ADCs which have been approved until now target
DNA or tubulin.

As an antitumor, low-molecular-weight compounds, camptothecin derivatives, which
inhibit topoisomerase I to exhibit an antitumor effect, are known. Among them, an
antitumor compound represented by the formula below (exatecan, chemical name:
(1S,95)-1-amino-9-ethyl-5-fluoro-2,3-dihydro-9-hydroxy-4-methyl-1H,12H-benzo[de]
pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-10,13(9H, 15H)-dione) is a water soluble
derivative of camptothecin (Patent Literature 1 and 2).

[Chem.1]
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[0005]

[0006]

[0007]

[0008]

Unlike irinotecan currently used in clinical settings, this compound does not require
activation by an enzyme for exerting its antitumor effect. Further, compared to SN-38
as a main pharmaceutically active ingredient of irinotecan and topotecan also used in
clinical settings, it has higher inhibitory activity on topoisomerase I and has higher
cytocidal activity in vitro against various cancer cells. In particular, it exhibits the
effect against cancer cells which have resistance to SN-38 or the like due to expression
of P-glycoprotein. Further, in a mouse model with a human tumor subcutaneously
transplanted, it exhibited a potent antitumor effect, and thus has undergone the clinical
studies, but has not been put on the market yet (see, Non Patent Literatures 5 to 10). It
remains unclear whether or not exatecan functions effectively as an ADC.

DE-310 is a complex in which exatecan is conjugated to a biodegradable car-
boxymethyldextran polyalcohol polymer via a GGFG peptide spacer (Patent Literature
3). By making exatecan into a form of a polymer prodrug, a high blood retention
property can be maintained and also a high penetration property to a tumor area is
passively increased by utilizing the increased permeability of newly formed tumor
vessels and retention property in tumor tissues. With DE-310, the peptide spacer is
cleaved by an enzyme to continuously release exatecan as a main active ingredient and
exatecan with glycine bonded to an amino group, and as a result, the pharmacokinetics
are improved. According to various tumor evaluation models in non-clinical studies, it
was found that higher effectiveness was obtained by DE-310 than exatecan ad-
ministered alone even though the total amount of exatecan contained therein is lower
than the case of administration of exatecan alone. A clinical study was conducted for
DE-310, and effective cases were confirmed. There is also a report suggesting that the
main active ingredient accumulates in a tumor than in normal tissues. However, there
is also a report indicating that the accumulation of DE-310 and the main active in-
gredient in a tumor is not much different from the accumulation in normal tissues, and
thus no passive targeting is observed in humans (see, Non Patent Literatures 11 to 14).
As a result, DE-310 was not also commercialized, and it remains unclear whether or
not exatecan effectively functions as a drug oriented for such targeting.

As a compound relating to DE-310, a complex in which a structure moiety rep-
resented by -NH-(CH,),-C(=0)- is inserted between -GGFG -spacer and exatecan to
form -GGFG-NH-(CH,),-C(=0)- used as a spacer structure is also known (Patent
Literature 4). However, the antitumor effect of the complex is not known at all.

The human epidermal growth factor receptor 3 (also known as HER3 and ErbB3) is a
receptor protein tyrosine kinase and belongs to the epidermal growth factor receptor
(EGFR) subfamily of receptor protein tyrosine kinases, which also includes HER1
(also known EGFR), HER2, and HER4 (see Non Patent Literatures 15 to 17). As with

the prototypical epidermal growth factor receptor, the transmembrane receptor HER3
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consists of an extracellular ligand-binding domain (ECD), a dimerization domain
within the ECD, a transmembrane domain, and a carboxyl-terminal phosphorylation
domain. HER1, HER2, and HER4 carry an intracellular protein tyrosine kinase domain
(TKD) in addition to these domains, while HER3 lacks this domain and is thus unable
to be autophosphorylated.
The ligand Heregulin (HRG) binds to the extracellular domain of HER3 and activates
the receptor-mediated signaling pathway by promoting dimerization with other human
epidermal growth factor receptor (HER) family members and transphosphorylation of
its intracellular domain. The dimer formation of HER3 with other HER family
members expands the signaling potential of HER3 and serves as means not only for
signal diversification but also for signal amplification. For example, the HER2/ HER3
heterodimer induces one of the most important mitogenic signals among HER family
members. HER3 is overexpressed in several types of cancers such as breast, gastroin-
testinal, and pancreatic cancers. Interestingly, a correlation between the expression of
HER2/HER3 and the progression from a non-invasive stage to an invasive stage has
been shown (see Non Patent Literatures 18 to 20). Accordingly, agents that interfere
with HER3-mediated signaling are desirable. Anti-HER3 antibodies and immuno-
conjugates thereof have been reported in, for example, Patent Literatures 5 to 10, re-
spectively.
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[SUMMARY]

[Technical Problem]

[0011] With regard to the treatment of tumor using an antibody, an insufficient
antitumor effect may be observed even when the antibody recognizes an antigen and
binds to tumor cells, and thus a more effective antitumor antibody is sometimes needed.
Further, many antitumor low-molecular-weight compounds have a problem in safety like
side effect and toxicity even the compounds have an excellent antitumor effect. As such,
it remains as a subject to achieve a superior therapeutic effect by further enhancing the
safety. Thus, an object of the present invention is to provide an antitumor drug having
an excellent therapeutic effect, which is excellent in terms of antitumor effect and safety.
[Solution to Problem]

[0012] The inventors thought that, since the anti-HER3 antibody is an antibody

capable of targeting tumor cells, that is, it is an antibody having a property of recognizing
tumor cells, a property of binding to tumor cells, a property of internalizing in tumor cells,
a cytocidal activity against tumor cells, or the like, when exatecan as an antitumor
compound is converted into an antibody-drug conjugate by conjugation to the antibody
via a linker structure moiety, the antitumor compound can be more surely delivered to
tumor cells to specifically exhibit the antitumor effect of the compound in tumor cells,
and thus the antitumor effect can be surely exhibited and also an enhanced cytocidal
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effect of the anti-HER3 antibody is expected, and a dose of the antitumor compound can
be reduced compared to a case of administering the compound alone, and thus an
influence of the antitumor compound on normal cells can be alleviated so that higher
safety can be achieved.

In this connection, the inventors created a linker with a specific structure and succeeded
in obtaining an antibody-drug conjugate in which the anti-HER3 antibody and exatecan
are conjugated to each other via the linker, and confirmed an excellent antitumor effect

exhibited by the conjugate to thereby complete the present invention.

[0013] Specifically, the present invention relates to the following: in one aspect, the
present invention refers to an antibody-drug conjugate wherein a drug-linker structure
represented by the following formula is conjugated to an anti-HER3 antibody,
-(Succinimid-3-yl-N)-CH,CH,CH,CH;CH,-C(=0)-GGF G-NH-CH,-O-CH,-C(=0)-(NH-
DX),

wherein

-(Succinimid-3-yl-N)- has a structure represented by the following formula:

[Formula 1]

ﬂN_

0}
which is connected to the anti-HER3 antibody at position 3 thereof via a thioether bond
and is connected to a methylene group in the linker structure containing this structure on
the nitrogen atom at position 1, and
-(NH-DX) represents a group represented by the following formula, with the nitrogen

atom of the amino group at position 1 being a connecting position.
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[Formula 2]

In another aspect, the present invention refers to a medicine comprising the antibody-

drug conjugate according to the present invention, a salt thereof or a hydrate thereof.

In yet another aspect, the present invention refers to an antitumor medicine and/or
anticancer medicine comprising the antibody-drug conjugate according to the present

invention, a salt thereof or a hydrate thereof.

In yet another aspect, the present invention refers to the use of an antitumor medicine
and/or anticancer medicine comprising the antibody-drug conjugate according to the
present invention, a salt thereof or a hydrate thereof in the manufacture of a medicament
for treating lung cancer, kidney cancer, urothelial cancer, colorectal cancer, prostate
cancer, glioblastoma multiforme, ovarian cancer, pancreatic cancer, breast cancer,
melanoma, liver cancer, bladder cancer, gastric cancer, gastrointestinal stromal tumor,
cervical cancer, head and neck cancer, esophageal cancer, epidermoid cancer, peritoneal
cancer, adult glioblastoma multiforme, hepatic cancer, hepatocellular carcinoma, colon
cancer, rectal cancer, colon and rectal cancer, endometrial cancer, uterus cancer, salivary
cancer, renal cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anus carcinoma, or

penis cancer.
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In another aspect, the present invention refers to A pharmaceutical composition
comprising the antibody-drug conjugate according to the present invention, a salt thereof
or a hydrate thereof as an active ingredient, and a pharmaceutically acceptable

formulation ingredient.

In yet another aspect, the present invention refers to the use of a pharmaceutical
composition comprising the antibody-drug conjugate according to the present invention,
a salt thereof or a hydrate thereof as an active ingredient, and a pharmaceutically
acceptable formulation ingredient in the manufacture of a medicament for treating lung
cancer, kidney cancer, urothelial cancer, colorectal cancer, prostate cancer, glioblastoma
multiforme, ovarian cancer, pancreatic cancer, breast cancer, melanoma, liver cancer,
bladder cancer, gastric cancer, gastrointestinal stromal tumor, cervical cancer, head and
neck cancer, esophageal cancer, epidermoid cancer, peritoneal cancer, adult glioblastoma
multiforme, hepatic cancer, hepatocellular carcinoma, colon cancer, rectal cancer, colon
and rectal cancer, endometrial cancer, uterus cancer, salivary cancer, renal cancer, vulval

cancer, thyroid cancer, hepatic carcinoma, anus carcinoma, or penis cancer.

In another aspect, the present invention refers to a pharmaceutical composition
comprising the antibody-drug conjugate according to the present invention, a salt thereof
or a hydrate thereof as an active ingredient, and a pharmaceutically acceptable

formulation ingredient.

In yet another aspect, the present invention refers to a medicine comprising the antibody-

drug conjugate according to the present invention, a salt thereof or a hydrate thereof.

In yet another invention, the present invention refers to the Use of a pharmaceutical
composition comprising the antibody-drug conjugate according to any one of claims 9 to

13, a salt thereof or a hydrate thereof as an active ingredient, and a pharmaceutically
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acceptable formulation ingredient or the medicine comprising the antibody-drug
conjugate according to the present invention, a salt thereof or a hydrate thereof in the
manufacture of a medicament for treating lung cancer, kidney cancer, urothelial cancer,
colorectal cancer, prostate cancer, glioblastoma multiforme, ovarian cancer, pancreatic
cancer, breast cancer, melanoma, liver cancer, bladder cancer, gastric cancer,
gastrointestinal stromal tumor, cervical cancer, head and neck cancer, esophageal cancer,
epidermoid cancer, peritoneal cancer, adult glioblastoma multiforme, hepatic cancer,
hepatocellular carcinoma, colon cancer, rectal cancer, colon and rectal cancer,
endometrial cancer, uterus cancer, salivary cancer, renal cancer, vulval cancer, thyroid

cancer, hepatic carcinoma, anus carcinoma, or penis cancer.
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Also disclosed herein is: [1] An antibody-drug conjugate wherein
an antitumor compound represented by the following formula

[Chem. 2]

is conjugated to an anti-HER3 antibody by a thiocether bond which
is formed at a disulfide bond moiety present in a hinge part of
the anti-HER3 antibody wvia a linker having a structure
represented by the following formula:
-1L'-L*-L°-NH- (CH;) n'-1%- (CH,) n°~C (=0) - or -L'-L°-L°-.
[0014]

Here, the anti-HER3 antibody is connected to the terminal of
L', the antitumor compound is connected to the carbonyl group of
—(CHﬂI@—C(ZO)— moiety or the C terminal of LP, with the nitrogen
atom of the amino group at position 1 as a connecting position.
In the formula, n' represents an integer of 0 to 6,
n’ represents an integer of 0 to 5,
Lt represents —(Succinimid—B—yl—N)—(CHﬂrﬁ—C(=O)—,

wherein n°

represents an integer of 2 to 8,

L° represents -NH- (CH,CH,-0)n*-CH,CH,-C(=0)- or a single bond,
wherein n* represents an integer of 1 to 6,

L represents a peptide residue consisting of 2 to 7 amino acids,
L° represents -O- or a single bond,

- (Succinimid-3-y1-N)- has a structure represented by the

following formula:



[Chem. 3]
O

N—

0

which is connected to the anti-HER3 antibody at position 3
thereof and is connected on the nitrogen atom at position 1 to a
methylene group in the linker structure containing this
structure.

[0015] The present disclosure further relates to each of the
followings.

[2] The antibody-drug conjugate according to [1], wherein the
peptide residue of LF is a peptide residue comprising an amino
acid selected from phenylalanine, glycine, wvaline, lysine,
citrulline, serine, glutamic acid, and aspartic acid.

[3] The antibody-drug conjugate according to [1l] or [2], wherein
L¥ is a peptide residue selected from the following group

-GGF-,

-DGGF-,

- (D-) D-GGF—,

~-EGGF-,

-GGFG-,

-SGGF-,

-KGGF-,

-DGGFG-,

-GGFGG—,

~-DDGGFG-,

-KDGGFG-, and

-GGFGGGE-;

(wherein, " (D-)D" represents D-aspartic acid).

[4] The antibody-drug conjugate according to [1] or [2], wherein
L° is a peptide residue comprising 4 or 5 amino acids.

[5] The antibody-drug conjugate according to any one of [1l] to
[4], wherein L° is -GGFG- or -DGGFG-.

[6] The antibody-drug conjugate according to any one of [1l] to
[4], wherein L® is -GGFG-.

[0016]

[7] The antibody-drug conjugate according to any one of [1l] to
[6], wherein n’ is an integer of 2 to 5 and L° is a single bond.
[8] The antibody-drug conjugate according to any one of [1] to
[7], wherein the
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[0017]

linker is -L!-L2-L.>-NH-(CH,)n!-L*-(CH,)n2-C(=0)-.

[9] The antibody-drug conjugate according to [8], wherein n’ is an integer of 2 to 5, L?
is -NH-(CH,CH,-O)n*-CH,CH,-C(=0)-, and n*is 2 or 4.

[10] The antibody-drug conjugate according to [8] or [9], wherein -NH-(CH,)n!-L -
(CH,)n?>-C(=0)- is a partial structure having chain length of 4 to 7 atoms.

[11] The antibody-drug conjugate according to [8] or [9], wherein -NH-(CH,)n!-L* -
(CH,)n?-C(=0)- is a partial structure having chain length of 5 or 6 atoms.

[12] The antibody-drug conjugate described in [10] or [11], wherein -NH-(CH,)n!-L* -
(CHy)n?>-C(=0)- is

-NH-CH,CH,-C(=0)-,

-NH-CH,CH,CH,-C(=0)-,

-NH-CH,CH,CH,CH,-C(=0)-,

-NH-CH,CH,CH,CH,CH,-C(=0)-,

-NH-CH,-O-CH,-C(=0)-, or

-NH-CH,CH,-O-CH,-C(=0)-.

[13] The antibody-drug conjugate according to [12], wherein -NH-(CH,)n!-L*-(CH,)n? -
C(=0)- is any one of the followings:

-NH-CH,CH,CH,-C(=0)-,

-NH-CH,-O-CH,-C(=0)-, or

-NH-CH,CH,-O-CH,-C(=0)-.

[14] The antibody-drug conjugate according to any one of [1] to [5], wherein the linker
is -L1-L2-LP-.

[15] The antibody-drug conjugate according to [14], wherein L? is -DGGFG-.

[16] The antibody-drug conjugate according to [15], wherein n’ is an integer of 2 to 5
and L2 is a single bond.

[17] The antibody-drug conjugate according to [1], wherein the drug-linker structure
moiety in which a drug is bound to -L!-L>-L>-NH-(CH,)n'-L2-(CH,)n?>-C(=0)- or -L!-L.?
-LP- is one drug-linker structure selected from the following group:

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-
DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(
NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-
C(=0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,»-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(
NH-DX),
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[0018]

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)
-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,-C(=0)-(NH-
DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,-C(=0)-(
NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,CH,CH,-
C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
FG-NH-CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
FG-NH-CH,CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,
-O-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,
-O-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-DGGFG-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX).

In the above, -(Succinimid-3-yl-N)- has a structure represented by the following
formula:

[Chem.4]
O

N—

0

which is connected to the anti-HER3 antibody at position 3 and is connected to a
methylene group in the linker structure containing it on the nitrogen atom at position 1,
-(NH-DX) represents a group represented by the following formula, wherein the

nitrogen atom of the amino group at position 1 is the connectig position,
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[0019]

[0020]

[0021]

[Chem.5]

-GGFG- represents a tetrapeptide residue of -Gly-Gly-Phe-Gly- and -DGGFG-
represents a pentapeptide residue of -Asp-Gly-Gly-Phe-Gly-.

[18] The antibody-drug conjugate described in [1], wherein the drug-linker structure
moiety having a drug bonded to -L!-L2-L*-NH-(CH)n!-L#-(CH,)n?-C(=0)- is one drug-
linker structure selected from the following group:

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(
NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,-C(=0)
-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(
NH-DX),

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-G
GFG-NH-CH,CH,CH,-C(=0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX).

Here, -(Succinimid-3-yl-N)-, -(NH-DX), -GGFG-, and -DGGFG- are as described
above.

[19] An antibody-drug conjugate comprising an antitumor compound represented by

the following formula:
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[Chem.6]

conjugated to an anti-HER3 antibody by a thioether bond which is formed at a
disulfide bond moiety present in a hinge part of the anti-HER3 antibody via a linker
having a structure represented by the following formula:
-LI-L2-LP-NH-(CHy)n'-La-(CH,)n?>-C(=0)-.

Here, the anti-HER3 antibody is connected to the terminal of L' and the antitumor
compound is connected to the carbonyl group of -(CH,)n?>-C(=0)- moiety.

In the formula, n! represents an integer of O to 6,

n? represents an integer of O to 5,

L! represents -(Succinimid-3-yl-N)-(CH,)n3-C(=0)-,

wherein n’ represents an integer of 2 to 8§,

L? represents -NH-(CH,CH,-O)n*-CH,CH,-C(=0)- or a single bond,

wherein n* represents an integer of 1 to 6,

LF represents a tetrapeptide residue of -GGFG-,

L2 represents -O- or a single bond,

-(Succinimid-3-yl-N)- has a structure represented by the following formula:
[Chem.7]

)
N—

0

which is connected to the anti-HER3 antibody at position 3 thereof and binds on the
nitrogen atom at position 1 to a methylene group in a linker structure containing this
structure.

[0022] [20] The antibody-drug conjugate according to [19], wherein n' is 3, n?is 0, nis 2, L
2 is -NH-(CH,CH,-O)n*-CH,CH,-C(=0)-, n* is 2, and L* is a single bond, or

n'is 1,n%is 1, n*is 5, L? is a single bond, and L* is -O-, or
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[0023]

[0024]

n'is 2,n%is 1, n*is 5, L? is a single bond, and L* is -O-.

[21] The antibody-drug conjugate according to [19] or [20], wherein n? is 2 or 5 and L?
is a single bond.

[22] The antibody-drug conjugate according to [19] or [20], wherein n*is 2 or 5, L? is -
NH-(CH,CH,-O)n*-CH,CH,-C(=0)-, and n* is 2 or 4.

[23] The antibody-drug conjugate described in any one of [19] to [22], wherein -
NH-(CH,)n!'-L2-(CH,)n>-C(=0)- is

-NH-CH,CH,CH,-C(=0)-,

-NH-CH,-O-CH,-C(=0)-, or

-NH-CH,CH,-O-CH,-C(=0)-.

[24] The antibody-drug conjugate described in any one of [19] to [23], wherein the
drug-linker structure moiety having a drug bonded to -L!-L>-L>-NH-(CH,)n!-L#-(CH,)n
2-C(=0)- is one drug-linker structure selected from the following group:

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-
DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(
NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH.-
C(=0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(
NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=
0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-G
GFG-NH-CH,CH,-C(=0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-G
GFG-NH-CH,CH,CH,-C(=0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,C
H,-O-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX);

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,C
H,-O-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),

In the above, -(Succinimid-3-yl-N)- has a structure represented by the following

formula:
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[0025]

[0026]

[Chem.§8]
O

N—

0

which is connected to the anti-HER3 antibody at position 3 thereof and is connected on
the nitrogen atom at position 1 to a methylene group in a linker structure containing
this structure.

-(NH-DX) represents a group represented by the following formula, wherein the
nitrogen atom of the amino group at position 1 is the connectig position:

[Chem.9]

-GGFG- represents a tetrapeptide residue of -Gly-Gly-Phe-Gly-.

[25] The antibody-drug conjugate described in any one of [19] to [23], wherein the
drug-linker structure moiety having a drug connected to -L!-L>-LP-NH-(CH,)n!-L2-(CH
»)N>-C(=0)- is one drug-linker structure selected from the following group:

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(
NH-DX),

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=
0)-(NH-DX),

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-G
GFG-NH-CH,CH,CH,-C(=0)-(NH-DX).

In the above, -(Succinimid-3-yl-N)-, -(NH-DX), and -GGFG- are as defined above.

[26] The antibody-drug conjugate according to any one of [1] to [25], wherein the
average number of units of the selected one drug-linker structure conjugated per
antibody is in a range of from 1 to 10.

[27] The antibody-drug conjugate according to any one of [1] to [25], wherein the
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[0027]

average number of units of the selected one drug-linker structure conjugated per
antibody is in a range of from 2 to 8.

[28] The antibody-drug conjugate according to any one of [1] to [25], wherein the
average number of units of the selected one drug-linker structure conjugated per
antibody is in a range of from 3 to 8.

[29] A medicine comprising the antibody-drug conjugate according to any one of [1]
to [28], a salt thereof or a hydrate thereof.

[30] An antitumor medicine and/or anticancer medicine comprising the antibody-
drug conjugate according to any one of [1] to [28], a salt thereof or a hydrate thereof.

[31] The antitumor medicine and/or anticancer medicine according to [30], which is
applied to lung cancer, kidney cancer, urothelial cancer, colorectal cancer, prostate
cancer, glioblastoma multiforme, ovarian cancer, pancreatic cancer, breast cancer,
melanoma, liver cancer, bladder cancer, stomach cancer, gastrointestinal stromal
tumor, cervical cancer, head and neck cancer, esophageal cancer, epidermoid cancer,
peritoneal cancer, adult glioblastoma multiforme, hepatic cancer, hepatocellular
carcinoma, colon cancer, rectal cancer, colon and rectal cancer, endometrial cancer,
uterus cancer, salivary cancer, renal cancer, vulval cancer, thyroid cancer, hepatic
carcinoma, anus carcinoma, or penis cancer.

[32] A pharmaceutical composition comprising the antibody-drug conjugate
according to any one of [1] to [28], a salt thereof or a hydrate thereof as an active
component, and a pharmaceutically acceptable formulation component.

[33] The pharmaceutical composition according to [32], which is applied to lung
cancer, kidney cancer, urothelial cancer, colorectal cancer, prostate cancer,
glioblastoma multiforme, ovarian cancer, pancreatic cancer, breast cancer, melanoma,
liver cancer, bladder cancer, stomach cancer, gastrointestinal stromal tumor, cervical
cancer, head and neck cancer, esophageal cancer, epidermoid cancer, peritoneal
cancer, adult glioblastoma multiforme, hepatic cancer, hepatocellular carcinoma, colon
cancer, rectal cancer, colon and rectal cancer, endometrial cancer, uterus cancer,
salivary cancer, renal cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anus
carcinoma, or penis cancer.

[34] A method for treating a tumor and/or cancer comprising administering the
antibody-drug conjugate according to any one of [1] to [28], a salt thereof or a hydrate
thereof.

[35] The medicine according to [29], the antitumor medicine and/or anticancer
medicine according to [30] or [31], the pharmaceutical composition according to [32]
or [33], or the treatment method according to [34], which is used in administration in
combination with an additional medicine.

[36] The pharmaceutical composition according to [32] or [33], further comprising
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[0028]

[0029]

even an additional medicine as an active ingredient.

[35] A method for producing an antibody-drug conjugate comprising reacting a
compound represented by the following formula:

(maleimid-N-yD)-(CH,)n3-C(=0)-L?-LP-NH-(CH,)n!-L*-(CH,)n?>-C(=0)-(NH-DX) or
(maleimid-N-yl)-(CH,)n3-C(=0)-L>-LP-(NH-DX)

with an anti-HER3 antibody or a reactive derivative thereof and conjugating a drug-
linker moiety to the antibody by a method for forming a thioether bond on a disulfide
bond moiety present at a hinge part of the antibody.

In the formula, n® represents an integer of 2 to 8§,

L? represents -NH-(CH,CH,-O)n*-CH,CH,-C(=0)- or a single bond wherein n*
represents an integer of 1 to 6,

L? represents a peptide residue consisting of 2 to 7 amino acids selected from pheny-
lalanine, glycine, valine, lysine, citrulline, serine, glutamic acid, and aspartic acid,

n' represents an integer of 0 to 6,

n® represents an integer of 0 to 5,

L2 represents -O- or a single bond,

(maleimid-N-yl)- is a group represented by the following formula and has a nitrogen
atom as a connecting position.
[Chem.10]

Q
—N |

G

-(NH-DX) represents a group represented by the following formula, wherein the
nitrogen atom of the amino group at position 1 is the connectig position:
[Chem.11]
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[0030]

[0031]

[0032]

[36] The production method described in [35], wherein the method for conjugating a
drug-linker moiety to an anti-HER3 antibody is a method of reducing the antibody for
conversion into a reactive derivative.

[37] The production method described in [35] or [36], wherein the average number of
units of the selected one drug-linker structure conjugated per antibody is in the range
of from 1 to 10.

[38] The production method described in [35] or [36], wherein the average number of
units of the selected one drug-linker structure conjugated per antibody is in the range
of from 2 to 8.

[39] The production method described in [35] or [36], wherein the average number of
units of the selected one drug-linker structure conjugated per antibody is in the range
of from 3 to 8.

[40] An antibody-drug conjugate obtained by the production method according to
any one of [35] to [39].

[41] An antibody-drug conjugate obtained by forming a thioether bond at a disulfide
bond site present in a hinge part of an anti-HER3 antibody, wherein the anti-HER3
antibody is treated in a reducing condition and thereafter reacted with a compound
selected from the compound group shown below:

(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),

(maleimid-N-y1)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-
DX),

(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C(=0)-(NH-
DX),

(maleimid-N-yl)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C(=0)-(
NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C(=
0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,-C(=0)-(NH-D
X), (maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH, -
C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,CH,CH,-C(
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~0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-0O-CH,-C(=0)-(NH-D
X),

(maleimid-N-y1)-CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-0O-CH,-C(=0)-(NH-D
X),
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH
DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0-CH,CH,-O-CH,CH,-C(=0)-GGFG-
NH-CH,CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0O-CH,CH,-O-CH,CH,0-CH,CH,-C(=
0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0-CH,CH,-O-CH,CH,-0-CH,CH,-O-
CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GGFG-
NH-CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0O-CH,CH,-O-CH,CH,-O-CH,CH,-C(=
0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0-CH,CH,-0-CH,CH,-O-CH,CH,-O-
CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0-CH,CH,-O-CH,CH,-C(=0)-GGFG-
NH-CH,-0-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0O-CH,CH,-O-CH,CH,-O-CH,CH,-C(=
0)-GGFG-NH-CH,-0O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0-CH,CH,-O-CH,CH,-0-CH,CH,-O-
CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0-CH,CH,-O-CH,CH,-C(=0)-GGFG-
NH-CH,CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-0O-CH,CH,-O-CH,CH,-O-CH,CH,-C(=
0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,0-CH,CH,0-CH,CH,0-CH,CH,0-CH,
CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,-C(=0)-GGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,-C(=0)-GGFG-(NH-DX),
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(maleimid-N-y1)-CH,CH,CH,CH,-C(=0)-GGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-GGFG-(NH-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-DGGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,-C(=0)-DGGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX), or
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX).

[0033]  In the above, (maleimid-N-yl)- is a group represented by the following formula:
[Chem.12]

Q
—N |

O

which has a nitrogen atom as a connecting position.

-(NH-DX) represents a group represented by the following formula, the nitrogen
atom of the amino group at position 1 being a connecting position.
[Chem.13]

-GGFG- represents a tetrapeptide residue of -Gly-Gly-Phe-Gly- and -DGGFG-
represents pentapeptide residue of -Asp-Gly-Gly-Phe-Gly-.

[0034]  [42] An antibody-drug conjugate obtained by forming a thioether bond at a disulfide
bond site present in a hinge part of an anti-HER3 antibody, and characterized by
treating the anti-HER3 antibody with a reducing condition and thereafter reacting with
a compound selected from the compound group shown below:

(maleimid-N-y1)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GGFG
-NH-CH,CH,CH,-C(=0)-(NH-DX),

(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-
DX), or
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[0035]

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH
-DX).
In the above, (maleimid-N-yl)-, -(NH-DX), and -GGFG- are as defined above.

[43] The antibody-drug conjugate according to [41] or [42], wherein an average
conjugated number of the selected one drug-linker structure per antibody is in a range
of from 1 to 10.

[44] The antibody-drug conjugate according to [41] or [42], wherein an average
conjugated number of the selected one drug-linker structure per antibody is in a range
of from 2 to 8.

[45] The antibody-drug conjugate according to [41] or [42], wherein an average
conjugated number of the selected one drug-linker structure per antibody is in a range
of from 3 to 8.

[46] A medicine comprising the antibody-drug conjugate according to any one of
[40] to [45], a salt thereof or a hydrate thereof.

[47] An antitumor medicine and/or anticancer medicine comprising the antibody-
drug conjugate according to any one of [40] to [45], a salt thereof or a hydrate thereof.

[48] The antitumor medicine and/or anticancer medicine according to [47], which is
applied to lung cancer, kidney cancer, urothelial cancer, colorectal cancer, prostate
cancer, glioblastoma multiforme, ovarian cancer, pancreatic cancer, breast cancer,
melanoma, liver cancer, bladder cancer, stomach cancer, gastrointestinal stromal
tumor, cervical cancer, head and neck cancer, esophageal cancer, epidermoid cancer,
peritoneal cancer, adult glioblastoma multiforme, hepatic cancer, hepatocellular
carcinoma, colon cancer, rectal cancer, colon and rectal cancer, endometrial cancer,
uterus cancer, salivary cancer, renal cancer, vulval cancer, thyroid cancer, hepatic
carcinoma, anus carcinoma, or penis cancer.

[49] A pharmaceutical composition comprising the antibody-drug conjugate
according to any one of [40] to [45], a salt thereof or a hydrate thereof as an active
component, and a pharmaceutically acceptable formulation component.

[50] The pharmaceutical composition according to [49], which is applied to lung
cancer, kidney cancer, urothelial cancer, colorectal cancer, prostate cancer,
glioblastoma multiforme, ovarian cancer, pancreatic cancer, breast cancer, melanoma,
liver cancer, bladder cancer, stomach cancer, gastrointestinal stromal tumor, cervical
cancer, head and neck cancer, esophageal cancer, epidermoid cancer, peritoneal
cancer, adult glioblastoma multiforme, hepatic cancer, hepatocellular carcinoma, colon
cancer, rectal cancer, colon and rectal cancer, endometrial cancer, uterus cancer,
salivary cancer, renal cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anus
carcinoma, or penis cancer.

[51] A method for treating a tumor and/or cancer comprising administering the
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[0036]

[0037]

antibody-drug conjugate according to any one of [40] to [45], a salt thereof or a
hydrate thereof.
[52] The medicine according to [46], the antitumor medicine and/or anticancer
medicine according to [47] or [48], the pharmaceutical composition according to [49]
or [50], or the treatment method according to [51], which is used in administration in
combination with an additional medicine.
[53] The pharmaceutical composition according to [49] or [50], further comprising
even an additional medicine as an active ingredient.
Advantageous Effects of Invention

With an anti-HER3 antibody-drug conjugate having an antitumor compound
exatecan conjugated via a linker with a specific structure, an excellent antitumor effect
and safety can be achieved.
Brief Description of Drawings
[fig.1]Figure 1 shows the full-length amino acid sequence of a heavy chain of anti-
HER3 human antibody U1-59 (SEQ ID NO: 583).
[fig.2]Figure 2 shows the full-length amino acid sequence of a light chain of anti-
HER3 human antibody U1-59 (SEQ ID NO: 584).
[fig.3]Figure 3 shows the mean fluorescence intensity of HCC1569 treated with serial
dilutions of U1-59 or each antibody-drug conjugate. KD and Bmax values were
calculated using GraphPad Prism Software.
[fig.4]A549 cells were cultured for 2 days with U1-59 or varied antibody-drug
conjugates. HER3 or phosphorylated HER3 was evaluated by Western blotting. pan-
Actin was detected as an electrophoresis control.
[fig.5]Figure 5 shows an average value of reduction in HER3 expression on the surface
of HCC1569 cells treated with U1-59 or each antibody-drug conjugate (37C ("C"
represents "degrees Celsius"), 1 hr).
[fig.6]Figure 6 shows results of a test on the inhibition of mitogenic or survival signals
by each HER3 antibody-drug conjugate in a human breast cancer line (HCC1569).
Figure 6A shows cell growth or survival derived from the antibody-drug conjugate in
the presence of 10% FBS. The data is indicated by mean +/- standard deviation of
triplicates. The ordinate depicts a luminescence value indicating the ATP activity of
each sample. The abscissa depicts the concentration of each antibody-drug conjugate.
Figure 6B shows the rate of reduction in luminescence caused by antibody-drug
conjugate treatment when the luminescence of an untreated group was defined as
100%.
[fig.7]Figure 7 shows results of a test on the inhibition of mitogenic or survival signals
by each HER3 antibody-drug conjugate in a human breast cancer line (MDA-MB 453).
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Figure 7A shows cell growth or survival derived from the antibody-drug conjugate in
the presence of 10% FBS. The ordinate depicts a luminescence value indicating the
ATP activity of each sample. The abscissa depicts the concentration of each antibody-
drug conjugate. The data is indicated by mean +/- standard deviation of triplicates.
Figure 7B shows the rate of reduction in luminescence caused by antibody-drug
conjugate treatment when the luminescence of an untreated group was defined as
100%.

[fig.8]Figure 8 shows results of a test on the inhibition of mitogenic or survival signals
by each HER3 antibody-drug conjugate in a human melanoma line (A375). Figure 8A
shows cell growth or survival derived from the antibody-drug conjugate in the
presence of 10% FBS. The ordinate depicts a luminescence value indicating the ATP
activity of each sample. The abscissa depicts the concentration of each antibody-drug
conjugate. The data is indicated by mean +/- standard deviation of triplicates. Figure
8B shows the rate of reduction in luminescence caused by antibody-drug conjugate
treatment when the luminescence of an untreated group was defined as 100%.
[fig.9]Figure 9 shows results of a test on the inhibition of mitogenic or survival signals
by each HER3 antibody-drug conjugate in a human colorectal cancer line (HT29).
Figure 9A shows cell growth or survival derived from the antibody-drug conjugate in
the presence of 10% FBS. The ordinate depicts a luminescence value indicating the
ATP activity of each sample. The abscissa depicts the concentration of each antibody-
drug conjugate. The data is indicated by mean +/- standard deviation of triplicates.
Figure 9B shows the rate of reduction in luminescence caused by antibody-drug
conjugate treatment when the luminescence of an untreated group was defined as
100%.

[fig.10]Figure 10 shows results of a test on the inhibition of mitogenic or survival
signals by each HER3 antibody-drug conjugate in a human lung cancer line (A549).
Figure 10A shows cell growth or survival derived from the antibody-drug conjugate in
the presence of 10% FBS. The ordinate depicts a luminescence value indicating the
ATP activity of each sample. The abscissa depicts the concentration of each antibody-
drug conjugate. The data is indicated by mean +/- standard deviation of triplicates.
Figure 10B shows the rate of reduction in luminescence caused by antibody-drug
conjugate treatment when the luminescence of an untreated group was defined as
100%.

[fig.11]Figure 11 shows results of comparing the rate of inhibition of cell growth or
survival between the antibody-drug conjugate (3) and the antibody-drug conjugate (4).
The left diagram shows the rate of inhibition of cell growth or survival derived from
the antibody-drug conjugate in the presence of 10% FBS. The ordinate depicts lumi-

nescence indicating the ATP activity of each sample. The abscissa depicts the con-
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centration of each antibody-drug conjugate. The data is indicated by mean +/- standard
deviation of triplicates. The right diagram shows the comparison of the rate of
reduction in luminescence caused by antibody-drug conjugate treatment between high
drug loading (HDL) and middle drug loading (MDL) when the luminescence of an
untreated group was defined as 100%.

[fig.12]Figure 12 shows results of comparing the rate of inhibition of cell growth or
survival between the antibody-drug conjugate (10) and the antibody-drug conjugate
(11). The left diagram shows the rate of inhibition of cell growth or survival derived
from the antibody-drug conjugate in the presence of 10% FBS. The ordinate depicts lu-
minescence indicating the ATP activity of each sample. The abscissa depicts the con-
centration of each antibody-drug conjugate. The data is indicated by mean +/- standard
deviation of triplicates. The right diagram shows the comparison of the rate of
reduction in luminescence caused by antibody-drug conjugate treatment between high
drug loading (HDL) and middle drug loading (MDL) when the luminescence of an
untreated group was defined as 100%.

[fig.13]Figure 13 shows results of comparing the rate of inhibition of cell growth or
survival between the antibody-drug conjugate (13) and the antibody-drug conjugate
(14). The left diagram shows the rate of inhibition of cell growth or survival derived
from the antibody-drug conjugate in the presence of 10% FBS. The ordinate depicts lu-
minescence indicating the ATP activity of each sample. The abscissa depicts the con-
centration of each antibody-drug conjugate. The data is indicated by mean +/- standard
deviation of triplicates. The right diagram shows the comparison of the rate of
reduction in luminescence caused by antibody-drug conjugate treatment between high
drug loading (HDL) and middle drug loading (MDL) when the luminescence of an
untreated group was defined as 100%.

[fig.14]Figure 14 shows results of a human breast cancer (HCC1569) antitumor test
using the antibody-drug conjugate (3), (10), or (13). The ordinate depicts an average
tumor volume. The abscissa depicts the number of days from cell transplantation. All
values are indicated by mean +/- standard deviation. The initial tumor volume and the
initial mouse weight were analyzed on the basis of descriptive data (mean and standard
deviation) using Microsoft Excel 2009.

[fig.15]Figure 15 shows results of a human melanoma (HT-144) antitumor test using
the antibody-drug conjugate (3), (10), or (13). The ordinate depicts an average tumor
volume. The abscissa depicts the number of days from cell transplantation. All values
are indicated by mean +/- standard deviation. The initial tumor volume and the initial
mouse weight were analyzed on the basis of descriptive data (mean and standard
deviation) using Microsoft Excel 2009.

[fig.16]Figure 16 shows results of a human breast cancer (MDA-MB-453) antitumor
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test using the antibody-drug conjugate (3), (10), or (13). The ordinate depicts an
average tumor volume. The abscissa depicts the number of days from administration.
All values are indicated by mean +/- standard deviation. The initial tumor volume and
the initial mouse weight were analyzed on the basis of descriptive data (mean and
standard deviation) using Microsoft Excel 2009.

[fig.17]Figure 17 shows results of a human colorectal cancer line (HT-29) antitumor
test using the antibody-drug conjugate (3), (10), or (13). The ordinate depicts an
average tumor volume. The abscissa depicts the number of days from administration.
All values are indicated by mean +/- standard deviation. The initial tumor volume and
the initial mouse weight were analyzed on the basis of descriptive data (mean and
standard deviation) using Microsoft Excel 2009.

[fig.18]Figure 18 shows results of a human lung cancer line (A549) antitumor test
using the antibody-drug conjugate (3), (10), or (13). The ordinate depicts an average
tumor volume. The abscissa depicts the number of days from cell transplantation. All
values are indicated by mean +/- standard deviation. The initial tumor volume and the
initial mouse weight were analyzed on the basis of descriptive data (mean and standard
deviation) using Microsoft Excel 2009.

[fig.19]Figure 19 shows results of a human triple-negative breast cancer line
(MDA-MB-468) antitumor test using the antibody-drug conjugate (13). The ordinate
depicts an average tumor volume. The abscissa depicts the number of days from cell
transplantation. All values are indicated by mean +/- standard deviation. The initial
tumor volume and the initial mouse weight were analyzed on the basis of descriptive
data (mean and standard deviation) using Microsoft Excel 2009.

[fig.20]Figure 20 shows results of a human luminal breast cancer line (MCF-7)
antitumor test using the antibody-drug conjugate (16a). The ordinate depicts an
average tumor volume. The abscissa depicts the number of days from cell trans-
plantation. All values are indicated by mean +/- standard deviation. The initial tumor
volume and the initial mouse weight were analyzed on the basis of descriptive data
(mean and standard deviation) using Microsoft Excel 2009.

[fig.21]Figure 21 shows results of a human melanoma line (WM-266-4) antitumor test
using the antibody-drug conjugate (16a). The ordinate depicts an average tumor
volume. The abscissa depicts the number of days from cell transplantation. All values
are indicated by mean +/- standard deviation. The initial tumor volume and the initial
mouse weight were analyzed on the basis of descriptive data (mean and standard
deviation) using Microsoft Excel 2009.

[fig.22]Figure 22 shows results of a human ovarian cancer line (OVCAR-8) antitumor
test using the antibody-drug conjugate (16a). The ordinate depicts an average tumor

volume. The abscissa depicts the number of days from cell transplantation. All values
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are indicated by mean +/- standard deviation. The initial tumor volume and the initial
mouse weight were analyzed on the basis of descriptive data (mean and standard
deviation) using Microsoft Excel 2009.

[fig.23]Figure 23 shows results of a human bladder cancer line (SW-780) antitumor
test using the antibody-drug conjugate (16a). The ordinate depicts an average tumor
volume. The abscissa depicts the number of days from cell transplantation. All values
are indicated by mean +/- standard deviation. The initial tumor volume and the initial
mouse weight were analyzed on the basis of descriptive data (mean and standard
deviation) using Microsoft Excel 2009.

[fig.24]Figure 24 shows results of a human breast cancer line (MDA-MB-453)
antitumor test using the antibody-drug conjugate (16a). The ordinate depicts an
average tumor volume. The abscissa depicts the number of days from cell trans-
plantation. All values are indicated by mean +/- standard deviation. The initial tumor
volume and the initial mouse weight were analyzed on the basis of descriptive data
(mean and standard deviation) using Microsoft Excel 2009.

[fig.25]Figure 25 shows results of a human breast cancer line (MDA-MB-453)
antitumor test using the antibody-drug conjugate (16a). The ordinate depicts an
average tumor volume. The abscissa depicts the number of days from cell trans-
plantation. All values are indicated by mean +/- standard deviation. The initial tumor
volume and the initial mouse weight were analyzed on the basis of descriptive data
(mean and standard deviation) using Microsoft Excel 2009.

[fig.26]Figure 26 shows results of a human breast cancer line (JIMT-1) antitumor test
using the antibody-drug conjugate (15). The ordinate depicts an average tumor volume.
The abscissa depicts the number of days from cell transplantation. All values are
indicated by mean +/- standard deviation. The initial tumor volume and the initial
mouse weight were analyzed on the basis of descriptive data (mean and standard
deviation) using Microsoft Excel 2009.

[fig.27]Figure 27 shows results of a human lung cancer line (PC9) antitumor test using
the antibody-drug conjugate (16a). The ordinate depicts an average tumor volume. The
abscissa depicts the number of days from cell transplantation. All values are indicated
by mean +/- standard deviation. The initial tumor volume and the initial mouse weight
were analyzed on the basis of descriptive data (mean and standard deviation) using
Microsoft Excel 2009.

[fig.28]Figure 28 shows results of a human triple-negative breast cancer line
(MDA-MB-468) antitumor test using the antibody-drug conjugate (16a). The ordinate
depicts an average tumor volume. The abscissa depicts the number of days from cell
transplantation. All values are indicated by mean +/- standard deviation. The initial

tumor volume and the initial mouse weight were analyzed on the basis of descriptive
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data (mean and standard deviation) using Microsoft Excel 2009.

[fig.29]Figure 29 shows results of a human head and neck cancer line (Fadu) antitumor
test using the antibody-drug conjugate (16a). The ordinate depicts an average tumor
volume. The abscissa depicts the number of days from cell transplantation. All values
are indicated by mean +/- standard deviation. The initial tumor volume and the initial
mouse weight were analyzed on the basis of descriptive data (mean and standard
deviation) using Microsoft Excel 2009.

[fig.30]Figure 30 shows results of an antitumor test using a human stomach cancer
patient-derived tumor section (NIBIO-G016) and the antibody-drug conjugate (16a).
The ordinate depicts an average tumor volume. The abscissa depicts the number of
days from cell transplantation. All values are indicated by mean +/- standard deviation.
The initial tumor volume and the initial mouse weight were analyzed on the basis of
descriptive data (mean and standard deviation) using Microsoft Excel 2009.
Description of Embodiments

Hereinbelow, the preferred embodiments for carrying out the present invention are
explained in view of the drawings. Meanwhile, the embodiments explained below are
the examples of the representative embodiments of the present invention and the scope
of the present invention shall not be narrowly interpreted based on them.

The present invention provides HER3 binding protein-drug conjugate. Preferably, the
HER3 binding protein of the invention is a scaffold protein having an antibody like
binding activity or an antibody, i.e. an anti-HER3 antibody.

The anti-HER3 antibody-drug conjugate of the present invention is an antitumor
medicine in which an anti-HER3 antibody is conjugated to an antitumor compound via
a linker structure moiety and explained in detail hereinbelow.

Within the context of the present invention, the term "scaffold protein”, as used
herein, means a polypeptide or protein with exposed surface areas in which amino acid
insertions, substitutions or deletions are highly tolerable. Examples of scaffold proteins
that can be used in accordance with the present invention are protein A from Staphy-
lococcus aureus, the bilin binding protein from Pieris brassicae or other lipocalins,
ankyrin repeat proteins, and human fibronectin (reviewed in Binz and Pluckthun, Curr
Opin Biotechnol, 16, 459-69). Engineering of a scaffold protein can be regarded as
grafting or integrating an affinity function onto or into the structural framework of a
stably folded protein. Affinity function means a protein binding affinity according to
the present invention. A scaffold can be structurally separable from the amino acid
sequences conferring binding specificity. In general, proteins appearing suitable for the
development of such artificial affinity reagents may be obtained by rational, or most

commonly, combinatorial protein engineering techniques such as panning against
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HERS3, either purified protein or protein displayed on the cell surface, for binding
agents in an artificial scaffold library displayed in vitro, skills which are known in the
art (Skerra, J. Mol. Recog., 2000; Binz and Pluckthun, 2005). In addition, a scaffold
protein having an antibody like binding activity can be derived from an acceptor
polypeptide containing the scaffold domain, which can be grafted with binding
domains of a donor polypeptide to confer the binding specificity of the donor
polypeptide onto the scaffold domain containing the acceptor polypeptide. Said
inserted binding domains may be, for example, the complementarity determining
region (CDR) of an antibody, in particular an anti-HER3 antibody. Insertion can be ac-
complished by various methods known to those skilled in the art including, for
example, polypeptide synthesis, nucleic acid synthesis of an encoding amino acid as
well by various forms of recombinant methods well known to those skilled in the art.

[0041]  {Antibody}

Moreover, the term "antibody" or "anti-HER3 antibody", as used herein, means a
monoclonal antibody, a polyclonal antibody, a recombinant antibody, a humanized
antibody (Jones et al., Nature 321 (1986), 522-525; Riechmann et al., Nature 332
(1988), 323-329; and Presta, Curr. Op. Struct. Biol. 2 (1992), 593-596), a chimeric
antibody (Morrison et al., Proc. Natl. Acad. Sci. U.S.A. 81 (1984), 6851-6855), a
human antibody and fully human antibody, (Tomizuka, K. et al., Nature Genetics
(1997) 16, p.133-143,; Kuroiwa, Y. et al., Nucl. Acids Res. (1998) 26, p.3447-3448;
Yoshida, H. et al., Animal Cell Technology: Basic and Applied Aspects vol.10,
p.69-73 (Kitagawa, Y., Matsuda, T. and Iijima, S. eds.), Kluwer Academic Publishers,
1999.; Tomizuka, K. et al., Proc. Natl. Acad. Sci. USA (2000) 97, p.722-727, Inter-
national Publication No. WO 2007/077028, and so on), a multispecific antibody (e.g. a
bispecific antibody) formed from at least two antibodies, or an antibody fragment
thereof. The term "antibody fragment" comprises any portion of the afore-mentioned
antibodies, preferably their antigen binding region or variable regions. Examples of
antibody fragments include Fab fragments, Fab' fragments, F(ab'), fragments, Fv
fragments, diabodies (Hollinger et al., Proc. Natl. Acad. Sci. U.S.A. 90 (1993),
6444-6448), single chain antibody molecules (Pluckthun in: The Pharmacology of
Monoclonal Antibodies 113, Rosenburg and Moore, EDS, Springer Verlag, N.Y.
(1994), 269-315) and other fragments as long as they exhibit the desired capability of
binding to HER3.

[0042]  In addition, the term "antibody" or "anti-HER3 antibody", as used herein, may
include antibody-like molecules that contain engineered sub-domains of antibodies or
naturally occurring antibody variants. These antibody-like molecules may be single-
domain antibodies such as VH-only or VL-only domains derived either from natural

sources such as camelids (Muyldermans et al., Reviews in Molecular Biotechnology
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74, 277-302) or through in vitro display of libraries from humans, camelids or other
species (Holt et al., Trends Biotechnol., 21, 484-90).

In accordance with the present invention, the "Fv fragment" is the minimum antibody
fragment that contains a complete antigen-recognition and -binding site. This region
consists of a dimer of one heavy- and one light-chain variable domain in tight, non-
covalent association. It is in this configuration that the three CDR's of each variable
domain interact to define an antigen-binding site on the surface of the V-V, dimer.
Collectively, the six CDR's confer antigen-binding specificity to the antibody.
However, even a single variable domain (or half of an Fv comprising only three CDR’s
specific for an antigen) has the ability to recognize and bind the antigen, although
usually at a lower affinity than the entire binding site.

The "Fab fragment" also contains the constant domain of the light chain and the first
constant domain (CH1) of the heavy chain. The "Fab fragment" differs from the "Fab!
fragment" by the addition of a few residues at the carboxy terminus of the heavy chain
CH1 domain including one or more cysteines from the antibody hinge region. The
"F(ab'), fragment" originally is produced as a pair of "Fab' fragments" which have
hinge cysteines between them. Methods of preparing such antibody fragments, such as
papain or pepsin digestion, are known to those skilled in the art.

In another preferred embodiment of the present invention, the anti-HER3 antibody of
the invention is an anti-HER3 antibody directed against the extracellular domain
(ECD) of HER3.

The anti-HER3 antibody used in an anti-HER3 antibody-drug conjugate of the
present invention may be derived from any species. Preferred examples of the species
can include humans, rats, mice, and rabbits. The anti-HER3 antibody derived from
other than human species is preferably chimerized or humanized using a well known
technique. The antibody of the present invention may be a polyclonal antibody or a
monoclonal antibody and is preferably a monoclonal antibody.

The anti-HER3 antibody is may be those which are capable of targeting tumor cells
and thus possesses the property of being capable of recognizing tumor cells, the
property of being capable of binding to tumor cells, the property of being internalized
into tumor cells, and cytocidal activity against tumor cells, etc. The anti-HER3
antibody can be conjugated with a compound having antitumor activity via a linker to
form an antibody-drug conjugate.

The binding activity of the antibody against tumor cells can be confirmed using flow
cytometry. The internalization of the antibody into tumor cells can be confirmed using
(1) an assay of visualizing an antibody incorporated in cells under a fluorescence mi-
croscope using a secondary antibody (fluorescently labeled) binding to the therapeutic
antibody (Cell Death and Differentiation (2008) 15, 751-761), (2) an assay of



27

WO 2015/155998 PCT/JP2015/002020

[0046]

measuring the amount of fluorescence incorporated in cells using a secondary antibody
(fluorescently labeled) binding to the therapeutic antibody (Molecular Biology of the
Cell, Vol. 15, 5268-5282, December 2004), or (3) a Mab-ZAP assay using an im-
munotoxin binding to the therapeutic antibody wherein the toxin is released upon in-
corporation into cells to inhibit cell growth (Bio Techniques 28: 162-165, January
2000). A recombinant complex protein of a diphtheria toxin catalytic domain and
protein G may be used as the immunotoxin.

The antitumor activity of the antibody can be confirmed in vitro by determining in-
hibitory activity against cell growth. For example, a cancer cell line overexpressing a
target protein for the antibody is cultured, and the antibody is added at varying concen-
trations into the culture system to determine inhibitory activity against focus formation,
colony formation, and spheroid growth. The antitumor activity can be confirmed in
vivo, for example, by administering the antibody to a nude mouse with a transplanted
tumor cell line highly expressing the target protein, and determining change in the
cancer (tumor) cells.

Since the compound conjugated in the antibody-drug conjugate exerts an antitumor
effect, it is preferred but not essential that the antibody itself should have an antitumor
effect. For the purpose of exerting the cytotoxicity of the antitumor compound
specifically and selectively for tumor cells, it is important and also preferred that the
antibody should have the property of being internalized to migrate into tumor cells.

The anti-HER3 antibody can be obtained using a method usually carried out in the
art, which involves immunizing animals with an antigenic polypeptide and collecting
and purifying antibodies produced in vivo. The origin of the antigen is not limited to
humans, and the animals may be immunized with an antigen derived from a non-
human animal such as a mouse or a rat and the like. In this case, the cross-reactivity of
antibodies binding to the obtained heterologous antigen with human antigens can be
tested to screen for an antibody applicable to a human disease.

Alternatively, antibody-producing cells which produce antibodies against the antigen
are fused with myeloma cells according to a method known in the art (e.g., Kohler and
Milstein, Nature (1975) 256, p. 495-497; and Kennet, R. ed., Monoclonal Antibodies,
p. 365-367, Plenum Press, N.Y. (1980)) to establish hybridomas, from which
monoclonal antibodies can in turn be obtained.

The antigen can be obtained by genetically engineering host cells to produce a gene
encoding the antigenic protein. Specifically, vectors that permit expression of the
antigen gene are prepared and transferred to host cells so that the gene is expressed.
The antigen thus expressed can be purified. The antibody can also be obtained by use
of a method which involves immunizing animals with the genetically engineered

antigen-expressing cells or a cell line with an expressed antigen.



28

WO 2015/155998 PCT/JP2015/002020

[0047]

[0048]

The anti-HER3 antibody can be obtained by means known in the art.

The anti-HER3 antibody that can be used in the present invention is not particularly
limited and is desirably, for example, any of antibodies having properties as described
below.

(1) An anti-HER3 antibody having the following properties:

(a) specifically binding to HER3, and/or

(b) having the activity of being internalized into HER3-expressing cells through
binding to HER3.

(2) The antibody according to (1), wherein the antibody binds to the extracellular
domain of HER3.

(3) The antibody according to (1) or (2), wherein the antibody is a monoclonal
antibody.

(4) The antibody according to any of (1) to (3), wherein the antibody has antibody-
dependent cell-mediated cytotoxicity (ADCC) activity and/or complement-dependent
cytotoxicity (CDC) activity.

(5) The antibody according to any of (1) to (4), wherein the antibody is a mouse
monoclonal antibody, a chimeric monoclonal antibody, a humanized monoclonal
antibody, or a human or fully human (monoclonal) antibody.

(6) The antibody according to any of (1) to (5), wherein the antibody is a humanized
monoclonal antibody comprising a heavy chain comprising the amino acid sequence
represented by SEQ ID NO: 1 and a light chain comprising the amino acid sequence
represented by SEQ ID NO: 2.

(7) The antibody according to any of (1) to (6), wherein the antibody lacks a lysine
residue at the carboxy terminus of the heavy chain.

(8) The antibody according to (7), wherein the antibody comprises a heavy chain
variable region represented by the amino acid sequence represented by SEQ ID NO: 70
and a light chain variable region represented by the amino acid sequence represented
by SEQ ID NO: 72.

(9) An antibody obtained by a method for producing the antibody according to any of
(1) to (8), the method comprising the steps of: culturing a host cell transformed with an
expression vector comprising a polynucleotide encoding the antibody; and collecting
the antibody of interest from the cultures obtained in the preceding step.

Hereinafter, the anti-HER3 antibody used in the present invention will be described.

In the present specification, the terms "cancer" and "tumor" are used interchangeably.

In the present specification, the term "gene" includes not only DNA but its mRNA,
cDNA, and cRNA thereof.

In the present specification, the term "polynucleotide" is used interchangeably with a

nucleic acid and also includes DNA, RNA, probes, oligonucleotides, and primers.
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In the present specification, the terms "polypeptide” and "protein" are used inter-
changeably.
In the present specification, the term "cell" also includes cells in animal individuals
and cultured cells.
In the present specification, the term "HER3" is used interchangeably with HER3
protein.
In the present specification, the term "CDR" means a complementarity determining
region (CDR). An antibody molecule is known to have three CDRs in each of heavy
and light chains. CDRs, also called hypervariable domains, are located in the variable
regions of the antibody heavy and light chains. These sites have a particularly highly
variable primary structure and are separated at three positions on the respective
primary structures of heavy and light chain polypeptide strands. In the present speci-
fication, the antibody CDRs are referred to as CDRH1, CDRH2, and CDRH3 from the
amino terminus of the heavy chain amino acid sequence as to heavy chain CDRs and
as CDRL1, CDRL2, and CDRL3 from the amino terminus of the light chain amino
acid sequence as to light chain CDRs. These sites are proximal to each other on the
three-dimensional structure and determine specificity for the antigen to be bound.
In the present invention, the phrase "hybridizing under stringent conditions" refers to
hybridization at 68C in a commercially available hybridization solution ExpressHyb
Hybridization Solution (manufactured by Clontech Laboratories, Inc.), or identifiable
hybridization under conditions involving hybridization at 68C in the presence of 0.7 to
1.0 M NaCl using a DNA-immobilized filter, followed by washing at 68C using 0.1 to
2 7~ SSC solution (1 “ SSC is composed of 150 mM NaCl and 15 mM sodium citrate),
or hybridization under conditions equivalent thereto.

1. HER3

The human epidermal growth factor receptor 3 (HER3, also known as ErbB3) is a
receptor protein tyrosine kinase and belongs to the epidermal growth factor receptor
(EGFR) subfamily of receptor protein tyrosine kinases, which also includes HER1
(also known as EGFR), HER2, and HER4. HER3 is a transmembrane receptor and
consists of an extracellular ligand-binding domain (ECD), a dimerization domain
within the ECD, a transmembrane domain, an intracellular protein tyrosine kinase
domain (TKD) and a C-terminal phosphorylation domain. HER3 has been found to be
overexpressed in several types of cancer such as breast, gastrointestinal and pancreatic
cancers. A correlation between the expression of HER2/HER3 and the progression
from a non-invasive to an invasive stage has been shown.

The HERS3 protein used in the present invention can be used after direct purification
from HER3-expressing human or non-human mammalian (rat, mouse, etc.) cells or can

be used by preparing cell membrane fractions of the cells. Alternatively, HER3 may be
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synthesized in vitro or may be produced from host cells by genetic engineering. In the
genetic engineering, specifically, HER3 cDNA is integrated into vectors that permit
expression thereof, and HER3 can then be expressed by synthesis in a solution
containing enzymes necessary for transcription and translation, substrates, and energy
substances or by transformation of other host prokaryotic cells or host eukaryotic cells
to yield the protein. Alternatively, the genetically engineered HER3-expressing cells
described above or a cell line with expressed HER3 may be used as the HER3 protein.
An RNA sequence, a cDNA sequence, and an amino acid sequence of HER3 are
available in public database, and can be referred to by an accession number such as
AAA35979 (precursor including a signal sequence consisting of amino terminus 19
amino acid residue), M34309 (NCBI), for example.

The above amino acid sequence of HER3 consists of an amino acid sequence which is
subjected to replacements, deletions, additions and/or insertions of at least one amino
acid, and proteins having a biological activity equivalent to that of the protein are also
included in HER3.

2. Production of anti HER3 antibody

The antibody against HER3 of the present invention can be obtained by immunizing
an animal with HER3 or an arbitrary polypeptide selected from the amino acid
sequence of HER3, and collecting and purifying the antibody produced in vivo
according to a method usually carried out in the art. The biological species of HER3 to
be used as an antigen is not limited to being human, and an animal can be immunized
with HER3 derived from an animal other than humans such as a mouse or a rat. In this
case, by examining the cross-reactivity between an antibody binding to the obtained
heterologous HER3 and human HER3, an antibody applicable to a human disease can
be selected.

Further, a monoclonal antibody can be obtained from a hybridoma established by
fusing antibody-producing cells which produce an antibody against HER3 with
myeloma cells according to a known method (for example, Kohler and Milstein,
Nature, (1975) 256, pp. 495-497; Kennet, R. ed., Monoclonal Antibodies, pp. 365-367,
Plenum Press, N.Y. (1980)).

HER3 to be used as an antigen can be obtained by expressing HER3 gene in a host
cell using genetic engineering.

Specifically, a vector capable of expressing HER3 gene is produced, and the
resulting vector is transfected into a host cell to express the gene, and then, the
expressed HER3 is purified.

It is also possible to use HER3 expressing cells obtained by the genetic engineering
or a cell line expressing HER3 as HER3 protein. Hereinbelow, a method for obtaining

an antibody against HER3 is explained specifically.
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(1) Preparation of antigen

Examples of the antigen to be used for producing the anti HER3 antibody include
HER3, a polypeptide consisting of a partial amino acid sequence comprising at least 6
consecutive amino acids of HER3, and a derivative obtained by adding a given amino
acid sequence or carrier thereto.

HER3 can be purified directly from human tumor tissues or tumor cells and used.
Further, HER3 can be obtained by synthesizing it in vitro or by producing it in a host
cell by genetic engineering.

With respect to the genetic engineering, specifically, after HER3 cDNA is integrated
into a vector capable of expressing HER3 cDNA, HER3 can be obtained by syn-
thesizing it in a solution containing an enzyme, a substrate and an energy substance
required for transcription and translation, or by expressing HER3 in another
prokaryotic or eucaryotic transformed host cell.

Further, the antigen can also be obtained as a secretory protein by expressing a fusion
protein obtained by ligating the extracellular domain of HER3, which is a membrane
protein, to the constant region of an antibody in an appropriate host-vector system.

HER3 cDNA can be obtained by, for example, a so-called PCR method in which a
polymerase chain reaction (referred to as "PCR"; see Saiki, R. K., et al., Science,
(1988) 239, pp. 487-489) is performed using a cDNA library expressing HER3 cDNA
as a template and primers which specifically amplify HER3 cDNA.

As the in vitro synthesis of the polypeptide, for example, Rapid Translation System
(RTS) manufactured by Roche Diagnostics, Inc. can be exemplified, but it is not
limited thereto.

Examples of the prokaryotic host cells include Escherichia coli and Bacillus subtilis.
In order to transform the host cells with a target gene, the host cells are transformed by
a plasmid vector comprising a replicon, i.e., a replication origin derived from a species
compatible with the host, and a regulatory sequence. Further, the vector preferably has
a sequence capable of imposing phenotypic selectivity on the transformed cell.

Examples of the eucaryotic host cells include vertebrate cells, insect cells, and yeast
cells. As the vertebrate cells, for example, simian COS cells (Gluzman, Y., Cell,
(1981) 23, pp. 175-182, ATCC CRL-1650; ATCC: American Type Culture
Collection), murine fibroblasts NIH3T3 (ATCC No. CRL-1658), and dihydrofolate
reductase-deficient strains (Urlaub, G. and Chasin, L. A., Proc. Natl. Acad. Sci. USA
(1980) 77, pp. 4126-4220) of Chinese hamster ovarian cells (CHO cells; ATCC: CCL-
61); and the like are often used, however, the cells are not limited thereto.

The thus obtained transformant can be cultured according to a method usually carried
out in the art, and by the culturing of the transformant, a target polypeptide is produced

intracellularly or extracellularly.
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A suitable medium to be used for the culturing can be selected from various commonly
used culture media depending on the employed host cells. If Escherichia coli is
employed, for example, an LB medium supplemented with an antibiotic such as
ampicillin or IPMG as needed can be used.

A recombinant protein produced intracellularly or extracellularly by the transformant
through such culturing can be separated and purified by any of various known
separation methods utilizing the physical or chemical property of the protein.

Specific examples of the methods include treatment with a common protein pre-
cipitant, ultrafiltration, various types of liquid chromatography such as molecular sieve
chromatography (gel filtration), adsorption chromatography, ion exchange chro-
matography, and affinity chromatography, dialysis, and a combination thereof.
Further, by attaching a tag of six histidine residues to a recombinant protein to be
expressed, the protein can be efficiently purified with a nickel affinity column. Alter-
natively, by attaching the IgG Fc region to a recombinant protein to be expressed, the
protein can be efficiently purified with a protein A column.

By combining the above-described methods, a large amount of a target polypeptide can
be easily produced in high yield and high purity.

It is also possible to use the aforementioned transformant itself as an antigen. It is also
possible to use a cell line expressing HER3 as an antigen. Examples of the cell line
include. However, as long as HER3 is expressed, it is not limited to those cell lines.

(2) Production of anti HER3 monoclonal antibody

Examples of the antibody specific binding to HER3 include a monoclonal antibody
specific binding to HER3, and a method of obtaining the antibody is as described
below.

The production of a monoclonal antibody generally requires the following op-
erational steps of:

(a) Purification of a biopolymer used as an antigen or preparation of cells expressing
antigen;

(b) preparing antibody-producing cells by immunizing an animal by injection of the
antigen, collecting the blood, assaying its antibody titer to determine when the spleen
is excised;

(c) preparing myeloma cells (hereinafter referred to as "myeloma");

(d) fusing the antibody-producing cells with the myeloma;

(e) screening a group of hybridomas producing a desired antibody;

(f) dividing the hybridomas into single cell clones (cloning);

(g) optionally, culturing the hybridoma or rearing an animal implanted with the
hybridoma for producing a large amount of a monoclonal antibody;

(h) examining the thus produced monoclonal antibody for biological activity and
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binding specificity, or assaying the same for properties as a labeled reagent; and the
like.

Hereinafter, the method of producing a monoclonal antibody will be described in detail
following the above steps, however, the method is not limited thereto, and, for
example, antibody-producing cells other than spleen cells and myeloma can be used.

(a) Purification of antigen

As the antigen, HER3 prepared by the method as described above or a partial peptide
thereof can be used.

Further, a membrane fraction prepared from recombinant cells expressing HER3 or
the recombinant cells expressing HER3 themselves, and also a partial peptide of the
protein of the invention chemically synthesized by a method known to those skilled in
the art can also be used as the antigen.

Further, a cell line expressing HER3 can be also used as an antigen.

(b) Preparation of antibody-producing cells

The antigen obtained in the step (a) is mixed with an adjuvant such as Freund's
complete or incomplete adjuvant or aluminum potassium sulfate and the resulting
mixture is used as an immunogen to immunize an experimental animal. In an al-
ternative method, a test animal is immunized with cells expressing antigen as an
immunogen. As the experimental animal, any animal used in a known hybridoma
production method can be used without any trouble. Specifically, for example, a
mouse, a rat, a goat, sheep, cattle, a horse, or the like can be used. However, from the
viewpoint of ease of availability of myeloma cells to be fused with the extracted
antibody-producing cells, a mouse or a rat is preferably used as the animal to be
immunized.

Further, the strain of a mouse or a rat to be used is not particularly limited, and in the
case of a mouse, for example, various strains such as A, AKR, BALB/c, BDP, BA, CE,
C3H, 57BL, C57BL, C57L, DBA, FL, HTH, HT1, LP, NZB, NZW, RF, R III, SJL,
SWR, WB, and 129 and the like can be used, and in the case of a rat, for example,
Wistar, Low, Lewis, Sprague, Dawley, ACI, BN, Fischer and the like can be used.

These mice and rats are commercially available from breeders/distributors of ex-
perimental animals, for example, CLEA Japan, Inc. and Charles River Laboratories
Japan, Inc.

As the animal to be immunized, in consideration of compatibility of fusing with
myeloma cells described below, in the case of a mouse, BALB/c strain, and in the case
of arat, Wistar and Low strains are particularly preferred.

Further, in consideration of antigenic homology between humans and mice, it is also
preferred to use a mouse having decreased biological function to remove auto-

antibodies, that is, a mouse with an autoimmune disease.
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The age of such mouse or rat at the time of immunization is preferably 5 to 12 weeks
of age, more preferably 6 to 8 weeks of age.

In order to immunize an animal with HER3 or a recombinant thereof, for example, a
known method described in detail in, for example, Weir, D. M., Handbook of Ex-
perimental Immunology Vol. L. II. III., Blackwell Scientific Publications, Oxford
(1987); Kabat, E. A. and Mayer, M. M., Experimental Immunochemistry, Charles C
Thomas Publisher Springfield, Illinois (1964) or the like can be used.

Among these immunization methods, a preferred specific method in the invention is,
for example, as follows.

That is, first, a membrane protein fraction serving as the antigen or cells caused to
express the antigen is/are intradermally or intraperitoneally administrated to an animal.
However, the combination of both routes of administration is preferred for increasing
the immunization efficiency, and when intradermal administration is performed in the
first half and intraperitoneal administration is performed in the latter half or only at the
last dosing, the immunization efficiency can be particularly increased.

The administration schedule of the antigen varies depending on the type of animal to
be immunized, individual difference or the like. However, in general, an administration
schedule in which the frequency of administration of the antigen is 3 to 6 times and the
dosing interval is 2 to 6 weeks is preferred, and an administration schedule in which
the frequency of administration of the antigen is 3 to 4 times and the dosing interval is
2 to 4 weeks is more preferred.

Further, the dose of the antigen varies depending on the type of animal, individual dif-
ferences or the like, however, the dose is generally set to 0.05 to 5 mg, preferably
about 0.1 to 0.5 mg.

A booster immunization is performed 1 to 6 weeks, preferably 1 to 4 weeks, more
preferably 1 to 3 weeks after the administration of the antigen as described above.
When the immunogen is a cell, 1710° to 17107 cells are used.

The dose of the antigen at the time of performing the booster immunization varies
depending on the type or size of animal or the like, however, in the case of, for
example, a mouse, the dose is generally set to 0.05 to 5 mg, preferably 0.1 to 0.5 mg,
more preferably about 0.1 to 0.2 mg. When the immunogen is a cell, 17106 to 17107
cells are used.

Spleen cells or lymphocytes including antibody-producing cells are aseptically
removed from the immunized animal 1 to 10 days, preferably 2 to 5 days, more
preferably 2 to 3 days after the booster immunization. At this time, the antibody titer is
measured, and if an animal having a sufficiently increased antibody titer is used as a
supply source of the antibody-producing cells, the subsequent procedure can be carried

out more efficiently.
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Examples of the method of measuring the antibody titer to be used here include an RIA
method and an ELISA method, but the method is not limited thereto. For example, if
an ELISA method is employed, the measurement of the antibody titer in the invention
can be carried out according to the procedures as described below.

First, a purified or partially purified antigen is adsorbed to the surface of a solid phase
such as a 96-well plate for ELISA, and the surface of the solid phase having no antigen
adsorbed thereto is covered with a protein unrelated to the antigen such as bovine
serum albumin (hereinafter referred to as "BSA"). After washing the surface, the
surface is brought into contact with a serially-diluted sample (for example, mouse
serum) as a primary antibody to allow the antibody in the sample to bind to the
antigen.

Further, as a secondary antibody, an antibody labeled with an enzyme against a mouse
antibody is added and is allowed to bind to the mouse antibody. After washing, a
substrate for the enzyme is added and a change in absorbance which occurs due to
color development induced by degradation of the substrate or the like is measured and
the antibody titer is calculated based on the measurement.

The separation of the antibody-producing cells from the spleen cells or lymphocytes of
the immunized animal can be carried out according to a known method (for example,
Kohler et al., Nature (1975), 256, p. 495; Kohler et al., Eur. J. Immunol. (1977), 6, p.
511; Milstein et al., Nature (1977), 266, p. 550; Walsh, Nature (1977), 266, p. 495).
For example, in the case of spleen cells, a general method in which the antibody-
producing cells are separated by homogenizing the spleen to yield the cells through
filtration with a stainless steel mesh and suspending the cells in Eagle's Minimum
Essential Medium (MEM) can be employed.

(c) Preparation of myeloma cells (hereinafter referred to as "myeloma")

The myeloma cells to be used for cell fusion are not particularly limited and suitable
cells can be selected from known cell lines. However, in consideration of convenience
when a hybridoma is selected from fused cells, it is preferred to use an HGPRT
(hypoxanthine-guanine phosphoribosyl transferase) deficient strain whose selection
procedure has been established.

More specifically, examples of the HGPRT-deficient strain include X63-Ag8(X63),
NSI-ANS/I(NS1), P3X63-Ag8.U1(P3U1), X63-Ag8.653(X63.653),
SP2/0-Ag14(SP2/0), MPC11-45.6TG1.7(45.6TG), FO, S149/5XXO0, and BU.1 derived
from mice; 210.RSY3.Ag.1.2.3(Y3) derived from rats; and U266 AR(SKO-007),
GM1500xGTG-A12(GM1500), UC729-6, LICR-LOW-HMy2(HMy2) and
8226 AR/NIP4-1(NP41) derived from humans. These HGPRT-deficient strains are
available from, for example, ATCC or the like.

These cell strains are subcultured in an appropriate medium such as an 8-azaguanine
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medium [a medium obtained by adding 8-azaguanine to an RPMI 1640 medium sup-
plemented with glutamine, 2-mercaptoethanol, gentamicin, and fetal calf serum
(hereinafter referred to as "FBS")], Iscove's Modified Dulbecco's Medium; IMDM), or
Dulbecco's Modified Eagle Medium (hereinafter referred to as "DMEM"). In this case,
3 to 4 days before performing cell fusion, the cells are subcultured in a normal medium
[for example, an ASF104 medium (manufactured by Ajinomoto Co., Ltd.) containing
10% FCS] to ensure not less than 2 x 107 cells on the day of cell fusion.

[0056]  (d) Cell fusion

Fusion between the antibody-producing cells and the myeloma cells can be appro-
priately performed according to a known method (Weir, D. M. Handbook of Ex-
perimental Immunology Vol. L. II. III., Blackwell Scientific Publications, Oxford
(1987); Kabat, E. A. and Mayer, M. M., Experimental Immunochemistry, Charles C
Thomas Publisher, Springfield, Illinois (1964), etc.), under conditions such that the
survival rate of cells is not excessively reduced.

As such a method, for example, a chemical method in which the antibody-producing
cells and the myeloma cells are mixed in a solution containing a polymer such as
polyethylene glycol at a high concentration, a physical method using electric
stimulation, or the like can be used. Among these methods, a specific example of the
chemical method is as described below.

That is, in the case where polyethylene glycol is used in the solution containing a
polymer at a high concentration, the antibody-producing cells and the myeloma cells
are mixed in a solution of polyethylene glycol having a molecular weight of 1500 to
6000, more preferably 2000 to 4000 at a temperature of from 30 to 40C, preferably
from 35 to 38C for 1 to 10 minutes, preferably 5 to 8§ minutes.

[0057]  (e) Selection of a group of hybridomas

The method of selecting hybridomas obtained by the above-described cell fusion is
not particularly limited. Usually, an HAT (hypoxanthine, aminopterin, thymidine)
selection method (Kohler et al., Nature (1975), 256, p. 495; Milstein et al., Nature
(1977), 266, p. 550) is used.

This method is effective when hybridomas are obtained using the myeloma cells of
an HGPRT-deficient strain which cannot survive in the presence of aminopterin. That
is, by culturing unfused cells and hybridomas in an HAT medium, only hybridomas
resistant to aminopterin are selectively allowed to survive and proliferate.

[0058]  (f) Division into single cell clone (cloning)

As a cloning method for hybridomas, a known method such as a methylcellulose
method, a soft agarose method, or a limiting dilution method can be used (see, for
example, Barbara, B. M. and Stanley, M. S.: Selected Methods in Cellular Im-
munology, W. H. Freeman and Company, San Francisco (1980)). Among these
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methods, particularly, a three-dimensional culture method such as a methylcellulose
method is preferred. For example, the group of hybridomas produced by cell fusion are
suspended in a methylcellulose medium such as ClonaCell-HY Selection Medium D
(manufactured by StemCell Technologies, inc., #03804) and cultured. Then, the
formed hybridoma colonies are collected, whereby monoclonal hybridomas can be
obtained. The collected respective hybridoma colonies are cultured, and a hybridoma
which has been confirmed to have a stable antibody titer in an obtained hybridoma
culture supernatant is selected as an anti-HER3 monoclonal antibody-producing
hybridoma strain.

(g) Preparation of monoclonal antibody by culturing hybridoma

By culturing the thus selected hybridoma, a monoclonal antibody can be efficiently
obtained. However, prior to culturing, it is preferred to perform screening of a
hybridoma which produces a target monoclonal antibody.

In such screening, a known method can be employed.

The measurement of the antibody titer in the invention can be carried out by, for
example, an ELISA method explained in item (b) described above.

The hybridoma obtained by the method described above can be stored in a frozen
state in liquid nitrogen or in a freezer at -80C or below.

After completion of cloning, the medium is changed from an HT medium to a normal
medium, and the hybridoma is cultured.

Large-scale culture is performed by rotation culture using a large culture bottle or by
spinner culture. From the supernatant obtained by the large-scale culture, a monoclonal
antibody which specifically binds to the protein of the invention can be obtained by pu-
rification using a method known to those skilled in the art such as gel filtration.

Further, the hybridoma is injected into the abdominal cavity of a mouse of the same
strain as the hybridoma (for example, the above-described BALB/c) or a Nu/Nu mouse
to proliferate the hybridoma, whereby the ascites containing a large amount of the
monoclonal antibody of the invention can be obtained.

In the case where the hybridoma is administrated in the abdominal cavity, if a
mineral oil such as 2,6,10,14-tetramethyl pentadecane (pristane) is administrated 3 to 7
days prior thereto, a larger amount of the ascites can be obtained.

For example, an immunosuppressant is previously injected into the abdominal cavity
of a mouse of the same strain as the hybridoma to inactivate T cells. 20 days thereafter,
10¢ to 107 hybridoma clone cells are suspended in a serum-free medium (0.5 mL), and
the suspension is administrated in the abdominal cavity of the mouse. In general, when
the abdomen is expanded and filled with the ascites, the ascites is collected from the
mouse. By this method, the monoclonal antibody can be obtained at a concentration

which is about 100 times or much higher than that in the culture solution.
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The monoclonal antibody obtained by the above-described method can be purified by a
method described in, for example, Weir, D. M.: Handbook of Experimental Im-
munology Vol. I, II, III, Blackwell Scientific Publications, Oxford (1978).

The thus obtained monoclonal antibody has high antigen specificity for HER3.

(h) Assay of monoclonal antibody

The isotype and subclass of the thus obtained monoclonal antibody can be de-
termined as follows.

First, examples of the identification method include an Ouchterlony method, an
ELISA method, and an RIA method.

An Ouchterlony method is simple, but when the concentration of the monoclonal
antibody is low, a condensation operation is required.

On the other hand, when an ELISA method or an RIA method is used, by directly
reacting the culture supernatant with an antigen-adsorbed solid phase and using an-
tibodies corresponding to various types of immunoglobulin isotypes and subclasses as
secondary antibodies, the isotype and subclass of the monoclonal antibody can be
identified.

In addition, as a simpler method, a commercially available identification kit (for
example, Mouse Typer Kit manufactured by Bio-Rad Laboratories, Inc.) or the like
can also be used.

Further, the quantitative determination of a protein can be performed by the Folin
Lowry method and a method of calculation based on the absorbance at 280 nm [1.4
(OD 280) = Immunoglobulin 1 mg/mL].

Further, even when the monoclonal antibody is separately and independently
obtained by performing again the steps of (a) to (h) in (2), it is possible to yield an
antibody having a cytotoxic activity equivalent to that of the anti-HER3 antibody. As
one example of such an antibody, an antibody which binds to the same epitope as the
anti-HER3 antibody can be exemplified. If a newly produced monoclonal antibody
binds to a partial peptide or a partial tertiary structure to which the anti-HER3 antibody
binds, it can be determined that the monoclonal antibody binds to the same epitope as
the anti-HER3 antibody. Further, by confirming the competition by the monoclonal
antibody for binding of the anti-HER3 antibody to HER3 (binding between the anti-
HER3 antibody and HER3 is interfered by the monoclonal antibody), it can be de-
termined that the monoclonal antibody binds to the same epitope as the anti-HER3
antibody even though a specific sequence or structure of the epitope has not been
identified. Once the epitope is confirmed to be the same, it is strongly expected that the
monoclonal antibody has the same antigen binding capacity or biological activity as
the anti-HER3 antibody.

(3) Other antibodies
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The antibody of the invention includes not only the above-described monoclonal
antibody against HER3 but also a recombinant antibody obtained by artificial modi-
fication for the purpose of decreasing heterologous antigenicity to humans such as a
chimeric antibody, a humanized antibody and a human antibody. These antibodies can
be produced using a known method.

As the chimeric antibody, an antibody in which antibody variable and constant regions
are derived from different species, for example, a chimeric antibody in which a mouse-
or rat-derived antibody variable region is connected to a human-derived constant
region can be exemplified (see Proc. Natl. Acad. Sci. USA, 81, 6851-6855, (1984)).
As the humanized antibody, an antibody obtained by integrating only a comple-
mentarity determining region (CDR) into a human-derived antibody (see Nature (1986)
321, pp. 522-525), and an antibody obtained by grafting a part of the amino acid
residues of the framework as well as the CDR sequence to a human antibody by a
CDR-grafting method (WO 90/07861) can be exemplified.

The term "several" as used herein refers to 1to 10, 1t09,1to8,1to7,1t0 6, 1to 5,1
to4,1to3,orlor?2.

In accordance with the present invention, it is to be understood, that the amino acid
sequence of the binding protein of the invention is not limited to the twenty con-
ventional amino acids (See Immunology - A Synthesis (2% Edition, E. S. Golub and D.
R. Gren, Eds., Sinauer Associates, Sunderland, Mass. (1991)), which is incorporated
herein by reference). For example, the amino acids may include stereoisomers (e.g. D-
amino acids) of the twenty conventional amino acids, unnatural amino acids such as
alpha-,alpha-disubstituted amino acids, N-alkyl amino acids, lactic acid, and other un-
conventional amino acids. Examples of unconventional amino acids, which may also
be suitable components for the binding protein of the invention, include:
4-hydroxyproline, gamma-carboxyglutamate, epsilon-N,N,N-trimethyllysine, epsilon-
N-acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine,
3-methylhistidine, 5-hydroxylysine, sigma-N-methylarginine, and other similar amino
acids and imino acids, e.g. 4-hydroxyproline.

As the amino acid substitution in this specification, a conservative amino acid sub-
stitution is preferred. The conservative amino acid substitution refers to a substitution
occurring within a group of amino acids related to amino acid side chains. Preferred
amino acid groups are as follows: an acidic group (aspartic acid and glutamic acid); a
basic group (lysine, arginine, and histidine); a non-polar group (alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, and tryptophan); and an
uncharged polar family (glycine, asparagine, glutamine, cysteine, serine, threonine,
and tyrosine). More preferred amino acid groups are as follows: an aliphatic hydroxy

group (serine and threonine); an amide-containing group (asparagine and glutamine);
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an aliphatic group (alanine, valine, leucine, and isoleucine); and an aromatic group
(phenylalanine, tryptophan, and tyrosine). Such an amino acid substitution is
preferably performed within a range which does not impair the properties of a
substance having the original amino acid sequence. When the heavy and light chains of
the antibody of the present invention have glutamate as the N-terminal amino acid, it
may be cyclized (in the form of pyroglutamate). In the present invention, such pyrog-
lutamate is not differentiated from normal glutamine on amino acid sequences. In the
heavy and light chains of the antibody of the present invention, cysteine may be in the
form of cysteinyl. In the present invention, such a cysteinyl form is not differentiated
from normal cysteine on amino acid sequences.

Further, the antibody of the invention includes a human antibody which binds to the
HER3. An anti HER3 human antibody refers to a human antibody having only a gene
sequence of an antibody derived from a human chromosome. The anti HER3 human
antibody can be obtained by a method using a human antibody-producing mouse
having a human chromosome fragment comprising heavy and light chain genes of a
human antibody (see Tomizuka, K. et al., Nature Genetics (1997) 16, pp. 133-143;
Kuroiwa, Y. et al., Nucl. Acids Res. (1998) 26, pp. 3447-3448; Yoshida, H. et al.,
Animal Cell Technology: Basic and Applied Aspects vol. 10, pp. 69-73 (Kitagawa, Y.,
Matuda, T. and Iijima, S. eds.), Kluwer Academic Publishers, 1999; Tomizuka, K. et
al., Proc. Natl. Acad. Sci. USA (2000) 97, pp. 722-727, etc.).

Such a human antibody-producing mouse can be created specifically as follows. A
genetically modified animal in which endogenous immunoglobulin heavy and light
chain gene loci have been disrupted, and instead, human immunoglobulin heavy and
light chain gene loci have been introduced via a yeast artificial chromosome (YAC)
vector or the like is created by producing a knockout animal and a transgenic animal
and mating these animals.

Further, according to a recombinant DNA technique, by using cDNAs encoding each
of such a heavy chain and a light chain of a human antibody, and preferably a vector
comprising such cDNAs, eukaryotic cells are transformed, and a transformant cell
which produces a recombinant human monoclonal antibody is cultured, whereby the
antibody can also be obtained from the culture supernatant.

Here, as the host, for example, eukaryotic cells, preferably mammalian cells such as
CHO cells, lymphocytes, or myeloma cells can be used.

With regard to preparation of a human antibody, detailed descriptions are given in In-
ternational Publication No. WO 2007/077028. The contents of International Pub-
lication No. WO 2007/077028 are incorporated herein by reference.

Further, a method of obtaining a phage display-derived human antibody selected

from a human antibody library (see Wormstone, I. M. et al., Investigative Oph-
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thalmology & Visual Science. (2002) 43 (7), pp. 2301-2308; Carmen, S. et al.,
Briefings in Functional Genomics and Proteomics (2002), 1 (2), pp. 189-203;
Siriwardena, D. et al., Ophthalmology (2002) 109 (3), pp. 427-431, etc.) is also known.
For example, a phage display method in which a variable region of a human antibody
is expressed on the surface of a phage as a single-chain antibody (scFv), and a phage
which binds to an antigen is selected (Nature Biotechnology (2005), 23, (9), pp.
1105-1116) can be used.

By analyzing the gene of the phage selected based on the binding to an antigen, a DNA
sequence encoding the variable region of a human antibody which binds to an antigen
can be determined.

If the DNA sequence of scFv which binds to an antigen is determined, a human
antibody can be obtained by preparing an expression vector comprising the sequence
and introducing the vector into an appropriate host to express it (WO 92/01047, WO
92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, WO
95/15388; Annu. Rev. Immunol. (1994) 12, pp. 433-455; Nature Biotechnology (2005)
23 (9), pp. 1105-1116).

One aspect of the present invention relates to an isolated protein that binds to HER3.
In one embodiment of the present invention, an isolated HER3-binding protein of the
invention comprises a heavy chain variable region amino acid sequence comprising:
(a) CDRHI comprised in the amino acid sequence represented by SEQ ID NO: 2, 6,
10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92,
96, 100, 104, 108, 112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158,
162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 or
230, (b) CDRH2 comprised in the amino acid sequence represented by SEQ ID NO: 2,
6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88,
92,96, 100, 104, 108, 112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158,
162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 or
230, and (c) CDRH3 comprised in the amino acid sequence represented by SEQ ID
NO: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80,
84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150,
154, 158, 162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218,
222,226 or 230, and a light chain variable region amino acid sequence comprising: (d)
CDRLI1 comprisedin the amino acid sequence represented by SEQ ID NO: 4, §, 12, 16,
20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72, 76, 82, 86, 90, 94, 98, 102, 106, 110,
114, 118, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180,
184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228 or 232, (¢) CDRL2
comprised in the amino acid sequence represented by SEQ ID NO: 4, 8, 12, 16, 20, 24,
28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72,76, 82, 86, 90, 94, 98, 102, 106, 110, 114,



42

WO 2015/155998 PCT/JP2015/002020

[0068]

[0069]

[0070]

118, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184,
188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228 or 232, and (f) CDRL3 com-
prisedin the amino acid sequence represented by SEQ ID NO: 4, 8, 12, 16, 20, 24, 28,
32,38, 44, 48, 52, 56, 58, 64, 68, 72, 76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118,
124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188,
192, 196, 200, 204, 208, 212, 216, 220, 224, 228 or 232.

The isolated HER3-binding protein of the present invention preferably comprises a
heavy chain amino acid sequence comprising (a) CDRH1 comprising the amino acid
sequence represented by one selected from the group consisting of SEQ ID NOs: 236,
251, 252, and 256; (b) CDRH2 comprising the amino acid sequence represented by
one selected from the group consisting of SEQ ID NOs: 258, 278, 280, and 282; and
(c) CDRH3 comprising the amino acid sequence represented by one selected from the
group consisting of SEQ ID NOs: 283, 285, 309, 313, and 315, and a light chain amino
acid sequence comprising (d) CDRL1 cmprisingthe amino acid sequence represented
by one selected from the group consisting of SEQ ID NOs: 320, 334, 337, and 340; (¢)
CDRL2 comprising the amino acid sequence represented by one selected from the
group consisting of SEQ ID NOs: 343, 356, 351, and 344; and (f) CDRL3 comprising
the amino acid sequence represented by one selected from the group consisting of SEQ
ID NOs: 360, 381, 385, and 387.

In another embodiment of the present invention, an isolated binding protein of the
invention comprises a heavy chain variable region amino acid sequence selected from
the group consisting of SEQ ID Nos: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50,
54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 122, 126,
130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 178, 182, 186, 190, 194,
198, 202, 206, 210, 214, 218, 222, 226 and 230, and/or a light chain variable region
amino acid sequence selected from the group consisting of SEQ ID NOs: 4, 8, 12, 16,
20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72, 76, 82, 86, 90, 94, 98, 102, 106, 110,
114, 118, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180,
184, 188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228 and 232.

In yet another embodiment of the present invention, an isolated binding protein of the
invention comprises a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 2 and 4, 6 and
8, 10 and 12, 14 and 16, 18 and 20, 22 and 24, 26 and 28, 30 and 32, 36 and 38, 42 and
44, 46 and 48, 50 and 52, 54 and 56, 60 and 58, 62 and 64, 66 and 68, 70 and 72, 74
and 76, 78 and 82, 80 and 82, 84 and 86, 88 and 90, 92 and 94, 96 and 98, 100 and
102, 104 and 106, 108 and 110, 112 and 114, 116 and 118, 122 and 124, 126 and 128,
130 and 132, 134 and 136, 138 and 140, 142 and 144, 146 and 148, 150 and 152, 154
and 156, 158 and 160, 162 and 164, 166 and 168, 170 and 172, 174 and 176, 178 and
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180, 182 and 184, 186 and 188, 190 and 192, 194 and 196, 198 and 200, 202 and 204,
206 and 208, 210 and 212, 214 and 216, 218 and 220, 222 and 224, 226 and 228 or
230 and 232, or, a heavy chain variable region amino acid sequence represented by
SEQ ID NO: 34, 40, 60, 62 or 120 and a light chain variable region amino acid
sequence represented by SEQ ID NO: 58 or 64, respectively.

The isolated HER3-binding protein of the present invention more preferably comprises
a heavy chain variable region amino acid sequence represented by SEQ ID NO: 42, 54,
70, 92, or 96 and a light chain variable region amino acid sequence represented by
SEQ ID NO: 44, 56, 72, 94, or 98.

An antibody comprising a heavy chain variable region amino acid sequence and a
light chain variable region amino acid sequence represented by SEQ ID NOs: 2 and 4
is referred to as "U1-39", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 6 and 8 is referred to as "U1-40", an antibody comprising a heavy chain
variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 10 and 12 is referred to as "U1-38", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 14 and 16 is
referred to as "U1-41", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 18 and 20 is referred to as "U1-42", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 22 and 24 is referred to as "U1-43", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 26 and 28 is
referred to as "U1-44", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 30 and 32 is referred to as "U1-45", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 36 and 38 is referred to as "U1-47", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 42 and 44 is
referred to as "U1-49", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 46 and 48 is referred to as "U1-50", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 50 and 52 is referred to as "U1-51", an

antibody comprising a heavy chain variable region amino acid sequence and a light
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chain variable region amino acid sequence represented by SEQ ID NOs: 54 and 56 is
referred to as "U1-53", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 60 and 58 is referred to as "U1-55", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 62 and 64 is referred to as "U1-57", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 66 and 68 is
referred to as "U1-58", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 70 and 72 is referred to as "U1-59", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 74 and 76 is referred to as "U1-52", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 78 and 82 is
referred to as "U1-61", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 80 and 82 is referred to as "U1-61.1", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 84 and 86 is referred to as "U1-62", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 88 and 90 is
referred to as "U1-2", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 92 and 94 is referred to as "U1-7", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 96 and 98 is referred to as "U1-9", an antibody
comprising a heavy chain variable region amino acid sequence and a light chain
variable region amino acid sequence represented by SEQ ID NOs: 100 and 102 is
referred to as "U1-10", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 104 and 106 is referred to as "U1-12", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 108 and 110 is referred to as "U1-13", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 112 and 114
is referred to as "U1-14", an antibody comprising a heavy chain variable region amino

acid sequence and a light chain variable region amino acid sequence represented by
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SEQ ID NOs: 116 and 118 is referred to as "U1-15", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 122 and 124 is referred to as "U1-20", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 126 and 128
is referred to as "U1-21", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 130 and 132 is referred to as "U1-22", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 134 and 136 is referred to as "U1-23", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 138 and 140
is referred to as "U1-24", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 142 and 144 is referred to as "U1-25", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 146 and 148 is referred to as "U1-26", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 150 and 152
is referred to as "U1-27", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 154 and 156 is referred to as "U1-28", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 158 and 160 is referred to as "U1-31", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 162 and 164
is referred to as "U1-32", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 166 and 168 is referred to as "U1-35", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 170 and 172 is referred to as "U1-36", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 174 and 176
is referred to as "U1-37", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 178 and 180 is referred to as "U1-34", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 182 and 184 is referred to as "Ul-1", an
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antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 186 and 188
is referred to as "U1-3", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 190 and 192 is referred to as "U1-4", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 194 and 196 is referred to as "U1-5", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 198 and 200
is referred to as "U1-6", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 202 and 204 is referred to as "U1-8", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ

ID NOs: 206 and 208 is referred to as "U1-11", an antibody comprising a heavy chain
variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 210 and 212 is referred to as "U1-16", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 214 and 216
is referred to as "U1-17", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 218 and 220 is referred to as "U1-18", an antibody comprising a heavy
chain variable region amino acid sequence and a light chain variable region amino acid
sequence represented by SEQ ID NOs: 222 and 224 is referred to as "U1-33", an
antibody comprising a heavy chain variable region amino acid sequence and a light
chain variable region amino acid sequence represented by SEQ ID NOs: 226 and 228
is referred to as "U1-29", an antibody comprising a heavy chain variable region amino
acid sequence and a light chain variable region amino acid sequence represented by
SEQ ID NOs: 230 and 232 is referred to as "U1-30", an antibody comprising a heavy
chain variable region amino acid sequence represented by SEQ ID NO: 34 is referred
to as "U1-46", an antibody comprising a heavy chain variable region amino acid
sequence represented by SEQ ID NO: 40 is referred to as "U1-48", an antibody
comprising a heavy chain variable region amino acid sequence and a light chain
variable region amino acid sequence represented by SEQ ID NOs: 60 and 58 is
referred to as "U1-55.1", an antibody comprising a heavy chain variable region amino
acid sequence represented by SEQ ID NO: 120 is referred to as "U1-19", and an
antibody comprising a heavy chain variable region amino acid sequence and a light

chain variable region amino acid sequence represented by SEQ ID NOs: 62 and 64 is
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referred to as "U1-57.1". These antibodies are described in detail in Examples.
The isolated HER3-binding protein of the present invention even more preferably
comprises a heavy chain variable region amino acid sequence and a light chain
variable region amino acid sequence represented by SEQ ID NOs: 42 and 44, re-
spectively, a heavy chain variable region amino acid sequence and a light chain
variable region amino acid sequence represented by SEQ ID NOs: 54 and 56, re-
spectively, a heavy chain variable region amino acid sequence and a light chain
variable region amino acid sequence represented by SEQ ID NOs: 70 and 72, re-
spectively, a heavy chain variable region amino acid sequence and a light chain
variable region amino acid sequence represented by SEQ ID NOs: 92 and 94, re-
spectively, or a heavy chain variable region amino acid sequence and a light chain
variable region amino acid sequence represented by SEQ ID NOs: 96 and 98, re-
spectively, and still even more preferably, the HER3-binding proteins is U1-49, U1-53,
U1-59, U1-7, or U1-9, which are an anti-HER3 antibody.

[0072]
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[Chem.14]
Sequence Listing

Antibody ULl-39

1 Heavy Chain DNA:
CAGGTGCAGCTGGTCGAGTCPCCGAGCASGL TTGATCCAGCCTGEGGGETCCCTGAGACTE
TCOTGTGCAGCCTCTREATTCACCGTCAGTAGCAACTACATGAGCTCGGTCCGCCAGGCT
CCAGGGAAGGGGOTECATTGCGTCTCAGT TATTTATAGCEGGTGGTAGCACATACTACGCA
CACTCCGTGAAGGGCCEATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTT
CAAATGAACAGCCTGAGAGCCGAGGACACGECCATGTATTACTGTGCGAGAGGGCAGTGG
CTGGACGTCTGGGGECCAAGEGACCACGGTCACCGTCTCCTCA

2 Heavy Chain Protein:
EVQLVESGGGLIQPGGSLRLSCAASGFTVS SNYMSWVRQAPGRGLDWVSVIYSGESTYYA
DSVEGRFTISRDNSKNTLYLQMNSLRAEDTAVY YCARGOWLDVWGQGTTVTVSES

3 Light Chain DNA:
GATATTGTGATGACTCAGTCTCCACTCTLCCTGCCCGTCACCCCTGGAGAGCCGGECCTCE
ATCPCCTGCAGGTCAAGTCAGAGCCTCCTGCATAGTAATGGATACAACTATTTGCATTGG
PACCTCCAGAGGLCAGGGCAGTCTCCACAACTCCTGTTCTATTTIGGET TTTCATCGGGCC
TCCEGEETCCCTGACAGGTTCAGTGECAGTGGATCAGGCACAGATTTTACACTGAAARTC
AGCAGAGTOCAGGCTCAGGATGTTGCGATTTATTACTGCAGGCAAGCTCTACAAACTLCE
CTCACTTTCGGCGGAGEGACCAAGGTGCAGATCARAA

4 YLight Chain Protein:
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLQRPGQSPQLLFYLGFHRA
SGVPDRFSGSGSGTDFTLKISRVEARDVGVYYCRQALQTPLTFGGGTRVELK

Antibody UL-40

5 Heavy Chain DNA:
CAGGTGCAGCTECAGGAGTCGGECCCACGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTETACTSTCTOTEETGGCPCCATCAGCAGTGCTGGTTACTACTGGEAGCTGGATCCGC
CAGCACCCAGCGGAAGGECCTGGAGTGGATTCGETACATCTATTCCAGTGGGAGCACCTAC
TACAACCCETCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCIGAAGCTGAGCTCTGTGACTGC CECGCGACACGGCCETETATTACTGTGCCGAGAGAT
AGCCAACTGGAACTTTACTACTACTACTACGGTATGCACGTCTGGGGCCAAGGGACCALG
GTCACCGTCTCCTC

6 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYSSGSTY
YNPSLESRYTISVDTSKNQRSLKLSSVTAADTAVY YCARDRELELY YY YYGHMODVRGQGTT
VIVS .

7 Light Chain DNA:
GATATTGTGATCACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCLGGCCTCL

ATCTCOTGCAGETCTAGTCAGAGCCTCCTGTATAGTAATGGATACAACTATTTGGATTGE
TACCTCCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTTGGCTTCTAATCGGGLC
TCCGOCGTCCCTGACAGATTCAGTGECAGTGGATCAGGCACAGATTTTACACTGAAAATC
AGCAGAGTGCACGCTCGAGCATGTTGECATTTATTACTEGCATGCAAGCTCTACAAACTCCG
CTCACTTTCGGCGGAGGGACCAAGGTGGAGATCAAA

8 Light Chain Protein: ]
DIVMTQSPLSLPVIPGEPASISCRESQSLLYSNGYNYLDWYLOKPGQS PQLLIYLGSNRA
SQVPDRFSGEGSGTDFTLKI SRVEAEDVGIYYCMRALOTPLTFGGGTKVEIK

Antibody U1-38

9 Heavy Chain DNA:
CAGATCACCTTGAAGGAGTCTCATCCTACGCTGGTGARACCCACACAGACCCTCACGCTG
ACCTGCACCTTCTCTGGGTTCTCACTCAGCACTAGTGGAGTGGGTGTGGGCTGGATCCGT
CAGCCCCCAGGAAAGGCCCTEGACTGGCTTGCACTCATTTATTGGAATGATGATAAGCGE
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TACAGCCCATCTCTGAAGAGCAGGCTCACCATCACCAAGGACACCTCCAAARAuCAGGTG
GTCCTTACAATGACCAACATGGATCTTGTGGACACAGCCACATATTACTGTGTACACAGA
GACGAAGTTCGAGGGTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

10 Heavy Chain Protein: _
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALDWLALIYWNDDKR
YS?SLKSRLTITKDTSKNQVVLTMTNMDLVDTATYYCVHRDEVRGFDYWGQGTLVTVSS

11 Light Chain DNA:
GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCGGCCTCC
ATCTCCTGCAGGTCTAGTCAAAGCCTCGTATACAGTGATGGATACACCTACTTGCATTGG
TTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTTATTTATAAGGTTTCTAACTGGGAC
TCTGGGGTCCCAGACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTGAAAATC
AGCAGGGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCATGCAAGGTGCACACTGGCCG
ATCACCTTCGGCCAAGGGACACGACTGGAGATTAAA

12 Light Chain Protein:
DVVMTQSPLSLPVTLGQPASISCRSSQSLVYSDGYTYLHWFQQRPGQSPRRLIYKVSNWD

SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQGAHWPITFGQGTRLEIK

Antibody UlL-41
13 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGGTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTA?TACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTTCTGTGCGAGAGAT
CGGGAACTTGAGGGTTACTCCAACTACTACGGTGTGGACGTCTGGGGCCAAGGGACCACG
GTCACCGTCTCCTC

14 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYFCARDRELEGYSNYYGVDVWGQGTT
VTIVS

15 Light Chain DHA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGCCATTAGCAACTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCAACAGAATAATAGTCTCCCCATCACCTTCGGCCAA
GGGACACGACTGCGAGATTAAA
16 Light Chain Protein:

DIQMTQSPSSLSASVGDRVTITCRASQAISNYLNWYQQKPGKAPKLLIYAASSLQSGVPS
RFSGSGSGTDFTLTISSLQPEDFATYYCQQNNSLPITFGQGTRLEIK

Antibody Ul-42
17 Heavy Chain DNA:
GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTGAAGATC

TCCTGTAAGGGTTCTGGATACAGCTTTACCAGCTACTGGATCGGCTGGGTGCGCCAGATG
CCCGGGAAAGGCCTGGAGTGGATGGGGATCATCTATCCTGGTGACTCTGATACCAGATAC
AGCCCGTCCTTCCAAGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTAC
CTGCAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTACTGTGCGAGACATGAA
AACTACGGTGACTACAACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

18 Heavy Chain Protein:
EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQMPGKGLEWMGIIYPGDSDTRY
SPSFQGQVTISADKSISTAYLQWSSLKASDTAMYYCARHENYGDYNYWGQGTLVTVSS

19 Light Chain DNA:
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GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTCGGAGRCAGRGTCRCC
ATCACTTGCCGGGCAAGTCAGAGCATTCGCAGCTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCTATGCTGCTTCCRGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACQT
GAAGATTTTGCACTTTACTGCTGTCAACAGAGTAACGGTTCCCCGCTCACTTTCGGCGGA
GECACCAAGGTGGAGATCAAA

20 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSIRSYLNWYQQKPGKAPKLLEYAASSLQSGVPS
RFSGSGSGTDFTLTISSLQPEDFALYCCQQSNGSPLTFGGGTKVEIK

Antibody UL-43
21 Heavy Chain DNA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAGGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
AGAGAGAGAGAGTGGGATGATTACGGTGACCCCCAAGGTATGGACGTCTGGGGCCAAGGG
ACCACGGETCACCGTCTCCTC

22 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLRSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDREREWDDYGDPQGMDVWGQG
TTVIVS

23 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGAGCATTAGCAGCTATTTACATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCCATGCTGCATCCAGTTTACAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGTAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTAACCCGCTCACTTTCGGCGGA
GGGACCARGGTGGAGATCCAR

24 Dight Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLHWYQQKPGKAPKLLIHAASSLQSGVPS

RFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSNPLTFGGGTKVEIQ

Antibody UL-44

25 Heavy Chain DNA:
GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTGAAGATC
TCCTGTAAGGGTTCTGGATACAGCTTTACCAGCTACTGGATCGGCTGGGTGCGCCAGATG
CCCGGGAAAGGCCTGGAGTGGATGGGGATCATCTGGCCTGGTGACTCTGATACCATATAC
AGCCCGTCCTTCCAAGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTAC
CTGCAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTACTGTGCGAGACATGAA
AACTACGGTGACTACAACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

26 Heavy Chain Protein:
EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQMPGKGLEWMGIIWPGDSDTIY
SPSFQGQVTISADKSISTAYLQWSSLKASDTAMYYCARHENYGDYNYWGQGTLVTVSS

27 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTGGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGAGCATTCGAAGTTATTTAAATTGGTATCAGCAGAAACCG
GGGAATGCCCCTAAACTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCT
GAAGATTTTGCACTTTACTACTGTCAACAGAGTATCAGTTCCCCGCTCACTTTCGGCGGA

GGGACCARGGTGGAGATCARR
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28 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSIRSYLNWYQQKPGNAPKLLIYAASSLQSGVPS

RFSGSGSGTDFTLTISSLQPEDFALYYCQQSISSPLTFGGGTKVEIK

Antibody (ULl-45})

29 Heavy Chain DNA: .
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTC
TCCTGCAAGGCTTCTGGATACACCTTCACCAGTTATGATATCAACTGGGTGCGACAGGCC
ACTGGACAAGGGCTTGAGTGGATGGGATGGATGAACCCTAACAGTGGTGACACTGGCTAT
GCACAGGTGTTCCAGGGCAGAGTCACCATGACCTGGAACACCTCCATAAGCACAGCCTAC
ATGGAACTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTATTACTGTGCGAGATTTGGG
GATCTCCCGTATGACTACAGTTACTACGAATGGTTCGACCCCTGGGGCCAGGGAACCCTG

GTCACCGTCTCCTC

30 Heavy Chain Protein:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYDINWVRQATGQGLEWMGWMNPNSGDTGY

AQVFQGRVTMTWNTSISTAYMELSSLRSEDTAVYYCARFGDLPYDYSYYEWFD?WGQGTL
VTVS '

31- Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGCCAGAGCATTAGCAGCTATTTAAATTGGTATCAGCAGAGACCA
GGGAAAGCCCCTAAGCTCCTGATCTATGCAGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTACCCCGCTCACTTTCGGCGGA

GGCACCAAGGTGGAGATCARA

12 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQRPGKAPKLLIYAASSLQSGVPS

RFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPLTFGGGTKVEIK

Antibody (UL-46

33 Heavy Chain DNA:
CAGGTACAGCTGCAGCAGTCAGGTCCAGGACTGGTGAAGCCCTCGCAGACCCTCTCACTC
ACCTGTGCCATCTCCGGGGACAGTGTCTCTAGCAACAGTGCTGCTTGGAACTGGATCAGG
CAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGAAGGACATACTACAGGTCCAAGTGGTAT
AATGATTATGCAGTATCTGTGAAAAGTCGAATAACCATCAACCCAGACACATCCAAGAAC
CAGTTCTCCCTGCAGCTGAACTCTGTGACTCCCGAGGACACGGCTGTGTATTACTGTGCA
AGAGATCTCTACGATTTTTGGAGTGGTTATCCCTACTACTACGGTATGGACGTCTGGGGC

CAAGGGACCACGGTCACCGTCTCCTC

14 Heavy Chain Protein:
QVQLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYYRSKWY

NDYAVSVKSRITINPDTSKNQFSLQLNSVT?EDTAVYYCARDLYDFWSGYPYYYGMDVWG
QGTTVEVS

Antibody Ul-47
35 Heavy Chain DNA:
CAGGTACAGCTGCAGCAGTCAGGTCCAGGACTGGTGAAGCCCTCGCAGACCCTCTCACTC

ACCTGTGCCATCTCCGGGGACAGTGTCTCTAGCAACAGTGCTGCTTGGAACTGGATCAGG
CAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGAAGGACATACTACAGGTCCAAGTGGTAT
AATGATTATGCAGTATCTGTGAAAAGTCGAATAACCATCAACCCAGACACATCCAAGAAC
CAGTTCTCCCTGCAGCTGAACTCTGTGACTCCCGAGGACACGGCTGTGTATTACTGTGCA
AGAGATTACTATGGTTCGGGGAGTTTCTACTACTACTACGGTATGGACGTCTGGGGCCAA

GGGACCACGGTCACCETCTCCTC

36 Heavy Chain Protein:
QVQLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYYRSKWY
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NDYAVSVKSRITINPDTSKNQFSLQLNSVTPEDTAVYYCARDYYGSGSFTYYYGMDVWGQ
GTTVTVS

17 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGAGCATTAGCAGCTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGGTCCTGATCTATGCTGCATCCAATTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTACCCCTCGGACGTTCGGCCAA
GGCACCAAGGTGGARATCAAA

38 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKVLIYAASNLQSGVPS

RFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPRTFGQGTKVEIK

antibody U1-48
39 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTTACTACTGGAGCTGGATCCGGCAGCCC
GCCGGGAAGGGACTGGAGTGGATTGGGCATATCTATACCAGTGGGAGCACCAACTACAAC
CCCTCCCTCAAGAGTCGAGTCACCATGTCAGTAGACACGTCCAAGAACCAGTTCTCCCTG
AAGCTGAGCTCTGTGACCGCCGCGGACACGGCCGTGTﬁTTACTGTGCGAGAGAAGCGATT
TTTGGAGTGGGCCCCTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACGGTC
ACCGTCTCCTC

40 Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSISSYYWSWIRQPAGKGLEWIGHIYTSGSTNYN

PSLKSRVTMSVDTSKNQFSLKLSSVTAADTAVYYCAREAIFGVGPYYYYGMDVWGQGTTV
T™v3

Antibody Ul-49

41 Heavy Chain DNA:
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTC

TCCTGCAAGGCTTCTGGATACACCTTCACCGGCTACTATATGCACTGGGTGCGACAGGCC
CCTGGACAAGGGCTTGAGTGGATGGGATGGATCAACCCTAATATTGGTGGCACAAACTGT
GCACAGAAGTTTCAGGGCAGGGTCACCATGACCAGGGACACGTCCATCAGCACAGCCTAC
ATGGAGCTGAGCAGGCTGAGATCTGACGACACGGCCGTGTATTACTGTGCGAGAGGGGGA
CGGTATAGCAGCAGCTGGTCCTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACC
ACGGTCACCGTCTCCTC

42 Heavy Chain Protein:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVRQAPGQGLEWMGWINENIGGTNC

AQKFQGRVTMTRDTSISTAYMELSRLRSDDTAVYYCARGGRYSSSWSYYYYGMDVWGQGT
TVIVS

43 Light Chain DNA:
GATATTCTGATGACCCAGACTCCACTCTCTCTGTCCGTCACCCCTGGACAGCCGGCCTCC

ATCTCCTGCAAGTCTAGTCAGAGCCTCCTGCTTAGTGATGGAGGGACCTATTTGTATTGG
TACCTGCAGAAGCCAGGCCAGCCTCCACAGCTCCTGATCTATGAAGTTTCCAACCGGTTC
TCTGGAGTGCCAGATAGGTTCAGTGGCAGCGGGTCAGGGACAGATTTCACACTGAAAATC
AGCCGGGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCATGCAAAGTATGCAGCTTCCG
ATCACCTTCGGCCAAGGGACACGACTGGAAATTAAA

44 Light Chain Protein:
DILMTQTPLSLSVTPGQPASISCKSSQSLLLSDGGTYLYWYLQKPGQPPQLLIYEVSNRF

SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQSMQLPITFGQGTRLEIK

Antibody U1-50
Heavy Chain DNA:

f1=%
(W]



53
W
0 2015/155998 PCT/JP2015/002020

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCGTCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGG
CAGCCCCCAGGGAAGGGACTGGAGTGGATTGGGTATATCTATTACAGTGGGAGCACCAAC
TACAACCCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGGG
GGGGACAGTAACTACGAGGATTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGG

ACCACGGTCACCGTCTCCTC

46 Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGGYYWSWIRQPPGKGLEWIGYIYYSGSTN

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARGGDSNYEDYYYYIGMDVWGQG

TTVIVS

47 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTETAGGAGACACAGTCACC

ATCACTTGCCGGGCAAGTCAGAGCATTAGCATCTATTTACATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCTTGATCTCTGCTGCATCCAGTTTGCAAAGTGGGGTCCCGTCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGAAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACACTTCCCCGATCACCTTCGGCCAA

CGGACACGACTGGAGATTAAA

48 Light Chain Protein:
DEQMTQSPSSLSASVGDRVTITCRASQSISIYLHWYQQK?GKAPKLLISAASSLQSGVPS

RFSGSGSGTDFTLTIRSLQPEDFATYYCQQSYTS?ITFGQGTRLEIK

43 antibody Ul-51

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTTACTACTGGAGCTGGATCCGGCAGCCC
CCAGGGAAGGGACTGGAGTGGATTGGGTATATCTATTACAGTGGGAGCACCAACTACAAC
CCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGCACCAGTTCTCCCTG
AAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGATTCGAGT
TACTATGATAGTAGTGGTTATTACTTATACTACTACGCTATGGACGTCTGGGGCCAAGGG

ACCACGGTCACCGTCTCCTC

50 Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSISSYYWSWIRQPPGKGLEWIGYIYYSGSTNYN

?SLKSRVTISVDTSKHQFSLKLSSVTAADTAVYYCARDSSYYDSSGYYLYYYAMDVWGQG

TTVTVS

51 Light Chain DNA:
GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACC

ATCAACTGCAAGTCCAGCCAGAGTGTTTTATACAGCTCCAACAATAAGAACTACTTAGCT
TGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCTCATTTCCTGGGCATCTACCCGG
GAATCCGGGGTCCCTGACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACC
ATCAGCAGCCTGCAGGCTGAAGATGTGGCAGTTTATTACTGTCAGCAATATTATACTACT
CCTCTCACTTTCGGCCCTGGGACCAAAGTGGATATCAAA

52 Light Chain Protein:
DIVMTQSPDSLAVSLGERATINCKSSQSVLYSSNNKNYLAWYQQKPGQPPKLLISWASTR

ESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYTTPLTFGPGTKVDIK

antibody UL-53

531 Heavy Chain DNA:
GAGGTGCAACTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTGAGACTC

TCCTGTGCAGCCTCTGGATTCACCTTCAGTATCTATAGCATGAACTGGGTCCGCCAGGCT
CCAGGGAAGGGGCTGGAGTGGGTTTCATACATTAGTAGTAGTAGTAGTACCATATACTAC
GCAGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGACAATGCCAAGAACTCACTGTAT
CTGCAAATGAACAGCCTGAGAGACGAGGACACGGCTGTGTATTACTGTGCGAGAGATAGG
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GGTGACTTCGATGCTTTTGATATCTGGGGCCAAGGGACAATGGTCACCGTCT“TTCA

54 Heavy Chain Protein:
EVQLVESGGGLVQPGGSLRLSCAASGFTFSIYSMNWVRQAPGKGLEWVSYISSSSSTIYY
ADSVKGRFTISRDNAKNSLYLQMNSLRDEDTAVYYCARERGDFDAFDIWGQGTMVTVSS

55 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCAGGCGAGTCAGGACATTACCAACTATTTGAATTGGTATCAGCAGAAACCA
GGGRAAGCCCCTAAGCTCCTGATCTACGATGCATCCAATTTGGAAACAGGGGTCCCATCA
AGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACTTTCACCATCAGCAGCCTGCAGCCT
GAAGATATTGCAACATATAACTGTCAACAGTGTGAAAATTTCCCGATCACCTTCGGCCAA
GGGACACCGACTGGAGATTAAA

56 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCQASQDITNYLNWYQQKPGKAPKLLIYDASNLETGVPS
RFSGSGSGTDFTFTISSLQPEDIATYNCQQCENFPITFGQGTRLEIK

Antibedy ULl-55
57 Light Chain DWA:
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCTCC

ATCTCCTGCAGGTCTAGTCAGAGCCTCCTGTRTAGTAATGGATACAAGTATTTGGATTGG
TACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTTGGGTTCTAATCGGGCC
TCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTACACTGAAAATC
AGCAGAGTGGAGGCTGAGGATGTTGGGGTTTATTATTGCATGCAGGCTCTACAAACTCCG
ATCACCTTCGGCCAAGGGACACGACTGGAGATTAAA
58 Light Chain Protein:

DIVMTQSPLSLPVTPGEPASISCRSSQSLLYSNGYKYLDWYLQKPGQSPQLLIYLGSNRA
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALQTPITFGQGTRLEIK

Antibody {UL-55.1)

59 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCC?C
ACCTGCACTGTCTCTGGTGGCTCCGTCAGCAGTGGTGGTTACTACTGGAACTGGATCCGG
CAGCCCCCAGGGAAGGGACTGGAGTGGATTGGGTATATCAATTACAGTGGGAGCACCAAC
TACAACCCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
CGAGAACTGGAACTTTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACG
GTCACCGTCTCCTC

£0 Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGGYYWNWIRQPPGKGLEWIGYINYSGSTN
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDRELELYYYYYGMDVWGQGTT

VIVS

Antibody (UL-57)

61 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCTGAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCGTCAGCAGTGGTGGTTACTACTGGAACTGGATCCGG
CAGCCCCCAGGGAAGGGACTGGAGTGGATTGGGTATATCAATTACAGTGGGAGCACCAAC
TACAACCCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
CGAGAACTGGAACTTTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACG
GTCACCGTCTCCTC

62 Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGGYYWNWIRQPPGKGLEWIGYINYSGSTN
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDRELELYYYYYGMDVWGQGTT
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antibody U1-57.1

63 Light Chain DNA:
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCTCC

ATCTCCTGCAGGTCTAGTCAGAGCCTCCTGTATAGTAATGGATACAAGTATTTGGATTGG
TACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCATGATCTATTTGGGTTCTAATCGGGCC
TCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTACACTGAAAATC
AGCAGAGTGGAGGCTGAGGATGTTGGGGTTTATTATTGCATGCAGGCTCTACAAACTCCG
ATCACCTTCGGCCAAGGGACACGACTGGAGATTARA

64 Light Chain Protein:
DIVMTQSPLSLPVTPGEPASISCRSSQSLLYSNGYKYLDWYLQKPGQSPQLMIYLGSNRA

SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALQTPlTFGQGTRLEIK

Antibody . Ul-58
65 Heavy Chain BNA:

CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACTC
TCCTGTGCAGCGTCTGGATTCACCTTCAGTAGCTATGGCATGCACTGGGTCCGCCAGGCT
CCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATGGTATGATGGAAGTAATAAATACTAT
GCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTAT
CTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAGCAGCT
CGCCTTGACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCTCC

TCA

§6 Heavy Chain Protein:
QVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVIWYDGSNKYY

ADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARAARLDYYYGMDVWGQGTTVTVS

S

67 Light Chain DNA: .
GACATCCAGATGACCCAGTCTCCATCCTCCC'I‘GTCTGCATC’?GTAGGAGACAGAGTCTCC

ATCACTTGCCGGGCAAGTCAGAGCATTAACAGCTATTTAAATTGGTTTCAGCAGAAGCCA
GGGAAAGCCCCTCAGCTCCTGATCTTTGGTGCATCCGGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAACAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTTCCCCGCTCACCTTCGGCCAA

GGGACACGACTGGAGATTAAR

§8 Light Chain Protein:
DIQMTQSPSSLSASVGDRVSITCRASQSINSYLNWFQQKPGKAPQLLIFGASGLQSGVPS

RFSGSGSGTDFTLTINSLQPEDFATYYCQQSYSSPLTFGQGTRLEIK

Antibody U1-5%

69 Heavy Chain DNA:
CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCTGTCCCTC

ACCTGCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGAGCTGGATCCGCCAGCCC
CCAGGGAAGGGGCTGGAGTGGATTGGGGAAATCAATCATAGTGGAAGCACCAACTACAAC
CCGTCCCTCAAGAGTCGAGTCACCATATCAGTAGAAACGTCCAAGAACCAGTTCTCCCTG
AAGCTGAGCTCTGTGACCGCCGCGGACACGGCTGTGTATTACTGTGCGAGAGATAAGTGG
ACCTGGTACTTCGATCTCTGGGGCCGTGGCACCCTGGTCACTGTCTCCTCA

70 Heavy Chain Protein:
QVQLQQWGAGLLKPSETLSLTCAVYGGSFSGYYWSWIRQPPGKGLEWIGEINHSGSTNYN
PSLKSRVTISVETSKNQFSLKLSSVTAADTAVYYCARDKWTWYFDLWGRGTLVTVSS

71 Light Chain DNA:
GACATCGAGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACC
ATCAACTGCAGGTCCAGCCAGAGTGTTTTATACAGCTCCAGCAATAGGAACTACTTAGCT
TGGTACCAGCAGAACCCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCTTCTACCCGG
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GAATCCGGGGTCCCTGACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACC
ATCAGCAGCCTGCAGGCTGAAGATGTGGCAGTTTATTACTGTCAGCAATATTATAGTACT
CCTCGGACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

72 Light Chain Protein:
DIEMTQSPDSLAVSLGERATINCRSSQSVLYSSSNRNYLAWYQQNPGQPPKLLIYWASTR
ESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSTPRTFGQGTKVEIK

Antibody UL-52
73 Heavy Chain DMA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATGGGGAACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTGAGAACCAGTTC
TCCCTGAAGCTGAACTCTGTGACTGCCGCGGACACGGCCGTATATTACTGTGCGAGAGGG
GGAACTGGAACCAATTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACG

GTCACCGTCTCCTC

74 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWMGNIYYSGSTY
YNPSLKSRVTISVDTSENQFSLKLNSVTAADTAVYYCARGGTGTNYYYYYGMDVWGQGTT

vIvVS

75 Light Chain DNA:
GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGARAGACCCACC

CTCTCCTGCAGGGCCAGTCAGAGTGTTAGCAGCAGCTACTTAGCCTGGTACCAGCAGAAA
CCTGGCCAGGCTCCCAGGCTCCTCATCTATGGTGCATCCAGCTGGGCCACTGGCATCCCA
AACAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCAGCAGACTGGAG
CCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATGGTAGCTCACCGCTCACTTTCGGC
GGAGGGACCRAGGTGGAGATCAAA

76 Light Chain Protain:
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSWATGIP

NRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSPLTFGGGTKVEIK

Antibody Ul-61

77 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGTCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGATGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTCACCATATCAGAAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
TCCGAGTCCGAGTATAGCAGCTCGTCGAACTACGGTATGGACGTCTGGGGCCAAGGGACC

ACGGTCACCOTCTCCTC

978 Heavy Chain FProtein:
QVQLQESGPGLVKPSQTLSLTCTVSGVSISSGGYYWSWIRQHPGMGLEWIGYIYYSGSTY
YNPSLKSRVTISEDTSKNQFSLKLSSVTAADTAVYYCARDSESEYSSSSNYGMDVWGQGT

TVTVS

antibody U1-61.1

79 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGTCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGATGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTCACCATATCAGAAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
TCCGAGTCCGAGTATAGCAGCTCGTCGAACTACGGTATGGACGTCTGGGGCCAAGGGACC
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ACGGTCACCGTCTCCIC

40 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGVSISSGGYYWSWIRQHPGMGLEWIGYIYYSGSTY
TNPSLKSRVTISEDTSKNQFSLKLSSVTAADTAVYYCARDSESEYSSSSNYGMDVWGQGT

™TIVS

g1 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAATCACC
ATCACTTGCCGGGCAAGTCAGACCATTAGCAGCTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAGGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGTATCTGGGACAGATTTCACCCTCACCGTCAGCAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTAACCCGCTCACTTTCGGCGGA
GGGACCAAGGTEGAGATCAAA

82 Light Chain Protein:
DIQMTQSPSSLSASVGDRITITCRASQTISSYLNWYQQKPGKAPKLLIYAASSLQGGVPS
RFSGSVSGTDFTLTVSSLQPEDFATYYCQQSYSNPLTFGGGTKVEIK

Antibody UL-62 (2.9.1)

83 Heavy Chain DNA:
GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTGAAGATC
TCC’I‘GTAAGGGTTCTGGATACAGTTTTACCAGC’I‘ACTGGA’I‘CGGCTGGG'I‘GCGCCAGATG
CCCGGGAAAGGCCTGGAGTGGATGGGGATCATCTATCCTGGTGACTCTGATACCAGATAC
AGCCCGTCCTTCCAAGGCCAGGTCACCATGTCAGCCGACAAGTCCATCAGTACCGCCTAC
CTGCAGCTGAGCAGCCATGAAGGCCTCGGACACCGCCATGTATTACTGTGCGAGACAGAT
GGCTGGAAAC'I‘ACG']‘ACA'T‘CACGGG‘I‘GATCGAGACGTCCTGGGGCCAAGGGACCACGGTC

ACCGTCTCCTC

84 Heavy Chain Protein:
EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQMPGKGLEWMGIIYPGDSDTRY
SPSFQGQVTMSADKSISTAYLQLSSHEGLGHRHVLLCETDGWKLRTSRVIETSWGQGTTV
TvE

85 DLight Chain DMNA:
GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCACC
CTCTCCTGCAGGGCCAGTCAGAGTGTTATCAGCATCTACTTAGCCTGGTACCAGCAGAAA
CCTGGCCAGGCTCCCAGGCTCCTCATCTATGGTGCATCCAGCAGGGCCACTGGCATCCCA
GACAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCAGCAGACTGGAG
CCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATGGTAGCTCACCGTGCAGTTTTGGC
CAGGGGACCAAACTGGAGATCAAA

g6 Light Chain Protein:
EIVLTQS?GTLSLSPGERATLSCRASQSVISIYLAWYQQKPGQAPRLLIYGASSRATGIP
DRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSPCSFGQGTKLEIK

antibody Ul-2
g7 Heavy Chain DNA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAGGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

g8 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLRSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

S5
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8¢ Light Chain DNA:
GACATCCAGATGACCCAGTC?CCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGATACCT
_GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAACAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATGGTTACCCGTGGACGTTCGGCCAA

CGGACCAAGGTGGARATCAAAC

a0 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQIPGKAPKRLIYAASSLQSGVPS
RFSGSGSGTEFTLTINSLQPEDFATYYCLQHNGYPWTFGQGTKVEIK

Antibody ULl-7
01 Heavy Chain DNA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGATACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

92 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

35 )
93 Light Chain DNA:
GACTTCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGACATTCGAAATGATTTAGGCTGGTATCGGCAGAAACCT
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA
GGEACCAAGOTEGAAATCAAAC

94 Light Chain Protein:
DFQMTQSPSSLSASVGDRVTITCRASQDIRNDLGWYRQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

antibody UL-9
95 Heavy Chain DNA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGATACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAATAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAATGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

36 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISIDTSKNQFSLKLSSVTAADTAVYYCARADYDFWNGYFDYWGQGTLVTV

55

g7 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGACATTAGAAATGATTTAGGCTGGTATCGGCAGAAACCT
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
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GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAA

98 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQDIRNDLGWYRQKPGKAPKRLEYAASSLQSGVPS
RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody UL-10

99 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTACACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGACTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCA
GATTACGATTTTTGGAGTGGTTACTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTCA

1.00 Heavy Chain Protein:
QVQLQESGPGLVKPTQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRLTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

88

101, Ligh%t Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAATTACCCGTGGACGTTCGGCCAA
GGGACCAAGCTCGAAATCAAA

102 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS
RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNNYPWTFGQGTKVEIK

Antibody Ul-12
103 Heavy Chain DNA
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGTTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTCA

104 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YN?SLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV
88

105 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAATTACCCGTGGACGTTCGGCCAA
GOGACCAAGGTGGAMATCAAL

106 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLZYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNNYPWTFGQGTKVEIK
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Antibody Ul- 13

107 Heavy Chain DNA:
CAGGTGCAGC‘I‘GCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAG
GACGACGGTATGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

1.08 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREDDGMDVWGQGTTVTVSS

109 Light Chain DNA:
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCTCC
ATTTCCTGCAGGTCTAGTCAGAGCCTCCTGCATAGTAATGGATACAACTATTTGGAATGG
TACCTGCAGAAGCCAGGGCAGTCCCCACAGTTCATGATTTATTTGGGGTCTAATCGGGCC
TCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTACACTGAAAATC
AGCAGAGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCATGCAAGCTCTACAAACTCCG
ATCACCTTCGGCCAAGGGACACGACTGGAGATTAAA

110 Light Chain Protein:
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLEWYLQKPGQSPQFMIYLGSNRA

SGVPDRFSGSGSGTD?TLKISRVEAEDVGVYYCMQALQTPITFGQGTRLEIK

Antibody Ul-14

111 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGTACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGGTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

112 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQYPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLRSVTAADTAVYYCARADYDFWSGYFEYWGQGTLVTV
58
113 Light Chain DNA:

GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATACTTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGARATCAAAC

114 tight Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNTYPWTFGQGTKVEZK

Antibody U1-15

115 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCGTCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGG
CAGCCCCCAGGGAAGGGACTGGAGTGGATTGGGTATATCTATTACAGTGGGAGCACCAAC
TACAACCCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTC
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TCCCTGAAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
GGGGACGTGGATACAGCTATGGTCGATGCTTTTGATATCTGGGGCCAAGGGACAATGGTC

ACCGTCTCCTCA

116 Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGGYYWSWZRQPPGKGLEWIGYIYYSGSTN
YN?SLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDGDVDTAMVDAFDIWGQGTMV

TVSS

117 Light Chain DNA:
GAAATTGTATTGACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCACC

CTCTCCTGCAGGGCCAGTCAGAGTTTAAGCGGCAACTACTTAGCCTGGTACCAGCAGAAG
CCTGGCCAGGCTCCCAGGCTCATCATCTGTGGTGCATCCAGCAGGGCCACTGGCATCCCA
GACAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCACAAGACTGGAG
CCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATGATAGGTCACCGCTCACTTTCGGC
GGAGGGACCAAGGTGGAGATCAAA

118 Light Chain Protein: _
EIVLTQSPGTLSLSPGERATLSCRASQSLSGNYLAWYQQKPGQAPRLIICGASSRATGIP

DRFSGSGSGTDFTLTITRLEPEDFAVYYCQQYDRSPLTFGGGTKVEIK

Antibody Ul-13

119 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGGA
GATTACGATTTTTGGAGTGGAGAGTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA
120 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARGDYDFWSGEFDYWGQGTLVTV
ss

Antibedy U1-20
121 Heavy Chain DNA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATGACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGGTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
CAGGGGCAGGACGGATACAGCTATGGTTACGGCTACTACTACGGTATGGACGTCTGGGGC

CBAGGGACCACGGTCACCGTCTCCTC

122 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYDSGSTY

YNPSLKSRVTISVDTSKNQFSLKLRSVTAADTAVYYCARDQGQDGYSYGYGYYYGMDVWG

QGTTVTIVS

123 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCAGGCGAGTCAGGACRTTAGCAATTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAACTCCTGATCTACGTTGCATCCAATTTGGAAACAGGGGTCCCATCA
AGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACTTTCACCATCAGCAGCCTGCAGCCT
GAAGATATTGCAACATATTACTGTCAACAGTGTGATAATCTCCCTCTCACTTTCGGCGGA

GEGACCAAGGTGGAGATCAAA
124 Light Chain Protein:
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124 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCQASQDISNYLNWYQQKPGKAPKLLIYVASNLETGVPS

RFSGSGSGTDFTFTISSLQPEDIATYYCQQCDNLPLTFGGGTKVEIK

Antibody UL-21
125 Heavy Chain DNA:

CAGGTGC&GCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGATACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTC
124 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

bS]
127 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGACATTAGAAATGATTTAGGCTGGTATCGGCAGAAACCT
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCCGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGARAATCARAC

128 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQDIRNDLGWYRQKPGKAPKRLIYAASRLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody U1-22

129 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA
130 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

55

131 DLight Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAATGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA
GGCACCAAGGTGGAAATCAARC

132 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQNGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody U1-23
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Antibody U1l-23
133 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAATCCTGGTCACCGTC

FCCTC

134 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YN?SLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGILVTV

S

135 Light Chain DNA:
GACATCCﬁGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATTTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA

CGGACCAAGGTGGARATCAAAC

136 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibedy UL-24

137 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGTTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAATGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

138 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWNGYFDYWGQGTLVTV

58

139 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAATTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAA

140 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKA?KRLIYAASSLQSGVPS

RFSGSGSGTBFTLTISSLQPEDFATYYCLQHNNYPWTFGQGTKVEIK

Antibody ULl-25
141 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
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TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACRCGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTCA
142 Heavy Chain Protein:

QVQLQESGPGLVKPSQTLngCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV
S8

143 Light Chain DNA:
GACATCCAGCTGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAATGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAAC

144 Light ¢Chain Protein:
DIQLTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQNGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

antibody Ul-26

145 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGTACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGGGCTCTGTGACTGCCGCGGACACGGCCGTGTATTTCTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTTCTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTC

146 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQYPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLGSVTAADTAVYFCARADYDFWSGYFDFWGQGTLVTV
5

147 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATGGTTACCCGTGGACGTTCGGCCAA
GGGACCABGGTGGAAATCAAAC

1df8 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQOKPGKAPKRLEYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNGYPWTFGQGTKVEIK

Antibody U1-27
149 Heavy Chain DNA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGTACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGGGCTCTGTGACTGCCGCGGACACGGCCGTGTATTTCTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTTCTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTC
150 Heavy Chain Protein:
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QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQYPGKGLBWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLGSVTAADTAVYFCARADYDFWSGYFDFWGQGTLVTV

S

151 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATGGTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAAC

152 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS
RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNGYPWTFGQGTKVEIK

Antibody UL-28
151 Heavy Chain DNA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTCCTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

154 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDSWGQGTLVTV

ss

155 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGATACCT
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATGGTTACCCGTGGACGTTCGGCCAA

CGGACCAAGGTGGAAATCARA

156 Light Chain Protein:
-DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQIPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNGYPWTFGQGTKVEIK

Antibody UL-31
157 Heavy Chain DNA:
CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTC

TCCTGCAAGGCTTCTGGTTACACCTTTACCAACTATGGTATCAGCTGGGTGCGGCAGGCC
CCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCGCTTACGATGGTTACAGAAACTAT
GCACAGAAGCTCCAGGGCAGAGTCACCATGACCACAGACACATCCACGACCACTGCCTAC
ATGGAGCTGAGGAGCCTGAGATCTGACGACACGGCCGTGTATTACTGTGCGAGAGATGTT
CAAGACTACGGTGACTACGACTACTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA
158 Heavy Chain Protein:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTNYGISWVRQAPGQGLEWMGWISAYDGYRNY

AQKLQGRVTMTTDTSTTTAYMELRSLRSDDTAVYYCARDVQDYGDYDYFDYWGQGTLVTV
SSs

159 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
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ATCACTTGCCGGGCAAGTCAGAGCATTAGCAGTTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAACCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGATTCAGGGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCT
GAAGATTTTCCAACTTACTACTGTCAACAGAGTTACAGTACCCCCATCACCTTCGGCCAA

GOGACACGACTGGACATTAAA

160 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPNLLIYAASSLQSGVPS
RFRGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPITFGQGTRLEIK

Antibody UL-32
161 Heavy Chain DNA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTTACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGACCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
GCCCTGAAGCTGAACTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA
162 Heavy Chain Protein:
QVQLQESGPGLVKPLQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGTTY

YNPSLKSRVTISVDTSKNQFALKLNSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

S8
163 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGRGTCACC

ATCACTTGCCGGGCAGGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTCAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCTCTCTCACAATCTCCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCARAC
154 Light Chain Protein:

DIQMTQSPSSLSASVGDRVTITCRAGQGIRNDLGWYQQKPGKAPQRLIYAASSLQSGVPS
RFSGSGSGTEFSLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody UL-35

165 Heavy Chain DNA:
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCAAGCCTGGAGGGTCCCTGAGACTC

TCCTGTGCAGCCTCTGGATTCACCTTCAGTGACTACTACATGAGCTGGATCCGCCAGGCT
CCAGGGAAGGGGCTGGAGTGGGTTTCATATATTAGTAGTAGTGGTAATAACATATACCAC
GCAGACTCTGTGAAGGGCCGATTCACCATCTCCAGGGACAACGCCAAGAACTCACTGTAT
CTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTG?ATTACTGTGCGAGAGAGAGA
TATAGTGGCTACGACGACCCTGATGGTTTTGATATCTGGGGCCAAGGGACAATGGTCACC
GTCTCTECA

166 Heavy Chain Protein:
QVQLVESGGGLVKPGGSLRLSCAASGETFSDYYMSWIRQAPGKGLEWVSYISSSGNNIYH

ADSVKGRFTESRDNAKNSLYLQMNSLRAEDTAVYYCARERYSGYDDPDGFDIWGQGTMVT

Vsh

167 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCAGGCGAGTCAGGACATTAGCAACTATTTAAGTTGGTTTCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCCACGATGCATCCAATTTGGAAACAGGGGTCCCTTCA
AGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACTTTCACCATCAGCAGCCTGCAGCCT
GAAGATATTGCAACATATTACTGTCAACAGTATGATAATCCCCCGTGCAGTTTTGGCCAG

GGGACCAAGCTGGAGATCARA
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168 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCQASQDISNYLSWFQQKPGKAPKLLIHDASNLETGVPS

RFSGSGSGTDFTFTISSLQPEDIATYYCQQYDNPPCSFGQGTKLEIK

Antibody UL-36

169 Heavy Chain DHNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTTATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGACCACCTAC
TACAATCCGTCCTTCAAGAGTCGAGTTACCATATCAGTAGHCACGTCTAAGAACCAGTTC
TCCCTGhAACTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTCACTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA
170 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGYYYWSWIRQHPGKGLEWIGYIYYSGTTY

YNPSFKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGHFDYWGQGTLVTV

85

171 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCARA

172 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody UL-37

173 Heavy Chain DNA:
CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTC

TCCTGCAAGGCTTCTGGTTACACCTTTACCAGCTATGGTATCAGCTGGGTGCGACAGGCC
CCTGGACAAGGACTTGAGTGGATGGGATGGATCAGCGCTTACGATGGTCACACAAACTAT
GCACAGAAGCTCCAGGGCAGAGTCACCATGACCACAGACACATCCACGAACACAGCCTAC
ATGGAGCTGAGGAGCCTGAGATCTGACGACACGGCCGTTTATTACTGTGCGAGAGACCCC
CATGACTACAGTAACTACGAGGCTTTTGACTTCTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTC
174 Heavy Chain Protein:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYGESWVRQAPGQGLEWMGWISAYDGHTNY

AQKLQGRVTMTTDTSTNTAYMELRSLRSDDTAVYYCARDPHDYSNYEAFDFWGQGTLVTV
s

175 Light Chain DNa
atgagqtcccctgctcaqctcctnggctccpgctactctggctccqaggtqccagatgtg

acatccagatqacccagtctccatcctccctgtctgcatctgtagqaqacaqagtcaccat
cacttgccgqqcaagtcagagcattagcagttatttaaattqgtatcagcaqaaaccaggg
aaagcccctaacctcctgatctatgctqcatccaqtttgcaaagtgqggtcccatcaagat
tcagtggcagtgqatctqggacagatttcactctcaccatcagcagtctqcaacctgaaga
ttttgcaacttactactgtcaacagaqttacagtacccccatcaccttcggccaaggqaca
cgactqqaqattaaacqaactqtgqctgcaccatctgtcttcatcttcccgccatctgatq
agcaqttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccaqaga
ggccaaaqtacagtgqaaggtqqataacgcc
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175 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNNYQQKPGKAPNLLIYAASSLQSGVPSR

FSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPITFGQGTRLBIK

antibody Ul-34¢
177 Heavy Chain DNA:

accatgqactgqacctgqaggqtccttttcttqqtggcaqcaqcaacaggtgcccactccca
ggttcagctggtgcagtctqgaqctgaggtqaagaagcctgqggcctcagtqaaggtctcct
gcaaqgcttctgqttacacctttaccaactatgqtatcagétngtchgcaqqcccctgga
caagqqcttqaqtggatgggatqgatcagcqcttacgatqgttacaqaaactatgcacagaa
gctccagggcagagtcaccatgaccacagacacatccacgaccactgcctacatggaqctga
qqagcctgagatctgacqacacggccgtgtattactgtchaqagatgttcaaqactacggt
gactacgactactttgactactgggqccaggqaaccctqgtcaccqtctcctcagcttccac
caagqgcccatccgtcttccccctggtgccctqctccaggaqcacctccgagaqcacaqccq
ccctqqgctqcctgqtcaaqqactacttccccqaaccg

178 Heavy Chain Protein
QVQLVQSGAEVKKPGASVKVSCKASGYTFTNYGISWVRQAPGQGLEWMGWISAYDGYRNYA

QKLQGRVTMTTDTSTTTAYMELRSLRSDDTAVYYCARDVQDYGDYDYFDYWGQGTLVTVSS

179 Light Chain DNA:
cagctcctgqggctcctgctactctqgctccgagqtqccagatqtqacatccagatqaccc
aqtctccatcctccctgtctqcatctgtagqagacagaqtcaccatcacttgccgqqcaag
tcaqaqcattagcagttatttaaattqgtatcaqcaqaaaccangaaagcccctaacctc
ctgatctatgctgcatccaqtttgcaaagtggggtcccatcaagattcagtggcagtggat
ctgqqacaqatttcactctcaccatcaqcagtctgcaacctqaagattttqcaacttacta
ctqtcaacaqagttacaqtacccccatcaccttcgqccaagggacacgactggagattaaa
cqaactqtqgctgcaccatctgtcttcatcttcccgccatctqatgagcagttqaaatctg
gaactgcctctgttgtgtqcctgctgaataacttctatcccaqaqaqgccaaagtacaqtq

gaaggtggataacgce

180 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTETCRASQSISSYLNWYQQKPGKAPNLLIYAASSLQSGVPSR

FSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPITFGQGTRLEIK

Antibody Ul-1
181 Heavy Chain DNA:

catctgtggttcttcctcctgctgqtggcagctcccaqatgggtcctqtcccagqtqcagc
tgcaggaqthggcccaqgactggtqaagccttcacagaccctgtccctcacctqcactqt
ctctggtggctccatcaacagtggtgattactactggagctggatccgccagcacccaggg
aagggcctggagtqgattgqgtacatctattacagtgggagcacctactacaacccgtccc
tcaagagthagttaccatatcaqtagacacqtctaagaaccagttctccctqaagctgag
ctctqtqactgccgcqgacacgqccgtgtattactgtgcgagagcagattacqatttttgq
agtqgttactttgactactqgggccagggaaccctggtcaccgtctcctcagcctccacca
agqgcccathgtcttccccctqgcaccctcctccaagagcacctctnggqcacaacqqc

cctygyg
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182 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSINSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY
NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

183 Light Chain DNA:
atqagqgtccctqctcaqctcctqgggctcctgctgctctggttcccaggtgccaqgtgtqa
catccagatgacccaqtctccatcctccctgtctqcatctgtaggagacagagtcaccatca
cttgccggqcaagtcaqqqcattagaaatgatttaqgctgqtatcagcagaaaccagggaaa
gcccctaagcqcctqatctatgctgcatccaqtttgcaaagtgqqqtcccatcaaqqttcaq
cggcaqtqgatctgqqacaqaattcactctcacaatcaqcaqcctgcagcctgaaqattttg
caacttattactgtctacaqcataatagttacccqtqqacqtthgccaagggaccaaqqtg
gaaatcaaacqaactgtqgctgcaccatctqtcttcatcttcccqccatctgatgagcagtt
gaaatctqqaactgcctctqttgtqtgcctgctgaataacttctatcccaqagagqccaaag

tacagtggaaggtggataacyc

184 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPSR

FSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody Ul-3
185 Heavy Chain DNA:

tqgttcttccttctgctqqtqqcaqctcccagatgggtcctqtcccaggtgcagctqcagga
gtcgggcccaggactgqtgaagccttcacagaccctgtccctcacctgcactqtctctggtq
gctccatcaqcagtggtgqttactactggaqctgqatccgccagcacccagqgaagggcctg
gaqtgqattgqqtacatctattacagtqggagcacctactacaacccqtccctcaagagtcg
agttaccatatcagtagacacgtctaagaaccagttctccctgaagctgagctctgtqactg
ccchgacacggccqtqtattactgtgcgagaqatggctatqatagtagtggttattaccac
ggctactttgactactqngccagqgaaccctggtcaccqtctcctcaqcctccaccaaggq
cc

186 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSGSTYY
NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDGYDSSGYYHGYFDYWGQGTLVT

NEE]

187 Light Chain DNA:

H3_130_1NI1K
caggtcttcatttctctgttgctctggatctctggtgcctacgqqgacatcgtgatgaccc
agtctccaqactccctggctqtgtctctgggcqagaggqccaccatcaactgcaagtccaq
ccaqaqtgttttatacagctccaacaataagaactacttagcttggtaccagcagaaacca
ggacaqcctcctaagctgctcatttactqqgcatctacccgggaatccggggtccctgacc
qattcaqtggcagcgggtctgggacagatttcactctcaccatcagcagcctqcaqqctga
agatqtggcagtttattactgtcaqcaatattatagtactccgctcactttcgchgaggg
accaaggtqgagatcaaacgaactqtqgctgcaccatctgtcttcatcttcccgccatctg
atqagcagttgaaatctqgaactqcctctqttgtqtqcctgctgaataacttctatcccag
agaqqccaaagtacagtggaaggtqgataacgc

188 Light Chain Protein:
DIVMTQSPDSLAVSLGERATINCKSSQSVLYSSNNKNYLAWYQQKPGQPPKLDIYWASTRE

SGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSTPLTFGGGTKVEIK
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Antibody Ul-4
H3_133_IN1Gl
189 Heavy Chain DNA

ctqtggttcttcctcctgctgqtqgcagctcccagatqggtcctgtcccaqgtgcagctgca
gqagtcgqgcccagqactgqtqaagccttcacaqaccctqtccctcacctqcactqtctctq
gtqqctccatcagtagtqgtqattactactqqaqctggatccgccagcacccagggaangc
ctggagtggattggqtacatctattacaqtgqgaqcacctactacaacccgtccctcaagag
tcgagttaccatatcaqtagacacgtctaagaaccaqttctccctqaaqttqagctctgtga
ctgccgcqgacacgqccgtgtattactqtchaqagccgattacgatttttggagtggttat
tttqactactggggccaqggaaccctggtcaccgtctcctcaqcctccaccaagqqcccatc
ggtcttccccctggcaccctc

190 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

191 Light Chain DNA

H3_133_1N1K

gtqcccgctcagcgcctqqggctcctgctgctctggttcccaggtgccaggtgtgacatcc
aqatqacccagtctccatcctccctgtctgcatctqtaqqagacaqagtcaccatcacttg
ccgqgcaaqtcangcattagaaatgatttaggctqgtatcagcaqaaaccagggaaagcc
cctaagcqcctgatctatgctgcatccagtttgcaaagtggggtcccatcaaggttcach
gcagtggatctgggacagaattcactctcacaatcagcagcctgcagcctgaagattttqc
aacttattactgtctacagcataataattacccgtggacgtthgccaagggaccaaggtg
qaaatcaaacgaactgtggctgcaccatctqtcttcatcttcccgccatctgatgaqcaqt

tgaaatctggaactg

192 tight Chain Protain
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPSRF

SGSGSGTEFTLTISSLQPEDFATYYCLQ&NNYPWTFGQGTKVEIK

Antibody U1-5
193 Heavy Chain DNA:

H3_138_1N1GL
tggttcttccttctgctggtggcagctcccagatgggtcctgtcccaggtgcagctgcagga
gtcgggcccaggactqgtgaaqccttcacagaccctgtccctcacctgcactgtctctggtq
gctccatcagcagtggtgattactactqqagctggatccgccagcacccagggaangcctg
gaqtgqattggqtacatctattacaqtngaqcacctactacaacccgtccctcaagagtcg
agttaccatatcagtaqacacgtctaagaaccaqttctccctgaagctgaqctctqtqactq
ccgcggacacggccgtgtatttctgtgcgagaqccgattacgatttttggagtggttatttt
qactactggggccagqqaaccctqgtcaccgtctcctcagcctccaccaagqqcc

194 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYYN

PSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYFCARADYDFWSGYFBYWGQGTLVTVSS

195night Chain DNA:
H3_138 1N1K
atgaggqtccccgctcaqctcctnggctcctqctqctctggttcccaggtgcaagqtgtqa
catccaqatgacccagtctccatcctccctgtctgcatctqtaggagacagagtcaccatca
cttgccqqgcaagtcaqqqcattaqaaatgatttaggctggtatcagcagaaaccagggaaa
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qcccctaagcgcctqatctatqctgcatccagtttgcaaagtqgggtcccatcaaggttcaq
cqgcaqtggatctqqgacaqaattcactctcacaatcagcagcctqcagcctgaagattttg
caacttattactqtctacaqcataatacttacccgtgqacgtthqccaaggqaccaaggtg
qaaatcaaacqaactgtggctgcaccatctqtcttcatcttcccgccatctqatqaqcagtt
gaaatctggaactqcctctqttgtqtgcctqctgaataacttctatcccaqagaggccaaaq

tacaqtggaaqqtqqataacqc

196 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS
RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNTYPWTFGQGTKVEIK

Antibody 01-6
197 Heavy Chain DNA:

H3_162_1N1Gl
tgqttcttccttctgctggtggcagctcccaqatgqgtcctqtcccaggtqcaqctgcagga
gthggcccaggactggtgaagccttcacagaccctgtccctcacctgcactqtctctggtg
gctccatcagcaqtggtgattactactggagctggatccgccagcacccaggqaaggqcctq
qagtggattggqtacatctattacaqtqggagcacctactacaacccgtccctcaagagtcg
agttaccatatcagtagacacgtctaagaaccagttctccctgaagctgagctctgtgactg
ccgcqgacacggccqtqtatttctgtchagaqccgattacgatttttggaatggttatttt
gactactggggccagqqaaccctqgtcaccqtctcctcaqcctccaccaagqgccc

198 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYFCARADYDFWNGYFDYWGQGTLVTV
58

199 Light Chain DNA:

H3_162_1NIK

atgaggqtccccgctcaqctcctgqggctcctgctgctctggttcccaqgtgccaqgtgtga
catccagatgacccagtctccatcctccctgtctgcatctqtaqqagacagagtcaccatca
cttgccqggcaagtcaqqqcattagaaatqatttadqctggtatcaqcagaaaccagggaaa
gccdctaachcctqatctatqctgcttccagtttgcaaaqtggqgtcccatcaaqgttcag
cqqcagtggatctgqgacagaattcactctcacaatcaqcagcctgcagcctgaagattttg
caacttattactgtctacagcataatacttacccgtgqacqtthgccaagggaccaaggtg
gaaatcaaacgaactgtggctgcaccatctgtcttcatcttcccqccatctgatgaqcaqtt
gaaatctggaactgcctctgttqtqtgcctgctqaataacttctatcccagaqaqqccaaag

tacagtggaaggtggataacgce

200 Light Chain Protein
DiQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNTYPWTFGQGTKVEIK

Antibody UL-8

201 Heavy Chain DNA:
H3_174_1N1G1L
ttggtqgcagcaqctacaggcacccacgcccaggtccagctggtacagtctggqgctgaqgt
gaaqaagcctggggcctcagtgaagqtctcctgcaaggtttccgqatacaccctcactgaat
tatccatqtactggqtgcqacaqqctcctqgaaaaqggcttqaqtqgatggqaqqttttgat
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cctgaaqatgqtgaaacaatctacqcacagaaqttccaqqqcaqagtcaccatqaccqagga
cacatctacaqacacagcctacatggagctgaqcagcctqaqatctqaqqacacqqccqtgt
attactgtqcaactqqgtgqaactacgtctttgactactqqqqccangaaccctqgtcacc
gtetcotcageccteccaccaagggece

202 Heavy Chain Protein
QVQLVQSGAEVKKPGASVKVSCKVSGYTLTELSMYWVRQAPGKGLEWMGGFDPEDGETIYA

QKFQGRVTMTEDTSTDTAYMELSSLRSEDTAVYYCATGWNYVFDYWGQGTLVTVSS

203 Light Chain DNA:

H3_174_1N1K
qgatccaqtqngatattgtqatgactcagtctccactctccctgcccgtcacccctggaga

gccqgcctccatctcctgcagqtccagtcagaqcctcctqcataqtaatqqatacaactatt
tggattqqtacctgcagaagccagggcaqtctccacaqctcctgatctatttggattctcat
cngcctccgqqgtccctgacagqttcaqtggcagtgqatcaggcacaqattttacactgaa
aatcaqcaqagtggaggctgaggatgttggggtttattactgcatgcaaqctctacaaactc
cqctcactttcggcggaqggaccaaggtqqagatcaaacgaactgtgqctqcaccatctgtc

ttcatcttecegecat

204 Light Chain Protein
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLQKPGQSPQLLIYLDSHRA

SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQﬂLQTPLTFGGGTKVEIK

Antibody U1-11
205 Heavy Chain DNA:

H3_178_1N1El
tggttcttccttctgctqqtgqcagctcccagatgqgtcctgtcccaggtqcagctgcaqqa

gtcgggcccagqactggtgaagccttcacagaccctqtccctcacctgcactqtctctggtq
gctccatcagcagtggtgattactactqgaqctggatccgccaqcacccaqggaagggcctg
gagtggattggqtacatctattacagtqggagcacctactacaacccqtccctcaagagtcg
agttaccatatcaqtagacacgtctaaqaaccagttctccctgaagctqagctctqtgactg
ccgcggacacgqccqtgtatttctgtgcgagaqccgattacqatttttggagtgqttatttt
qactactggggccagggaaccctqgtcaccgtctcctcagcctccaccaagggcccatcgaq

tctteeccectgg

206 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYFCARADYDFWSGYFDYWGQGTLVTV
Ss

207 Light Chain DNA:

H3_178_IN1K
atgagqgtccccgctcagctcctnggctcctgctqctctgqttcccaggtgccaggtgtg
acatccagatgacccagtctccatcctccctgtctqcatctgtaggaqacaqagtcaccat
cacttgccgqgcaagtcaqqgcattaqaaatqatttaggctggtatcagcagaaaccaggg
aaagcccctaachcctgatctatgctgcatccaqtttgcaaagtggggtcccatcaagqt
tcagcggcagtggatctgqqacaaaattcactctcactatcagcagcctqcaqcctgaaqa
ttttqcaacttattactgtctacagcataatacttacccgtggaogttcggccaagggacc
aaqgtggaaatcagacgaactgtggctgcaccatctqtcttcatcttcccgccatctgatg
aqcaqttgaaatctggaactgcctctqttqtqtgcctqctqaataacttctatcccagaqa

qgccaaagtacagtgqaaqgtgqataacgcc
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208 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIXAASSLQSGVP

SRFSGSGSGTKFT&TISSLQPEDFATYYCLQHNTYPWTFGQGTKVEIR

Antibody ULl-16
209 Heavy Chain DNA:

H3_ 221 1INiGL
accatqaaacatctgtggttcttcctcctqctqqtgqcaqctcccagatqqgtcctqtccc
aqqtqcagctgcaggaqthgqcccaggactqqtqaagccttcacagaccctgtccctcac
ctgcactgtctctggtqgctccatcagcaqtqgtgattactactggaqctggatccgccag
cacccangaagggactggaqtgqattgggtacatctattacagtgggaqcacctactaca
acccgtccctcaaqaqtcgaqttaccatatcagtaqacacgtctaaqaaccagttctccct
qaaqctgagctctqtqactgccgcggacacqgccgtgtattactgtgcgaqagcggattac
qatttttggagtgqttattttgactactgngccaqggaatcctgqtcaccgtctcctcaq
cctccaccaagqgcccatcggtcttccccctggcaccctcctccaaqaacacctctggggg
cacagcqgccctgqgctgcctqgtcaaggactacttccccqaaccggtqacgqtgtcctgg

aactcaggcgecetyg

210 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGILVTVSS

211 Light Chain DNA:

H3_221_ 1NIK
atgangtccccgctcagctcctggggctcctgctqctctggttcccaggtgccaqqtgt
gacatccaqatqacccagtctccatcctccctgtctqcatctgtaggagaeagagtcacc
atcacttgccgqgcaaqtcagqgcattagaaatgatttaqgctgqtatcagcaqaaacca
gqqaaagcccctaagcgcctgatctatgctgcatccagtttgcaaagtqqqgtcccatca
aggttcagcqgcaqtqgatctgqqacagaattcactctcacaatcaqcagcctgcaqcct
gaagattttqcaacttattactgtctacaqcataatagttacccgtggacgttcgqccaa
gggaccaaqqtqgaaatcaaacqaactgtggctgcaccatctgtcttcatcttcccgcca
tctgatgaqcaqttqaaatctggaactgcctctqttgtgtgcctgctqaataacttctat
cccaqaqaggccaaagtacagtgqaaggtqqataacgcc

212 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPSR

FSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVElK

Antibody UL-17
213 Heavy Chain DNA:

H3_224_ 1N1IG1
tggttcttccttctgctqgtggcagctcccagatggqtcctqtcccaqgtgcagctgcagg

agtcqqgcccaggactqqtgaagccttcacaqaccctgtccctcacctgcactgtctctgg
tggctccatcagcagtgqtgattactactggagctggatccqccagcacccagggaagggc
ctggagtgqattqqatacatctattacagtgggagcacctactacaattcgtccctcaaga
gtcgagttaccatatcagtagacacgtctaagaaccagttctcccﬁgaagctgagctctgt
qactgccgcqqacacgqccqtgtattactgtgcgagagcqgattaegatttttggagtggt
tattttdactactnggccaggqaaccctggtcaccgtctcctcagcctccaccaaqggcc
catcyg
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214 Heavy Chain Protein
QVQLQESG?GLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NSSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

215 Light Chain DNA:

H3 224 1N1K
qgtgccaqqtgtgacatccaqatgacccaqtctccatcctccctgtctgcatctqtagqaq

acaqagtcaccatcacttgccqqgcaagtcaqqqcattaqaaatgatttaqgctggtatca
gcaqaaacctggqaaagcccctaagcgcctgatctatqctgcatccagtttqcaaagtggq
qtcccatcaaqgttcagcgqcagtggatctngacagaattcactctcacaatcagcagcc
tgcaqcctgaagéttttqcaacttattactgtctacaqcacaatagttacccgtggacgtt
cgqccaéqggaccaaqgtqqaaatcaaacgaactqtgqctqcaccatctgtcttcatcttc

cegeea

216 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRRSQGIRNDLGWYQQKPGKAPKRLIYAASS&QSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody Ui-18

217 Heavy Chain DWA:
B3 227 1M1GL
agqttcttccttctqctggtqgcagctcccagatngtcctqtcccaggtqcagctqcaqq
agtcgqgcccaqgactgqtqaagccttcacagaccctgtccctcacctgcactgtctctqg
tgqctccatcaqcaqtqgtgattactactggagctqgatccgccagcacccagggaaqqqc
ctgqagtgqattggatacatctattacagtgggagcacctactacaBCCCQtccctcaaga
gtcgagttaccatatcagtaqacacgtctaagaaccagttctccctgaagctgagctctqt
gactqccgcqgacacggccqtgtattactgtchagaqccqattacgatttttqqagtqgt
tattttgactactggqgccaqggaaccctgqtcaccgtctcctcaqcctccaccaaggqcc
catcggtcttccccctggcaccctcctccaaqagcacctctgqgggcacagcggccctggg
ctgcctqgtcaaqqactacttccccqaaccgqtgacgqtgthtqgaaCtCaggcgccct

218 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSESSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

219 Light Chain DNA:

E3_227 1iNI1K

atqagqgtccccgctcagctcctggggctcctgctgctctqgttcccaggtqccaggtgtqa
catccagatgacccaqtctccatcctccctgtctgcatctgtaggagacaqagtcaccatca
cttgccgggcaagtcaqqgcattagaaatqatttaqgctgqtatcagcaqaaaccagqgaaa
gcccctaagcgcctgatctatgctgcatccagtttgcaaaqtggqgtcccatcaaggttcaq
cggcagtggatctgggacagaattcactctcacaatcaqcagcctgcagcctqaagattttq
caacttattactqtctacaqcataatagttacccgtgqacgttcggccaaqqgaccaaqgtg
gaaatcaaacgaactqtqqctgcaccatctqtcttcatcttcccgccatctgatqaqcagtt
gaaatctggaactqcctctqttqtgtqcctgctgaataacttctatcccagaqaqqccaaag

tacagtggaaggtggataacg

220 night Chain Protein’
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK
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Antibody ULl-33

221 Heavy Chain DNA:
H4_14_1N1G4
ctqtgqttcttccttctgctqgtggcagctcccaqatqqgtcctqtcccagqtgcagctgc
aggagtcggqcccaqqactggtgaagccttcacagaccctgtccctcacctgcactqtctc
tgqtggctccatcaqcagtgqtgattactactqqaqctggatccgccaqcacccangaag
ggcctqgaqtgqattngtacatctattacaqtgggaqcacctactacaacccqtccctca
agaqtcgagttaccatqtcagtaqacacgtctaaqaaccagttctccctgaagctqagctc
tgtqactgccgcqgacacgqccgtqtattactqtgcgagagccgattacgatttttggagt
ggtcactttgactqctgqggccagggaaccctqgtcaccgtctcctcagcttccaccaagg
gecocatecgietteecee

222 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NPSLKSRVTMSVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGHFDCWGQGTLVTVSS

223 Light Chain DNA:

H4 14 1N1IK
atqagqgtccccgctcagctcctggggctcctgctgctctqqttcccaggtgccaggtqtga
catccaqatqacccagtctccatcctccctgtctgcatctgtaggagacaqaqtcaccatca
cttgccggqcaagtcagggcattagagatgatttaqqctqqtatcagcaqaaaccaggqaaa
qcccctaachcctqatctatgctgaatccaqﬁttqcaaagtqqggtcccatcaaggttcag
cggcaqtggatctgggacagaattcactctcacaatcagcagcctgcagcctgaagattttg
caacttattactgtctacagcatcatagttacccqtgqacgttcggccaagqqaccaaqgtg
qaaatcaaacgaactgtgqctgcaccatctgtcttcatcttcccgcc ’

224 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRDDLGWYQQKPGKAPKRLIYAESSLQSGVPSR

FSGSGSGTEFTLTISSLQPEDFATYYCLQHHSYPWTFGQGTKVEIK

Antibody Ul-29
225 Heavy Chain DNA:

H4_ 107 _1N1G4
tggctqagctggqttttcctcgttgctcttttaagaggtqtccaqtgtcaqgtqcaqctgg
tggagtctgggggaqgcgtggtccagcctggqaggtccctgagactctgctgtgcagcgtc
tggattcaccttcaatagctatgacatgcactgggtccqccaggctccaggcaaggggctg
gagtgqgtggcagttatatggtatgatggaaqtaataaatactatqcagactccgtgaagg
gccgattcaccatctctaqagacaattccaaqaacacgctqtatctqcaaatgaacaqcct
gagagccgaqgacacggctqtgtattactgtgcgagagaccgcttgtqtactaatggtgta
tqctatgaagactacgqtatgqacgtctgggqccaangaccacggtcaccgtctcctcag
cttccaccaagggcccatccqtcttccccctgchccctqctccagqagcacctccqagag

cacagecgeectggye

22§ Heavy Chain Protein
QVQLVESGGGVVQ?GRSLRLSCAASGFTFNSYDMHWVRQAPGKGLEWVAVIWYDGSNKYYA

DSVKGRFTESRDNSKNTLYLQMNSLRAEDTAVYYCARDRLCTNGVCYEDYGMDVWGQGTTV
TVSS

227 Light Chain DNA:

H4_107_1N1K
atgangtccctgctcagctcctqqqgctcctgctgctctggctctcagqtgccagatgtqa

catccaqatqacccagtctccatcctccctgtctgcatctgtaqqagacagaqtcaccatca



76

WO 2015/155998 PCT/JP2015/002020

cttgccaggcgaqtcaggacattagcaactatttaaattgqtatcaqcagaaaccaqqgaaa
qcccctaaggtcctqatctacqatgcatccaatttqqaaacagqqgtéccatcaaqgttcag
tgqaagtggatctggqaoagattttactttcaccatcagcagcctgcagcctgaaqatqttg
caacatattactgtcaacactatgatactctcccqctcactttcggcggaqqqaccaaqgtg
qaqatcaaacgaactqtggctqcaccatctgtcttoatcttcccgccatctgatgagcagtt
qaaatctggaactqcctctgttqtqtqcctgctqaataacttctatcccagaqagqccaaaq

tacagtgqg

228 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCQASQBISNYLNWYQQKPGKAPKVLIYDASNLETGVPSR

FSGSGSGTDFTFTISSLQPEDVATYYCQHYDTLPLTFGGGTKVEIK

Antibody UL-30
229 Heavy Chain DNA:

H4_116_1_ INLG4L
ggactgtqcaagaacatgaaacacctgtgqttcttcctcctqctggtgqcagctcccaqatg
qgtcctgtcccaggtgcagctgcaggagtcgggcccagqactqgtgaagcctttacagaccc
tgtccctcacctgcactgtctctgqtggctccatcaqcagtgqtgattactactggagctgg
atccgccagcacccagggaaqggcctggagtggattngtacatctattacagtgqqaccac
ctactacaacccgtccctcaagaqtcgagttaccatatcaqtagacacqtctaagaaccaqt
tcgccctqaaqctgaactctqtqactgccgcggacacgqccgtgtattactgtgcgagagcc
gattacgatttttqgagtqqttattttgactactqggqccagggaaccctqgtcaccqtctc
ctcagcttccaccaagggcccatccqtcttccccctqg

230 Heavy Chain Protein
QVQLQESGPGLVKPLQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGTTYY
NPSLKSRVTISVDTSKNQFALKLNSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

231 Light Chain DNA:
H4 1161 1INI1K
atgagggtccctgctcagctcctggggctcctgctgctctqgttcccaggtqccaggtgtg
acatccaqatgacccagtctccatcctccctqtctqcatctgtagqagacagagtcaccat
cacttqccgggcaggtcagqgcattagaaatqatttaggctggtatcagcagaaa0caggg
aaagcccctcachcctgatctatgctgcatccagtttgcaaagtggggtcccatcaaggt
tcagcqgcagtqgatctgqqacagaattctctctcacaatctccagcctqcagcctgaaga
_ttttgcaacttattactgtctacagcataatagttacccgtggacgttcgqccaagggacc
aaggtqgaaatcaaacgaactgtggctgcaccatctgtcttcatcttcccqccatctgatg
agcaqttgaaatctgqaactgcctctqttgtqtgcctgctqaataacttctatcccagaqa
qgccaaagtacagtgqaagqtgqataacgcccttccaatcggg

Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRAGQGIRNDLGWYQQKPGKAPQRLIYAASSLQSGVPSR

FSGSGSGTEFSLTISSLQPBDFATYYCLQHNSYPWTFGQGTKVEIK

o
[
ba

[0073]
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Sequence List of ODR
, . Pat.
Chain antibodies number:  CDR1 COR2 COR3
THeavy GGSTNSGDYYWS ADYDFHSGYFDY
U1-1 YIYYSGSTYYNPSLKS
Light RASQGIRNDLG AASSLQS LOHNSYPWT
_|_'|eavy GGSTISSGDYYWS ADYDFWSGYFDY
ut-2 YIYYSGSTYYNPSLRS
‘Light RASQGIRNDLG ARSSLQS LOHNGY PWT
GGSISSGGYYWS DGYDSSGYYHGYFDY
Heavy YIVYSGSTYYINPSLKS
U1-3
WASTRES QQYYSTPLT
Light XSSOSVLY S SNNKNY LA
Heavy GGSISSGDYYHS ADYDFWSGYFDY
U1-4 YIYYSGSTYYNPSLKS
. RASQGIRNDLG AASSLQS LOBNNYPWT
Light
GGSISSGDYYWS ADYDFWSGYFDY ]
Heavy YIYYSGSTYYNPSLKS
U1-5
Light RASQGIRNDLG AASELOS LOHNTYPWT
'";;Ny GGSISSGDYYWS ADYDEWNGYEDY
J1-6 YIYYSGSTYYNPSLKS
Light RASQGIRNDLG AASSLQS LOHNTYPWT
GGSISSGDYYWS ADYDFWSGYFDY
Heavy YTYYSGSTYYNPSLKS
U7
Light RASQDIRNDLG AASSLOS LOHNSYPWT
GYTLTELSMY GWNYVFDY
Heavy GFDPEDGETIYRQKFQG
U1-8 |
Light LDSHRAS MQALQTPLT
RSSQSLLHSNGYNYLD ]
GGSISSCDYYWS ADYDFWNGYFDY
Heavy U1-9 Y TYYSGSTYYRDSLKS
Light RASODIRNDLG AASSLOS LOHNSY PWT
Heavy GGSISSCDYYWS ADYDFWSGYFDY
U1-10 YIYYSGSTYYNPSLKS
Light RASQGIRNDLG AASSLOS LOHKNY PWT
Heavy ' GGSISSGDYYWS ADYDFWSGYFDY
Ut-t1 YIYYSGSTYYNPSLKS ]
Light RASQGIRNDLG AASSLQS LOHNTY PWT
GGSISSGDYYWS ADYDFWSGYFDY
Heavy Y IYYSGSTY YNPSLKS
Ui-12 o
Light RASQGIRNDLG ARESSLOS LOBNNY PWT
Heavy GGSISSGEYYWS EDDGMDV
L11-13 YIYYSGSTYYNPSLKS
LGSNRAS MQALQTPIT
Light RS SQSLLESNGYNYLE
' Heavy GGSISIGDYYWS ADIDFWSGYFDY
151-14 YIYYSGSTYYNPSLKS . ]
) RASQGIRNDLG ARSSLOS LOHNTYPWT
Light
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o GGSYSSGoYYHS DEDVDTAMVDARDI
Heavy ¥IYYSGSTNYNPSLKS
Ui-15
Light RASQSLSGHYLA OASSRAT NOYDRSPLT
GGSISSGDYYWS ADYDFWSGYFDY
Heavy U1-18 YTYYSCSTYYNPSLKS
Light RASQGIRNDLG AASSLOS LOHNSYPWT
GGSISSGDYYWS ADYDFWSGYFDY
Heavy YIYYSGSTYYNSSLKS
U117
Light ' RASQGIRNDLG AASSLOS LOHNSYPWT
GGSISSGDYYWS ADYDFWSGYFDY
Heavy U1-18 YIYYSGSTYYNPSLKS
Light RASQGIRNDLG AASSLOS LOHNSYPWT
Heavy GESTSSGDYYWS GDYDFWSGEFDY
t1-18 YIVYSGSTYYNPSLKS
Light sequence nct available
GGSISSCHYYWS )
Heavy YTYDSGSTYYNPSLKS [DOCQDGYSYCYGYYYGM
1J1-20 oV
Light QASQDISNYLN VASNLET QQCDNLPLT
Heavy GGSISSGDYYWS ADYDFWSGYFDY
1J1-21 YIYYSGSTYYNPSLKS
Light RASQDIRNDLG AASRLOS LOHNSYPWT
Heavy GGSISSGRYYWS _ ADYDFWSGYFDY
U1-22 YIYYSGSTYYNESLKS
Light RASQGIRNDLG AASSLON LOHNSYPWT
GGSISSGDYYWS ADYDFWSGYFDY
Heavy YIYYSGSTYYNPSLKS
UJ1-23
Light RASQGIRNDLG MASSLOS LOHNSYPWT
GGSISSCDYYWS ADYDFWNGYFDY
Heavy J1-24 Y TYYSGSTYYNPSLKS
Light RASQGIRNDLG ARSSLOS LOHNNYPWT
Heavy GGSISSGDYYWS ADYDFWSGYEDY
1-25 YIYYSGSTYYNPSLKS
Light RASQGIRNDLG AASSLON LOHNSYPWT
-Heavy GGSISSCDYYWS ADYDTWSGYFDF
U1-26 YIYYSGSTYYNPSLKS
Light i RASQGIRNDLG BRSSLOS LOHNGY PW T
Heavy GGSISSGDYYWS ADYDFWSGYFDF
U1-27 YIYYSGSTYYNPSLKS
Light RASQGIRNDLG RASSLQS LOHNGYPWT
Heavy GGSISSGDHYYWS ADYDFWSGYFDS
1U1-28 Y IYYSGSTYYNPSLXS .
Light RASQGIRNDLG AASSLQS LOHNGYPWT
GPTFNSYDMH
Heavy VIWYDGENKYYADSVKG [DRLOTNGVCYEDYGMDY
U14-29
Light QASQDISNYLN DASNLET QHYDTLPLT
Heavy GEYTSEGDYYWS ADYDFWSGYFDY
J4-30 YIYYSGTTYYNPSLKS
Light RAGQGIRNDLG AASSLOS LOHNSYPWT
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GYTFTNYGIS DVODYGDYDYFDY
Heavy WISAYDGYRMYAQKLQG
1J1-31
Light RASQSISSYLH 2388155 COSYSTRIT
Heavy GGSISSGRYYWS _ ADYDFWSGYFDY
Ut-32 : YIYYSGTTYYNPSLKS
Light RAGQGIRNDLG AASSLOS LOHNSYPHT
Heavy GGSISSGDYYWS ADYDFWSGHFDC
J1-33 YIYYSGSTYYNPSLKS
Light RASQGIRDDLG AESSLOQS LOHHSYPWT
GYTFTNYGIS DVODYGDYDYFDY
Heavy WISAYDGYRNYAQKLQG
1-34
Lght RASOSISSYLN ARSSLOS OQSYSTEIT i}
GFTFSDYYMS . ERYSGYDDEDGFDI
Heavy YISSSGNNIYHADSVKG
U1-35
Light QASQDISNYLS DASNLET QOYDNPPCS
GGSISSCYYYWS ADYDFWSGHFDY
Heavy YIYYSGTTYYNPSFKS
UU1-36
' Light RASQGIRNDLG AASSLOS LOHNSYDWT
T GYTFTSYGIS DEHDYSNYEAFDF
Heavy WISAYDGHTNYAQKLQG
U1-37
Light RASQSISSYLN AASSLOS QQSYSTPIT
‘ GFSLSTSGVGVG RDEVRGFDY
Heavy LIYWNDDKRYSPSLKS
1U1-38
KVSNWDS MOGAHWPIT
Light RESQOSLVYSDGYTYLH
GFTVSSNYMS GOWLDV
Heavy VIYSCGGSTYYADSVKG
11-39
LGFHRAS ROALQTPLT
Light RSSQSLIHSNGYNYLD
GGSISSCEYYWS DRELELYYYYYGMDV
Heavy YIYSSGSTYYNPSLKS
u1-40
Light ] LGSNRAS MOALQTPLT
RSSOSLLYSNGYNYLD
GGSISSGEYYWS DRELEGYSNYYGVDV
Heavy YIYYSGSTYYNPSLKS
U1-41
Light RASQAISNYLN AASSLGS QDNNSLPIT
GYSFTSYWIG HENYGDYNY
Heavy 1IYPGDSDTRYSPSFQG
U1-42
Light RASQSIRSYLN ARSSLQS QOSNGSPLT
GGSTSSGGYYWS
Heavy YIYYSGSTYYNPSLRS DREREWDDYGDPQGMDV
U1-43
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Light RASQSISSYLH AASSLOS QOSYSNPLT
GYSFTSYWIG HENYGDYNY
Heavy ITWORDEDTIVSPSFQG
Ut-44 _
Light RASOSIRSYLN ARASSLOS QQSISSPLT
T GYTFTSYDIN FCDLPYDYSYYEWFDP
Heavy WMNPNSGDTCYAQVEQG
U1.45
Light RASQSTISSYLN AASSLQS QQSYSTPLT
B GDSVS SNSAAWN
Heavy RPYYRSKWYNDYAVSVK {DLYDFWSGYPYYYGMDV
U1-46 s
Light seguence not available
GDSVS SNSAAWN DYYGSGSFYYYYCMDY
Heavy RTYYRSKWYNDYAVSVK
Ut-47 8
Light RASQSISSYLN AASNLQS QQSYSTPRT
GGSISEYYWS EAIFGVGPYYYYGMDV
Heavy HIYTSGSTNYNPSLKS
11-48
Light seguence not available
N GYTLTGYYMH
Heavy WINPNIGGTNCAQKFQG JGGRYSSSWEYYYYGMDV
1J1-49
EVSNRFS MQEMQLPIT
Light K858 LLLSDGGTYLY
GGSVSSGEYYWS
Heavy YIYYSGSTNYNPSLKS [GGDSNYEDYYYYYGMDV
UJ1-50
Light RASQSISIYLH AASELOS QOSYTSPIT
GGSISSYYWS
Heavy YIYYSGSTNYNPSLKS |DSSYYDSSGYYLYYYAM
U1-51 MYy
WASTRES QQYYTTPLT
Light KSSQSVLYSSNNKNYLA
GGSISSGGYYWS GGTGTNYYYYYGMDV
Heavy NIYYSGSTYYNPSLKS
ui-52
Light RASQSVESSYLA GASSWAT QOYGSSPLT
GETESTYEMN DRGDFDAFDI
Heavy YISSSSSTIYYADSVKG
U1-53
Light QASQDITNYLN DASNLET QQCENFPIT
CGSVSSGGYYWN DRELELYYYYYGMDV
Heavy YINYSGSTNYNPSLKS
L1-55.1
Light Identical with U1-55
Heavy U1-55 Identical with U1-55.1
LGSNRAS MOALQTPIT
Light RSSQSLLYSNGYKYLD
| Heavy UJ1-57.1 § Identical with U1-57
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LGSNRAS MQALOTPIT
Light RSSQSLLYSNGYKYLD
GH8YSSEGY LW DRELELYYYYYCGHMDY
Heavy YINYSGSTNYNPSLEKS
U1-57
Light Identical with U1-57.1
GFTFSSYGMI AARLDYYYGMDV
Heavy VIWYDGSHNKYYADSVKG
U1-58 )
RASQSINSYLN GASGLQS QQSYSSPLT
Light
] GGSTSGYYWE DKWIWYFDL.
Heavy EINHSGSTNYNPSLKS
U1-59
WASTRES QQYYSTPRT
Light RSEQSVLYSSSNRNY LA
) GVSISSGRYYWS DSESEYSSSSNYGMDV
Heavy YEYYSGSTYYNPSLKS
U1-61.1
. RASQTEISSYLN AASSLQG QOSYSNPLT
Light .
GVSISSGEYYWS DBESEYSSSSNYGMDV
Heavy YIYYSGSTYYNPSLKS
U1-61
Light Identical with U1-61.1
GYSFTEYWIG OMAGNYYYGMDV
Heavy IIYPGDSDTRYSPSFQG
13162
Light RAGQSVISIYLA GASSRAT QOYGSSPCS

[0074]

[0075]

When a newly produced monoclonal antibody binds to a partial peptide or a partial
tertiary structure to which the U1-49, U1-53, U1-59, U1-7, or U1-9 antibody binds, it
can be determined that the antibody binds to the same epitope as the U1-49, U1-53,
U1-59, Ul-7, or U1-9 antibody. Further, by confirming that the antibody competes
with the U1-49, U1-53, U1-59, U1-7, or U1-9 antibody for binding to HER3 (that is,
the antibody inhibits the binding between the U1-49, U1-53, U1-59, U1-7, or U1-9
antibody and HER3), it can be determined that the antibody binds to the same epitope
as the U1-49, U1-53, U1-59, U1-7, or U1-9 antibody even when the specific sequence
or structure of an epitope is not defined. Once the epitope is confirmed to be the same,
it is strongly expected that the antibody has a biological activity equivalent to that of
the U1-49, U1-53, U1-59, U1-7, or U1-9 antibody.

According to the present invention, the binding protein of the invention interacts with
at least one epitope in the extracellular part of HER3. The epitopes are preferably
located in domain L1 (aa 19-184), which is the amino terminal domain, in domain S1
(aa 185-327) and S2 (aa 500-632), which are the two Cysteine-rich domains, in domain
L2 (328-499), which is flanked by the two Cysteine-rich domains or in a combination
of HER3 domains. The epitopes may also be located in combinations of domains such

as but not limited to an epitope comprised by parts of L1 and S1. Moreover, the
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[0076]

binding protein of the invention is further characterized in that its binding to HER3
reduces HER3-mediated signal transduction. In accordance with the present invention,
a reduction of HER3-mediated signal transduction may, e.g. be caused by a down-
regulation of HER3 resulting in an at least partial disappearance of HER3 molecules
from the cell surface or by a stabilization of HER3 on the cell surface in a substantially
inactive form, i.e. a form which exhibits a lower signal transduction compared to the
non-stabilized form. Alternatively, a reduction of HER3-mediated signal transduction
may also be caused by influencing, e.g. decreasing or inhibiting, the binding of a
ligand or another member of the HER family to HER3, of GRB2 to HER-2 or of
GRB2 to SHC, by inhibiting receptor tyrosine phosphorylation, AKT phosphorylation,
PYK?2 tyrosine phosphorylation or ERK2 phosphorylation, or by decreasing tumor in-
vasiveness. Alternatively, a reduction of HER3 mediated signal transduction may also
be caused by influencing, e.g., decreasing or inhibiting, the formation of HER3
containing dinners with other HER family members. One example among others may
be the decreasing or inhibiting of the HER3-EGFR protein complex formation.
Furthermore, in accordance with the present invention, minor variations in the amino
acid sequences shown in SEQ ID NOs: 1-232 are contemplated as being encompassed
by the present invention, providing that even the variations in the amino acid sequence
still maintain at least 75 %, more preferably at least 80 %, 90 %, 95 %, and most
preferably 99 % of the sequences shown in SEQ ID NOs: 1-232. The variations may
occur within the framework regions (i.e. outside the CDRs), within the CDRs, or
within the framework regions and the CDRs. Preferred variations in the amino acid
sequences shown in SEQ ID NOs: 1-232, i.e. deletions, insertions and/or replacements
of at least one amino acid, occur near boundaries of functional domains. Structural and
functional domains can be identified by comparison of the nucleotide and/or amino
acid sequence data to public or proprietary sequence databases. Computerized
comparison methods can be used to identify sequence motifs or predicted protein con-
formation domains that occur in other binding proteins of known structure and/or
function. Methods to identify protein sequences that fold into a known three-di-
mensional structure are known. See e.g. Bowie et al, Science 253, 164 (1991);
Proteins, Structures and Molecular Principles (Creighton, Ed., W. H. Freeman and
Company, New York (1984)); Introduction to Protein Structure (C. Branden and J.
Tooze, eds., Garland Publishing, New York, N.Y. (1991)); and Thornton et at., Nature
354, 105 (1991), which are all incorporated herein by reference. Thus, those of skill in
the art can recognize sequence motifs and structural conformations that may be used to
define structural and functional domains in accordance with the invention. Among an-
tibodies obtained by combining heavy and light chains having variations in such an

amino acid sequences, an antibody equivalent to the original antibody (parent
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antibody) or more excellent than a parent antibody may be selected. As mentioned
above, the HER3-binding protein, the anti-HER3 antibody, and the like of the present
invention maintain the HER3-binding activity even if having variations in their amino
acid sequences.

In the present invention, the term "homology" has the same meaning as the "identity.
The homology between two amino acid sequences can be determined using default pa-
rameters of Blast algorithm version 2.2.2 (Altschul, Stephen F., Thomas L. Madden,
Alejandro A. Schaeffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J.
Lipman (1997), "Gapped BLAST and PSI-BLAST: a new generation of protein
database search programs”, Nucleic Acids Res. 25: 3389-3402). The Blast algorithm
can be used also through the Internet by accessing the site
www.ncbi.nlm.nih.gov/blast.

The chimeric antibody, humanized antibody, or human antibody obtained by the
aforementioned method can be subjected to a known method for evaluating the binding
property to an antigen for selecting preferable antibodies.

In the anti-HER3 antibody of the present invention, MEHD-7945A (or dulig-
otuzumab), RG-7116, MM-111, MM-121 (or seribantumab, MM-141, LIM-716,
huHER3-8, tri-specific anti-EGFR/ErbB3 zybody, GSK-2849330, REGN-1400, KTN-
3379, AV-203, monospecific surrobody (ErbB3), lumretuzumab, MP-EV-20, ZW-9,
Dimercept™ ,anti-Erb3 surrobody(SL-175 or SL-176), SYM-013, variants, active
fragments, modified products thereof, and the like are also included.

As one example of another index for use in the comparison of the properties of an-
tibodies, the stability of antibodies can be exemplified. The differential scanning
calorimetry (DSC) is a device capable of quickly and accurately measuring a thermal
denaturation midpoint temperature (Tm) to be used as a favorable index of the relative
conformational stability of proteins. By measuring the Tm values using DSC and
comparing the values, a difference in thermal stability can be compared. It is known
that the storage stability of antibodies shows some correlation with the thermal stability
of antibodies (Lori Burton, et. al., Pharmaceutical Development and Technology
(2007) 12, pp. 265-273), and a preferred antibody can be selected by using thermal
stability as an index. Examples of other indices for selecting antibodies include the
following features: the yield in an appropriate host cell is high; and the aggregability in
an aqueous solution is low. For example, an antibody which shows the highest yield
does not always show the highest thermal stability, and therefore, it is necessary to
select an antibody most suitable for the administration to humans by making com-
prehensive evaluation based on the above-described indices.

The antibody of the present invention encompasses a modified product of the

antibody. The modified variant refers to a variant obtained by subjecting the antibody
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of the invention to chemical or biological modification. Examples of the chemically
modified variant include variants chemically modified by linking a chemical moiety to
an amino acid skeleton, variants chemically modified with an N-linked or O-linked
carbohydrate chain, etc. Examples of the biologically modified variant include variants
obtained by modification after translation (such as N-linked or O-linked glycosylation,
N- or C-terminal processing, deamidation, isomerization of aspartic acid, or oxidation
of methionine), and variants in which a methionine residue has been added to the N
terminus by being expressed in a prokaryotic host cell. Further, an antibody labeled so
as to enable the detection or isolation of the antibody or an antigen of the invention, for
example, an enzyme-labeled antibody, a fluorescence-labeled antibody, and an
affinity-labeled antibody are also included in the meaning of the modified variant.
Such a modified variant of the antibody of the invention is useful for improving the
stability and blood retention of the antibody, reducing the antigenicity thereof,
detecting or isolating the antibody or the antigen, and so on.

Further, by regulating the modification of a glycan which is linked to the antibody of
the invention (glycosylation, defucosylation, etc.), it is possible to enhance an
antibody-dependent cellular cytotoxic activity. As the technique for regulating the
modification of a glycan of antibodies, International Publication WO 1999/54342, WO
2000/61739, WO 2002/31140, etc. are known. However, the technique is not limited
thereto. In the antibody of the invention, an antibody in which the modification of a
glycan is regulated is also included.

In the case where an antibody is produced by first isolating an antibody gene and
then introducing the gene into an appropriate host, a combination of an appropriate
host and an appropriate expression vector can be used. Specific examples of the
antibody gene include a combination of a gene encoding a heavy chain sequence of an
antibody and a gene encoding a light chain sequence thereof described in this speci-
fication. When a host cell is transformed, it is possible to insert the heavy chain
sequence gene and the light chain sequence gene into the same expression vector, and
also into different expression vectors separately.

In the case where eukaryotic cells are used as the host, animal cells, plant cells, and
eukaryotic microorganisms can be used. As the animal cells, mammalian cells, for
example, simian COS cells (Gluzman, Y., Cell, (1981) 23, pp. 175-182, ATCC CRL-
1650), murine fibroblasts NIH3T3 (ATCC No. CRL-1658), and dihydrofolate
reductase-deficient strains (Urlaub, G. and Chasin, L. A., Proc. Natl. Acad. Sci. USA
(1980) 77, pp. 4126-4220) of Chinese hamster ovarian cells (CHO cells; ATCC: CCL-
61) can be exemplified.

In the case where prokaryotic cells are used, for example, Escherichia coli and

Bacillus subtilis can be exemplified.
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By introducing a desired antibody gene into these cells through transformation, and
culturing the thus transformed cells in vitro, the antibody can be obtained. In the
above-described culture method, the yield may sometimes vary depending on the
sequence of the antibody, and therefore, it is possible to select an antibody which is
easily produced as a pharmaceutical by using the yield as an index among the an-
tibodies having an equivalent binding activity. Therefore, in the antibody of the
invention, an antibody obtained by a method of producing an antibody, characterized
by including a step of culturing the transformed host cell and a step of collecting a
desired antibody or a functional fragment of the antibody from a cultured product
obtained in the culturing step is also included.

It is known that a lysine residue at the carboxyl terminus of the heavy chain of an
antibody produced in a cultured mammalian cell could be deleted/eliminated (Journal
of Chromatography A, 705: 129-134 (1995)), and it is also known that two amino acid
residues (glycine and lysine) at the carboxyl terminus of the heavy chain of an
antibody produced in a cultured mammalian cell could be deleted/eliminated and a
proline residue newly located at the carboxyl terminus could be amidated (Analytical
Biochemistry, 360: 75-83 (2007)). However, such deletion/elimination and modi-
fication of the heavy chain sequence do not affect the antigen-binding affinity and the
effector function (the activation of a complement, the antibody-dependent cellular cy-
totoxicity, etc.) of the antibody. Therefore, in the antibody of the invention, an
antibody and a functional fragment of the antibody subjected to such modification are
also included, and a deletion variant in which one or two amino acids have been
deleted at the carboxyl terminus of the heavy chain, a variant obtained by amidation of
the deletion variant (for example, a heavy chain in which the carboxyl terminal proline
residue has been amidated), and the like are also included. The type of deletion variant
having a deletion at the carboxyl terminus of the heavy chain of the antibody according
to the invention is not limited to the above variants as long as the antigen-binding
affinity and the effector function are conserved. The two heavy chains constituting the
antibody according to the invention may be of one type selected from the group
consisting of a full-length heavy chain and the above-described deletion variant, or
may be of two types in combination selected therefrom. The ratio of the amount of
each deletion variant can be affected by the type of cultured mammalian cells which
produce the antibody according to the invention and the culture conditions, however, a
case where one amino acid residue at the carboxyl terminus has been deleted in both of
the two heavy chains contained as main components in the antibody according to the
invention can be exemplified. The scope of the whole antibody (in the present
invention, also simply referred to as an "antibody") of the present invention also

includes deletion variants thereof, mixtures containing one or two or more deletion
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variants thereof, etc. The "antibody" of the present invention includes an antibody
comprising a heavy or light chain in which N-terminal glutamate is in the form of py-
roglutamate by cyclization and/or a heavy or light chain in which a portion of cysteine
residues are in the form of cysteinyl.

In a preferred embodiment of the present invention, the anti-HER3 antibody of the
invention is of the IgA, IgD-, IgE, IgG- or IgM-type, preferably of the IgG-or IgM-
type including, but not limited to, the IgGI-, IgG2-, 1gG3-, IgG4-, IgMI-and
IgM2-type. In most preferred embodiments, the antibody is of the IgGI-, IgG2- or
IgG4- type.

As the biological activity of the antibody, generally, an antigen-binding activity,
activity of internalizing an antigen in cells expressing the antigen by binding with the
antigen, an activity of neutralizing the activity of an antigen, an activity of enhancing
the activity of an antigen, an antibody-dependent cellular cytotoxicity (ADCC)
activity, a complement-dependent cytotoxicity (CDC) activity, and an antibody-
dependent cell-mediated phagocytosis (ADCP) can be exemplified. The function of the
antibody according to the invention is a binding activity to HER3, preferably, activity
of internalizing HER3 in HER3 expressing cells by binding with HER3. Further, the
antibody of the invention may have an ADCC activity, a CDC activity and/or an
ADCP activity in addition to the cell internalization acitivity.

In certain respects, e.g. in connection with the generation of antibodies as therapeutic
candidates against HER3, it may be desirable that the anti-HER3 antibody of the
invention is capable of fixing complement and participating in complement-dependent
cytotoxicity (CDC). There are a number of isotypes of antibodies that are capable of
the same including without limitations the following: murine IgM, murine IgG2a,
murine IgG2b, murine IgG3, human IgM, human IgGI, human IgG3, and human IgA.
It will be appreciated that antibodies that are generated need not initially possess such
an isotype but, rather the antibody as generated can possess any isotype and the
antibody can be isotype switched by appending the molecularly cloned V region genes
or cDNA to molecularly cloned constant region genes or cDNAs in appropriate ex-
pression vectors using conventional molecular biological techniques that are well
known in the art and then expressing the antibodies in host cells using techniques
known in the art. The isotype-switched antibody may also possess an Fc region that
has been molecularly engineered to possess superior CDC over naturally occurring
variants (Idusogie et al., J Immunol., 166, 2571-2575) and expressed recombinantly in
host cells using techniques known in the art. Such techniques include the use of direct
recombinant techniques (see e.g. U.S. Patent No. 4,816,397), cell-cell fusion
techniques (see e.g. U.S. Patent Nos. 5,916,771 and 6,207,418), among others. In the

cell-cell fusion technique, a myeloma or other cell line such as CHO is prepared that
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possesses a heavy chain with any desired isotype and another myeloma or other cell
line such as CHO is prepared that possesses the light chain. Such cells can, thereafter,
be fused and a cell line expressing an intact antibody can be isolated. By way of
example, a human anti-HER3 IgG4 antibody, that possesses the desired binding to the
HER3 antigen, could be readily isotype switched to generate a human IgM, human
IgGI or human IgG3 isotype, while still possessing the same variable region (which
defines the antibody's specificity and some of its affinity). Such molecule might then
be capable of fixing complement and participating in CDC.

Moreover, it may also be desirable for the anti-HER3 antibody of the invention to be
capable of binding to Fc receptors on effector cells, such as monocytes and natural
killer (NK) cells, and participate in antibody-dependent cellular cytotoxicity (ADCC).
There are a number of isotypes of antibodies that are capable of the same, including
without limitations the following: murine IgG2a, murine IgG2b, murine IgG3, human
IgGI and human IgG3. It will be appreciated that antibodies that are generated need not
initially possess such an isotype but, rather the antibody as generated can possess any
isotype and the antibody can be isotype switched by appending the molecularly cloned
V region genes or cDNA to molecularly cloned constant region genes or cDNAs in ap-
propriate expression vectors using conventional molecular biological techniques that
are well known in the art and then expressing the antibodies in host cells using
techniques known in the art. The isotype-switched antibody may also possess an Fc
region that has been molecularly engineered to possess superior ADCC over naturally
occurring variants (Shields et al. J Biol Chem., 276, 6591-6604) and expressed recom-
binantly in host cells using techniques known in the art. Such techniques include the
use of direct recombinant techniques (see e.g. U.S. Patent No. 4,816,397), cell-cell
fusion techniques (see e.g. U.S. Patent Nos. 5,916,771 and 6,207,418), among others.
In the cell-cell fusion technique, a myeloma or other cell line such as CHO is prepared
that possesses a heavy chain with any desired isotype and another myeloma or other
cell line such as CHO is prepared that possesses the light chain. Such cells can,
thereafter, be fused and a cell line expressing an intact antibody can be isolated. By
way of example, a human anti-HER3 IgG4 antibody, that possesses the desired binding
to the HER3 antigen, could be readily isotype switched to generate a human IgGI or
human IgG3 isotype, while still possessing the same variable region (which defines the
antibody's specificity and some of its affinity). Such molecule might then be capable of
binding to FcyR on effectors cells and participating in ADCC.

The obtained antibody can be purified to be homogeneous. The separation and pu-
rification of the antibody may be performed employing a conventional protein
separation and purification method. For example, the antibody can be separated and

purified by appropriately selecting and combining column chromatography, filter



88

WO 2015/155998 PCT/JP2015/002020

[0087]

[0088]

filtration, ultrafiltration, salt precipitation, dialysis, preparative polyacrylamide gel
electrophoresis, isoelectric focusing electrophoresis, and the like (Strategies for Protein
Purification and Characterization: A Laboratory Course Manual, Daniel R. Marshak et
al. eds., Cold Spring Harbor Laboratory Press (1996); Antibodies: A Laboratory
Manual. Ed Harlow and David Lane, Cold Spring Harbor Laboratory (1988)), but the
method is not limited thereto.

Examples of such chromatography include affinity chromatography, ion exchange
chromatography, hydrophobic chromatography, gel filtration chromatography, reverse
phase chromatography, and adsorption chromatography.

Such chromatography can be performed employing liquid chromatography such as
HPLC or FPLC.

As a column to be used in affinity chromatography, a Protein A column and a Protein
G column can be exemplified. For example, as a column using a Protein A column,
Hyper D, POROS, Sepharose FF (Pharmacia Corp.) and the like can be exemplified.
Further, by using a carrier having an antigen immobilized thereon, the antibody can
also be purified utilizing the binding property of the antibody to the antigen.

{ Antitumor compound }

The antitumor compound to be conjugated to the anti-HER3 antibody-drug conjugate
of the present invention is explained. The antitumor compound used in the present
invention is not particularly limited if it is a compound having an antitumor effect and
a substituent or a partial structure allowing connecting to a linker structure. When a
part or whole linker of the antitumor compound is cleaved in tumor cells, the antitumor
compound moiety is released to exhibit the antitumor effect. As the linker is cleaved at
a connecting position with a drug, the antitumor compound is released in its un-
modified structure to exhibit its intrinsic antitumor effect.

As an antitumor compound used in the present invention, exatecan, a camptothecin
derivative
((1S5,9S)- 1-amino-9-ethyl-5-fluoro-2,3-dihydro-9-hydroxy-4-methyl-1H,12H-benzo[de
]pyrano[3',4':6,7]indolizino[ 1,2-b]quinolin-10,13(9H,15H)-dione shown in the

following formula) can be preferably used.
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Although having an excellent antitumor effect, exatecan has not been commer-
cialized as an antitumor drug. The compound can be easily obtained by a known
method and the amino group at position 1 can be preferably used as a connecting
position to the linker structure. Further, exatecan can be also released in tumor cells
while part of the linker is still attached thereto. However, it is an excellent compound
exhibiting an excellent antitumor effect even in such structure.

Because exatecan has a camptothecin structure, it is known that the equilibrium shifts
to a structure with a closed lactone ring (closed ring) in an acidic aqueous medium (for
example, pH 3 or so) but it shifts to a structure with an open lactone ring (open ring) in
a basic aqueous medium (for example, pH 10 or so). A drug conjugate being in-
troduced with an exatecan residue corresponding to the closed ring structure and the
open ring structure is also expected to have the same antitumor effect and it is needless
to say that any of them is within the scope of the present invention.

Examples of other antitumor compounds include doxorubicin, daunorubicin,
mitomycin C, bleomycin, cyclocytidine, vincristine, vinblastine, methotrexate,
platinum-based antitumor agent (cisplatin or derivatives thereof), taxol or derivatives
thereof, and other camptothecin or derivatives thereof (antitumor agent described in
Japanese Patent Laid-Open No. 6-87746).

With regard to the antibody-drug conjugate, the number of conjugated drug
molecules per antibody molecule is a key factor having an influence on the efficacy
and safety. Production of the antibody-drug conjugate is performed by defining the
reaction condition including the amounts of use of raw materials and reagents for
reaction so as to have a constant number of conjugated drug molecules, a mixture
containing different numbers of conjugated drug molecules is generally obtained
unlike the chemical reaction of a low-molecular-weight compound. The number of
drugs conjugated in an antibody molecule is expressed or specified by the average
value, that is, the average number of conjugated drug molecules. Unless specifically

described otherwise as a principle, the number of conjugated drug molecules means an
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average value except in a case in which it represents an antibody-drug conjugate
having a specific number of conjugated drug molecules that is included in an antibody-
drug conjugate mixture having different number of conjugated drug molecules.
The number of exatecan molecules conjugated to an antibody molecule is controllable,
and as an average number of conjugated drug molecules per antibody, about 1 to 10
exatecans can be bound. Preferably, it is 2 to 8, and more preferably 3 to 8.
Meanwhile, a person skilled in the art can design a reaction for conjugating a required
number of drug molecules to an antibody molecule based on the description of the
Examples of the present application and can obtain an antibody-drug conjugate with a
controlled number of conjugated exatecan molecules.
The antibody-drug conjugate of the present invention is unlikely to have an occurrence
of aggregation, insolubility, fragmentation, or the like, even when the number of
conjugated drug molecules per antibody molecule is increased.

[0092] {Linker structure}

With regard to the anti-HER3 antibody-drug conjugate of the present invention, the
linker structure for conjugating an antitumor compound to the anti-HER3 antibody is
explained. The linker has the following structure:

-L1-L2-LF-NH-(CH,)n!'-L2-(CH,)n2-C(=0)- or -L!-L2-LF-,

the antibody is connected to the terminal of L! (opposite terminal to which L? is
connected), and the antitumor compound is connected to the carbonyl group of -L¢ -
(CH,)n>-C(=0)- moiety or the C terminal of L*.

n! represents an integer of O to 6, preferably, an integer of 1 to 5, and more preferably
1 to 3.

[0093] 1.L!

L! is represented by a structure shown below:

-(Succinimid-3-yl-N)-(CH,)n*-C(=0)-

In the above, n’ is an integer of 2 to &, and "-(Succinimid-3-yl-N)-" has a structure
represented by the following formula:

[0094] [Chem.17]

0O
N—

0

[0095]  Position 3 of the above partial structure is the connecting position to the anti-HER3
antibody. The connection to the antibody at position 3 is characterized by forming a

thioether bond. The nitrogen atom at position 1 of the structure moiety is connected to
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the carbon atom of methylene which is present within the linker including the
structure. Specifically, -(Succinimid-3-yl-N)-(CH,)n*-C(=0)-L?- is a structure rep-
resented by the following formula (herein, "antibody -S-" is derived from an antibody).
[Chem.18]

O
Antibody —$S

N= (CH_)n*-C(=O)-L2-
0

In the formula, n? is an integer of 2 to 8, and preferably 2 to 5.

Specific examples of L! include the followings.

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-,

-(Succinimid-3-yl-N)-CH,CH,CH,-C(=0)-,

-(Succinimid-3-yl-N)-CH,CH,CH,CH,-C(=0)-,

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-

2.1

L? has a structure represented by the following formula:

-NH-(CH,CH,-O)n*-CH,CH,-C(=0)-

L? may not be present, and in such a case, L? is a single bond. In the drug-linker
structure of the present invention, in particular, L? may be directly connected to a drug,
and in such a case, L? is particularly preferably a single bond. n* is an integer of 1 to 6,
and preferably 2 to 4. L? is connected to L! at its terminal amino group and is
connected to L* at the carbonyl group of the opposite terminal.

Specific examples of L? include the followings.

-NH-CH,CH,-O-CH,CH,-C(=0)-,

-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-,

-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-,

-NH-CH,CH,-0O-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-,

-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-,

-NH-CH,CH,-0O-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH.-
C(=0)-

3. LF

L? is a peptide residue consisting of 2 to 7 amino acids. Specifically, it consists of an
oligopeptide residue in which 2 to 7 amino acids are linked by a peptide bond. L* is
connected to L? at N terminal and it is connected to the amino group of -NH-(CH,)n'-LL
a-(CHy)n?-C(=0)- moiety of the linker at C terminal.

The amino acid constituting L is not particularly limited, and the examples thereof
include an L- or a D-amino acid, preferably an L-amino acid. Further, it can be an

amino acid having a structure such as beta-alanine, epsilon-aminocaproic acid, or
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gamma-aminobutyric acid in addition to an alpha-amino acid, further, it can be a non-
natural type amino acid such as N-methylated amino acid.

Sequence of the amino acid of L* is not particularly limited, but examples of the con-
stituting amino acid include phenylalanine (Phe; F), tyrosine (Tyr; Y), leucine (Leu;
L), glycine (Gly; G), alanine (Ala; A), valine (Val; V), lysine (Lys; K), citrulline (Cit),
serine (Ser; S), glutamic acid (Glu; E), and aspartic acid (Asp; D). Among them,
preferred examples include phenylalanine, glycine, valine, lysine, citrulline, serine,
glutamic acid, and aspartic acid. Depending on the type of the amino acid, drug release
pattern can be controlled. The number of the amino acid can be between 2 to 7.

Specific examples of L? include the followings.

-GGF-,

-DGGF-,

-(D-)D-GGF-,

-EGGF-,

-GGFG-,

-SGGF-,

-KGGF-,

-DGGFG-,

-GGFGG-,

-DDGGFG-,

-KDGGFG-,

-GGFGGGF-

The "(D-)D" described above means D-aspartic acid. Examples of the particularly
preferred L? of the antibody-drug conjugate of the present invention include -GGFG-
and -DGGFG- peptide residue. Further, in the drug-linker structure of the present
invention, L? may be directly connected to the drug, and for such a case, preferred
examples of L? include a pentapeptide residue of -DGGFG-.

4. L*-(CH,)n?>-C(=0)-

L# in La-(CH)n>-C(=0)- is a structure of -O- or a single bond. n? is an integer of O to
S, preferably, O to 3, and more preferably O or 1.

Examples of L*-(CH,)n>-C(=0)- include the followings.

-O-CH,-C(=0)-,

-O-CH,CH,-C(=0)-,

-O-CH,CH,CH,-C(=0)-,

-O-CH,CH,CH,CH,-C(=0)-,

-O-CH,CH,CH,CH,CH,-C(=0)-,

-CHz-C(:O)',

-CH,CH,-C(=0)-,
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-CH,CH,CH,-C(=0)-,
-CH,CH,CH,CH,-C(=0)-,
-CH,CH,CH,CH,CH,-C(=0)-.
Among them, those with
-O-CH,-C(=0)-,
-O-CH,CH,-C(=0)-
or those in which L is a single bond and n? is O are preferable.
[0105]  Specific examples of the linker structure represented by -NH-(CH)n!-L*-(CH,)n? -
C(=0)- include the followings.
-NH-CH,-C(=0)-,
-NH-CH,CH,-C(=0)-,
-NH-CH,-O-CH,-C(=0)-,
-NH-CH,CH,-O-C(=0)-,
-NH-CH,CH,-O-CH,-C(=0)-,
-NH-CH,CH,CH,-C(=0)-,
-NH-CH,CH,CH,CH,-C(=0)-,
-NH-CH,CH,CH,CH,CH,-C(=0)-
[0106]  Among them, the examples are more preferably the followings.
-NH-CH,CH,CH,-C(=0)-,
-NH-CH,-O-CH,-C(=0)-,
-NH-CH,CH,-O-C(=0)-
[0107] As for the linker -NH-(CH,)n!-L2-(CH,)n?>-C(=0)-, the chain length of 4 to 7 atoms is
preferable, and more preferably, are those having the chain length of 5 or 6 atoms.
[0108]  With regard to the anti-HER3 antibody-drug conjugate of the present invention,
when it is transferred to the inside of tumor cells, it is thought that the linker moiety is
cleaved and the drug derivative having a structure represented by NH,-(CH,)n!-L*-(CH
»)n?-C(=0)-(NH-DX) is released to express an antitumor action. Examples of the
antitumor derivative exhibiting an antitumor effect by releasing from the antibody-drug
conjugate of the present invention include an antitumor derivative having a structure
moiety in which the terminal of the structure represented by -NH-(CH,)n!-L*-(CH,)n? -
C(=0)- of the linker is an amino group, and the particularly preferred include the
followings.
NH,-CH,CH,-C(=0)-(NH-DX),
NH,-CH,CH,CH,-C(=0)-(NH-DX),
NH,-CH,-O-CH,-C(=0)-(NH-DX),
NH,-CH,CH,-O-CH,-C(=0)-(NH-DX).
Meanwhile, in case of NH,-CH,-O-CH,-C(=0)-(NH-DX), it was confirmed that, as

the aminal structure in the molecule is unstable, it again undergoes a self- degradation
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to release the following HO-CH,-C(=0)-(NH-DX). Those compounds can be also
preferably used as a production intermediate of the antibody-drug conjugate of the
present invention.
Further, in the drug-linker structure of the present invention, there arises a case in
which L? may be directly connected to the drug. In such a case, when the C terminal of
L* is glycine, the antitumor drug to be released is exatecan itself or a compound having
glycine bonded to the amino group of exatecan.
For the antibody-drug conjugate of the present invention in which exatecan is used as
a drug, the drug-linker structure moiety having the following structure
-L1-L2-LP-NH-(CH,)n!-L*-(CH,)n?-C(=0)-(NH-DX) or
-L-L>-LP-(NH-DX)
to which the antibody is connceted is preferable. The conjugated number of these
drug-linker structure moiety may be from 1 to 10 as the average conjugated number
per antibody, preferably, 2 to 8, and more preferably 3 to 8.
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-
DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(
NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-
C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,-C(=0)-(N
H-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,-C(=0)
-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,CH,CH
»-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(
NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=
0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-G
GFG-NH-CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-G
GFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,C
H,-O-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX)),
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-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,0-CH,CH,-
O-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-DGGFG-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX).
Among them, the more preferred are the followings.
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(N
H-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,-C(=0)-(
NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(N
H-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)
-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
FG-NH-CH,CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,
-O-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-DGGFG-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX).
The still more preferred are the followings.
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(N
H-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)
-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
FG-NH-CH,CH,CH,-C(=0)-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX).
The particularly preferred are the followings.
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(N
H-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)
-(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
FG-NH-CH,CH,CH,-C(=0)-(NH-DX).

With regard to the linker structure for conjugating the anti-HER3 antibody and a
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drug in the antibody-drug conjugate of the present application, the preferred linker can
be constructed by connecting preferred structures shown for each part of the linker
explained above. As for the linker structure, those with the following structure can be
preferably used. Meanwhile, the left terminal of the structure is a connecting position
to the antibody and the right terminal is a connecting position to the drug.
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C
(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,CH,CH,-
C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)

2

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
FG-NH-CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
FG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,
-O-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,
-O-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-,
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-DGGFG-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-.

Among them, more preferred are the followings.
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)

2

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
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[0112]

[0113]

[0114]

FG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,
-O-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,-C(=0)-DGGFG-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-.

Still more preferred are the followings.
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)

2

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
FG-NH-CH,CH,CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-.

Particularly preferred are the followings.
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-,
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)

2

-(Succinimid-3-yl-N)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GG
FG-NH-CH,CH,CH,-C(=0)-.

{Production method}

Next, explanations are given for the representative method for producing the
antibody-drug conjugate of the present invention or a production intermediate thereof.
Meanwhile, the compounds are hereinbelow described with the number shown in each
reaction formula. Specifically, they are referred to as a "compound of the formula (1)",
a "compound (1)", or the like. The compounds with numbers other than those are also
described similarly.

1. Production method 1

The antibody-drug conjugate represented by the formula (1) in which the antibody is
conjugated to the drug-linker structure via thioether can be produced by the following

method, for example.

[Chem.19]
AB
LV-LZ-LP-NH-(CH,)n!-L2-(CH,)-C(=0)-(NH-DX) 3q AB-L1-L2-L P-NH-CH,)n'-L3«(CH,)r?-C (=0}-(NH-DX)
_— =
or or
L "L 2 P(NH-DX) AB-L-L2-L P-(NH-DX)
2 1

[in the formula, AB represents an antibody with a sulfhydryl group and L cor-
responds to L! having a structure in which the linker terminal is converted to a

maleimidyl group (formula shown below).
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C
—N |
C
[0116]  (in the formula, the nitrogen atom is the connecting position)

[0117]

[0118]

[0119]

[0120]

Specifically, it represents a linker having a structure which, within the structure of L!
represented as -(Succinimid-3-yl-N)-(CH,)n>-C(=0)-, said -(Succinimid-3-yl-N)-
moiety is converted into a maleimidyl group. Further, the -(NH-DX) represents a

structure represented by the following formula:
[Chem.21]

and it represents a group that is derived by removing one hydrogen atom of the
amino group at position 1 of exatecan.]

Further, the compound of the formula (1) in the above reaction formula can be in-
terpreted as a structure in which one structure moiety from drug to the linker terminal
is connected to one antibody. However, it is only the description given for the sake of
convenience, and there are actually many cases in which a plurality of said structure
moieties is connected to one antibody molecule. The same applies to the explanation of
the production method described below.

Specifically, the antibody-drug conjugate (1) can be produced by reacting the
compound (2), which is obtainable by the method described below, with the antibody
(3a) having a sulfhydryl group.

The antibody (3a) having a sulthydryl group can be obtained by a method well
known in the art (Hermanson, G.T, Bioconjugate Techniques, pp. 56-136, pp. 456-493,
Academic Press (1996)). Examples include: Traut's reagent is reacted with the amino

group of the antibody; N-succinimidyl S-acetylthioalkanoates are reacted with the
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amino group of the antibody followed by reaction with hydroxylamine; after reacting
with N-succinimidyl 3-(pyridyldithio)propionate, it is reacted with a reducing agent;
the antibody is reacted with a reducing agent such as dithiothreitol, 2-mercaptoethanol,
and tris(2-carboxyethyl)phosphine hydrochloride (TCEP) to reduce the disulfide bond
at a hinge part in the antibody to form a sulfhydryl group, but it is not limited thereto.
Specifically, using 0.3 to 3 molar equivalents of TCEP as a reducing agent per
disulfide bonds at hinge part in the antibody and reacting with the antibody in a buffer
solution containing a chelating agent, the antibody which the disulfide bonds at hinge
part in the antibody is partially or completely reduced can be obtained. Examples of
the chelating agent include ethylenediamine tetraacetic acid (EDTA) and diethylene-
triamine pentaacetic acid (DTPA). It can be used at concentration of 1 mM to 20 mM.
Examples of the buffer solution which may be used include a solution of sodium
phosphate, sodium borate, or sodium acetate. Specifically, by reacting the antibody
with TCEP at 4C to 37C for 1 to 4 hours, the antibody (3a) having partially or
completely reduced sulfhydryl groups can be obtained.

Meanwhile, by performing an addition reaction of a sulthydryl group to a drug-linker
moiety, the drug-linker moiety can be conjugated by a thioether bond.

Using 2 to 20 molar equivalents of the compound (2) per the antibody (3a) having a
sulthydryl group, the antibody-drug conjugate (1) in which 2 to 8 drug molecules are
conjugated per antibody can be produced. Specifically, it is sufficient that the solution
containing the compound (2) dissolved therein is added to a buffer solution containing
the antibody (3a) having a sulfhydryl group for the reaction. Herein, examples of the
buffer solution which may be used include sodium acetate solution, sodium phosphate,
and sodium borate. pH for the reaction is 5 to 9, and more preferably the reaction is
performed near pH 7. Examples of the solvent for dissolving the compound (2) include
an organic solvent such as dimethyl sulfoxide (DMSO), dimethylformamide (DMF),
dimethylacetamide (DMA), and N-methyl-2-pyrrolidone (NMP).

The reaction may be carried out by adding the organic solvent solution containing the
compound (2) dissolved therein at 1 to 20% v/v to a buffer solution containing the
antibody (3a) having a sulfthydryl group. The reaction temperature is O to 37C, more
preferably 10 to 25C, and the reaction time is 0.5 to 2 hours. The reaction can be
terminated by deactivating the reactivity of unreacted compound (2) with a thiol-
containing reagent. Examples of the thiol-containing reagent include cysteine and N-
acetyl-L-cysteine (NAC). More specifically, by adding 1 to 2 molar equivalents of
NAC to the compound (2) used and, by incubating at room temperature for 10 to 30
minutes, the reaction can be terminated.

The produced antibody-drug conjugate (1) can be subjected to, after concentration,

buffer exchange, purification, and measurement of antibody concentration and average
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[0122]

[0123]

[0124]

number of conjugated drug molecules per antibody molecule according to common
procedures described below, to make an identification of the antibody-drug conjugate
(D).

Common procedure A: Concentration of aqueous solution of antibody or antibody-
drug conjugate

To a Amicon Ultra (50,000 MWCO, Millipore Corporation) container, a solution of
antibody or antibody-drug conjugate was added and the solution of the antibody or
antibody-drug conjugate was concentrated by centrifugation (centrifuge for 5 to 20
minutes at 2000 G to 3800 G) using a centrifuge (Allegra X-15R, Beckman Coulter,
Inc.)

Common procedure B: Measurement of antibody concentration

Using a UV detector (Nanodrop 1000, Thermo Fisher Scientific Inc.), measurement
of the antibody concentration was performed according to the method defined by the
manufacturer. Here, 280 nm absorption coefficient can be estimated from the amino
acid sequence of an antibody using a known calculation method (Protein Science,
1995, vol. 4, 2411-2423), and 280 nm absorption coefficient different for each
antibody was used (1.3 mLmg!lcm! to 1.8 mLmg'cm™). In the case of U1-59, 280 nm
absorption coefficient of 1.768 mLmg'cm! was used as an estimated value according
to its amino acid sequence.

Common procedure C: Buffer Exchange for antibody

NAP-25 column (Cat. No.17-0852-02, GE Healthcare Japan Corporation) using
Sephadex G-25 carrier was equilibrated with phosphate buffer (10 mM, pH 6.0; it is
referred to as PBS6.0/EDTA in the specification) containing sodium chloride (137
mM) and ethylene diamine tetraacetic acid (EDTA, 5 mM) according to the method
defined by the manufacturer. Aqueous solution of the antibody was applied in an
amount of 2.5 mL to single NAP-25 column, and then the fraction (3.5 mL) eluted with
3.5 mL of PBS6.0/EDTA was collected. The resulting fraction was concentrated by the
Common procedure A. After measuring the concentration of the antibody using the
Common procedure B, the antibody concentration was adjusted to 10 mg/mL using
PBS6.0/EDTA.

Common procedure D: Purification of antibody-drug conjugate

NAP-25 column was equilibrated with acetate buffer containing sorbitol (5%) (10
mM, pH 5.5; it is referred to as ABS in the specification). Aqueous reaction solution of
the antibody-drug conjugate (about 2.5 mL) was applied to the NAP-25 column, and
then eluted with the buffer in an amount as defined by the manufacturer to collect the
antibody fraction. By conducting a gel filtration purification process, in which said
collected fraction was again applied to the NAP-25 column and eluted with buffer, was

repeated 2 to 3 times in total, the antibody-drug conjugate excluding non-conjugated
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drug linker and a low-molecular-weight compound (tris(2-carboxyethyl)phosphine hy-
drochloride (TCEP), N-acetyl-L-cysteine (NAC), and dimethyl sulfoxide) was
obtained.

Common procedure E: Measurement of antibody concentration in antibody-drug
conjugate and average number of conjugated drug molecules per antibody molecule (1)
The conjugated drug concentration in the antibody-drug conjugate can be calculated
by measuring UV absorbance of an aqueous solution of the antibody-drug conjugate at
two wavelengths of 280 nm and 370 nm, followed by performing the calculation

shown below.

Because the total absorbance at any wavelength is equal to the sum of the absorbance
of every light-absorbing chemical species that are present in a system [additivity of ab-
sorbance], when the molar absorption coefficients of the antibody and the drug remain
the same before and after conjugation between the antibody and the drug, the antibody
concentration and the drug concentration in the antibody-drug conjugate are expressed
with the following equations.

Aogo = Aposo+ Aazso = Ep2soCp+ Eans0Ca Equation (1)

Asz70 = Aps0t+Aa 70 = Eps70Cp+Eas70Ca Equation (2)

In the above, Ay represents the absorbance of an aqueous solution of the antibody-
drug conjugate at 280 nm, As; represents the absorbance of an aqueous solution of the
antibody-drug conjugate at 370 nm, A 5 represents the absorbance of an antibody at
280 nm, A, 370 represents the absorbance of an antibody at 370 nm, Ap g, represents the
absorbance of a conjugate precursor at 280 nm, Ap 3, represents the absorbance of a
conjugate precursor at 370 nm, E, 55, represents the molar absorption coefficient of an
antibody at 280 nm, E, 37, represents the molar absorption coefficient of an antibody at
370 nm, Ep, 55 represents the molar absorption coefficient of a conjugate precursor at
280 nm, Ep, 3 represents the molar absorption coefficient of a conjugate precursor at
370 nm, C, represents the antibody concentration in an antibody-drug conjugate, and C
p represent the drug concentration in an antibody-drug conjugate.

As for E4 540, Eas70, Eposo, and Ep 370 in the above, previously prepared values
(estimated value based on calculation or measurement value obtained by UV mea-
surement of the compound) are used. For example, E, >3 can be estimated from the
amino acid sequence of an antibody using a known calculation method (Protein
Science, 1995, vol. 4, 2411-2423). E, 3 is generally zero. In the case of U1-59, E4 54
of 259400 was used as an estimated value according to its amino acid sequence. Ep g
and Ep ;79 can be obtained based on Lambert-Beer's law (Absorbance = molar con-
centration “ molar absorption coefficient “ cell path length) by measuring the ab-
sorbance of a solution in which the conjugate precursor to be used is dissolved at a

certain molar concentration. By measuring Ajg and Ay of an aqueous solution of the
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antibody-drug conjugate and solving the simultaneous equations (1) and (2) using the
values, C, and Cp, can be obtained. Further, by diving C, by C,, the average drug
binding number per antibody can be obtained.

In the present invention, the method for determining the average number of conjugated
drug molecules per antibody as described above is referred to as a "UV method".

Common procedure F: Measurement of average number of conjugated drug
molecules per antibody molecule in antibody-drug conjugate - (2)

The average number of conjugated drug molecules per antibody molecule in the
antibody-drug conjugate can also be determined by high-performance liquid chro-
matography (HPLC) analysis using the following method, in addition to the afore-
mentioned Common procedure E.

{F-1. Preparation of sample for HPLC analysis (Reduction of antibody-drug
conjugate)}

An antibody-drug conjugate solution (about 1 mg/mL, 60 u ("u" represents
"micro")L) is mixed with an aqueous solution of dithiothreitol (DTT) (100 mM, 15
uL). By incubating the mixture at 37C for 30 minutes, the disulfide bond between the
L and H chains of the antibody-drug conjugate is cleaved. The resulting sample is used
in HPLC analysis.

{F-2. HPLC analysis}

The HPLC analysis is carried out under the following measurement conditions.

HPLC system: Agilent 1290 HPLC system (Agilent Technologies)

Detector: Ultraviolet absorption spectrometer (measurement wavelength: 280 nm)

Column: PLRP-S (2.1°50 mm, 8 um, 1000 angstroms; Agilent Technologies, P/N
PL1912-1802)

Column temperature: 80C

Mobile phase A: 0.04% aqueous trifluoroacetic acid (TFA) solution

Mobile phase B: Acetonitrile solution containing 0.04% TFA

Gradient program: 29%-36% (0 min.-12.5 min.), 36%-42% (12.5-15 min.),
42%-29% (15 min.-15.1 min.), 29%-29% (15.1 min.-25 min.)

Sample injection: 15 ull

{F-3. Data analysis}

[F-3-1] Compared with non-conjugated antibody L (L) and H (Hy) chains, drug-
conjugated L (L chain bound to one drug molecule: L;) and H (H chain bound to one
drug molecule: H;, H chain bound to two drug molecule: H,, H chain bound to three
drug molecules: H;) chains exhibit higher hydrophobicity in proportion to the number
of conjugated drug molecules and thus have a larger retention time. These chains are
therefore eluted in the order of Ly and L, or Hy, H;, H,, and H;. Detection peaks can be

assigned to any of Ly, L, Hy, H,, H,, and H; by the comparison of retention times with
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L, and H,.
[F-3-2] Since the drug linker has UV absorption, peak area values are corrected in
response to the number of conjugated drug linker molecules according to the following
expression using the molar absorption coefficients of the L or H chain and the drug
linker.

[0127] [Math.1]

Corrected value of the peak area of the L chain (L)
= Peak area

Mdlar absorption coefficient of the L chain
w

Molar absorption coefficient of the L chain +
The number of conjugated drug molecules x Mdar absorption coefficient of the drug linker

[0128] [Math.2]

Corrected value of the peak area of the H chain (Hi)
= Peak area

Molar absorption coefficient of the H chain

Molar absorption coefficient of the H chain +
The number of conjugated drug molecules x Molar absorption coefficient of the drug linker

[0129] Here, a value estimated from the amino acid sequence of the L or H chain of each
antibody using a known calculation method (Protein Science, 1995, vol. 4, 2411-2423)
can be used as the molar absorption coefficient (280 nm) of the L or H chain of each
antibody. In the case of U1-59, a molar absorption coefficient of 34690 and a molar
absorption coefficient of 95000 were used as estimated values for the L and H chains,
respectively, according to its amino acid sequence. The actually measured molar ab-
sorption coefficient (280 nm) of a compound in which the maleimide group has been
converted to succinimide thioether by the reaction of each drug linker with mercap-
toethanol or N-acetylcysteine was used as the molar absorption coefficient (280 nm) of
the drug linker.

[F-3-3] The peak area ratio (%) of each chain is calculated for the total of the
corrected values of peak areas.

[0130] [Math.3]

Peak area ratio of the L chain = —2%— x 100
AfptdArs

Peak area ratio of the H chain = — Awe w 100

Cdgp g+ gzt A

Corrected values of respective peak areas of Ay;, Ay;:L;, H;
[0131]  [F-3-4] The average number of conjugated drug molecules per antibody molecule in

the antibody-drug conjugate is calculated according to the following expression.
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Average number of conjugated drug molecules = (L, peak area ratio x O + L, peak area
ratio x 1 + Hy peak area ratio x 0 + H; peak area ratio x 1 + H, peak area ratio x 2 + H;
peak area ratio x 3) / 100 x 2
[0132]  Hereinbelow, production intermediate compounds used in Production method 1 are
described. The compound represented by the formula (2) in the production method 1 is
a compound represented by the following formula:
[0133]  (maleimid-N-yl)-(CH,)n3-C(=0)-L?-LP-NH-(CH,)n!-L*-(CH,)n?>-C(=0)-(NH-DX) or

(maleimid-N-yD)-(CH,)n3-C(=0)-L2-LP-(NH-DX).

In the formula,

n’ represents an integer of 2 to §,

L? represents -NH-(CH,CH,-O)n*-CH,CH,-C(=0)- or a single bond,

wherein n* represents an integer of 1 to 6,

L? represents a peptide residue consisting of 2 to 7 amino acids selected from pheny-
lalanine, glycine, valine, lysine, citrulline, serine, glutamic acid, and aspartic acid,

n! represents an integer of 0 to 6,

n® represents an integer of 0 to 5,

L2 represents -O- or a single bond,

(maleimid-N-yl)- is a maleimidyl group (2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl
group) represented by the following formula:
[Chem.22]

Q
—N |

O

[0134]  wherein the nitrogen atom is the connecting position, and

-(NH-DX) is a group represented by the following formula:
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[0139]

[Chem.23]

wherein the nitrogen atom of the amino group at position 1 is the connecting
position.

As for the peptide residue LF, those consisting of an amino acid selected from pheny-
lalanine, glycine, valine, lysine, citrulline, serine, glutamic acid, and aspartic acid is
preferred as a production intermediate. Among the peptide residue LF, those consisting
of 4 or 5 amino acids is preferred as a production intermediate. More specifically,
those in which LF is a tetrapeptide residue of -GGFG- or a pentapeptide of -DGGFG- is
preferred as a production intermediate, more preferably, -GGFG-.

Further, as for the -NH-(CH,)n!-L*-(CH,)n?-, those having -NH-CH,CH,-, -NH-CH,
CH,CH,-, -NH-CH,CH,CH,CH,-, -NH-CH,CH,CH,CH,CH,-, -NH-CH,-O-CH,-, or -
NH-CH,CH,-O-CH,- is preferred as a production intermediate. A compound of -
NH-CH,CH,CH,-, -NH-CH,-O-CH,-, or -NH-CH,CH,-O-CH, is more preferred.

As for n’, those in which it is an integer of 2 to 8 is preferred as a production in-
termediate.

As for L2, those in which it is a single bond or -NH-(CH,CH,-O)n*-CH,CH,-C(=0)-
and n*is an integer of 2 to 4 is preferred as a production intermediate.

Further, those in which n? is an integer of 2 to 5, L? is a single bond, and -NH-(CH,)n
-La-(CHy)n?- is -NH-CH,CH,-, -NH-CH,CH,CH,-, -NH-CH,CH,CH,CH,-, -NH-CH,
CH,CH,CH,CH,-, -NH-CH,-O-CH,-, or -NH-CH,CH,-O-CH>- is preferred as a
production intermediate. Further, more preferred among them is those in which -
NH-(CH,)n!-L*-(CH)n? is -NH-CH,CH,-, -NH-CH,CH,CH,-, -NH-CH,-O-CH,-, or -
NH-CH,CH,-O-CH,-. Further, those in which n? is an integer of 2 or 5 is preferred.

Further, those in which n? is an integer of 2 to 5, L? is -NH-(CH,CH,-O)n*-CH,CH, -
C(=0)-, n* is an integer of 2 to 4, and -NH-(CH,)n!-L*-(CH,)n?- is -NH-CH,CH,-, -
NH-CH,CH,CH,-, -NH-CH,CH,CH,CH,-, -NH-CH,CH,CH,CH,CH,-, -NH-CH, -
O-CH;-, or -NH-CH,CH,-O-CH,- is preferred as a production intermediate. More

preferred among them is those in which n* is an integer of 2 or 4. Further, those in
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which -NH-(CH,)n!-L#- is -NH-CH,CH,CH,-, -NH-CH,-O-CH,-, or -NH-CH,CH, -
O-CHs,- is preferred.
[0140]  Preferred examples of the intermediate that are useful for production of the

compound of the present invention include those exemplified below:
(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-

DX),
(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,-C(=0)-(NH-

DX),
(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,-C(=0)-(

NH-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C(=0)-(NH-

DX),
(maleimid-N-yl)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C(=0)-(
NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C(=
0)-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,-C(=0)-(NH
DX),
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,CH,-C(=0)-
(NH-DX),
(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,CH,CH,-C(
=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-
DX),

(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH-DX),
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(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH-D
X),
(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH
-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GGFG-
NH-CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-C(=
0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-O-
CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX)),
(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-(NH-DX),
(maleimid-N-yl)-CH,CH,CH,-C(=0)-GGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,-C(=0)-GGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-GGFG-(NH-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-DGGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,-C(=0)-DGGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX), or
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX).

By the reaction of the drug-linker compound selected from the aforementioned group
of intermediate compounds with an anti-Her3 antibody or a reactive derivative thereof,
a thioether bond can be formed at a disulfide bond moiety present in a hinge part of the
anti-Her3 antibody, and as a result, the anti-Her3 antibody-drug conjugate of the
present invention can be produced. In this case, it is preferable to use a reactive
derivative of an anti-Her3 antibody. A reactive derivative obtained by reducing an anti-
Her3 antibody is particularly preferred.

The followings are a compound which is more preferred as a production in-
termediate.

(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-
DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,CH,CH,-C(=
0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,-C(=0)-(NH
-DX),

(maleimid-N-y])-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-
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DX),
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(NH
-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GGFG-
NH-CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GGFG-
NH-CH,CH,CH,-C(=0)-(NH-DX),
(maleimid-N-yl)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-O-CH,CH,-O-
CH,CH,-C(=0)-GGFG-NH-CH,CH,CH,-C(=0)-(NH-DX)),
(maleimid-N-yl)-CH,CH,-C(=0)-DGGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,-C(=0)-DGGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX),
(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX).

Further, among the aforementioned intermediate compound group, the intermediates
represented by the following formula are a more preferred compound:

(maleimid-N-yl)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GGFG
-NH-CH,CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-
DX),

(maleimid-N-y])-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(N
H-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-NH-CH,CH,CH,-C(=0)-(NH
-DX), or

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-DGGFG-(NH-DX).

Particularly preferred are the compounds that are represented by the following
formula:

(maleimid-N-yl)-CH,CH,-C(=0)-NH-CH,CH,-O-CH,CH,-O-CH,CH,-C(=0)-GGFG
-NH-CH,CH,CH,-C(=0)-(NH-DX),

(maleimid-N-yl)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-(NH-
DX), or

(maleimid-N-y1)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH,-O-CH,-C(=0)-(N
H-DX).

2. Production method 2

The compound represented by the formula (2) or a pharmacologically acceptable salt
thereof used as an intermediate in the previous production method can be produced by

the following method, for example.
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NH,-DX
4
P1-NH-{CH,Jn*-L2-{CH,In?-C(=0)-GH
5

P1-NH-(C Hy)n"-L3({CH,)n?-C(=0)-(NH-DX) NH~{GH,)n'-L2-(CH, -G (=0)-OP?

8 12
P2-LP-OH

8
NH,-{CHy "L 2-(CH, -G (=03-(NH-DX )
7

P2.LP-0h !
s NH, DX

P2_LA-NH-{CH)r'-L2{GH, -G (=0)-(NH-DX) -4 P2-LP-NH-{CH,)n'-L2C H,)r?-C(=0)-OH
9 14

P2-LP-NH-(C H)n'-LE-{CH)r?-C (=0)-OF?
3

H-LP-NHHCH, )L H,) -G (=0)-0P?
15

L¥-L20H
H-LP-NH-{GH)N"-L (G H,)rE-C{=0)-(NH-DX) 1
L7201 " L 24 P-NH-(GHyn' L 2-(CH,)r2-C (=0)-0P?
11 NH,-DX / 16
. 4 ‘
L L 2-LP-NH{CHyn'-L{CH,n?-C (=Q)-(NH-DX) = L"LZL*-NH-{CH,)n"-L3<(CHn*-C(=0)-CH

2 17

[in the formula, L' corresponds to L! having a structure in which the terminal is
converted to a maleimidyl group and P!, P2, and P? represent a protecting group].

The compound (6) can be produced by derivatizing the carboxylic acid (5) into an
active ester, mixed acid anhydride, acid halide, or the like and, in the presense of base,
reacting it with NH,-DX [indicating exatecan; chemical name:
(1S,95)-1-amino-9-ethyl-5-fluoro-2,3-dihydro-9-hydroxy-4-methyl-1H,12H-benzo[de]
pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-10,13(9H, 15H)-dione] (4) or a pharmaco-
logically acceptable salt thereof.

Reaction reagents and conditions that are commonly used for peptide synthesis can
be employed for the reaction. There are various kinds of active ester,for example, it
can be produced by reacting phenols such as p-nitrophenol, N-hydroxy benzotriazole,
N-hydroxy succinimide, or the like, with the carboxylic acid (5) using a condensing
agent such as N,N'-dicyclohexylcarbodiimide or
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride; further, the active
ester can be also produced by a reaction of the carboxylic acid (5) with pentafluo-
rophenyl trifluoroacetate or the like; a reaction of the carboxylic acid (5) with
I-benzotriazolyl oxytripyrrolidinophosphonium hexafluorophosphite; a reaction of the
carboxylic acid (5) with diethyl cyanophosphonate (Shioiri method); a reaction of the
carboxylic acid (5) with triphenylphosphine and 2,2'-dipyridyl disulfide (Mukaiyama
method); a reaction of the carboxylic acid (5) with a triazine derivative such as
4-(4,6-dimethoxy-1,3,5-triazin-2-y1)-4-methylmorpholinium chloride (DMTMM); or
the like. Further, the reaction can be also performed by, e.g., an acid halide method by
which the carboxylic acid (5) is treated with acid halide such as thionyl chloride and
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oxalyl chloride in the presence of a base.

By reacting the active ester, mixed acid anhydride, or acid halide of the carboxylic acid
(5) obtained as above with the compound (4) in the presence of a suitable base in an
inert solvent at a reaction temperature of -78C to 150C, the compound (6) can be
produced. Meanwhile, "inert solvent" indicates a solvent which does not inhibit a
desired reaction for which the solvent is used.

Specific examples of the base used for each step described above include a
carbonate, an alkoxide, a hydroxide or a hydride of an alkali metal or an alkali earth
metal such as sodium carbonate, potassium carbonate, sodium ethoxide, potassium
butoxide, sodium hydroxide, potassium hydroxide, sodium hydride, or potassium
hydride; organometallic base represented by an alkyl lithium such as n-butyl lithium,
or dialkylamino lithium such as lithium diisopropylamide; organometallic base such as
bissilylamine including lithium bis(trimethylsilyl)amide; and organic base such as
pyridine, 2,6-1utidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methyl
morpholine, diisopropylethylamine, and diazabicyclo[5.4.0]Jundec-7-ene (DBU).

Examples of the inert solvent which is used for the reaction of the present invention
include a halogenated hydrocarbon solvent such as dichloromethane, chloroform, and
carbon tetrachloride; an ether solvent such as tetrahydrofuran, 1,2-dimethoxyethane,
and dioxane; an aromatic hydrocarbon solvent such as benzene and toluene; and an
amide solvent such as N,N-dimethylformamide, N,N-dimethylacetamide, and N-
methylpyrrolidin-2-one. In addition to them, a sulfoxide solvent such as dimethyl
sulfoxide and sulfolane; a ketone solvent such as acetone and methyl ethyl ketone; and
an alcohol solvent such as methanol and ethanol may be used in some case. Alter-
natively, these solvents may be used as a mixed solvent.

As for the protecting group P! for the terminal amino group of the compound (6), a
protecting group for an amino group which is generally used for peptide synthesis, for
example, tert-butyloxy carbonyl group, 9-fluorenylmethyloxy carbonyl group, and
benzyloxy carbonyl group, can be used. Examples of the other protecting group for an
amino group include an alkanoyl group such as acetyl group; an alkoxycarbonyl group
such as methoxycarbonyl group and ethoxycarbonyl group; an arylmethoxy carbonyl
group such as paramethoxybenzyloxy carbonyl group, and para (or
ortho)nitroybenzyloxy carbonyl group; an arylmethyl group such as benzyl group and
triphenyl methyl group; an aroyl group such as benzoyl group; and an aryl sulfonyl
group such as 2,4-dinitrobenzene sulfonyl group and orthonitrobenzene sulfonyl group.
The protecting group P! can be selected depending on, e.g., properties of a compound
having an amino group to be protected.

By deprotecting the protecting group P! for the terminal amino group of the

compound (6) obtained, the compound (7) can be produced. In this deprotection,



111

WO 2015/155998 PCT/JP2015/002020

[0151]

reagents and conditions can be selected depending on the protecting group.

The compound (9) can be produced by derivatizing the peptide carboxylic acid (8)
having the N terminal protected with P? into an active ester, mixed acid anhydride, or
the like and reacting it with the compound (7) obtained. The reaction conditions,
reagents, base, and inert solvent used for a peptide bond formation between the peptide
carboxylic acid (8) and the compound (7) can be suitably selected from those described
for the synthesis of the compound (6). The protecting group P? can be suitably selected
from those described for the protecting group of the compound (6), and the selection
can be made based on, e.g., the properties of the compound having an amino group to
be protected. As it is generally used for peptide synthesis, by repeating sequentially the
reaction and deprotection of the amino acid or peptide constituting the peptide
carboxylic acid (8) for elongation, the compound (9) can be also produced.

By deprotecting P? as the protecting group for the amino group of the compound (9)
obtained, the compound (10) can be produced. In this deprptection, reagents and
conditions can be selected depending on the protecting group.

It is possible to produce the compound (2) by derivatizing the carboxylic acid (11) into
an active ester, mixed acid anhydride, acid halide, or the like and reacting it with the
compound (10) obtained. The reaction conditions, reagents, base, and inert solvent
used for forming a peptide bond between the carboxylic acid (11) and the compound
(10) can be suitably selected from those described for the synthesis of the compound
(6).

The compound (9) can be also produced by the following method, for example.

The compound (13) can be produced by derivatizing the peptide carboxylic acid (8)
having the N terminal protected with P? into active ester, mixed acid anhydride, or the
like and reacting it with the amine compound (12) having the carboxy group protected
with P? in the presence of a base. The reaction conditions, reagents, base, and inert
solvent used for forming a peptide bond between the peptide carboxylic acid (8) and
the compound (12) can be suitably selected from those described for the synthesis of
the compound (6).

The protecting group P? for the amino group of the compound (13) is not particularly
limited if it is a protecting group which is commonly used. Specifically, examples of
the protecting group for a hydroxyl group include an alkoxymethyl group such as
methoxymethyl group; an arylmethyl group such as benzyl group, 4-methoxybenzyl
group, and triphenylmethyl group; an alkanoyl group such as acetyl group; an aroyl
group such as benzoyl group; and a silyl group such as tert-butyl diphenylsilyl group.
Carboxy group can be protected by an ester with an alkyl group such as methyl group,
ethyl group, and tert-butyl group, an allyl group, or an arylmethyl group such as benzyl
group. As for the amino group, an alkyloxy carbonyl group such as tert-butyloxy
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carbonyl group, methoxycarbonyl group, and ethoxycarbonyl group; an arylmethoxy
carbonyl group such as allyloxycarbonyl group, 9-fluorenylmethyloxy carbonyl group,
benzyloxy carbonyl group, paramethoxybenzyloxy carbonyl group, and para (or
ortho)nitroybenzyloxy carbonyl group; an alkanoyl group such as acetyl group; an
arylmethyl group such as benzyl group and triphenyl methyl group; an aroyl group
such as benzoyl group; and an aryl sulfonyl group such as 2,4-dinitrobenzene sulfonyl
group or orthonitrobenzene sulfonyl group can be mentioned.

As for the protecting group P? for a carboxy group, a protecting group commonly used
as a protecting group for a carboxy group in organic synthetic chemistry, in particular,
peptide synthesis can be used. A carboxyl group can be protected as an ester with an
alkyl group such as a methyl group, an ethyl group, or a tert-butyl, an allyl group, and
an arylmethyl group such as a benzyl group.

In such case, it is preferable that the protecting group for an amino group and the
protecting group for a carboxy group can be removed by a different method or
different conditions. For example, a representative example includes a combination in
which P? is a tert-butyloxy carbonyl group and P? is a benzyl group. The protecting
groups can be selected from the aforementioned ones depending on, e.g., the properties
of a compound having an amino group and a carboxy group to be protected. For
removal of the protecting groups, reagents and conditions can be selected depending
on the protecting group.

By deprotecting the protecting group P? for the carboxy group of the compound (13)
obtained, the compound (14) can be produced. In this deprotection, reagents and
conditions are selected depending on the protecting group.

The compound (9) can be produced by derivatizing the compound (14) obtained into
active ester, mixed acid anhydride, acid halide, or the like and reacting with the
compound (4) in the presence of a base. For the reaction, reaction reagents and
conditions that are generally used for peptide synthesis can be also used, and the
reaction conditions, reagents, base, and inert solvent used for the reaction can be
suitably selected from those described for the synthesis of the compound (6).

The compound (2) can be also produced by the following method, for example.

By deprotecting the protecting group P? for the amino group of the compound (13),
the compound (15) can be produced. In this deprotection, reagents and conditions can
be selected depending on the protecting group.

The compound (16) can be produced by derivatizing the carboxylic acid derivative
(11) into active ester, mixed acid anhydride, acid halide, or the like and reacting it with
the compound (15) obtained in the presence of a base. The reaction conditions,
reagents, base, and inert solvent used for forming an amide bond between the peptide

carboxylic acid (11) and the compound (15) can be suitably selected from those
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described for the synthesis of the compound (6).
By deprotecting the protecting group for the carboxy group of the compound (16)
obtained, the compound (17) can be produced. In this deprotection, it can be carried
out similar to deprotecting carboxy group for producing the compound (14).
The compound (2) can be produced by derivatizing the compound (17) into active
ester, mixed acid anhydride, acid halide, or the like and reacting it with the compound
(4) in the presence of a base. For the reaction, reaction reagents and conditions that are
generally used for peptide synthesis can be also used, and the reaction conditions,
reagents, base, and inert solvent used for the reaction can be suitably selected from
those described for the synthesis of the compound (6).

3. Production method 3

The compound represented by the formula (2) used as an intermediate can be also
produced by the following method.
[Chem.25]

H-LP-OP4
18
L"-L2-OH
11

L"-L2-LP-OPA
19

L"-L2-LP-OH
20

NH,~(CH, )n'-L2-(CH,)n?-C(=O)-(NH-DX)
7

L1-L2-LP-NH-(CH,)n'-L2-(CH,)r2-C(=O)-(NH-DX)
2

[in the formula, L' corresponds to L! having a structure in which the terminal is
converted to a maleimidyl group and P* represents a protecting group].

The compound (19) can be produced by derivatizing the compound (11) into active
ester, mixed acid anhydride, or the like and reacting it with the peptide carboxylic acid
(18) having the C terminal protected with P* in the presence of a base. The reaction
conditions, reagents, base, and inert solvent used for forming a peptide bond between

the peptide carboxylic acid (18) and the compound (11) can be suitably selected from
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those described for the synthesis of the compound (6). The protecting group P+ for the
carboxy group of the compound (18) can be suitably selected from the aforementioned
protective groups.
By deprotecting the protecting group for the carboxy group of the compound (19)
obtained, the compound (20) can be produced. In this deprotecion, it can be performed
similar to the deprotection of the carboxy group for producing the compound (14).
The compound (2) can be produced by derivatizing the compound (20) obtained into
active ester, mixed acid anhydride, or the like and reacting it with the compound (7).
For the reaction, reaction reagents and conditions that are generally used for peptide
synthesis can be also used, and the reaction conditions, reagents, base, and inert
solvent used for the reaction can be suitably selected from those described for the
synthesis of the compound (6).

4. Production method 4

Hereinbelow, within the production intermediate (10) described in production
method 2, the method for producing the compound (10b) having n! =1 and L* =0 is
described in detail. The compound represented by the formula (10b), a salt or a solvate
thereof can be produced according to the following method, for example.
[Chem.26]

HO-CH,-C(=0)-OP®

PX-NH-CHy-O-L 22 PS-X-NH-C H,-0-CH,-C (=0)-OP* P5-X-NH-CH,-0-CH,-C(=0)-OH
B ————SE— B ———
21 23 24
HoN-DX P7-Y.QH
4 P-X-NH-C Hy-O-CH,-C(=0)-{NH-DX) H-X-NH-C Hy-0-CH,-C(=0)-{NH-DX) 27
- 25 —— 26

P7-LP-NH-CHy-O-CH,-C(=O)-(NH-DX) . MFL™NH-CH-0-CH,-C(=0)-(NH-DX)
9b 10b

[in the formula, L? is as defined above, L represents an acyl group including an
alkanoyl group such as acetyl group or an aroyl group such as benzoyl group, or
represents a hydrogen atom or the like, X and Y represent an oligopeptide consisting of
1 to 3 amino acids, P° and P? represent a protecting group for an amino group, and P¢
represents a protecting group for a carboxy group].

A compound represented by the formula (21) can be produced by using or applying
the method described in Japanese Patent Laid-Open No. 2002-60351 or the literature
(J. Org. Chem., Vol. 51, page 3196, 1986), and if necessary, by removing the
protecting groups or modifying the functional groups. Alternatively, it can be also
obtained by treating an amino acid with a protected terminal amino group or acid
amide of oligopeptide with protected amino group with aldehyde or ketone.

By reacting the compound (21) with the compound (22) having a hydroxyl group



115
WO 2015/155998 PCT/JP2015/002020

under temperature conditions ranging from under cooling to room temperature in an
inert solvent in the presence of an acid or a base, the compound (23) can be produced.
Here, examples of the acid which may be used can include inorganic acid such as hy-
drofluoric acid, hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, and boric
acid; an organic acid such as acetic acid, citric acid, paratoluene sulfonic acid, and
methane sulfonic acid; and a Lewis acid such as tetrafluoroborate, zinc chloride, tin
chloride, aluminum chloride, and iron chloride. Among them, sulfonic acids are
preferable, and paratoluene sulfonic acid is particularly preferable. As for the base, any
one of the aforementioned base can be suitably selected and used. Preferred examples
thereof include an alkali metal alkoxide such as potassium tert-butoxide, an alkali
metal or alkaline earth metal hydroxide such as sodium hydroxide and potassium
hydroxide; alkali metal hydride such as sodium hydride and potassium hydride;
organometallic base represented by dialkylamino lithium such as lithium diiso-
propylamide; and organometallic base of bissilylamine such as lithium
bis(trimethylsilyl)amide.

Examples of the solvent to be used for the reaction include an ether solvent such as
tetrahydrofuran and 1,4-dioxane; and an aromatic hydrocarbon solvent such as benzene
and toluene. Those solvents can be prepared as a mixture with water.

Further, the protecting group for an amino group as represented as P’ is not particularly
limited if it is a group commonly used for protection of an amino group. Repre-
sentative examples can include the protecting groups for an amino group that are
described in Production method 2. However, the protecting group for an amino group
as drepresented as P> may be cleaved off within the course of the reaction. In such
case, a protecting group can be re-introduced by appropriately performing a reaction
with a suitable reagent for protecting an amino group as required.

The compound (24) can be derived by removing the protecting group P¢ of the
compound (23). Herein, although the representative examples of the protecting group
for a carboxy group as represented as P° are described in Production method 2, it can
be appropriately selected from these examples. In the compound (23), it is desirable
that the protecting group P° for an amino group and the protecting group P¢for a
carboxy group are the protecting groups that can be removed by a different method or
different conditions. For example, a representative example can include a combination
in which P is a 9-fluorenylmethyloxy carbonyl group and P¢ is a benzyl group. The
protecting groups can be selected depending on, e.g., the properties of a compound
having an amino group and a carboxy group to be protected. For removal of the
protecting groups, reagents and conditions are selected depending on the protecting
group.

The compound (26) can be produced by derivatizing the compound (24) into active
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ester, mixed acid anhydride, acid halide, or the like and reacting it with the compound
(4) or a pharmacologically acceptable salt thereof in the presence of a base to produce
the compound (25) followed by removing the protecting group P° of the compound
(25) obtained. For the reaction between the compound (4) and the carboxylic acid (24)
and the reaction for removing the protecting group P¢, the same reagents and reaction
conditions as those described for Production method 2 can be used.
The compound (10b) can be produced by reacting the compound (26) with an amino
acid with protected terminal amino group or the oligopeptide (27) with protected
amino group to produce the compound (9b) and removing the protective group P7 of
the compound (9b) obtained. The protective group for an amino group as represented
as P7 is not particularly limited if it is generally used for protection of an amino group.
Representative examples thereof include the protecting groups for an amino group that
are described in Production method 2. For removing the protective group, reagents and
conditions are selected depending on the protecting group. For the reaction between
the compound (26) and the compound (27), reaction reagents and conditions that are
commonly used for peptide synthesis can be employed. The compound (10b) produced
by the aforementioned method can be derivatized into the compound (1) of the present
invention according to the method described above.

5. Production method 5

The compound represented by the formula (2) as an intermediate can be also

produced by the method shown below.
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FoN=(C Hoh'-L2(G Hy) PP-C{=0}-(NH-DX)
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H,N-(CHy)n"-L*-{CH,}n*-C1=0)-OF*
12

2]
PELPENH-(CH, 'L 3 (CH,2-C{=0)-0OP?
35

7
| PELEZ-OH PELFZNH-(CH n"-LA-(C H In-C (=0)-OH < e
8 36 H-LPENHH{CH )N -L3-{CH,n2-C (=0)-OP?
PR NH-(CH N LA C B C (50 (NH-DX) 4 37
29 — 5
| v
93 21rp iy [ B2 < 2 i F
H-LE2NHHCH 'L 2{CH)r2-C(=O-(NH-DX) PP 'NH'(CH?;; AHOH-C=00P
30
lPB'Lm(;W)'OH AL PP IO PN H(C H )0 -L A (CH )R C(=0) OH == m -Jl
o i 39 HeLPYP19)-Lo% NHHC H i -L5-(C H -G = 0)- OF
PELPI(E B PZNHHCH N -L-{CH37-C (=0}-(NH-DX) 4 10
32 DI =

H-LPT (P LPZNHHC Hpn-LE-{C H,)n2 C (= 0)-{NH-DX)

11

L2 LB (PIYL PANHAC HINT-L3-{CH)-C (=0)-0OP*

33 41
LT-L2-0H ‘
11 4 ¥
. [ B R (P”)—LF’Q-NH—(CHz)n‘-La-(C HAN?-C(=03-0OH
LT-L2LPY (P19 L2 NHH(C Hohn =L 2 (G Ho)ne-C (=0)-(NH-DX) a2

34

P |

LT-LZ-Lp'(P“G)-Lp?-OH - L17L27LD1(P1{])7LP270P‘2 - LT-LZ—LM(PM)—OH
48 47 45

fan T

12 l Ay 11
H-LPUPIOLLR. QP12 == P3LPIP).| PLOP12 L"LALPPIY-0P

50 49 4
oz g
H-LP2.0P12 H-LPY(P10)-CP ™
46 43

L7124 PANHH{CH I L (G H -G (=O)-(NH-DX)
2

[0163] [in the formula, L' corresponds to L! having a structure in which the terminal is
converted to a maleimidyl group, L? represents a structure consisting of -Lr!-Lr2-_ and
P, P8, P?, P10, P11 and P'? represent a protecting group].

[0164]  Because L* is formed by connecting L»! to L2, the hydrophilic amino acid at N
terminal of L* is derived from L', and thus, those that having a hydrophilic amino acid
at the N terminal are suitably employed as Lr!. Meanwhile, plural hydrophilic amino
acids may be present therein. Further, when L?? with hydrophilic amino acid is
employed, Lrhaving plural hydrophilic amino acids at the N terminal of L* or at the N
terminal and at other positions can be produced depending on the location of the hy-
drophilic amino acid.

[0165]  The compound (29) can be produced by derivatizing the peptide or amino acid (28)
having the N terminal protected with P? into active ester, mixed acid anhydride, or the
like and reacting it with the compound (7) obtained. The reaction conditions, reagents,
base, and solvent used for forming an amide bond between the peptide or amino acid
(28) and the compound (7) can be suitably selected from those described for the

synthesis of the compound (6). The protecting group P® for an amino group can be
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suitably selected from those described for the protecting group of the compound (6),
and the selection can be made based on the properties of the compound or the like. As
it is generally used for peptide synthesis, by repeating sequentially the reaction and de-
protection of the amino acid or peptide constituting the peptide or amino acid (28) for
elongation, the compound (29) can be also produced.

By deprotection of P# as a protecting group of the amino group of the compound (29)
obtained, the compound (23) can be produced. In this deprotection, reagents and
conditions can be selected depending on the protecting group.

The compound (32) can be produced by derivatizing the amino acid or peptide (31)
having the N terminal protected with P® and the protected carboxy group, hydroxy
group, or amino group in side chain protected into active ester, mixed acid anhydride,
or the like and reacting it with the compound (30) obtained. The reaction conditions,
reagents, base, and inert solvent used for forming a peptide bond between the amino
acid or peptide (31) and the compound (30) can be suitably selected from those
described for the synthesis of the compound (6). As for the protecting groups P* and P?,
the protecting groups can be suitably selected from those described as protecting group
for an amino group, carboxy group, or hydroxy group of the compound (6). However,
in such case, it is necessary that the protecting group P for an amino group and the
protecting group P'°for a functional group in side chain can be removed by a different
method or different conditions. For example, a representative example includes a com-
bination in case P? is a 9-fluorenylmethyloxy carbonyl group and P'° is a tert-butyl
group or the like as a protecting group for a carboxy group, a methoxymethyl group or
the like as a protecting group for a hydroxy group, or a tert-butyloxycarbonyl group or
the like as a protecting group for an amino group. The protective group P'° for a
functional group in a side chain is preferably a protecting group which can be de-
protected by a treatment under acidic conditions. However, it is not limited thereto, and
it can be selected from the aforementioned ones depending on, €.g., the properties of
amino group, carboxy group, or a hydroxy group of a compound to be protected. For
removal of the protecting groups, reagents and conditions are selected depending on
the protecting group. As it is generally used for peptide synthesis, by repeating se-
quentially the reaction and deprotection of the constituting amino acid or peptide for
elongation, the compound (32) can be also produced.

By deprotection of P? as a protecting group of the terminal amino group of the
compound (32) obtained, the compound (33) can be produced. In this deprotection,
reagents and conditions can be selected depending on the protecting group.

It is possible to produce the compound (34) by derivatizing the carboxylic acid
derivative (11) into active ester, mixed acid anhydride, acid halide, or the like and

reacting it with the compound (33) obtained. Herein, the carboxylic acid derivative
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(11) is a compound with a structure in which the linker terminal of L' has a maleimidyl
group.

The reaction conditions, reagents, base, and solvent used for forming a peptide bond
between the carboxylic acid derivative (11) and the compound (33) can be suitably
selected from those described for the synthesis of the compound (6).

By deprotecting the protecting group P'*for the carboxy group, hydroxy group, or
amino group in the amino acid side chain of the peptide moiety of the compound (34)
obtained, the compound (2) can be produced. Reagents and conditions can be selected
depending on the protecting group.

The compound (29) can be also produced by the following method, for example.

The compound (35) can be produced by derivatizing the peptide or amino acid (28)
having the N terminal protected with P# into active ester, mixed acid anhydride, or the
like and reacting it with the amine compound (12) having the terminal carboxy group
protected with P? in the presence of a base. The reaction conditions, reagents, base, and
solvent used for forming a peptide bond between the peptide or amino acid (28) and
the compound (12) can be suitably selected from those described for the synthesis of
the compound (6). The protecting group P® for an amino group of the compound (35)
can be suitably selected and used from those described as a protecting group for the
compound (6). As for the protecting group P? for a carboxy group, a protecting group
commonly used as a protecting group for a carboxy group in organic synthetic
chemistry, in particular, peptide synthesis can be used. Specific examples include alkyl
ester such as methyl group, ethyl group, and tert-butyl, allyl ester, and benzyl ester,
and it can be suitably selected and used from the protecting groups that are described
for the compound (6). In such case, it is necessary that the protecting group P® for an
amino group and the protecting group P? for a carboxy group can be removed by a
different method or different conditions. For example, a representative example
includes a combination in which P? is a tert-butyloxy carbonyl group and P? is a benzyl
group. The protecting groups can be selected from the aforementioned ones depending
on, e.g., the properties of a compound having an amino group and a carboxy group to
be protected. For removal of the protecting groups, reagents and conditions are
selected depending on the protecting group.

By deprotecting the protecting group P? for the carboxy group of the compound (35)
obtained, the compound (36) can be produced. In this deprotection, reagents and
conditions are selected depending on the protecting group.

The compound (29) can be produced by derivatizing the compound (36) obtained
into active ester, mixed acid anhydride, acid halide, or the like and reacting it with the
compound (4) in the presence of a base. For the reaction, reaction reagents and

conditions that are generally used for peptide synthesis can be also used, and the
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reaction conditions, reagents, base, and solvent used for the reaction can be suitably
selected from those described for the synthesis of the compound (6).

The compound (32) can be also produced by the following method, for example.

By deprotecting the protecting group P# for the amino group of the compound (35),
the compound (37) can be produced. In this deprotection, reagents and conditions can
be selected depending on the protecting group.

The compound (38) can be produced by derivatizing the amino acid or peptide (31)
into active ester, mixed acid anhydride, acid halide, or the like and reacting it with the
compound (37) obtained in the presence of a base. The reaction conditions, reagents,
base, and solvent used for forming an amide bond between the amino acid or peptide
(31) and the compound (37) can be suitably selected from those described for the
synthesis of the compound (6). In such case, it is necessary that the protecting group P°
and P'°for the amino acid or peptide (31) and the protecting group P? for the compound
(37) can be removed by a different method or different conditions. For example, a rep-
resentative example includes a combination in which P? is a 9-fluorenylmethyloxy
carbonyl group, P'° is a tert-butyloxy carbonyl group, tert-butyl group, or a
methoxymethyl group, and P*is a benzyl group. Further, the protective group P! for a
functional group in a side chain is preferably a protecting group which can be de-
protected by a treatment under acidic conditions as described above. However, it is not
limited thereto, and it can be selected from the aforementioned ones depending on,
e.g., the properties of amino group, carboxy group, or a hydroxy group of a compound
to be protected. For removal of the protecting groups, reagents and conditions are
selected depending on the protecting group.

By deprotecting the protecting group P? for the carboxy group of the compound (38)
obtained, the compound (39) can be produced. In this deprotection, reagents and
conditions can be selected depending on the protecting group.

The compound (32) can be produced by derivatizing the compound (39) into active
ester, mixed acid anhydride, acid halide, or the like and reacting it with the compound
(4) in the presence of a base. For the reaction, reaction reagents and conditions that are
generally used for peptide synthesis can be also used, and the reaction conditions,
reagents, base, and solvent used for the reaction can be suitably selected from those
described for the synthesis of the compound (6).

The compound (34) can be also produced by the following method, for example.

By deprotecting the protecting group P? for the amino group of the compound (38),
the compound (40) can be produced. In this deprotection, reagents and conditions can
be selected depending on the protecting group.

The compound (41) can be produced by derivatizing the carboxylic acid derivative

(11) into active ester, mixed acid anhydride, acid halide, or the like and reacting it with
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the compound (40) obtained in the presence of a base. The reaction conditions,
reagents, base, and solvent used for forming an amide bond between the carboxylic
acid derivative (11) and the compound (40) can be suitably selected from those
described for the synthesis of the compound (6).

By deprotecting the protecting group P? for the carboxy group of the compound (41)
obtained, the compound (42) can be produced. In this deprotection, reagents and
conditions can be selected depending on the protecting group.

The compound (34) can be produced by derivatizing the compound (42) into active
ester, mixed acid anhydride, acid halide, or the like and reacting it with the compound
(4) in the presence of a base. For the reaction, reaction reagents and conditions that are
generally used for peptide synthesis can be also used, and the reaction conditions,
reagents, base, and solvent used for the reaction can be suitably selected from those
described for the synthesis of the compound (6).

The compound (34) can be also produced by the following method, for example.
The compound (44) can be produced by derivatizing the carboxylic acid derivative
(11) into active ester, mixed acid anhydride, acid halide, or the like and reacting it with

the amino acid or peptide (43) having the carboxy group protected with P!! and the
carboxy group, hydroxy group, or amino group in side chain protected with Pin the
presence of a base. The reaction conditions, reagents, base, and solvent used for
forming an amide bond between the carboxylic acid derivative (11) and the compound
(43) can be suitably selected from those described for the synthesis of the compound
(6). As for the protecting groups P'? and P!! of the compound (44), the protecting
groups can be suitably selected from those described as protecting group for a carboxy
group, hydroxy group, or amino group of the compound (6). Meanwhile, in such case,
it is necessary that the protecting group P!! for a carboxy group and the protecting
group P'°for a functional group in side chain can be removed by a different method or
different conditions. For example, a representative example includes a combination in
which P!l is a benzyl group and P is a tert-butyl group or the like as a protecting
group for a carboxy group, a methoxymethyl group or the like as a protecting group for
a hydroxy group, or a tert-butyloxycarbonyl group or the like as a protecting group for
an amino group. The protective group P!° for a functional group in a side chain is
preferably a protecting group which can be deprotected by a treatment under acidic
conditions. However, it is not limited thereto, and it can be selected from the afore-
mentioned ones depending on, e.g., the properties of amino group, carboxy group, or a
hydroxy group of a compound to be protected. For removing the protecting group, the
reagents and conditions can be selected depending on the protecting group.

By deprotecting the protecting group P!! for the carboxy group of the compound (44)

obtained, the compound (45) can be produced. In this deprotection, reagents and
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conditions can be selected depending on the protecting group.

The compound (34) can be produced by derivatizing the compound (45) into active
ester, mixed acid anhydride, acid halide, or the like and reacting it with the compound
(30) in the presence of a base. For the reaction, reaction reagents and conditions that
are generally used for peptide synthesis can be also used, and the reaction conditions,
reagents, base, and solvent used for the reaction can be suitably selected from those
described for the synthesis of the compound (6).

The compound (47) can be produced by derivatizing the compound (45) into active
ester, mixed acid anhydride, acid halide or the like and reacting it with the amino acid
or peptide (46) having the carboxy group protected with P'2in the presence of a base.
For the reaction, the reaction reagents and conditions commonly used for peptide
synthesis can be used and the reaction conditions, reagents, base, and solvent can be
suitably selected from those described for the synthesis of the compound (6). As for
the protecting groups P'° and P'? of the compound (47), the protecting groups can be
suitably selected and used from those described as protecting group for a carboxy
group, hydroxy group, or amino group of the compound (6). Meanwhile, in such case,
it is necessary that the protecting group P'?for a carboxy group and the protecting
group P'°for a functional group in side chain can be removed by a different method or
different conditions. For example, a representative example includes a combination in
which P2 is a benzyl group and P! is a tert-butyl group or the like as a protecting
group for a carboxy group, a methoxymethyl group or the like as a protecting group for
a hydroxy group, or a tert-butyloxycarbonyl group or the like as a protecting group for
an amino group. The protective group P'° for a functional group in a side chain is
preferably a protecting group which can be deprotected by a treatment under acidic
conditions. However, it is not limited thereto, and it can be selected from the afore-
mentioned ones depending on, e.g., the properties of amino group, carboxy group, or a
hydroxy group of a compound to be protected. For removing the protecting group, the
reagents and conditions can be selected depending on the protecting group. Further, the
compound (47) can be also produced by repeating sequentially the reaction and de-
protection of constituting amino acid or peptide for elongation.

By deprotecting the protecting group P'? for the carboxy group of the compound (47)
obtained, the compound (48) can be produced. Reagents and conditions can be selected
depending on the protecting group.

The compound (34) can be produced by derivatizing the compound (48) into active
ester, mixed acid anhydride, acid halide, or the like and reacting it with the compound
(7) in the presence of a base. For the reaction, reaction reagents and conditions that are
generally used for peptide synthesis can be also used, and the reaction conditions,

reagents, base, and solvent used for the reaction can be suitably selected from those
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described for the synthesis of the compound (6).
The compound (47) can be also produced by the following method, for example.
The peptide (49) can be produced by derivatizing the amino acid or peptide (46) into
active ester, mixed acid anhydride, acid halide, or the like and reacting it with the
amino acid or peptide (31) having the N terminal protected with P° and the carboxy
group, hydroxy group, or amino group in side chain protected with P'? in the presence
of a base. The reaction conditions, reagents, base, and solvent used for forming a
peptide bond between the amino acid or peptide (46) and the amino acid or peptide
(31) can be suitably selected from those described for the synthesis of the compound
(6). Meanwhile, in this case, it is necessary that the protecting group P'?for a carboxy
group of the amino acid or peptide (46) and the protecting group P° and P'° for the
amino acid or peptide (31) can be removed in the same manner as described above but
by a different method or different conditions. For example, a representative example
includes a combination in which P? is a 9-fluorenylmethyloxy carbonyl group, P'*is a
tert-butyl group or the like as a protecting group for a carboxy group, a methoxymethyl
group or the like as a protecting group for a hydroxy group, or a tert-butyloxycarbonyl
group as a protecting group or the like for an amino group, and P2 is a benzyl group.
The protective group P'° for a functional group in a side chain is preferably a
protecting group which can be deprotected by a treatment under acidic conditions.
However, it is not limited thereto, and it can be selected from the aforementioned ones
depending on, e.g., the properties of amino group, carboxy group, or a hydroxy group
of a compound to be protected. For removing the protecting group, the reagents and
conditions can be selected depending on the protecting group.
By deprotecting the protecting group P? for the N terminal of the peptide (49) obtained,
the compound (50) can be produced. Reagents and conditions can be selected
depending on the protecting group.
The compound (47) can be produced by derivatizing the carboxylic acid derivative
(11) into active ester, mixed acid anhydride, acid halide, or the like and reacting it with
the peptide (50) obtained in the presence of a base. The reaction conditions, reagents,
base, and solvent used for forming an amide bond between the carboxylic acid
derivative (11) and the peptide (50) can be suitably selected from those described for
the synthesis of the compound (6).

6. Production method 6

Within the production intermediate (2), those inwhich the linker has a structure rep-
resented by -L!-L2-LP-, and said LP is the peptide residue containing a hydrophilic
amino acid at the N terminal and said hydrophilic amino acid located at the N terminal

is other than glycine, can be also produced by the following method.
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2
[0172] [in the formula, L. corresponds to L! having a structure in which the terminal is
modified to maleimidyl group, L? represents a structure consisting of -Lr!-Lr?-, and P8,
P?, P1°, and P represent a protecting group].
[0173]  Because L* is formed by connecting L»! to L2, the hydrophilic amino acid at N

terminal of L* is derived from L', and thus, those that having a hydrophilic amino acid
at the N terminal are suitably employed as Lr!. Meanwhile, plural hydrophilic amino
acids may present therein. Further, when Lr? with hydrophilic amino acid is employed,
Lrhaving plural hydrophilic amino acids at the N terminal of LF or at the N terminal
and at other positions can be produced depending on its location of hydrophilic amino
acid.

The compound (51) can be produced by derivatizing the peptide or amino acid (28)
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described in Production method 5, which has the N terminal protected with P8, into
active ester, mixed acid anhydride, or the like, and reacting with the compound (4) and
a salt thereof. The reaction conditions, reagents, base, and solvent used for forming a
peptide bond between the peptide or amino acid (28) and the compound (4) can be
suitably selected from those described for the synthesis of the compound (6). The
protective group P® can be suitably selected and used from those described as the
protecting group for the compound (6), and it can be selected depending on, e.g., a
property of the compound having an amino group to be protected. Further, as it is
generally used for peptide synthesis, by repeating sequentially the reaction and de-
protection of the amino acid or peptide constituting the peptide or amino acid (28) for
elongation, the compound (51) can be also produced.

By deprotecting the protecting group P®for the amino group of the compound (51)
obtained, the compound (52) can be produced. In this deprotection, reagents and
conditions can be selected depending on the protecting group.

The compound (53) can be produced by derivatizing the amino acid or peptide (31)
having the N terminal protected with P° and the carboxy group, hydroxy group, or
amino group in side chain protected with P? as described in Production method 4 into
active ester, mixed acid anhydride, or the like and reacting it with the compound (52)
obtained. The reaction conditions, reagents, base, and solvent used for forming a
peptide bond between the amino acid or peptide (31) and the compound (52) can be
suitably selected from those described for the synthesis of the compound (6). The
protecting group P? and P'°are the same as those described in Production method 5.
Further, as it is generally used for peptide synthesis, by repeating sequentially the
reaction and deprotection of the constituting amino acid or peptide for elongation, the
compound (53) can be also produced.

By deprotection of P? as the protecting group of the amino group of the compound (53)
obtained, the compound (54) can be produced. In this deprotection, reagents and
conditions can be selected depending on the protecting group.

It is possible to produce the compound (55) by derivatizing the carboxylic acid
derivative (11) into active ester, mixed acid anhydride, acid halide, or the like and
reacting it with the compound (54) obtained. The reaction conditions, reagents, base,
and solvent used for forming a peptide bond between the carboxylic acid derivative
(11) and the compound (54) can be suitably selected from those described for the
synthesis of the compound (6).

By deprotecting the protecting group P'*for the carboxy group, hydroxy group, or
amino group of the compound (55) obtained, the compound (2) can be produced. In

this deprotection, reagents and conditions can be selected depending on the protecting

group.
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[0174]  The compound (53) can be also produced by the following method, for example.

By deprotecting the protecting group P'?for the carboxy group of the compound (49)
described in Production method 5, the peptide (56) can be produced. In this de-
protection, reagents and conditions can be selected depending on the protecting group.

The compound (53) can be produced by derivatizing the peptide (56) obtained into
active ester, mixed acid anhydride, acid halide, or the like and reacting it with the
compound (4) or a salt thereof. The reaction conditions, reagents, base, and solvent
used for forming a peptide bond between the compound (56) and the compound (4) can
be suitably selected from those described for the synthesis of the compound (6).

[0175]  The compound (55) can be also produced by the following method, for example.

The compound (55) can be produced by derivatizing the compound (48) described in
Production method 5 into active ester, mixed acid anhydride, or the like, and reacting it
with the compound (4) in the presence of a base, or derivatizing the amino acid or
peptide (45) described in Production method 5 into active ester, mixed acid anhydride,
or the like, and reacting it with the compound (52) in the presence of a base. The
reaction conditions, reagents, base, and solvent used for forming each peptide bond can
be suitably selected from those described for the synthesis of the compound (6).

[0176] 7. Production method 7

Within the production intermediate represented by the formula (2), those having the
linker structure of -L!-L>-LP-NH-(CH,)n!-L*-NH-(CH,)n>-C(=0)-, and said L* is the
peptide residue having a hydrophilic amino acid at the N terminal, and said hydrophilic
amino acid located at N terminal is other than glycine can be also produced by the
following method.

[0177] [Chem.29]

P-LPI (P 18)-LP2-NHHCH,n"-Le-(CH)M-C(=OF(NH-DX)  PO-LP1(P13). P2-(NH-DX)

57 59
H-LP-NH-(C H2)n1 -LA-(C HZ)HZ-C(=O)-(NH-DX) H-LP-(NH-DX)
58 60
L"-L2-OH LT-L2-OH
11 11
LY-L2-L P-NH-(C H2)n1-La-(C H2)n2-C(=O)-( NH-D'X) L"-L2-LP{NH-DX)
2 2

[0178] [in the formula, L. corresponds to L! having a structure in which the terminal is
modified to maleimidyl group, L? represents a structure consisting of -Lr!-Lr?-, and P°

and PP represent a protecting group].
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The production intermediate represented by the formula (2) includes the following
two modes, that is, a structure in which the linker is represented by -L!-L>-LP-NH-(CH,
)n'-L2-NH-(CH,)n?>-C(=0)- and a structure in which the linker is represented by -L!-L? -
LP-.

The compound (2) with a structure in which the linker is represented by -L!-L>-L? -
NH-(CH,)n'-L2-NH-(CH,)n?-C(=0)- can be produced as follows.

The compound (57) can be synthesized in the same manner as the compound (32)
described in Production method 5. However, unlike the compound (32), it is not
necessary that the protecting group P° for the amino group and the protecting group P
for the functional group in side chain can be removed by a different method or
different conditions. The functional group in side chain is a carboxy group or a
hydroxy group, and the protecting group P? for the amino group and the protecting
group P for the carboxy group or hydroxy group in side chain can be simultaneously
deprotected. For example, a representative example includes a combination in which P?
is a tert-butyloxy carbonyl group and P is a tert-butyl group or a trityl group, or P3is a
benzyloxy carbonyl group and P® is a benzyl group. The protecting groups can be
suitably selected from the aforementioned ones with regard to the protecting groups for
the compound (6) depending on, e.g., the properties of an amino group, a carboxy
group, or a hydroxy group of the compound to be protected. For removal of the
protecting groups, reagents and conditions are selected depending on the protecting
group. By using the protected amino acid or peptide satisfying above properties, the
compound (57) can be synthesized in the same manner as Production method 5.

By sequential or simultaneous deprotection of the protecting group P? and P? of the
compound (57), the compound (51) can be produced. Reagents and conditions can be
selected depending on the protecting group.

A functional group in hydrophilic side chain of L*in the compound (58) is not par-
ticularly protected, however, by reaction with the compound (11) derivatized into
active ester, mixed acid anhydride, or the like in the presence of a base, the compound
(2) can be produced. The reaction conditions, reagents, base, and solvent used for
forming each peptide bond can be suitably selected from those described for the
synthesis of the compound (6).

The compound (2) with a structure in which the linker is represented by -L!-L>-L-
can be produced as follows.

The compound (59) can be also synthesized in the same manner as the compound
(53) described in Production method 6. However, unlike the compound (53), it may not
be necessary that the protecting group P? for the amino group and the protecting group
P? for the functional group in side chain can be removed by a different method or

different conditions. The functional group in side chain is a carboxy group or a
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hydroxy group, and the protecting group P? for the amino group and the protecting
group P for the carboxy group or hydroxy group in side chain can be simultaneously
deprotected. For example, a representative example includes a combination in which P?
is a tert-butyloxy carbonyl group and P is a tert-butyl group or a trityl group, or P3is a
benzyloxy carbonyl group and P® is a benzyl group. The protecting groups can be
suitably selected from the aforementioned ones with regard to the protecting groups for
the compound (6) depending on, e.g., the properties of an amino group, a carboxy
group, or a hydroxy group of the compound to be protected. For removal of the
protecting groups, reagents and conditions are selected depending on the protecting
group. By using the protected amino acid or peptide satisfying above properties, the
compound (59) can be synthesized in the same manner as Production method 6.
By sequential or simultaneous deprotection of the protecting group P° and P of the
compound (59), the compound (53) can be produced. Reagents and conditions can be
selected depending on the protecting group.
A functional group in hydrophilic side chain of L in the compound (60) is not par-
ticularly protected. However, by reaction with the compound (11) derivatized into
active ester, mixed acid anhydride, or the like in the presence of a base, the compound
(2) can be produced. The reaction conditions, reagents, base, and solvent used for
forming each peptide bond can be suitably selected from those described for the
synthesis of the compound (6).
[0180] 8. Production method 8

The compound (43) shown in Production method 5 in which the linker -LP- has a

structure of -Lr!-Gly-Gly-Phe-Gly- can be also produced by the following method.
[0181] [Chem.30]

H-Gly-Gly-Phe-Gly-(NH-DX)
61

Pe-LP1(P10)-0H
31

PO.LP1(P10).Gly-Gly-Phe-Gly-(NH-DX)
62

[0182]  [in the formula, P° and P'° represent a protecting group].

[0183]  The compound (62) can be produced by derivatizing the amino acid or peptide (31)
described in Production method 5 into active ester, mixed acid anhydride, acid halide,
or the like and reacting it with glycylglycyl-
L-phenylalanyl-N-[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo-2,3,9,10
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[0186]

[0187]

,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',4":6,7]]indolizino[ 1,2-b]quinolin-1-yl]gl
ycinamide (that is, free form of the pharmaceutical compound disclosed in Inter-
national Publication No. WO 1997/46260) (61) or a salt thereof in the presence of a
base. The reaction conditions, reagents, base, and solvent used for forming a peptide
bond between the amino acid or peptide (31) and the compound (61) can be suitably
selected from those described for the synthesis of the compound (6). The protecting
group P? for N terminal and the protecting group P'° for the functional group in side
chain are the same as those described in Production method 5. Meanwhile, the
protecting group P'° for the functional group in side chain may not be present, and by
performing the reaction using the amino acid or peptide (31) with N terminal protected
only, the compound (62) can be obtained.

9. Production method 9

Among the compounds represented by the formula (2), a compound, in which the
linker has a structure represented by -L!-L>-LP-, and said L* is the oligopeptide in
which the C terminal is composed of 2 or 3 or more glycines and is connected to a
drug, and the N terminal of said peptide residue is glycine in case a hydrophilic amino
acid is present at N terminal, can be also produced according to the following method.
[Chem.31]

P14.LP-OH
63
‘ NH,-DX
H-LP2-(NH-DX) l 2
52 4 L™-L2-LP-OH
P14-LP1-OH »  PM-LP(NH-DX) 67
65 64 l H-LP2-OP12
l 48 Lrizom
H-LP-(NH-DX) 1 2y P OPI2 L H-LP-OP12
66 L'L é; -OP oo
L"-L2-OH
1 l
H-LP2-(NH-DX) NH,-DX
L"-L2-LP-OH 52 L"-L?-LP-(NH-DX) 4 L"-L2-LP-OH
-—
67 2 70

[in the formula, L' corresponds to L! having a structure in which the terminal is
converted to maleimidyl group, L? represents a structure consisting of Lr!-L»2, and P'?
and P! represent a protecting group].

Because L* is formed by connecting Lr! to L2, the number of glycines for con-
stituting the C terminal of LF contained therein can be designed in consideration of the
number of glycines at C terminal in L? and the number of repeated use thereof during
the reaction.

The peptide (63) is an oligopeptide in which the C terminal is composed of 2 or 3 or



130
WO 2015/155998 PCT/JP2015/002020

more glycines, and the N terminal is glycine in case the N terminal of said peptide
residue is a hydrophilic amino acid, and further, said N terminal is protected with P4,
As commonly employed for peptide synthesis, the peptide (63) can be synthesized by
repeating sequentially the condensation reaction of the constituting amino acid or
peptide and deprotection.

The compound (64) can be produced by derivatizing the peptide (63) into active ester,
mixed acid anhydride, or the like and reacting it with the compound (4) or a salt
thereof. The reaction conditions, reagents, base, and solvent used for forming a peptide
bond between peptide (63) and the compound (4) can be suitably selected from those
described for the synthesis of the compound (6). The protecting group P'4 can be
suitably selected and used from those described for synthesis of the compound (6).
The compound (64) can be also produced by derivatizing the amino acid or peptide
(65) with the N terminal protected with P'“into active ester, mixed acid anhydride, or
the like and reacting it with the compound (52) described in Production method 6. The
reaction conditions, reagents, base, and solvent used for forming a peptide bond
between amino acid or peptide (65) and the compound (52) can be suitably selected
from those described for the synthesis of the compound (6). The protecting group P
can be suitably selected and used from those described for synthesis of the compound
(6).

By deprotecting the protecting group P! for the amino group of the compound (64)
obtained, the compound (66) can be produced. Reagents and conditions can be selected
depending on the protecting group.

The compound (2) can be produced by derivatizing the carboxylic acid derivative (11)
into active ester, mixed acid anhydride, acid halide, or the like and reacting it with the
compound (66) obtained. The reaction conditions, reagents, base, and solvent used for
forming an amide bond between the carboxylic acid derivative (11) and the compound
(66) can be suitably selected from those described for the synthesis of the compound
(6).

The compound (2) can be also produced by the following method.

In the compound (67), of which glycine at N terminal of Lr! is connected to L2, and it
can be produced in the same manner as the compound (45) described in Production
method 5. The compound (68) can be produced by derivatizing the amino acid or
peptide (46) described in Production method 5 into active ester, mixed acid anhydride,
acid halide, or the like and reacting it with the compound (67). Herein, the amino acid
or peptide (46) is an oligopeptide consisting of glycine or having C terminal consisting
of 2 or 3 or more glycines, in which the C terminal is protected with P'2. The reaction
conditions, reagents, base, and solvent used for forming an amide bond between amino

acid or peptide (46) and the compound (67) can be suitably selected from those
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described for the synthesis of the compound (6).
The compound (68) can be also produced by derivatizing the compound (11)into
active ester, mixed acid anhydride, or the like and reacting it with the peptide (69)
having the C terminal protected with P'2. Herein, the peptide (69) is an oligopeptide in
which the C terminal is composed of 2 or 3 or more glycines and the N terminal is
glycine in case the N terminal of said peptide residue is a hydrophilic amino acid. As
commonly employed for peptide synthesis, the peptide (69) can be produced by
repeating sequentially the condensation reaction of the constituting amino acid or
peptide and deprotection. The reaction conditions, reagents, base, and solvent used for
forming a peptide bond between the peptide (69) and the compound (11) can be
suitably selected from those described for the synthesis of the compound (6). The
protecting group P'? is preferably a protecting group which can be deprotected under
acidic conditions but it is not limited thereto, and can be suitably selected and used
from those described for synthesis of the compound (6).
By deprotecting the protecting group P'?for the carboxy group of the compound (68)
obtained, the compound (70) can be produced. In this deprotection, reagents and
conditions can be selected depending on the protecting group.
The compound (2) can be produced by derivatizing the compound (70) into active
ester, mixed acid anhydride, or the like and reacting it with the compound (4) or a salt
thereof. The reaction conditions, reagents, base, and solvent used for forming a peptide
bond between the compound (70) and the compound (4) can be suitably selected from
those described for the synthesis of the compound (6).
In addition to above, the compound (2) can be also produced according to the
following method.
The compound (2) can be produced by derivatizing the compound (52) described in
Production method 6 into active ester, mixed acid anhydride, or the like and reacting it
with the compound (67) in the presence of a base. The reaction conditions, reagents,
base, and solvent used for forming a peptide bond between the compound (67) and the
compound (52) can be suitably selected from those described for the synthesis of the
compound (6).

Meanwhile, it is also possible that all of the intermediate compounds of Production
method 1 to Production method 9 may be present as in form of salt and/or hydrate.

The antibody-drug conjugate of the present invention may absorb moisture to have
adsorption water, for example, or turn into a hydrate when it is left in air or subjected
to purification procedures such as recrystallization. Such a compound or a salt
containing water are also included in the present invention.

A compound labeled with various radioactive or non-radioactive isotopes is also

included in the present invention. One or more atoms constituting the antibody-drug
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conjugate of the present invention may contain an atomic isotope at non-natural ratio.
Examples of the atomic isotope can include deuterium (*H), tritium (*H), iodine-125 (
123]), and carbon-14 (4C). Further, the compound of the present invention may be ra-
dioactive-labeled with a radioactive isotope such as tritium (*H), iodine-125 (1*]),
carbon-14 (*C), copper-64 (**Cu), zirconium-89 (3°Zr), iodine-124 (124]), fluorine-18 (!*
F), indium-111 (*'I), carbon-11 (1'C), or iodine-131 (**'I). The compound labeled with
a radioactive isotope is useful as a therapeutic or prophylactic agent, a reagent for
research such as an assay reagent and an agent for diagnosis such as an in vivo di-
agnostic imaging agent. Without being related to radioactivity, any isotope variant type
of the antibody-drug conjugate of the present invention is within the scope of the
present invention.

{Pharmaceuticals/Medicines}

The anti-HER3 antibody-drug conjugate of the present invention exhibits a cytotoxic
activity against cancer cells, and thus, as a medicine, it can be particularly used as a
therapeutic agent and/or prophylactic agent for cancer.

Specifically, the anti-HER3 antibody-drug conjugate of the present invention can be
selectively used as a medicine for chemotherapy, which is a major method for treating
cancer, and as a result, can delay development of cancer cells, inhibit growth thereof,
and further destroy the cancer cells. This can allow cancer patients to be free from
symptoms caused by cancer or achieve improvement in QOL of cancer patients and
attains a therapeutic effect by sustaining the lives of the cancer patients. Even if the
anti-HER3 antibody-drug conjugate of the present invention does not reach to de-
stroying cancer cells, it can achieve higher QOL of cancer patients while achieving
long-term survival, by inhibiting or controlling the growth of cancer cells.

The anti-HER3 antibody-drug conjugate of the present invention can be used as a
medicine alone in such medicinal therapy. In addition, the anti-HER3 antibody-drug
conjugate of the present invention can be used as a medicine in combination with an
additional therapy in adjuvant therapy and can be combined with surgical operation,
radiotherapy, hormone therapy, or the like. Furthermore, the anti-HER3 antibody-drug
conjugate of the present invention can also be used as a medicine for drug therapy in
neoadjuvant therapy.

In addition to the therapeutic use as described above, the effect of suppressing the
growth of tiny metastatic cancer cells and further destroying them can also be
expected. Particularly, when the expression of HER3 is confirmed in primary cancer
cells, inhibition of cancer metastasis or a prophylactic effect can be expected by ad-
ministering the anti-HER3 antibody-drug conjugate of the present invention. For
example, the effect of inhibiting and destroying cancer cells in a body fluid in the

course of metastasis or the effect of, for example, inhibiting and destroying tiny cancer
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cells immediately after implantation in any tissue can be expected. Accordingly, in-
hibition of cancer metastasis or a prophylactic effect can be expected, particularly,
after surgical removal of cancer.

The anti-HER3 antibody-drug conjugate of the present invention can be expected to
produce a therapeutic effect by administration as systemic therapy to patients as well
as by local administration to cancer tissues.

The antibody-drug conjugate (1) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, and anti-melanoma
effects in vitro.

The antibody-drug conjugate (2) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, anti-colorectal cancer,
and anti-melanoma effects in vitro and stronger anti-breast cancer and anti-melanoma
effects in vivo than those of U1-59.

The antibody-drug conjugate (3) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, anti-ovarian, anti-
colorectal cancer, and anti-melanoma effects in vitro and stronger anti-breast cancer,
anti-lung cancer, anti-stomach cancer, and anti-melanoma effects in vivo than those of
U1-59.

The antibody-drug conjugate (4) had excellent antitumor activity, safety, and physical
properties and exhibited an anti-breast cancer effect in vitro.

The antibody-drug conjugate (5) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, and anti-melanoma
effects in vitro.

The antibody-drug conjugate (6) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, and anti-melanoma
effects in vitro and a stronger anti-breast cancer effect in vivo than that of U1-59.

The antibody-drug conjugate (7) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, and anti-melanoma
effects in vitro.

The antibody-drug conjugate (8) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, and anti-melanoma
effects in vitro and a stronger anti-breast cancer effect in vivo than that of U1-59.

The antibody-drug conjugate (9) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, anti-ovarian cancer, anti-
colorectal cancer, and anti-melanoma effects in vitro.

The antibody-drug conjugate (10) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, anti-colorectal cancer,

and anti-melanoma effects in vitro and stronger anti-breast cancer, anti-lung cancer,
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anti-colorectal cancer, anti-stomach cancer, and anti-melanoma effects in vivo than
those of U1-59.

The antibody-drug conjugate (11) had excellent antitumor activity, safety, and physical
properties and exhibited an anti-breast cancer effect in vitro.

The antibody-drug conjugate (12) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, anti-ovarian cancer, anti-
colorectal cancer, and anti-melanoma effects in vitro.

The antibody-drug conjugate (13) had excellent antitumor activity, safety, and physical
properties and exhibited anti-breast cancer, anti-lung cancer, anti-colorectal cancer,
and anti-melanoma effects in vitro and stronger anti-breast cancer (including triple-
negative breast cancer), anti-lung cancer, anti-stomach cancer, anti-pancreatic cancer,
and anti-melanoma effects in vivo than those of U1-59.

The antibody-drug conjugate (14) had excellent antitumor activity, safety, and physical
properties and exhibited an anti-breast cancer effect in vitro.

The antibody-drug conjugate (16a) had excellent antitumor activity, safety, and
physical properties and exhibited an anti-breast cancer (including luminal and triple
negative), anti-melanoma, anti-ovarian cancer, anti-bladder cancer, anti-lung cancer,
anti-head and neck cancer, and anti-gastric cancer effects in vivo when it was ad-
ministered alone or in combination with trastuzumab, gefinitib, cetuximab, pan-
itumumab or pertuzumab.

Examples of the cancer type to which the anti-HER3 antibody-drug conjugate of the
present invention is applied include lung cancer, kidney cancer, urothelial cancer,
colorectal cancer, prostate cancer, glioblastoma multiforme, ovarian cancer, pancreatic
cancer, breast cancer, metastatic breast cancer, luminal breast cancer, melanoma, liver
cancer, bladder cancer, gastric (stomach) cancer, gastrointestinal stromal tumor,
cervical cancer, head and neck cancer, esophageal cancer, epidermoid cancer,
peritoneal cancer, adult glioblastoma multiforme, hepatic cancer, hepatocellular
carcinoma, colon cancer, rectal cancer, colon and rectal cancer, endometrial cancer,
uterus cancer, salivary cancer, renal cancer, vulval cancer, thyroid cancer, hepatic
carcinoma, anus carcinoma, penis cancer. Chemotherapy is the only current treatment
indicated for particularly triple negative breast cancer (that lacks the expression of
HER?2, estrogen, and progesteron receptors) among breast cancers, which is said to
have a poor prognosis. There have been almost no reports of HER3 expression in triple
negative breast cancer. However if HER3 expression is observed in patients with triple
negative breast cancer, then the anti-HER3 antibody-drug conjugate of the present
invention can be used as a therapeutic agent and/or a preventive agent. However, it is
not limited to them as long as it is a cancer cell expressing, in a cancer cell as a

treatment subject, a protein which the antibody of the antibody-drug conjugate can
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recognize.

The treatment using the anti-HER3 antibody-drug conjugate of the present invention
can target a cancer cell expressing, in a cancer cell as a treatment subject, HER3
protein which the antibody of the antibody-drug conjugate can recognize. In the
present specification, the "cancer expressing HER3 protein” is cancer comprising cells
having HER3 protein on their surface or cancer secreting HER3 protein into blood.
The HERS3 protein is overexpressed in various human tumors and can be evaluated
using a method usually carried out, such as immunohistochemical staining method
(IHC) for evaluating the overexpression of the HER3 protein in tumor (primary,
metastatic) specimens, fluorescence in situ hybridization method (FISH) for evaluating
the amplification of the HER3 gene, or enzyme-linked immunosorbent assay (ELISA)
for evaluating the overexpression of the HER3 protein in blood specimens.

The anti-HER3 antibody-drug conjugate of the present invention exhibits an antitumor
effect by recognizing and further internalizing HER3 protein expressed on cancer cell
surface. Thus, the treatment subject of the anti-HER3 antibody-drug conjugate of the
present invention is not limited to the "cancer expressing HER3 protein” and can also
be, for example, leukemia, malignant lymphoma, plasmacytoma, myeloma, or
sarcoma.

The anti-HER3 antibody-drug conjugate of the present invention can be preferably
administered to a mammal, but it is more preferably administered to a human.

Substances used in a pharmaceutical composition comprising the anti-HER3
antibody-drug conjugate of the present invention can be suitably selected and applied
from formulation additives or the like that are generally used in the art, in view of the
dosage or administration concentration.

The anti-HER3 antibody-drug conjugate of the present invention can be administered
as a pharmaceutical composition comprising at least one pharmaceutically compatible
ingredient. For example, the pharmaceutical composition typically comprises at least
one pharmaceutical carrier (for example, sterilized liquid). As described herein,
examples of the liquid include water and oil (petroleum oil and oil of animal origin,
plant origin, or synthetic origin). The oil may be, for example, peanut oil, soybean oil,
mineral oil, sesame oil or the like. Water is a more typical carrier when the pharma-
ceutical composition is intravenously administered. Saline solution, an aqueous
dextrose solution, and an aqueous glycerol solution can be also used as a liquid carrier,
in particular, for an injection solution. A suitable pharmaceutical vehicle can be appro-
priately selected from those known in the art. If desired, the composition may also
comprise a trace amount of a moisturizing agent, an emulsifying agent, or a pH
buffering agent. Examples of suitable pharmaceutical carrier are disclosed in

"Remington's Pharmaceutical Sciences" by E. W. Martin. The formulations correspond
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to an administration mode.

Various delivery systems are known and they can be used for administering the anti-
HER3 antibody-drug conjugate of the present invention. Examples of the admin-
istration route can include intradermal, intramuscular, intraperitoneal, intravenous, and
subcutaneous routes, but not limited thereto. The administration can be made by
injection or bolus injection, for example. According to a specific preferred em-
bodiment, the administration of the ligand- drug conjugate is performed by injection.
Parenteral administration is a preferred administration route.

According to a representative embodiment, the pharmaceutical composition is
prescribed, as a pharmaceutical composition suitable for intravenous administration to
human, according to the conventional procedures. The composition for intravenous ad-
ministration is typically a solution in a sterile and isotonic aqueous buffer solution. If
necessary, the drug may contain a solubilizing agent and local anesthetics to alleviate
pain at injection area (for example, lignocaine). Generally, the ingredient is provided
individually as any one of lyophilized powder or an anhydrous concentrate contained
in a container which is obtained by sealing in an ampoule or a sachet having an amount
of the active agent or as a mixture in a unit dosage form. When the pharmaceutical is
the form to be administered by injection, it may be administered from an injection
bottle containing water or saline of sterile pharmaceutical grade. When the pharma-
ceutical is administered by injection, an ampoule of sterile water or saline for injection
may be provided such that the aforementioned ingredients are admixed with each other
before administration.

The pharmaceutical composition of the present invention may comprise only the
anti-HER3 antibody-drug conjugate of the present application as an active ingredient
or may comprise the anti-HER3 antibody-drug conjugate and at least one medicine
(e.g., cancer-treating agent) other than the conjugate. The anti-HER3 antibody-drug
conjugate of the present invention can be administered with another cancer-treating
agent, and the anti-cancer effect may be enhanced accordingly. For example, another
medicine such as an anti-cancer agent used for such purpose may be administered
before administration of the pharmaceutical composition comprising the anti-HER3
antibody-drug conjugate of the present invention as an active ingredient or after admin-
istration of the pharmaceutical composition comprising the anti-HER3 antibody-drug
conjugate as an active ingredient, or may be administered simultaneously with,
separately (individually) from, or subsequently to the antibody-drug conjugate, and it
may be administered while varying the administration interval for each. In the present
invention, the case where the anti-HER3 antibody-drug conjugate of the present
invention is administered simultaneously with another medicine as a single formulation

containing the antibody-drug conjugate and the medicine and the case where the anti-
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HER3 antibody-drug conjugate of the present invention and another medicine are ad-
ministered simultaneously or subsequently as separate formulations or administered
while varying the administration interval for each are both included in the scope of the
"pharmaceutical composition comprising the antibody-drug conjugate and another
medicine". Examples of the cancer-treating agent include 5-FU, trastuzumab,
trastuzumabb emtansine (T-DM1), cetuximab, gefitinib, panitumumab, pertuzumab,
abraxane, erlotinib, carboplatin, cisplatin, gemcitabine, capecitabine, irinotecan
(CPT-11), paclitaxel, docetaxel, pemetrexed, sorafenib, vinblastine, vinorelbine, ver-
murafenib, medicines described in International Publication No. WO 2003/038043,
LH-RH analogues (leuprorelin, goserelin, or the like), estramustine phosphate,
estrogen antagonist (tamoxifen, raloxifene, or the like), and an aromatase inhibitor
(anastrozole, letrozole, exemestane, or the like), but it is not limited as long as it is a
medicine having an antitumor activity. These cancer-treating agents can be classified,
according to their targets, into: anti-FGER agents such as cetuximab, gefitinib, and
panitumumab; anti-HER?2 agents such as trastuzumab, T-DM1, and pertuzumab; anti-
HER3 agents such as patritumab, MM-121, and MM-111; anti-VEGF agents such as
infliximab and adalimumab; etc. Further, they can be classified into: anti-EGFR an-
tibodies such as cetuximab and panitumumab; anti-HER2 antibodies such as
trastuzumab and pertuzumab; anti-HER3 antibodies such as patritumab, MM-121, and
MM-111; anti-VEGF antibodies such as infliximab and adalimumab; etc. The anti-
HER3 antibody-drug conjugate of the present invention exerts an excellent therapeutic
effect when administered in combination with an anti-HER2 agent or an anti-HER2
antibody in 1) the treatment of stomach cancer, breast cancer, triple-negative breast
cancer, or the like or when administered in combination with an anti-EGFR agent or an
anti-EGFR antibody in ii) the treatment of lung cancer, head and neck cancer, stomach
cancer, breast cancer, triple-negative breast cancer, or the like. One or two or more
medicines other than the conjugate can be used, and these medicines may be anti-
cancer agents or may be medicines for alleviating side effect caused by companion
medicines.

In the present invention, the "pharmaceutical composition comprising the anti-HER3
antibody-drug conjugate and another medicine" has the same meaning as a "pharma-
ceutical composition in which the anti-HER3 antibody-drug conjugate is to be ad-
ministered in combination with another medicine". In the present invention, the phrase
"administered in combination" used for the anti-HER3 antibody-drug conjugate and
another medicine means that the anti-HER3 antibody-drug conjugate and another
medicine are incorporated in the body of a recipient within a certain period. A single
formulation containing the anti-HER3 antibody-drug conjugate and another medicine

may be administered, or the anti-HER3 antibody-drug conjugate and another medicine
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may be separately formulated and administered as separate formulations. In the case of
the separate formulations, the timings of administration thereof are not particularly
limited, and the formulations may be administered at the same time or may be ad-
ministered at different times or different days in a staggered manner. In the case where
the anti-HER3 antibody-drug conjugate and another medicine are separately ad-
ministered at different times or different days, the order of administration thereof is not
particularly limited. Since separate formulations are usually administered according to
their respective administration methods, the frequency of administration thereof may
be the same or may be different. Further, such separate formulations may be ad-
ministered by the same administration method (administration route) or different ad-
ministration methods (administration routes). It is not necessary that the anti-HER3
antibody-drug conjugate and another medicine exist in the body at the same time, and
it is sufficient that the anti-HER3 antibody-drug conjugate and another medicine are
incorporated in the body within a certain period (e.g., 1 month, preferably 1 week,
more preferably several days, even more preferably 1 day). Alternatively, when one of
the active ingredients is administered, the other active ingredient may have already dis-
appeared from the body.

Examples of the dosage form of the "pharmaceutical composition in which the anti-
HER3 antibody-drug conjugate is to be administered in combination with another
medicine" can include: 1) the administration of a single formulation comprising the
anti-HER3 antibody-drug conjugate and another medicine, 2) the simultaneous admin-
istration through the same administration route of two formulations obtained by
separately formulating the anti-HER3 antibody-drug conjugate and another medicine,
3) the administration in a staggered manner through the same administration route of
two formulations obtained by separately formulating the anti-HER3 antibody-drug
conjugate and another medicine, 4) the simultaneous administration through different
administration routes of two formulations obtained by separately formulating the anti-
HER3 antibody-drug conjugate and another medicine, and 5) the administration in a
staggered manner through different administration routes of two formulations obtained
by separately formulating the anti-HER3 antibody-drug conjugate and another
medicine. The dose, dosing interval, dosage form, formulation, etc., of the "pharma-
ceutical composition in which the anti-HER3 antibody-drug conjugate is to be ad-
ministered in combination with another medicine" abide by those of the pharma-
ceutical composition containing the anti-HER3 antibody-drug conjugate of the present
invention, but are not limited thereto.

Such a pharmaceutical composition formulated in two different formulations may be in
the form of a kit containing them.

In the present invention, the "combination” of the anti-HER3 antibody-drug conjugate
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and another medicine means that the anti-HER3 antibody-drug conjugate and the
medicine are "administered in combination".
The pharmaceutical composition can be formulated into a lyophilization formulation

or a liquid formulation as a formulation having desired composition and required
purity. When formulated as a lyophilization formulation, it may be a formulation
containing suitable formulation additives that are used in the art. Also for a liquid for-
mulation, it can be formulated as a liquid formulation containing various formulation
additives that are used in the art.

Constituents and concentration of the pharmaceutical composition may vary
depending on administration method. However, the anti-HER3 antibody-drug
conjugate comprised in the pharmaceutical composition of the present invention can
exhibit the pharmaceutical effect even at a small dosage when the antibody-drug
conjugate has higher affinity for an antigen, that is, higher affinity (= lower Kd value)
in terms of the dissociation constant (that is, Kd value) for the antigen. Thus, for de-
termining dosage of the antibody-drug conjugate, the dosage can be determined in
view of a situation relating to the affinity between the antibody-drug conjugate and
antigen. When the antibody-drug conjugate of the present invention is administered to
a human, for example, about 0.001 to 100 mg/kg can be administered once or ad-
ministered several times with an interval of one time for 1 to 180 days.

Examples

The present invention is specifically described in view of the examples shown below.
However, the present invention is not limited to them. Further, it is by no means in-
terpreted in a limited sense. Further, unless specifically described otherwise, the
reagent, solvent, and starting material described in the specification can be easily
obtained from a commercial supplier.

Reference Example 1 Production of U1-59

U1-59 was produced on the basis of the method described in International Pub-
lication No. WO 2007/077028.

Example 1 Antibody-drug conjugate (1)



140

WO 2015/155998 PCT/JP2015/002020

[0204]

Q H
U1-59 _Aq\/\/\)L N\)L
Process 6 g NN I

—_ =

Process 1: tert-Butyl
(4-{[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-diox0-2,3,9,10,13,15-hexahy
dro-1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-1-yl]Jamino }-4-oxobu
tyl)carbamate

4-(tert-Butoxycarbonylamino)butanoic acid (0.237 g, 1.13 mmol) was dissolved in
dichloromethane (10 mL), charged with N-hydroxysuccinimide (0.130 g, 1.13 mmol)
and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.216 g, 1.13
mmol), and stirred for 1 hour. The reaction solution was added dropwise to an
N,N-dimethylformamide solution (10 mL) charged with exatecan mesylate (0.500 g,
0.94 mmol) and triethylamine (0.157 mL, 1.13 mmol), and stirred at room temperature
for 1 day. The solvent was removed under reduced pressure and the obtained residues
were purified by silica gel column chromatography [chloroform - chloroform :
methanol =8 : 2 (v/v)] to yield the titled compound (0.595 g, quantitative).

'H-NMR (400 MHz, DMSO-dg) delta: 0.87 (3H, t, J =7.2 Hz), 1.31 (9H, s), 1.58
(1H,t,J=7.2Hz), 1.66 (2H, t,J =7.2 Hz), 1.89-1.82 (2H, m), 2.12-2.21 (3H, m), 2.39
(3H, s),2.92 (2H, t,J=6.5Hz), 3.17 (2H, 5), 5.16 (1H, d, J = 19.2 Hz), 5.24 (1H, d, J
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= 18.8 Hz), 5.42 (2H, s), 5.59-5.55 (1H, m), 6.53 (1H, s), 6.78 (1H, t, J = 6.3 Hz), 7.30
(1H,s),7.79 (1H, d, J = 11.0 Hz), 8.40 (1H, d, J = 8.6 Hz).
MS (APCI) m/z: 621 (M+H)*.

Process 2:
4-Amino-N-[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo-2,3,9,10,13,15
-hexahydro-1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-1-yl]butanam
ide trifluoroacetate

The compound (0.388 g, 0.61 mmol) obtained in above Process 1 was dissolved in
dichloromethane (9 mL). After adding trifluoroacetic acid (9 mL), it was stirred for 4
hours. The solvent was removed under reduced pressure and the obtained residues
were purified by silica gel column chromatography [chloroform - partitioned organic
layer of chloroform : methanol : water =7 : 3 : 1 (v/v/v)] to yield the titled compound
(0.343 g, quantitative).

'H-NMR (400 MHz, DMSO-d¢) 0.87 (3H, t, J=7.2 Hz), 1.79-1.92 (4H, m), 2.10-2.17
(2H, m), 2.27 (2H, t, J=7.0 Hz), 2.40 (3H, s), 2.80-2.86 (2H, m), 3.15-3.20 (2H, m),
5.15(1H, d, J=18.8 Hz), 5.26 (1H, d, J=18.8 Hz), 5.42 (2H, s), 5.54-5.61 (1H, m), 6.55
(1H, s), 7.32 (1H, s), 7.72 (3H, brs), 7.82 (1H, d, J=11.0 Hz), 8.54 (1H, d, J=8.6 Hz).

MS (APCI) m/z: 521 (M+H)*.

Process 3: N-
(tert-butoxycarbonyl)glycylglycyl-L-phenylalanyl-N-(4-{[(1S,9S)-9-ethyl-5-fluoro-9-h
ydroxy-4-methyl-10,13-dioxo-2,3,9,10,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',
4':6,7]indolizino[1,2-b]quinolin-1-yl]Jamino }-4-oxobutyl)glycinamide

N-(tert-butoxycarbonyl)glycylglycyl-L-phenylalanylglycine (0.081 g, 0.19 mmol)
was dissolved in dichloromethane (3 mL), charged with N-hydroxysuccinimide (0.021
g, 0.19 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(0.036 g, 0.19 mmol), and stirred for 3.5 hours. The reaction solution was added
dropwise to an N,N-dimethylformamide solution (1.5 mL) charged with the compound
(0.080 g, 0.15 mmol) which has been obtained in above Process 2 and stirred at room
temperature for 4 hours. The solvent was removed under reduced pressure and the
obtained residues were purified by silica gel column chromatography [chloroform -
chloroform : methanol = 8 : 2 (v/v)] to yield the titled compound (0.106 g, 73%).

'H-NMR (400 MHz, DMSO-d) delta: 0.87 (3H, t, J =7.4 Hz), 1.36 (9H, s), 1.71
(2H, m), 1.86 2H, t,J = 7.8 Hz), 2.15-2.19 (4H, m), 2.40 (3H, s), 2.77 (1H, dd, J =
12.7, 8.8 Hz), 3.02 (1H, dd, J = 14.1, 4.7 Hz), 3.08-3.11 (2H, m), 3.16-3.19 (2H, m),
3.54 (2H, d, J =5.9 Hz), 3.57-3.77 (4H, m), 4.46-4.48 (1H, m), 5.16 (1H, d, J = 19.2
Hz), 5.25 (1H, d, J = 18.8 Hz), 5.42 (2H, s), 5.55-5.60 (1H, m), 6.53 (1H, s), 7.00 (1H,
t,J=6.3 Hz), 7.17-7.26 (5H, m), 7.31 (1H, s), 7.71 (1H, t, J =5.7 Hz), 7.80 (1H, d, J =
11.0Hz),7.92 (1H, t,J=5.7 Hz), 8.15 (1H, d, ] = 8.2 Hz), 8.27 (1H, t, J = 5.5 Hz),
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8.46 (1H, d, J = 8.2 Hz).
MS (APCI) m/z: 939 (M+H)*.

Process 4: Glycylglycyl-
L-phenylalanyl-N-(4-{[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo-2,3,
9,10,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',4':6,7]indolizino[ 1,2-b]quinolin-1-
yl]amino }-4-oxobutyl)glycinamide trifluoroacetate

The compound (1.97 g, 2.10 mmol) obtained in above Process 3 was dissolved in
dichloromethane (7 mL). After adding trifluoroacetic acid (7 mL), it was stirred for 1
hour. The solvent was removed under reduced pressure, and it was charged with
toluene for azeotropic distillation. The obtained residues were purified by silica gel
column chromatography [chloroform - partitioned organic layer of chloroform :
methanol : water =7 : 3 : 1 (v/v/v)] to yield the titled compound (1.97 g, 99%).

'H-NMR (400 MHz, DMSO-dg) delta: 0.87 (3H, t, J =7.4 Hz), 1.71-1.73 (2H, m),
1.82-1.90 (2H, m), 2.12-2.20 (4H, m), 2.40 (3H, s), 2.75 (1H, dd, ] = 13.7, 9.4 Hz),
3.03-3.09 (3H, m), 3.18-3.19 (2H, m), 3.58-3.60 (2H, m), 3.64 (1H, d, ] = 5.9 Hz),
3.69(1H,d,J=5.9Hz),3.72 (1H, d, J = 5.5 Hz), 3.87 (1H, dd, J = 16.8, 5.9 Hz),
4.50-4.56 (1H, m), 5.16 (1H, d, J = 19.2 Hz), 5.25 (1H, d, J = 18.8 Hz), 5.42 (2H, s),
5.55-5.60 (1H, m), 7.17-7.27 (SH, m), 7.32 (1H, s), 7.78-7.81 (2H, m), 7.95-7.97 (3H,
m), 8.33-8.35 (2H, m), 8.48-8.51 (2H, m).

MS (APCI) m/z: 839 (M+H)*.

Process 5: N-

[6-(2,5-diox0-2,5-dihydro- 1H-pyrrol-1-yl)hexanoyl]glycylglycyl-L-phenylalanyl-N-(4-
{[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo0-2,3,9,10,13,15-hexahydro
-1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin- 1-yl]amino }-4-oxobutyl)
glycinamide

To an N,N-dimethylformamide (1.2 mL) solution of the compound (337 mg, 0.353
mmol) obtained in above Process 4, triethylamine (44.3 mL, 0.318 mmol) and N-
succinimidyl 6-maleimidehexanoate (119.7 mg, 0.388 mmol) were added and stirred at
room temperature for 1 hour. The solvent was removed under reduced pressure and the
obtained residues were purified by silica gel column chromatography [chloroform -
chloroform : methanol = 5 : 1 (v/v)] to yield the titled compound as a pale yellow solid
(278.0 mg, 76%).

'H-NMR (400 MHz, DMSO-d) delta: 0.87 (3H, t, J=7.3 Hz), 1.12-1.22 (2H, m),
1.40-1.51 (4H, m), 1.66-1.76 (2H, m), 1.80-1.91 (2H, m), 2.05-2.21 (6H, m), 2.39 (3H,
s), 2.79 (1H, dd, J=14.0, 9.8 Hz), 2.98-3.21 (5H, m), 3.55-3.77 (8H, m), 4.41-4.48 (1H,
m), 5.15 (1H, d, J=18.9 Hz), 5.24 (1H, d, J=18.9 Hz), 5.40 (1H, d, J=17.1 Hz), 5.44
(1H, d, J=17.1 Hz), 5.54-5.60 (1H, m), 6.53 (1H, s), 6.99 (2H, s), 7.20-7.27 (5H, m),
7.30 (1H, s), 7.70 (1H, t, J=5.5 Hz), 7.80 (1H, d, J=11.0 Hz), 8.03 (1H, t, J=5.8 Hz),
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8.08 (1H, t, J=5.5 Hz), 8.14 (1H, d, J=7.9 Hz), 8.25 (1H, t, J=6.1 Hz), 8.46 (1H, d,
J=8.5 Hz).
MS (APCI) m/z: 1032 (M+H)".

Process 6: Antibody-drug conjugate (1)

Reducing the antibody: U1-59 produced in Reference Example 1 was prepared to
have antibody concentration of 10 mg/mL by replacing the medium with
PBS6.0/EDTA by using the Common procedure B and Common procedure C
described in Production method 1. The solution (1.00 mL) was added to a 2.0 mL
polypropylene tube and charged with an aqueous solution of 10 mM TCEP (Tokyo
Chemical Industry Co., Ltd.) (0.0307 mL; 4.6 equivalents per antibody molecule) and
a 1 M aqueous solution of dipotassium hydrogen phosphate (Nacalai Tesque, Inc.;
0.050 mL). After confirming that the solution has pH of 7.4 +/- 0.1, the disulfide bond
at hinge part in the antibody was reduced by incubating at 37C for 1 hour.

Conjugation between antibody and drug linker: After incubating the solution in a
water bath at 22C for 10 minutes, dimethyl sulfoxide (Sigma-Aldrich Co. LLC; 0.0586
mL) and a dimethyl sulfoxide solution (0.0615 mL; 9.2 equivalents per antibody
molecule) containing 10 mM of the compound obtained in above Process 5 were added
thereto and incubated in a water bath at 22C for 40 minutes for conjugating the drug
linker to the antibody. Next, an aqueous solution (0.0123 mL) of 100 mM NAC
(Sigma-Aldrich Co. LLC) was added thereto and stirred by using a tube rotator
(MTR-103, manufactured by AS ONE Corporation) at room temperature for 20
minutes to terminate reaction of the drug linker.

Purification: The above solution was subjected to purification using the Common
procedure D (ABS is used as buffer solution) described in Production method 1 to
yield 6 mL of a solution containing the titled antibody-drug conjugate.

Physicochemical characterization: By using the Common procedure E described in
Production method 1 (as molar absorption coefficient of the drug linker, Ep, 550 = 7280
and Ep, 379 = 23400 were used), the following characteristic values were obtained.

Antibody concentration: 1.29 mg/mL, antibody yield: 7.74 mg (77%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E: 4.9.

Example 2 Antibody-drug conjugate (2)
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[0211]  Process 1: Antibody-drug conjugate (2)

PCT/JP2015/002020

By using U1-59 produced in Reference Example 1 and the compound obtained in

above Process 5 of Example 1, the titled antibody-drug conjugate was obtained in the

same manner as Process 6 of Example 1.

Antibody concentration: 12.0 mg/mL, antibody yield: 226.8 mg (91%), and average

number of conjugated drug molecules (n) per antibody molecule measured by

Common procedure E: 4.9.
[0212]  Example 3 Antibody-drug conjugate (3)
[Chem.34]

0
u1-58 74<;§\/\/\)LN
Process 1 o H/Ho(

R —

[0213]  Process 1: Antibody-drug conjugate (3)

By using U1-59 produced in Reference Example 1 and the compound obtained in

Process 5 of Example 1, the titled antibody-drug conjugate was obtained in the same

manner as Process 6 of Example 1.
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Antibody concentration: 16.9 mg/mL, antibody yield: 219.7 mg (88%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E: 4.9.

Example 4 Antibody-drug conjugate (4)
[Chem.35]

7 L O H © H O
g\/\/\)LN”\rN\)LN N\)LNWO
(o] H o H o H NH

o}
[ H O H O
. P EEN\)L o
Process 1 c E/Er N 5 ”W\NFH
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Process 1: Antibody-drug conjugate (4)

Reducing the antibody: U1-59 produced in Reference Example 1 was prepared to
have antibody concentration of 10 mg/mL by replacing the medium with
PBS6.0/EDTA by using the Common procedure B and Common procedure C
described in Production method 1. The solution (1.00 mL) was added to a 1.5 mL
polypropylene tube and charged with an aqueous solution of 10 mM TCEP (Tokyo
Chemical Industry Co., Ltd.) (0.0187 mL; 2.8 equivalents per antibody molecule) and
a 1 M aqueous solution of dipotassium hydrogen phosphate (Nacalai Tesque, Inc.;
0.0170 mL). After confirming that the solution has pH of 7.0 +/- 0.1, the disulfide
bond at hinge part in the antibody was reduced by incubating at 37C for 1 hour.

Conjugation between antibody and drug linker: After adding a dimethyl sulfoxide
solution (0.0314 mL; 4.7 equivalents per antibody molecule) containing 10 mM of the
compound obtained in above Process 5 to the solution at room temperature, it was
incubated at 15C for 1 hour for conjugating the drug linker to the antibody. Next, an
aqueous solution (0.0123 mL; 18.4 equivalents per antibody molecule) of 100 mM
NAC (Sigma-Aldrich Co. LLC) was added thereto and incubatedat room temperature
for another 20 minutes to terminate reaction of the drug linker.

Purification: The above solution was subjected to purification using the Common
procedure D (ABS is used as buffer solution) described in Production method 1 to
yield 6 mL of a solution containing the titled antibody-drug conjugate. After that, the

solution was concentrated by the Common procedure A.
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Physicochemical characterization: By using the Common procedure E described in
Production method 1 (as molar absorption coefficient of the drug linker, Ep, 550 = 5000,
and Ep, 570 = 19000 were used), the following characteristic values were obtained.
Antibody concentration: 1.02 mg/mL, antibody yield: 6.1 mg (61%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E: 2.9; and average number of conjugated drug molecules (n) per
antibody molecule measured by Common procedure F (as molar absorption coefficient
of the drug linker, Ep,30 = 5000 were used): 3.2.

[0216]  Example 5 Antibody-drug conjugate (5)
[Chem.36]

o W
o w0 o ° o
HEN\)J\N/\[(N\J\NH O D)LN oH 9 H 9 Hof
H oo ; o . "o Q M N A N
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Process 4
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[0217] Process 1: tert-Butyl
(5S,145)-5-benzyl-1-{[(15,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo-2,3,
9,10,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',4':6,7]indolizino[ 1,2-b]quinolin-1-
yl]amino }-14-{[(9H-fluoren-9-ylmethoxy)carbonyl]amino}-1,4,7,10,13-pentaoxo-3,6,
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9,12-tetraazahexadecan-16-oate

Under ice cooling, to an N,N-dimethylformamide (10.0 mL) solution of glycylglycyl-
L-phenylalanyl-N-[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo-2,3,9,10
,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',4":6,7]]indolizino[ 1,2-b]quinolin-1-yl]gl
ycinamide (free form of the pharmaceutical compound described in International Pub-
lication No. WO 1997/46260; 0.250 g, 0.332 mmol), N-hydroxysuccinimide (57.2 mg,
0.497 mmol), and 4-tert-butyl N-[(9H-fluoren-9-ylmethoxy)carbonyl]-L-aspartic acid
(0.205 g, 0.497 mmol), N,N'-dicyclohexylcarbodiimide (0.123 g, 0.497 mmol) was
added and stirred at room temperature for 2 days. The solvent was removed under
reduced pressure and the obtained residues were purified by silica gel column chro-
matography [chloroform - chloroform : methanol =9 : 1 (v/v)] to yield the titled
compound as a pale yellow solid (0.278 g, 73%).

'H-NMR (400 MHz, DMSO-d) delta: 0.86 (3H, t, J =7.1 Hz), 1.35 (9H, s), 1.79-1.90
(2H, m), 2.03-2.25 (2H, m), 2.40 (3H, s), 2.40-2.51 (2H, m), 2.64-2.82 (2H, m), 2.98
(1H, dd, J=13.7, 4.6 Hz), 3.16 (2H, brs), 3.55 (1H, dd, J = 16.7, 5.7 Hz), 3.63-3.80
(4H, m), 4.16-4.34 (3H, m), 4.36-4.50 (2H, m), 5.23 (2H, s), 5.37 (1H, d, ] = 16.5 Hz),
543 (1H,d,J=16.5 Hz), 5.51-5.62 (1H, m), 6.52 (1H, s), 7.10-7.25 (5H, m),
7.26-7.33 (3H, m), 7.39 (2H, t, J = 7.3 Hz), 7.65-7.72 (3H, m), 7.80 (1H, d, J = 11.0
Hz),7.86 (2H,d,J=7.3 Hz), 7.98 (1H, t,J = 5.5 Hz), 8.07 (1H, d, ] = 7.8 Hz), 8.15
(1H,t,J=5.5H2),8.31 (1H, t,J =5.5 Hz), 8.41 (1H, d, J = 8.7 Hz).

MS (ESD m/z: 1147 (M+H)*.

Process 2: tert-Butyl
(55,14S)-14-amino-5-benzyl-1-{[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-
dioxo0-2,3,9,10,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]q
uinolin-1-ylJamino}-1,4,7,10,13-pentaoxo-3,6,9,12-tetraazahexadecan-16-oate

To an N,N-dimethylformamide (2.00 mL) solution of the compound (0.279 g, 0.242
mmol) obtained in above Process 1, piperidine (0.240 mL, 2.42 mmol) was added and
stirred at room temperature for 1 hour. The solvent was removed under reduced
pressure and the obtained residues were purified by silica gel column chromatography
[chloroform - chloroform : methanol =2 : 1 (v/v)] to yield the titled compound as a
pale yellow solid (0.265 g, quantitative).

'H-NMR (400 MHz, DMSO-d) delta: 0.88 (3H, t, J = 7.2 Hz), 1.39 (9H, s),
1.81-1.94 (1H, m), 2.07-2.28 (2H, m), 2.37 (1H, dd, J = 15.8, 8.0 Hz), 2.43 (3H, s),
2.60 (1H, dd, J = 15.8, 4.9 Hz), 2.75-2.82 (1H, m), 3.00 (1H, dd, J = 13.9, 4.5 Hz),
3.16-3.25 (2H, m), 3.50-3.61 (2H, m), 3.65-3.81 (5H, m), 4.40-4.51 (1H, m), 5.27 (2H,
dd,J=24.1, 19.0 Hz), 5.43 (2H, dd, J = 21.3, 16.2 Hz), 5.56-5.65 (1H, m), 6.55 (1H,
s), 7.15-7.28 (5H, m), 7.33 (1H, s), 7.83 (1H, d, J = 11.0 Hz), 8.04 (1H, t, ] = 5.7 Hz),
8.09 (1H, d, J = 8.2 Hz), 8.26-8.39 (2H, m), 8.44 (1H, d, J = 8.2 Hz).
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Process 3: tert-Butyl
(5S,145)-5-benzyl-14-{[6-(2,5-diox0-2,5-dihydro- 1H-pyrrol-1-yl)hexanoyl]Jamino } - 1-
{[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo-2,3,9,10,13,15-hexahydro
-1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-1-ylJamino }-1,4,7,10,13
-pentaoxo-3,6,9,12-tetraazahexadecan-16-oate

To an N,N-dimethylformamide (2.00 mL) solution of the compound (0.100 g, 0.108
mmol) obtained in above Process 2, N-succinimidyl 6-maleimide hexanoate (40.0 mg,
0.130 mmol) was added and stirred at room temperature for 2 days. The solvent was
removed under reduced pressure and the obtained residues were purified by silica gel
column chromatography [chloroform - chloroform : methanol =9 : 1 (v/v)] to yield the
titled compound as a pale yellow solid (80.0 mg, 66%).

'H-NMR (400 MHz, DMSO-dg) delta: 0.88 (3H, t, J =7.2 Hz), 1.13-1.23 (2H, m),
1.37 (9H, s), 1.42-1.54 (4H, m), 1.80-1.96 (2H, m), 2.08-2.25 (4H, m), 2.35-3.76 (15H,
m), 2.43 (3H, s), 4.39-4.49 (1H, m), 4.55-4.67 (1H, m), 5.21-5.34 (2H, m), 5.43 (2H,
dd,J=21.1, 16.4 Hz), 5.56-5.64 (1H, m), 6.55 (1H, s), 7.01 (2H, d, J = 0.8 Hz),
7.16-7.26 (5H, m), 7.33 (1H, s), 7.83 (1H, d, J = 11.3 Hz), 8.04-8.18 (3H, m),
8.30-8.37 (1H, m), 8.43 (1H, d, J = 8.6 Hz).

MS (ESD m/z: 1118 (M+H)*.

Process 4: N-

[6-(2,5-diox0-2,5-dihydro- 1H-pyrrol-1-yl)hexanoyl]-L-alpha-aspartylglycylglycyl-L-p
henylalanyl-N-[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo0-2,3,9,10,13,
15-hexahydro-1H,12H-benzo[de]pyrano[3',4':6,7]indolizino[1,2-b]quinolin- 1-yl]glycin
amide

Under ice cooling, trifluoroacetic acid (4.00 mL) was added to the compound (70.0
mg, 62.6 u moL) obtained in above Process 3 and stirred at room temperature for 1
hour. The solvent was removed under reduced pressure to yield the titled compound as
a pale yellow solid (55.0 mg, 83%).

'H-NMR (400 MHz, DMSO-d) delta: 0.88 (3H, t, J =7.4 Hz), 1.14-1.24 (2H, m),
1.41-1.53 (4H, m), 1.79-1.95 (2H, m), 2.08-2.28 (4H, m), 2.37-2.60 (2H, m), 2.42 (3H,
s), 2.63-2.82 (2H, m), 2.99 (1H, dd, J = 14.1, 5.1 Hz), 3.12-3.25 (2H, m), 3.29-3.44
(1H, m), 3.52-3.80 (6H, m), 4.38-4.48 (1H, m), 4.56 (1H, dd, J = 13.7, 7.4 Hz), 5.27
(2H, dd, J =24.3, 18.8 Hz), 5.43 (2H, dd, J =21.5, 16.4 Hz), 5.57-5.62 (1H, m), 6.55
(1H, s), 7.01 (2H, s), 7.15-7.26 (SH, m), 7.33 (1H, s), 7.82 (1H, d, J = 11.0 Hz), 7.98
(1H, brs), 8.08 (1H, d, J =6.7 Hz), 8.15 (1H, d, J = 7.8 Hz), 8.34 (1H, brs), 8.44 (1H,
d,J=8.6 Hz), 12.26 (1H, brs).

MS (ESD m/z: 1062 (M+H)*.

Process 5: Antibody-drug conjugate (5)

By using U1-59 produced in Reference Example 1 and the compound obtained in
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above Process 4, the titled antibody-drug conjugate was obtained in the same manner
as Process 6 of Example 1.
Antibody concentration: 1.36 mg/mL, antibody yield: 8.16 mg (82%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 550 = 7620,
Ep 370 = 23700 were used): 5.0.

[0222]  Example 6 Antibody-drug conjugate (6)
[Chem.37]

o co,H
; ¢ o] h 0 ho@
N\/\/\)L-N N\)'kN/\ﬂ/N\_)LN
H H :
0 0 0

Ph Process 1

I

o
U1-5974q\/\/\)]‘[q
o oo

[0223]  Process 1: Antibody-drug conjugate (6)

By using U1-59 produced in Reference Example 1 and the compound obtained in
above Process 4 of Example 5, the titled antibody-drug conjugate was obtained in the
same manner as Process 6 of Example 1.

Antibody concentration: 11.5 mg/mL, antibody yield: 224.2 mg (90%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 550 = 7620,
Ep 370 = 23700 were used): 4.6.

[0224]  Example 7 Antibody-drug conjugate (7)



150
WO 2015/155998 PCT/JP2015/002020

LS,
Tor _\IQO O’ H © H © H ©
o OTN\)LN/\(N\)LN N\)LN
o .8 o H o H
Py
©

[Chem.38]

s

/\/\fc

Process 1

o] o]
b by

Process 2

Process 4

Q H
U1_59_4&/\/\/\gN\HLN/\rN\AN

[0225] Process 1: tert-Butyl
(3S,125)-12-benzyl-21-{[(15,9S)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo-2,
3,9,10,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-1
-ylJamino }-3-{[(9H-fluoren-9-ylmethoxy)carbonyl]amino }-4,7,10,13,16,21-hexaoxo-5
,8,11,14,17-pentaazahenicosan- 1-oate

(25)-4-tert-Butoxy-2-{[(9H-fluoren-9-ylmethoxy)carbonyl]amino }-4-oxobutanoic
acid (0.625 g, 1.52 mmol) was dissolved in dichloromethane (10.0 mL), charged with
N-hydroxysuccinimide (0.175 g, 1.52 mol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.291 g, 1.52 mmol),
and stirred for 1 hour. The reaction solution was added dropwise to an
N,N-dimethylformamide solution (10.0 mL) charged with the compound (1.00 g, 1.01
mmol) obtained in above Process 4 of Example 1 and stirred at room temperature for
20 hours. The solvent was removed under reduced pressure and the obtained residues

were purified by silica gel column chromatography [chloroform - chloroform :
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methanol =8 : 2 (v/v)] to yield the titled compound as a pale yellow solid (0.873 g,
70%).

'H-NMR (400 MHz, DMSO-d) delta: 0.88 (3H, t, J=7.4 Hz), 1.37 (9H, s), 1.68-1.78
(2H, m), 1.81-1.93 (2H, m), 2.10-2.23 (4H, m), 2.41 (3H, s), 2.68-2.85 (3H, m),
2.99-3.22 (5H, m), 3.58-3.81 (6H, m), 4.19-4.36 (3H, m), 4.38-4.52 (2H, m), 5.17 (1H,
d,J=19.2 Hz), 5.25 (1H, d, J=19.2 Hz), 5.43 (2H, s), 5.54-5.62 (1H, m), 6.55 (1H, s),
7.15-7.34 (8H, m), 7.41 (2H, t, J=7.2 Hz), 7.66-7.75 (4H, m), 7.81 (1H, d, J=11.0 Hz),
7.88 (2H, d, J=7.4 Hz), 8.01-8.06 (1H, m), 8.14 (1H, d, J=8.2 Hz), 8.17-8.22 (1H, m),
8.25-8.30 (1H, m), 8.47 (1H, d, J=8.6 Hz).

MS (APCI) m/z: 1232 (M+H)*.

Process 2: tert-Butyl
(3S,125)-12-benzyl-3-{[6-(2,5-diox0-2,5-dihydro- 1H-pyrrol-1-yl)hexanoyl]Jamino }-21
-{[(15,9S)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-diox0-2,3,9,10,13,15-hexahydr
o-1H,12H-benzo[de]pyrano[3',4':6,7]indolizino[ 1,2-b]quinolin-1-yl]Jamino }-4,7,10,13,
16,21-hexaoxo-5,8,11,14,17-pentaazahenicosan- 1-oate

The compound (0.800 g, 0.649 mmol) obtained in above Process 1 was dissolved in
N,N-dimethylformamide (3.00 mL), charged with piperidine (0.643 mL, 6.49 mmol),
and stirred for 1 hour. The solvent was removed to driness under reduced pressure and
the obtained residues were dissolved in N,N-dimethylformamide (10 mL). After
adding N-succinimidyl 6-maleimide hexanoate (0.300 g, 0.974 mmol), it was stirred
for 20 hours. The solvent was removed under reduced pressure and the obtained
residues were purified by silica gel column chromatography [chloroform - chloroform :
methanol = § : 2 (v/v)] to yield the titled compound as a pale yellow solid (0.224 g,
29%).

'H-NMR (400 MHz, DMSO-dg) delta: 0.87 (3H, t, J =7.6 Hz), 1.15-1.22 (2H, m),
1.35 (9H, s), 1.44-1.47 (4H, m), 1.71-1.73 (2H, m), 1.80-1.91 (2H, m), 2.08 2H, t,J =
7.6 Hz), 2.13-2.20 (4H, m), 2.40 (3H, s), 2.67 (1H, dt, J = 11.1, 4.8 Hz), 2.78 (1H, dd,
J=13.6,9.4 Hz), 2.99-3.17 (6H, m), 3.31-3.36 (2H, m), 3.57-3.76 (6H, m), 4.45-4.47
(1H, m), 4.57-4.60 (1H, m), 5.16 (1H, d, J = 18.7 Hz), 5.25 (1H, d, J = 18.7 Hz), 5.42
(2H, s), 5.55-5.60 (1H, m), 6.53 (1H, s), 6.99 (2H, s), 7.15-7.27 (5H, m), 7.31 (1H, s),
7.70 (1H, t, J =5.4 Hz), 7.80 (1H, d, J = 10.9 Hz), 7.99 (1H, t, ] = 5.7 Hz), 8.09-8.12
(3H, m), 8.25 (1H, t,J=6.0 Hz), 8.45 (1H, d, ] = 9.1 Hz).

MS (APCI) m/z: 1203 (M+H)".

Process 3: N-

[6-(2,5-diox0-2,5-dihydro- 1H-pyrrol-1-yl)hexanoyl]-L-alpha-aspartylglycylglycyl-L-p
henylalanyl-N-(4-{[(1S,9S)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-diox0-2,3,9,1
0,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-1-yl]a

mino }-4-oxobutyl)glycinamide
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[0230]

The compound (0.224 g, 0.186 mmol) obtained in above Process 2 was reacted in the
same manner as Process 2 of Example 1 to yield the titled compound as a pale yellow
solid (21.2 mg, 10%).

'H-NMR (400 MHz, DMSO-d) delta: 0.87 (3H, t, J =7.2 Hz), 1.13-1.21 (2H, m),
1.42-1.45 (6H, m), 1.70-1.72 (2H, m), 1.85-1.88 (2H, m), 2.06-2.20 (6H, m), 2.39 (3H,
s), 2.63-2.67 (1H, m), 2.78-2.81 (1H, m), 3.04-3.12 (6H, m), 3.63-3.70 (6H, m),
4.46-4.52 (2H, m), 5.16 (1H, d, J = 19.2 Hz), 5.25 (1H, d, J = 18.8 Hz), 5.42 (2H, s),
5.55-5.58 (1H, m), 6.53 (1H, s), 6.99 (2H, s), 7.18-7.23 (6H, m), 7.30 (1H, s), 7.71
(1H,t,J=5.5Hz),7.79 (1H, d, ] = 10.9 Hz), 7.99-8.02 (1H, m), 8.10-8.11 (3H, m),
8.27-8.30 (1H, m), 8.47-8.50 (1H, m).

MS (APCI) m/z: 1147 (M+H)".

Process 4: Antibody-drug conjugate (7)

By using U1-59 produced in Reference Example 1 and the compound obtained in
above Process 3, the titled antibody-drug conjugate was obtained in the same manner
as Process 6 of Example 1.

Antibody concentration: 1.39 mg/mL, antibody yield: 8.34 mg (83%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 250 = 7670,
Ep 370 = 24800 were used): 4.7.

Example 8§ Antibody-drug conjugate (8)

[Chem.39]
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Process 1: Antibody-drug conjugate (8)

By using U1-59 produced in Reference Example 1 and the compound obtained in
above Process 3 of Example 7, the titled antibody-drug conjugate was obtained in the
same manner as Process 6 of Example 1.

Antibody concentration: 11.2 mg/mL, antibody yield: 228.5 mg (91%), and average
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[0233]

number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 550 = 7670,
Ep 370 = 24800 were used): 4.7.

Example 9 Antibody-drug conjugate (9)
[Chem.40]

o)
s H 2
PN D
D ' e it R 5 )
o] a NH o
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o Process 1
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o o o L O L o
(03 a
Q/\)Lu/\\/ \/\O/\)Lu/\gN\)Lu I N\)Lﬂ/\/\f
o

Process 2 U1-59—

.

Process 1: N-

{3-[2-(2-{[3-(2,5-diox0-2,5-dihydro- IH-pyrrol- 1-yl)propanoyl]amino }ethoxy)ethoxy]

propanoyl }glycylglycyl-L-phenylalanyl-N-(4-{ [(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-
methyl-10,13-diox0-2,3,9,10,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',4":6,7]indo
lizino[ 1,2-b]quinolin-1-ylJamino }-4-oxobutyl)glycinamide

The compound (100 mg, 0.119 mmol) obtained in above Process 4 of Example 1 was
reacted in the same manner as Process 5 of Example 1 by using N-succinimidyl
3-(2-(2-(3-maleinimidepropanamide)ethoxy)ethoxy)propanoate (50.7 mg, 0.119 mmol)
instead of N-succinimidyl 6-maleimide hexanoate to yield the titled compound as a
pale yellow solid (66.5 mg, 48%).

'H-NMR (400 MHz, DMSO-dg) delta: 0.85 (3H, t, J =7.4 Hz), 1.65-1.74 (2H, m),
1.77-1.90 (2H, m), 2.07-2.19 (4H, m), 2.30 (2H, t, J = 7.2 Hz), 2.33-2.36 (2H, m), 2.38
(3H, s), 2.76 (1H, dd, J = 13.7, 9.8 Hz), 2.96-3.18 (9H, m), 3.42-3.44 (4H, m),
3.53-3.76 (10H, m), 4.43 (1H, td, J = 8.6, 4.7 Hz), 5.14 (1H, d, J = 18.8 Hz), 5.23 (1H,
d,J=18.8 Hz), 5.38 (1H, d, J = 17.2 Hz), 5.42 (1H, d, ] = 17.2 Hz), 5.52-5.58 (1H, m),
6.52 (1H, s), 6.98 (2H, s), 7.12-7.17 (1H, m), 7.18-7.25 (4H, m), 7.29 (1H, s), 7.69
(1H,t,J=5.5Hz),7.78 (1H,d, J = 11.3 Hz), 7.98-8.03 (2H, m), 8.11 (1H, d, J=7.8
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[0236]

[0237]
[0238]

Hz), 8.16 (1H, t,J =5.7 Hz), 8.23 (1H, t, J = 5.9 Hz), 8.44 (1H, d, J = 9.0 Hz).
MS (APCI) m/z: 1149 (M+H)".

Process 2: Antibody-drug conjugate (9)

By using U1-59 produced in Reference Example 1 and the compound obtained in
above Process 1, the titled antibody-drug conjugate was obtained in the same manner
as Process 6 of Example 1.

Antibody concentration: 2.08 mg/mL, antibody yield: 18.7 mg (94%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 550 = 4964,
Eps70 = 18982 were used): 5.6.

Example 10 Antibody-drug conjugate (10)

[Chem.41]

o] Q Q
o N
Process u1-59 —‘&/\)\ﬁ/\/ \/\OVLE/Y \)J\ﬁ

[ o

Process 1: Antibody-drug conjugate (10)

By using U1-59 produced in Reference Example 1 and the compound obtained in
above Process 1 of Example 9, the titled antibody-drug conjugate was obtained in the
same manner as Process 6 of Example 1.

Antibody concentration: 19.7 mg/mL, antibody yield: 236.4 mg (95%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 550 = 4964,
Epi70 = 18982 were used): 6.2; and average number of conjugated drug molecules (n)
per antibody molecule measured by Common procedure F (as molar absorption co-
efficient of the drug linker, Ep, 550 = 4964 were used): 6.4.

Example 11 Antibody-drug conjugate (11)
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Process U1-59 —

—_ =

[0239]  Process 1: Antibody-drug conjugate (11)

By using U1-59 produced in Reference Example 1 and the compound obtained in
above Process 1 of Example 9, the titled antibody-drug conjugate was obtained in the
same manner as Process 1 of Example 4.

Antibody concentration: 0.88 mg/mL, antibody yield: 5.28 mg (53%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 550 = 4964,
Ep 370 = 18982 were used): 3.0; and average number of conjugated drug molecules (n)
per antibody molecule measured by Common procedure F (as molar absorption co-
efficient of the drug linker, Ep, 550 = 4964 were used): 3.3.

[0240]  Example 12 Antibody-drug conjugate (12)
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[0241]  Process 1: ({N-[(9H-fluoren-9-ylmethoxy)carbonyl]glycyl }amino)methyl acetate

To a mixture containing N-9-fluorenylmethoxycarbonylglycylglycine (4.33 g, 12.2
mmol), tetrahydrofuran (120 ml), and toluene (40.0 ml), pyridine (1.16 mL, 14.7
mmol) and lead tetraacetate (6.84 g, 14.7 mmol) were added and refluxed under
heating for 5 hours. After the reaction solution was cooled to room temperature, the
insoluble material was removed by filtration through Celite, and the filtrate was con-
centrated under reduced pressure. The obtained residues were dissolved in ethyl
acetate, washed with water and saturated brine, and then the organic layer was dried
over anhydrous magnesium sulfate. After the solvent was removed under reduced
pressure, the obtained residues were purified by silica gel column chromatography
[hexane : ethyl acetate =9 : 1 (v/v) - ethyl acetate] to yield the titled compound as
colorless solid (3.00 g, 67%).

'H-NMR (400 MHz, CDCl,) delta: 2.07 (3H, s), 3.90 (2H, d, J =5.1 Hz), 4.23 (1H, t,
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J=7.0Hz),4.46 (2H, d, J = 6.6 Hz), 5.26 (2H, d, J = 7.0 Hz), 5.32 (1H, brs), 6.96 (1H,
brs), 7.32 (2H, t,J =7.3 Hz), 7.41 2H,t,J =73 Hz), 7.59 (2H,d, I =7.3 Hz), 7.77
(2H, d, J =7.3 Hz).

Process 2: Benzyl
[({N-[(9H-fluoren-9-ylmethoxy)carbonyl]glycyl }amino)methoxy]acetate

To a tetrahydrofuran (40.0 mL) solution of the compound (3.68 g, 10.0 mmol)
obtained in above Process 1 and benzyl glycolate (4.99 g, 30.0 mmol), potassium tert-
butoxide (2.24 g, 20.0 mmol) was added at OC and stirred at room temperature for 15
minutes. The reaction solution was charged with ethyl acetate and water at 0C and
extracted with ethyl acetate and chloroform. The obtained organic layer was dried over
sodium sulfate and filtered. The solvent was removed under reduced pressure. The
obtained residues were dissolved in dioxane (40.0 mL) and water (10.0 mL), charged
with sodium hydrogen carbonate (1.01 g, 12.0 mmol) and 9-fluorenylmethyl chlo-
roformate (2.59 g, 10.0 mmol), and stirred at room temperature for 2 hours. The
reaction solution was charged with water and extracted with ethyl acetate. The
obtained organic layer was dried over sodium sulfate and filtered. The solvent was
removed under reduced pressure and the obtained residues were purified by silica gel
column chromatography [hexane : ethyl acetate = 100 : O (v/v) - 0 : 100] to yield the
titled compound in colorless oily substance (1.88 g, 40%).

'H-NMR (400 MHz, CDCl;) delta: 3.84 (2H, d, J = 5.5 Hz), 4.24 (3H, t, ] = 6.5 Hz),
4.49 (2H,d,J=6.7 Hz), 4.88 (2H, d, J = 6.7 Hz), 5.15-5.27 (1H, m), 5.19 (2H, s), 6.74
(1H, brs), 7.31-7.39 (7TH, m), 7.43 (2H, t,J =7.4 Hz), 7.61 (2H, d, J =7.4 Hz), 7.79
(2H, d, J=7.4 Hz).

Process 3: [({N-[(9H-fluoren-9-ylmethoxy)carbonyl]glycyl Jamino)methoxyJacetic
acid

The compound (1.88 g, 3.96 mmol) obtained in above Process 2 was dissolved in
ethanol (40.0 mL) and ethyl acetate (20.0 mL). After adding palladium carbon catalyst
(376 mg), it was stirred at room temperature under hydrogen atmosphere for 2 hours.
The insoluble material was removed by filtration through Celite, and the solvent of the
filtrate was removed under reduced pressure to yield the titled compound as colorless
solid (1.52 g, quantitative).

'H-NMR (400 MHz, DMSO-d) delta: 3.62 (2H, d, J = 6.3 Hz), 3.97 (2H, s),
4.18-4.32 (3H, m), 4.60 (2H, d, J = 6.7 Hz), 7.29-7.46 (4H, m), 7.58 (1H, t,J = 5.9
Hz),7.72 (2H,d,J=7.4Hz),7.90 (2H,d,J=7.4 Hz), 8.71 (1H, t, ] = 6.5 Hz).

Process 4:
9H-Fluoren-9-ylmethyl(2-{[(2-{[(1S,9S)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-
dioxo0-2,3,9,10,13,15-hexahydro-1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]q

uinolin- I-ylJamino }-2-oxoethoxy)methylJamino }-2-oxoethyl)carbamate
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Under ice cooling, to an N,N-dimethylformamide (10.0 mL) solution of exatecan
mesylate (0.283 g, 0.533 mmol), N-hydroxysuccinimide (61.4 mg, 0.533 mmol), and
the compound (0.205 g, 0.533 mmol) obtained in above Process 3,
N,N-diisopropylethylamine (92.9 uL, 0.533 mmol) and N,N'-dicyclohexylcarbodiimide
(0.143 g, 0.693 mmol) were added and stirred at room temperature for 3 days. The
solvent was removed under reduced pressure and the obtained residues were purified
by silica gel column chromatography [chloroform - partitioned organic layer of
chloroform : methanol : water =7 : 3 : 1 (v/v/v)] to yield the titled compound as a pale
brown solid (0.352 g, 82%).

'H-NMR (400 MHz, DMSO-d) delta: 0.81 (3H, t,J =7.4 Hz), 1.73-1.87 (2H, m),
2.06-2.20 (2H, m), 2.34 (3H, s), 3.01-3.23 (2H, m), 3.58 (2H, d, J = 6.7 Hz), 3.98 (2H,
s), 4.13-4.25 (3H, m), 4.60 (2H, d, J = 6.7 Hz), 5.09-5.22 (2H, m), 5.32-5.42 (2H, m),
5.50-5.59 (1H, m), 6.49 (1H, s), 7.24-7.30 (3H, m), 7.36 (2H, t,J =7.4 Hz), 7.53 (1H,
t,J=6.3Hz),7.66 (2H,d,J=7.4Hz),7.75 (1H,d,J=11.0Hz), 7.84 2H,d,J =74
Hz), 8.47 (1H,d, J =8.6 Hz), 8.77 (1H, , ] = 6.7 Hz).

MS (ESD) m/z: 802 (M+H)".

Process 5: N-
[(2-{[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo-2,3,9,10,13,15-hexah
ydro-1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-1-ylJamino }-2-oxoe
thoxy)methyl]glycinamide

To an N,N-dimethylformamide (11.0 mL) solution of the compound (0.881 g, 1.10
mmol) obtained in above Process 4, piperidine (1.1 mL) was added and stirred at room
temperature for 2 hours. The solvent was removed under reduced pressure to yield a
mixture containing the titled compound. The mixture was used for the next reaction
without further purification.

Process 6: N-
[(9H-fluoren-9-ylmethoxy)carbonyl]glycylglycyl-L-phenylalanyl-N-[(2-{[(1S,95)-9-et
hyl-5-fluoro-9-hydroxy-4-methyl-10,13-diox0-2,3,9,10,13,15-hexahydro- 1H,12H-benz
o[de]pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-1-ylJamino }-2-oxoethoxy)methyl]glyci
namide

Under ice cooling, to an N,N-dimethylformamide (50.0 mL) solution of the mixture
(0.439 mmol) obtained in above Process 5, N-hydroxysuccinimide (0.101 g, 0.878
mmol), and N-[(9H-fluoren-9-ylmethoxy)carbonyl]glycylglycyl-L-phenylalanine (the
compound described in Japanese Patent Laid-Open No. 2002-60351; 0.440 g, 0.878
mmol), N,N'-dicyclohexylcarbodiimide (0.181 g, 0.878 mmol) was added and stirred at
room temperature for 4 days. The solvent was removed under reduced pressure and the
obtained residues were purified by silica gel column chromatography [chloroform -

chloroform : methanol =9 : 1 (v/v)] to yield the titled compound as a pale orange solid
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(0.269 g, 58%).
MS (ESD m/z: 1063 (M+H)*.

Process 7: Glycylglycyl-
L-phenylalanyl-N-[(2-{[(1S,95)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-dioxo-2,3
,9,10,13,15-hexahydro- 1H,12H-benzo[de]pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin- 1-
ylJamino }-2-oxoethoxy)methyl]glycinamide

To an N,N-dimethylformamide (4.00 mL) solution of the compound (0.269 g, 0.253
mmol) obtained in above Process 6, piperidine (0.251 mL, 2.53 mmol) was added and
stirred at room temperature for 2 hours. The solvent was removed under reduced
pressure to yield a mixture containing the titled compound. The mixture was used for
the next reaction without further purification.

Process 8: N-

[6-(2,5-diox0-2,5-dihydro- 1H-pyrrol-1-yl)hexanoyl]glycylglycyl-L-phenylalanyl-N-[(2
-{[(15,9S)-9-ethyl-5-fluoro-9-hydroxy-4-methyl-10,13-diox0-2,3,9,10,13,15-hexahydr
o-1H,12H-benzo[de]pyrano[3',4':6,7]indolizino[ 1,2-b]quinolin-1-yl]Jamino }-2-oxoetho
xy)methyl]glycinamide

To an N,N-dimethylformamide (10.0 mL) solution of the compound (0.253 mmol)
obtained in above Process 7, N-succinimidyl 6-maleimide hexanoate (0.156 g, 0.506
mmol) was added and stirred at room temperature for 3 days. The solvent was removed
under reduced pressure and the obtained residues were purified by silica gel column
chromatography [chloroform - chloroform : methanol =9 : 1 (v/v)] to yield the titled
compound as a pale yellow solid (0.100 g, 38%).

'H-NMR (400 MHz, DMSO-dy) delta: 0.83 (3H, t, J = 7.2 Hz), 1.09-1.21 (2H, m),
1.33-1.47 (4H, m), 1.75-1.90 (2H, m), 2.00-2.23 (4H, m), 2.36 (3H, s), 2.69-2.81 (1H,
m), 2.94-3.03 (1H, m), 3.06-3.22 (2H, m), 3.23-3.74 (6H, m), 3.98 (2H, s), 4.39-4.50
(1H, m), 4.60 2H, d, J = 6.7 Hz), 5.17 (2H, s), 5.39 (2H, s), 5.53-5.61 (1H, m), 6.50
(1H, s), 6.96 (2H, s), 7.11-7.24 (SH, m), 7.28 (1H, s), 7.75 (1H, d, J = 11.0 Hz), 7.97
(1H,t,J=5.7Hz),8.03 (1H, t,J =5.9 Hz), 8.09 (1H, d, J =7.8 Hz), 8.27 (1H, t, J =
6.5Hz), 8.48 (1H, d, J=9.0 Hz), 8.60 (1H, t, J = 6.5 Hz).

MS (ESD) m/z: 1034 (M+H)+.

Process 9: Antibody-drug conjugate (12)

By using U1-59 produced in Reference Example 1 and the compound obtained in
aove Process 8, the titled antibody-drug conjugate was obtained in the same manner as
Process 6 of Example 1.

Antibody concentration: 2.11 mg/mL, antibody yield: 19.0 mg (95%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 50 = 5178,
Epso =20217 were used): 4.9.
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[0250]  Example 13 Antibody-drug conjugate (13)
[Chem.44]

Process 1 HN
U1-59 _4q N

[0251]  Process 1: Antibody-drug conjugate (13)

By using U1-59 produced in Reference Example 1 and the compound obtained in
above Process 8 of Example 12, the titled antibody-drug conjugate was obtained in the
same manner as Process 6 of Example 1.

Antibody concentration: 22.2 mg/mL, antibody yield: 244.2 mg (98%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 550 = 5178,
Epi0 =20217 were used): 6.2; and average number of conjugated drug molecules (n)
per antibody molecule measured by Common procedure F (as molar absorption co-
efficient of the drug linker, Ep, 55 = 5178 were used): 7.0.

[0252]  Example 14 Antibody-drug conjugate (14)
[Chem.45]

o
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[0253]  Process 1: Antibody-drug conjugate (14)
Reduction of the antibody: U1-59 produced in Reference Example 1 was prepared to

2.5

have antibody concentration of 10 mg/mL by replacing the medium with

PBS6.0/EDTA by using the Common procedure B and Common procedure C
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described in Production method 1. The solution (1.00 mL) was added to a 2.0 mL
polypropylene tube and charged with an aqueous solution of 10 mM TCEP (Tokyo
Chemical Industry Co., Ltd.) (0.0160 mL; 2.4 equivalents per antibody molecule) and
a 1 M aqueous solution of dipotassium hydrogen phosphate (Nacalai Tesque, Inc.;
0.0150 mL). After confirming that the solution has pH of 7.0 +/- 0.1, the disulfide
bond at hinge part in the antibody was reduced by incubating at 37C for 1 hour.
Conjugation between antibody and drug linker: After incubating the solution in a water
bath at 15C for 10 minutes, dimethyl sulfoxide (Sigma-Aldrich Co. LLC; 0.0209 mL)
and a dimethyl sulfoxide solution (0.0315 mL; 5.0 equivalents per antibody molecule)
containing 10 mM of the compound obtained in above Process 8 of Example 12 was
added thereto and incubated in a water bath at 15C for 60 minutes for conjugating the
drug linker to the antibody. Next, an aqueous solution (0.0050 mL) of 100 mM NAC
(Sigma-Aldrich Co. LLC) was added thereto and stirred by using a tube rotator
(MTR-103, manufactured by AS ONE Corporation) at room temperature for another
20 minutes to terminate reaction of the drug linker.
According to the same purification processes and physicochemical characterizations as
Process 6 of Example 1, the following characteristics values were obtained.
Antibody concentration: 1.46 mg/mL, antibody yield: 8.76 mg (88%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 50 = 5178,
Epi0 =20217 were used): 2.5; and average number of conjugated drug molecules (n)
per antibody molecule measured by Common procedure F (as molar absorption co-
efficient of the drug linker, Ep»g = 5178 were used): 2.9.

[0254]  Example 15 Antibody-drug conjugate (15)
[Chem.46]

Process 1 ° C*bﬁr
u1-59—4§1

[0255]  Process 1: Antibody-drug conjugate (15)
Reduction of the antibody: U1-59 produced in Reference Example 1 was prepared to

have antibody concentration of 10 mg/mL by replacing the medium with
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PBS6.0/EDTA by using the Common procedure B and Common procedure C
described in Production method 1. The solution (100 mL) was added to a 250 mL
polycarbonate Erlenmeyer flask and charged with a 1 M aqueous solution of
dipotassium hydrogen phosphate (1.70 mL) and then an aqueous solution of 10 mM
TCEP (4.010 mL; 6.0 equivalents per antibody molecule) at room temperature with
stirring using a magnetic stirrer. After confirming that the solution has pH of 7.0 +/-
0.1, the stirring was stopped, and the disulfide bond at hinge part in the antibody was
reduced by incubating at 37C for 1 hour.
Conjugation between antibody and drug linker: After cooling the above solution to
15C, a DMSO solution (6.684 mL; 10.0 equivalents per antibody molecule) containing
10 mM of the compound obtained in above Process 8 of Example 12 was gradually
added thereto with stirring. The mixture was stirred at 15C for the first 30 minutes and,
after stopping the stirring, incubated for another 1 hour for conjugating the drug linker
to the antibody. Next, an aqueous solution (0.862 mL; 12.9 equivalents per antibody
molecule) of 100 mM NAC was added thereto with stirring and incubated at room tem-
perature for 20 minutes to terminate the reaction of unreacted drug linker.
Purification: A 20% aqueous acetic acid solution (about 0.6 mL) and ABS (100 mL)
were gradually added to the solution with stirring to adjust pH of the solution to 5.5 +/-
0.1. This solution was subjected to microfiltration (Millipore Corp. Millex-HV filter,
0.45 um, PVDF membrane) to remove whitish matter. This solution was subjected to
ultrafiltration purification using a ultrafiltration apparatus constituted by a ultra-
filtration membrane (Merck Japan, Ltd., Pellicon XL Cassette, Biomax 50 KDa), a
tube pump (Cole-Parmer International, USA, MasterFlex pump model 77521-40, pump
head model 7518-00), and a tube (Cole-Parmer International, USA, MasterFlex tube L/
S16). Specifically, by adding ABS dropwise (a total of 1600 mL) as a buffer solution
for purification to the reaction solution while carrying out ultrafiltration purification,
non-conjugated drug linkers and other low-molecular-weight reagents were removed
while the buffer solution was replaced with ABS and further the solution was con-
centrated. The obtained purified solution was subjected to microfiltration (0.22 um
(Millipore Corp. Millex-GV filter, PVDF membrane) to yield 37.5 mL of a solution
containing the titled antibody-drug conjugate.
Antibody concentration: 26.5 mg/mL, antibody yield: 993.0 mg (90%), average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 20 = 5178
and Ep 370 = 20217 were used): 6.3, and average number of conjugated drug molecules
(n) per antibody molecule measured by Common procedure F (as molar absorption co-
efficient of the drug linker, Ep 5 = 5178 was used): 7.3.

Example 16a Antibody-drug conjugate (16a)
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Process 1

_—

U1-58—

Process 1: Antibody-drug conjugate (16a)

Reduction of the antibody: U1-59 produced in Reference Example 1 was prepared to
have antibody concentration of 10 mg/mL by replacing the medium with
PBS6.0/EDTA by using the Common procedure B and Common procedure C
described in Production method 1. The solution (15 mL) was added to a 50 mL
polyethylene terephthalate container and charged with a 1 M aqueous solution of
dipotassium hydrogen phosphate (0.255 mL) and then an aqueous solution of 10 mM
TCEP (0.601 mL; 6.0 equivalents per antibody molecule) at room temperature with
stirring using a magnetic stirrer. After confirming that the solution has pH of 7.0 +/-
0.1, the disulfide bond at hinge part in the antibody was reduced by incubating at 37C
for 2 hours.

Conjugation between antibody and drug linker: After cooling the above solution to
15C, a DMSO solution (1.002 mL; 10.0 equivalents per antibody molecule) containing
10 mM of the compound obtained in above Process 8 of Example 12 was gradually
added thereto with stirring. The mixture was stirred at 15C for 30 minutes for con-
jugating the drug linker to the antibody. Next, an aqueous solution (0.129 mL; 12.9
equivalents per antibody molecule) of 100 mM NAC was added thereto with stirring
and incubated at room temperature for 20 minutes to terminate the reaction of
unreacted drug linker. According to the same purification processes and physico-
chemical characterizations as Process 6 of Example 1, the following characteristic
values were obtained.

Antibody concentration: 2.36 mg/mL, antibody yield: 140 mg (59.5 mL) (94%),
average number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 20 = 5178
and Ep 370 = 20217 were used): 6.4, and average number of conjugated drug molecules
(n) per antibody molecule measured by Common procedure F (as molar absorption co-
efficient of the drug linker, Ep 5 = 5178 was used): 7.7.
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[0258]  Example 16b Antibody-drug conjugate (16b)
[Chem.48]

Process 1
U1-59—

6.5

[0259]  Reduction of the antibody: U1-59 produced in Reference Example 1 was prepared to
have antibody concentration of 10 mg/mL by replacing the medium with
PBS6.0/EDTA by using the Common procedure B and Common procedure C
described in Production method 1. The solution (900 mL) was added to a 2000 mL
polycarbonate Erlenmeyer flask and charged with a 1 M aqueous solution of
dipotassium hydrogen phosphate (15.3 mL) and then an aqueous solution of 10 mM
TCEP (36.1 mL; 6.0 equivalents per antibody molecule) at room temperature with
stirring using a magnetic stirrer. After confirming that the solution has pH of 7.0 +/-
0.1, the stirring was stopped, and the disulfide bond at hinge part in the antibody was
reduced by incubating at 37C for 2 hours.

Conjugation between antibody and drug linker: After cooling the above solution to
15C, a DMSO solution (60.16 mL; 10.0 equivalents per antibody molecule) containing
10 mM of the compound obtained from Process § of Example 12 was gradually added
thereto with stirring. The mixture was stirred at 15C for 30 minutes for conjugating the
drug linker to the antibody. Next, an aqueous solution (7.76 mL; 12.9 equivalents per
antibody molecule) of 100 mM NAC was added thereto with stirring and incubatedat
room temperature for 20 minutes to terminate the reaction of unreacted drug linker.

Purification: A 20% aqueous acetic acid solution (about 5 mL) and ABS (1000 mL)
were gradually added to the solution with stirring to adjust pH of the solution to 5.5 +/-
0.1. This solution was subjected to microfiltration (Millipore Corp. Stericup, 0.45 um,
PVDF membrane) to remove whitish matter. This solution was subjected to ultra-
filtration purification using a ultrafiltration apparatus constituted by a ultrafiltration
membrane (Merck Japan, Ltd., Pellicon 2 mini cassette, Ultracel 30 KDa, 0.1 m?), a
tube pump (Cole-Parmer International, USA, MasterFlex pump model 7528-20, pump
head model 77800-62), and a tube (Cole-Parmer International, USA, MasterFlex tubes
L/S24 and 25). Specifically, by adding ABS dropwise (a total of 16 L) as a buffer
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solution for purification to the reaction solution while carrying out ultrafiltration pu-
rification, non-conjugated drug linkers and other low-molecular-weight reagents were
removed while the buffer solution was replaced with ABS and further the solution was
concentrated to yield about 500 mL of a solution containing the titled antibody-drug
conjugate.
Antibody concentration: 19.66 mg/mL, antibody yield: 9830 mg (109%), and average
number of conjugated drug molecules (n) per antibody molecule measured by
Common procedure E (as molar absorption coefficient of the drug linker, Ep 550 = 5178
and Ep, 579 = 20217 were used): 6.5.

Example 16¢ Antibody-drug conjugate (16¢)
[Chem.49]

Process 1
—_—-
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By using U1-59 produced in Reference Example 1 and the compound obtained in
above Process 8 of Example 12, the titled antibody-drug conjugate was obtained in the
same manner as Example 16b.

Antibody concentration: 16.21 mg/mL, antibody yield: 9726 mg (600 mL, 108%),
and average number of conjugated drug molecules (n) per antibody molecule measured
by Common procedure E (as molar absorption coefficient of the drug linker, Ep, 550 =
5178 and Ep 3,9 = 20217 were used): 6.5.

Example 16d Antibody-drug conjugate (16d)
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Process 1
U1-59—

6.5

The antibody-drug conjugates (16a), (16b), and (16¢) produced in Examples 16a,
16b, and 16c, respectively, were mixed (a total of about 18 g) and further subjected to
ultrafiltration in the same manner as Example 16b (11 L of ABS was used). The
obtained purified solution was subjected to microfiltration (Millipore Corp. Stericup,
0.45 um and 0.22 um, PVDF membrane) to yield 745 mL of a solution containing the
titled antibody-drug conjugate. By further adding 110 mL of ABS, 855 mL of a
solution containing the titled antibody-drug conjugate was obtained.

Antibody concentration: 20.0 mg/mL, antibody yield: 17.1 g (94%), average number
of conjugated drug molecules (n) per antibody molecule measured by Common
procedure E (as molar absorption coefficient of the drug linker, Ep g0 = 5178 and Ep 37
= 20217 were used): 6.5, and average number of conjugated drug molecules (n) per
antibody molecule measured by Common procedure F (as molar absorption coefficient
of the drug linker, Ep,g0 = 5178 was used): 7.8.

Test Example 1 HER3 binding affinity of antibody-drug conjugate compared with
U1-59

Method:

A human breast cancer cell line HCC1569 (CRL-2330) from ATCC was cultured in
an RPMI1640 medium (purchased from Invitrogen Corp., containing 10% bovine
serum albumin (manufactured by Invitrogen Corp.) and 2 mM L-glutamine
(manufactured by Invitrogen Corp.)). The cells were dissociated from the culture plate
using ACCUTASE(R) SOLUTION (Millipore Corp., SCR00S) or EDTA (5 mM,
phosphate buffered saline (PBS, 137 mM sodium chloride, 2.7 mM potassium
chloride, 1.47 mM potassium dihydrogen phosphate, and 10.5 mM disodium hydrogen
phosphate)), and the number of living cells was measured by trypan blue treatment.
The same numbers of cells suspended in a fluorescence-activated cell sorting (FACS)
buffer (PBS containing 3% FBS and 0.004% sodium azide) were inoculated to 96-well

U-bottom plates, and the cells were precipitated by centrifugation and suspended in
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100 uL of an ice-cooled antibody or antibody-drug conjugate dilution or FACS buffer.
The antibody or each antibody-drug conjugate was serially diluted at a ratio of 1/3 with
a FACS buffer and adjusted to 30 ug/mL to 5 ng/mL (200 nM to 0.03 nM). Cells
treated with a FACS buffer without the addition of a primary antibody were used as a
control group.

U1-59, the antibody-drug conjugate (3), the antibody-drug conjugate (10), or the
antibody-drug conjugate (13) was evaluated as the antibody or the antibody-drug
conjugates.

The cells of each group were reacted with a primary antibody dilution for 45 minutes
on ice and then washed with a FACS buffer. Further, 100 uL of a FACS buffer or a
reaction solution of a secondary antibody diluted 1/100 (phycoerythrin (PE)-coupled
anti human antibody, Dianova GmbH #709-116-149) was added thereto. The cells
were treated for 45 minutes on ice in the dark and then washed with a FACS bulffer,
and dead cells were excluded using a FACS buffer or a FACS buffer supplemented
with 7-aminoactinomycin D (7AAD, Sigma-Aldrich Co. LLC, #A9400, 1.1 ug/mL).
Fluorescence signals from living cells were evaluated using Accuri C6 Flow cytometer
(BD Biosciences/Accuri(R) Cytometers Inc., serial number 1424) and CFlow software
(CFlow sampler Version 1.0.264.13).

For the correction of PE- and 7-AAD-derived signals, the fluorescence signals of
U1-59 (30 ug/mL) and cells stained with the PE-labeled secondary antibody or 7-AAD
were evaluated.

In order to quantify U1-59-specific fluorescence signals in the cells, values obtained by
the subtraction of FL-2 signals of cells treated with only the secondary antibody or
7-AAD were used. The equilibrium binding affinity (KD) and the maximum binding
strength (Bmax) were calculated using GraphPad Prism software (version 5.04 for
Windows(R) (one-site-specific binding)).

The results are shown in Figure 3 and Table 1. Figure 3 and Table 1 show the mean
fluorescence intensity of HCC1569 treated with serial dilutions of U1-59 or each
antibody-drug conjugate. The equilibrium binding affinity KD and the maximum
binding strength Bmax were calculated using GraphPad Prism software.

[Table 1]

Ul-59 Antibody-drug Antibody-drug Antibody-drug
conjugate (3) conjugate (10) conjugate (13)
Bmax 31830 28981 28841 28415
Kd (nM) 1.672 1.653 1.554 2.757

The antibody-drug conjugate (3) or the antibody-drug conjugate (10) exhibited
average binding affinity KD for HCC-1569 equivalent to KD of the non-conjugated
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anti-HER3 antibody U1-59. The antibody-drug conjugate (13) also exhibited average
binding affinity KD equivalent to KD of the non-conjugated anti-HER3 antibody
UI-59 (2.7 nM vs. 1.6 nM). The KD values of the different antibody-drug conjugates
suggested that the antibody-drug conjugation processes do not significantly impair the
binding affinity of U1-59.

Test Example 2 Inhibition of HER3 signal by anti-HER3 antibody-drug conjugate

Method:

A human lung cancer cell line A549 (CRS-300114) from Cell Lines Service was dis-
sociated by trypsin treatment, and 50,000 living cells were inoculated to 3 mL of
DMEM/F12 (Invitrogen Corp., #21331-020) + 10% FBS (Invitrogen Corp.,
#10270-106) in each of 6 wells. After culturing the cells for 3 days, the medium was
replaced with 2 mL of a fresh medium.

The antibody or each antibody-drug conjugate was added directly to 2 mL of a
medium in each of the 6 wells such that the final concentration was 10 ug/mL (20 uLL
of a stock solution of 1 ug/uL antibody or antibody-drug conjugate was added).

U1-59, the antibody-drug conjugate (3), the antibody-drug conjugate (10), or the
antibody-drug conjugate (13) was used as the antibody or the antibody-drug conjugate.
An untreated group was used as a control.

The cells were cultured for 2 days, washed once with PBS, and treated with 100 uLL
of an ice-cooled buffer (50 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES), pH 7.5, 150 mM sodium chloride, 1 mM ethylenediaminetetraacetic acid
(EDTA), 12.5% glycerin, 1% Triton X-100, and 10 mM sodium pyrophosphate
tetrabasic supplemented with proteinase inhibitors (Roche Diagnostics, Inc., #11697
498 001), 10 mM sodium fluoride, 1 mM sodium vanadate, ]| mM phenyl-
methane-sulfonyl-fluoride (PMSF), and 10 ug/mL aprotinin (Sigma-Aldrich Co. LLC,
A1153)) for 30 minutes at 4C for lysis. The lysate was washed for 20 minutes at 13000
rpm at 4C, and the supernatant was used in protein concentration measurement by
Bradford assay (Sigma-Aldrich Co. LLC, #B6916, BSA standard was from Thermo
Fisher Scientific Inc., #23209). To each sample (amount of proteins: 120 ug), a 4-fold
concentration of an LDS buffer (Invitrogen Corp., containing DTT (final con-
centration: 166.67 mM)) was added, and its volume was finally adjusted to 40 uLL with
water. The sample was boiled for 10 minutes at 70C and added to wells of NuPage
Mini Bis-Tris gel (4%-12%, 1.5 mm thick, 10 slots/gel, Invitrogen Corp.). As protein
standards, 7.5 uL of Novex(R) sharp ladder (Invitrogen Corp., P/N 57318) was added.
The sample was electrophoresed for 70 minutes at 175 V with 1 x MOPS Running
buffer (Invitrogen Corp.) containing NuPage antioxidant (Invitrogen Corp., NPOOOS,
Lot 1356629 added to the internal chamber. Proteins separated by the gel elec-

trophoresis were transferred to a nitrocellulose membrane (GE Healthcare Life
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Sciences) having a pore size of 0.45 um using NuPage transfer buffer (Invitrogen
Corp.) containing 10% methanol and NuPage antioxidant (Invitrogen Corp., NPOOOS,
Lot 1356629, 1:1000 dilution). The proteins were transferred for 80 minutes at a
constant volume of 30 V.

The transfer membrane was cut, separated into fractions of 100 kDa or larger and 30 to
100 kDa, washed twice with PBS containing 0.1% Tween-20, and blocked by shaking
for 1 hour at room temperature using Odyssey Blocking solution (LI-COR, Inc.,
#927-40000). The transfer membrane thus blocked was treated overnight at 4C with a
solution of a diluted primary antibody (mixture of Odyssey blocking solution and PBS
in equal amounts).

An anti-HER3 antibody (Santa Cruz Biotechnology, Inc., SC-81455, dilution 1:500)
and an anti-phosphorylated HER antibody (Cell Signaling Technology, Inc., #4791,
1:1000) were used as the primary antibody, and an anti-actin antibody (Neomarkers,
#MS 1295, dilution 1:3333) was used as an electrophoresis control.

The transfer membrane was washed three times (5 minutes for each) with PBS
containing 0.1% Tween-20 and reacted with a dilution containing a secondary antibody
(mixture of Odyssey blocking solution and PBS in equal amounts) for 1 hour at room
temperature in a dark room.

Goat anti mouse IRDye 680RD (LI-COR, Inc., #926-68070, dilution 1:25000) or goat
anti rabbit IR Dye 800CW (LI-COR, Inc., #926-32211, dilution 1:10000) was used as
the secondary antibody. The transfer membrane was washed three times (6 minutes for
each) with PBS containing 0.1% Tween-20, followed by signal detection using
Odyssey infrared imager (LI-COR, Inc.).

The results are shown in Figure 4. A549 cells were cultured for 2 days with U1-59 or
different antibody-drug conjugates. HER3 or phosphorylated HER3 was evaluated by
Western blotting. pan-Actin was detected as an electrophoresis control.

As aresult of culturing A549 for 2 days with 10 ug/mL U1-59 or antibody-drug
conjugate, HER3 phosphorylation was reduced as compared with untreated cells. This
reduction in HER3 phosphorylation was equivalent between U1-59 and the antibody-
drug conjugate, suggesting that a plurality of drug conjugation processes did not impair
a HER3 signal-inhibiting function derived from U1-59.

When A549 was treated with U1-59 or each antibody-drug conjugate for 2 days,
reduction in HER3 expression was also observed as compared with untreated cells.
The degree of this reduction in expression was equivalent between U1-59 and the
antibody-drug conjugate. This suggests that a plurality of drug conjugation processes
did not impair U1-59-mediated internalization (see Test Example regarding inter-
nalization) and U1-59-induced HER downregulation (see Test Example regarding

signal inhibition).
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Test Example 3 Reduction in expression of HER3 on cell surface by U1-59 and
antibody-drug conjugate

Method:

HER3 internalization by U1-59 and each antibody-drug conjugate was evaluated by
flow cytometry. 70,000 living cells of HCC1569 (from ATCC) were suspended in 0.5
mL of RPMI1640 (Invitrogen Corp., #31870-025) (containing 10% FBS (Invitrogen
Corp., #10270-106 or PAN Biotech GmbH, #1505-P131304) and 2 mM glutamine
(Invitrogen Corp., #25030-024)) and inoculated to each well of a 24-well plate. The
cells were cultured for 4 days, and the medium was replaced with 0.5 mL of a fresh
medium before the start of the internalization test. 5 ug of the antibody or each
antibody-drug conjugate was added to 0.5 mL in each well of the 24-well plate such
that the final concentration was 10 ug/mL. The cells were cultured for 1 hour at 37C in
the presence of the antibody or the antibody-drug conjugate. U1-59, the antibody-drug
conjugate (3), the antibody-drug conjugate (10), or the antibody-drug conjugate (13)
was used as the antibody or the antibody-drug conjugate. Cells as a positive control or
a negative control were untreated in some procedures.

For flow cytometry analysis, the cells were washed once with PBS and dissociated
from the plate using S mM EDTA (100 uL/well) dissolved in ACCUTASE(R)
SOLUTION (Millipore Corp., SCR005) or PBS. The cells were suspended in 200 uL.
of an ice-cooled FACS buffer (PBS containing 3% FBS and 0.004% sodium azide),
then added to each well of a 96-well U-bottom plate, and left on ice. The cells were
washed once with a FACS buffer. To each sample, 100 uL of U1-59 (10 ug/mL)
diluted with a FACS buffer or only a FACS buffer was added. The cells were treated
for 45 minutes with shaking on ice and then washed with a FACS buffer, and 100 uL.
of a PE-labeled secondary antibody anti-human antibody (Dianova GmbH,
709-116-149) dissolved at a ratio of 1:100 in a FACS buffer, or only a FACS buffer
was added to each well. The cells were treated for 45 minutes in a dark room with
shaking on ice. The cells were washed with a FACS buffer and treated with a FACS
buffer or a FACS buffer containing 7AAD (Sigma-Aldrich Co. LLC, A9400, 1.1 ug to
1.25 ug/mL) for staining dead cells. The fluorescence signals of living cells were
measured using Accuri C6 Flow cytometer. For the correction of PE and 7-AAD
signals, U1-59 (10 ug/mL) and cells stained with only the PE-labeled secondary
antibody or 7-AAD were used.

In order to quantify HER3-specific signals, values of cells stained with only the
secondary antibody or 7-AAD were subtracted from FL-2 values of cells stained with
the primary antibody and the secondary antibody, and further 7-AAD.

When the FL-2 signals of cells untreated with U1-59 or the antibody-drug conjugate

(without internalization) were defined as the maximum value, reduction in HER3
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(internalization) on the surface of the cells treated with U1-59 or the antibody-drug
conjugate at 37C was calculated.

An average value calculated from 2 to 3 wells was used for the positive control
(without treatment at 37C) and the negative control (without the addition of the
primary antibody), and internalization in the wells of each treatment group was
quantified.

The results are shown in Figure 5. This diagram shows an average value of reduction
in HER3 expression on the surface of HCC1569 cells treated with U1-59 or each
antibody-drug conjugate (37C, 1 hr). The HER3 expression of a group without the
addition of U1-59 or the antibody-drug conjugate was defined as the maximum value
of HER3 expression in cells. The values of groups treated with only the secondary
antibody or 7-AAD were used as backgrounds. Groups treated with U1-59 or each
antibody-drug conjugate for 1 hour were used as treatment groups. The FL-2 values
were almost the same between U1-59 and the antibody-drug conjugate.

Reduction in generated fluorescence caused by the treatment of HCC-1569 with
U1-59 or each antibody-drug conjugate indicates reduction in HER3 expression. As
compared with about 50% reduction in HER3 expression by U1-59, reduction in HER3
expression by each antibody-drug conjugate also exhibited a value equivalent to or
higher than it, suggesting that the drug conjugation processes of the antibody did not
impair the HER3-internalizing function of the antibody.

Test Example 4 Inhibition of in vitro mitogenic or survival signal by HER3 antibody-
drug conjugate in human cancer cell line

Method:

The inhibitory activity of each HER3 antibody-drug conjugate against mitogenic or
survival signals was measured in the presence of 10% FBS. The growth and de-
velopment of cells were evaluated by measuring adenosine triphosphate (ATP) activity
in untreated and antibody-drug conjugate-treated groups. Adherent cancer cell lines
(human breast cancer cell line HCC1569 (CRL-2330) from ATCC, human breast
cancer cell line MDA-MB-453 (CLB-22) from ATCC, and human colorectal cancer
cell line HT-29 (CPQ-57) from ProQinase GmbH) were cultured in 2D culture
systems, and floating (non-adherent) cancer cell lines (human melanoma cell line A375
(CRL-1619) from ATCC and human lung cancer cell line A549 (CRS-300114) from
Cell Lines Service) were cultured in 3D culture systems.

Treatment of adherent cell

Each cancer cell line was suspended in 100 uL of each medium at a low density (500
cells/well for HT-29, 800 cells/well for MDA-MB-453, and 1000 cells/well for HCC-
1569) and inoculated to 96-MicroWell Optical Bottom plate (Thermo Fisher Scientific
Inc./Nunc, #165306, white wall and clear bottom). As for HCC-1569 and MDA-
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MB-453, the cells were cultured in an RPMI1640 medium (Invitrogen Corp.,
31870-025) containing 10% FBS (Invitrogen Corp., 10270-106) and 2 mM glutamine
(Invitrogen Corp., 25030-024). As for HT-29, the cells were cultured in a McCoy's SA
medium (Invitrogen Corp., 26600-023) containing 10% FBS (Invitrogen Corp.,
10270-106) and 2 mM glutamine (Invitrogen Corp., 25030-024). The edge wells of
each plate were filled with 100 uL. of a medium.

The cells were cultured for 3 days, and the medium was replaced with 95 uL of a fresh
medium before antibody-drug conjugate treatment.

The antibody-drug conjugate (3), the antibody-drug conjugate (10), and the antibody-
drug conjugate (13) were used. An untreated group was set as a control for measuring
normal cell growth.

By adding 5 uL of each antibody-drug conjugate concentrated into a 20-fold con-
centration to 95 uL of a culture medium (10% FBS) contained in each well of the
96-well plate, the final concentration was established. Only 5 uL of a medium was
added to each control well. The test was conducted in triplicate per sample.

In order to calculate the concentration of the antibody-drug conjugate at which the
growth or survival of cells was reduced by 50%, concentrations of the antibody-drug
conjugate were prepared by 4-fold dilutions (10 ug/mL to 0.15 ng/mL or 40 ug/mL to
0.15 ng/mL), and the cells were treated with these concentrations of the antibody-drug
conjugate and compared with the untreated group in terms of ATP activity. Evaluation
was carried out by 5-day culture of HT-29 and 7-day culture of HCC-1569 and MDA-
MB-453 thus supplemented with the antibody-drug conjugate. CellTiter-Glo(R) Lu-
minescent Cell Viability Assay was used for evaluating the activity of the antibody-
drug conjugate. This method involves measuring living cells having metabolic activity
on the basis of ATP activity and finally estimating the number of living cells and
employed CellTiter-Glo(R) Luminescent Cell (Promega K.K., G7573) as a kit.

100 uL of CellTiter-Glo(R) reagent was added to each well of the 96-well plate and
stored for 25 minutes to 65 minutes at room temperature in a dark room before mea-
surement using Wallac Victor2 1420 Multilabel Counter (program luminescence, mea-
surement time: 0.5 s). Wells containing only a culture solution without the inoculation
of the cells were assayed as blanks. In order to measure reduction in ATP activity, an
average luminescence value of 3 wells was calculated under each condition (Microsoft
Excel 2010). In order to remove cell-independent signals, the average luminescence
value of the blanks was subtracted from the average luminescence value of the cells
treated with the antibody-drug conjugate (Microsoft Excel 2010). The rate of reduction
(%) in luminescence was calculated by comparison with the cells of the untreated
group (Microsoft Excel 2010). This value was interpreted as the rate of inhibition (%)

of cell growth or survival.
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Treatment of floating cells
Since A375 and A549 have a faster growth rate than that of other cell lines, growth

measurement was carried out in non-adherent 3D culture systems.

Each cancer cell line was suspended in 75 uL. of each medium at a low density (500
cells/well for A375 and 1500 cells/well for A549) and inoculated to a 96-well round-
bottom non-adherent 3D culture plate (Prime Surface 96U; Sumitomo Bakelite Co,
Ltd.; order no. MS-9096U). As for A375, the cells were cultured in a DMEM medium
(Invitrogen Corp., 41965-039) containing 10% FBS (Invitrogen Corp., 10270-106) and
2 mM glutamine (Invitrogen Corp., 25030-024). As for A549, the cells were cultured
in a DMEM/F12 medium (Invitrogen Corp., 21331-020) containing 10% FBS
(Invitrogen Corp., 10270-106) and 2 mM glutamine (Invitrogen Corp., 25030-024).
The edge wells of each plate were filled with 150 uL. of a medium. The cells were
cultured for 3 days, and the final dose was adjusted to 142.5 uLL or 150 uL. by adding
67.5 or 75 uLL of a fresh medium before antibody-drug conjugate addition. The
antibody-drug conjugate (3), the antibody-drug conjugate (10), and the antibody-drug
conjugate (13) were used. An untreated group was set as a control for measuring
normal cell growth.

By adding 7.5 or 8 uL of each antibody-drug conjugate concentrated into a 20-fold
concentration to 142.5 or 150 uL of a culture medium (10% FBS) contained in each
well of the 96-well plate, the final concentration was established. The final dose was
set to 150 uLl or 158 uL.. Only 7.5 or 8 uL. of a medium was added to each control well.
The test was conducted in triplicate per sample.

In order to calculate the concentration of the antibody-drug conjugate at which the
growth or survival of cells was reduced by 50%, concentrations of the antibody-drug
conjugate were prepared by 4-fold dilutions (10 ug/mL to 0.15 ng/mL or 40 ug/mL to
0.15 ng/mL), and the cells were treated with these concentrations of the antibody-drug
conjugate and compared with the untreated group in terms of ATP activity. Evaluation
was carried out by 7-day culture of the cells thus supplemented with the antibody-drug
conjugate. CellTiter-Glo(R) Luminescent Cell Viability Assay was used for evaluating
the activity of the antibody-drug conjugate. This method involves measuring living
cells having metabolic activity on the basis of ATP activity and finally estimating the
number of living cells and employed CellTiter-Glo(R) Luminescent Cell (Promega
K.K., G7573) as akit.

Before measurement, 50 uL of the medium was removed from each well, and 100 ulL
of CellTiter-Glo(R) reagent was added to each well of the 96-well plate and stored for
30 minutes to 55 minutes at room temperature in a dark room before measurement
using Wallac Victor2 1420 Multilabel Counter (program luminescence, measurement

time: 0.5 s). Before measurement, 180 ulL was collected from each well and transferred
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to measurable 96-MicroWell Optical Bottom white plate. Wells containing only a
culture solution without the inoculation of the cells were assayed as blanks. The
method for calculating the concentration of the antibody-drug conjugate at which the
growth or survival of cells was inhibited by 50% was described in the evaluation
method as to the adherent cells.

The results about the human breast cancer lines HCC1569 and MDA-MB453 are
shown in Figures 6 and 7, respectively. The results about the human melanoma line
A375 is shown in Figure 8. The results about the human colorectal cancer line HT29
are shown in Figure 9. The results about the human lung cancer line A549 are shown
in Figure 10. A of each figure shows cell growth or survival derived from the antibody-
drug conjugate in the presence of 10% FBS. The ordinate depicts a luminescence value
indicating the ATP activity of each sample. The abscissa depicts the concentration of
each antibody-drug conjugate. The data is indicated by mean +/- standard deviation of
triplicates. B of each figure shows the rate of reduction in luminescence caused by
antibody-drug conjugate treatment when the luminescence of an untreated group was
defined as 100%.

Three types of antibody-drug conjugates were added to various human cancer cell
lines in the presence of 10% FBS and evaluated for in vitro growth in 2D or 3D
systems. The rate of inhibition of cell growth or development in the untreated group or
by each antibody-drug conjugate was calculated from the CellTiter-Glo(R) assay of
ATP activity. In the evaluation of the ATP activity, these antibody-drug conjugates
strongly inhibited the cell growth or survival of two types of breast cancer cell lines
(HCC-1569 and MDA-MB-453) and one type of human melanoma line (A375).

The addition of each antibody-drug conjugate and culture (in the presence of 10%
FBS) for 7 days reduced the ATP activity by 55 to 75% in HCC1569, by 60 to 83% in
MDA-MB-453, and by 60 to 70% in A375. The inhibitory activity of the antibody-
drug conjugate against cell growth or survival was not strong in the human colorectal
cancer line HT-29 and the human lung cancer line A549 compared with the human
breast cancer and human melanoma lines. In HCC-1569 and MDA-MB-453, the
antibody-drug conjugate (10) exhibited strong inhibitory activity, which did not largely
differ from the inhibitory activity of the antibody-drug conjugate (3) in vitro. By
contrast, in both of the human breast cancer lines, the antibody-drug conjugate (13)
exhibited low activity and required a concentration of 15 nM for achieving 50% in-
hibition of cell growth or survival, though the antibody-drug conjugate (3) or the
antibody-drug conjugate (10) achieved this inhibition at 1 nM or lower. In the human
melanoma line compared with the human breast cancer lines, the activity of the
antibody-drug conjugate (13) was equivalent to that of the antibody-drug conjugate (3)
or the antibody-drug conjugate (10).
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All of the antibody-drug conjugates supported a maximum rate of inhibition on the
order of 61 to 68%. The antibody-drug conjugates achieved 50% inhibition of ATP
activity at a concentration of 1 to 4 nM.

In addition to the aforementioned test, the inhibitory activity of the antibody-drug
conjugate (13) against the cell growth or survival of a human ovarian cancer cell line
OVCAR-8 was also confirmed in vitro (data not shown).

Test Example 5 Comparison of rate of inhibition of in vitro cell growth or survival of
human cancer cell line depending on the number of drug molecules (high or medium)
loaded on antibody-drug conjugate

Method:

Antibody-drug conjugates differing in the number of loaded drug molecules were
evaluated for in vitro inhibitory activity against cell growth or survival. The high drug
loading represents the state where 5 to 7 drug molecules are conjugated with an
antibody, and the middle drug loading represents the state where about 3 drug
molecules are conjugated with an antibody. The average number of drug molecules
conjugated with one antibody was measured by the UV method (described in other
parts of the present invention).

The average number of drug molecules conjugated with one antibody:

High drug loading <HDL>

Antibody-drug conjugate (3): 4.9

Antibody-drug conjugate (10): 6.2

Antibody-drug conjugate (13): 6.2

Middle drug loading <MDL>

Antibody-drug conjugate (4): 2.9

Antibody-drug conjugate (11): 3.0

Antibody-drug conjugate (14): 2.5

The inhibitory activity of each HER3 antibody-drug conjugate against mitogenic or
survival signals was measured in the presence of 10% FBS. The growth and de-
velopment of cells were evaluated by measuring adenosine triphosphate (ATP) activity
in untreated and antibody-drug conjugate-treated groups. The cancer cell line was
suspended in 100 uL of each medium at a low density (750 cells/well for a human
breast cancer cell line MDA-MB-453 (CLB-22)) from ATCC) and inoculated to
96-MicroWell Optical Bottom white plate (Thermo Fisher Scientific Inc./Nunc,
#165306). The cells were cultured in an RPMI1640 medium (Invitrogen Corp.,
31870-025) containing 10% FBS (Invitrogen Corp., 10270-106) and 2 mM glutamine
(Invitrogen Corp., 25030-024). The edge wells of each plate were filled with 100 uL of
a medium.

The cells were cultured for 3 days, and the medium was replaced with 95 uL of a
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fresh medium before antibody-drug conjugate addition. The antibody-drug conjugate
(3), the antibody-drug conjugate (10), the antibody-drug conjugate (13), the antibody-
drug conjugate (4), the antibody-drug conjugate (11), and the antibody-drug conjugate
(14) were used. An untreated group was set as a control for measuring normal cell
growth.

By adding 5 uL of each antibody-drug conjugate concentrated into a 20-fold con-
centration to 95 uL of a culture medium (10% FBS) contained in each well of the
96-well plate, the final concentration was established. Only 5 ul of a medium was
added to each control well. The test was conducted in triplicate per sample. In order to
calculate the concentration of the antibody-drug conjugate at which the growth or
survival of cells was reduced by 50%, concentrations of the antibody-drug conjugate
were prepared by 4-fold dilutions (10 ug/mL to 0.15 ng/mL), and the cells were treated
with these concentrations of the antibody-drug conjugate and compared with the
untreated group in terms of ATP activity. Evaluation was carried out by 7-day culture
of the cells thus supplemented with the antibody-drug conjugate. CellTiter-Glo(R) Lu-
minescent Cell Viability Assay was used for evaluating the activity of the antibody-
drug conjugate. This method involves measuring living cells having metabolic activity
on the basis of ATP activity and finally estimating the number of living cells and
employed CellTiter-Glo(R) Luminescent Cell (Promega K.K., G7573) as a kit. 100 uLL
of CellTiter-Glo(R) reagent was added to each well of the 96-well plate and stored for
25 minutes to 55 minutes at room temperature in a dark room before measurement
using Wallac Victor2 1420 Multilabel Counter (program luminescence, measurement
time: 0.5 s). Wells containing only a culture solution without the inoculation of the
cells were assayed as blanks. In order to measure reduction in ATP activity, an average
luminescence value of 3 wells was calculated under each condition (Microsoft Excel
2010). In order to remove cell-independent signals, the average luminescence value of
the blanks was subtracted from the average luminescence value of the cells treated
with the antibody-drug conjugate (Microsoft Excel 2010). The rate of reduction (%) in
luminescence was calculated by comparison with the cells of the untreated group
(Microsoft Excel 2010). This value was interpreted as the rate of inhibition (%) of cell
growth or survival.

The results are shown in Figures 11 to 13. Figure 11 shows the results of comparing
the antibody-drug conjugate (3) with the antibody-drug conjugate (4). Figure 12 shows
the results of comparing the antibody-drug conjugate (10) with the antibody-drug
conjugate (11). Figure 13 shows the results of comparing the antibody-drug conjugate
(13) with the antibody-drug conjugate (14). In each figure, the left diagram shows the
rate of inhibition of cell growth or survival derived from the antibody-drug conjugate

in the presence of 10% FBS in one of the triplicate tests. The ordinate depicts lumi-
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nescence indicating the ATP activity of each sample. The abscissa depicts the con-
centration of each antibody-drug conjugate. The right diagram shows the comparison
of the rate of reduction in luminescence caused by antibody-drug conjugate treatment
between high drug loading (HDL) and middle drug loading (MDL) when the lumi-
nescence of an untreated group was defined as 100%.

[0281]  The high drug loading and middle drug loading antibody-drug conjugates inhibited
cell growth or survival through the treatment and 7-day culture of MDA-MB-453. As
already shown in the results about the high drug loading, the middle drug loading
antibody-drug conjugate (11) exhibited high activity at the same level as that of the
antibody-drug conjugate (4). In the comparison between the numbers of loaded drug
molecules, the antibody-drug conjugates having a high number of loaded drug
molecules exhibited higher reduction in ATP than that of the middle drug loading ones.
The antibody-drug conjugate (3), the antibody-drug conjugate (10), and the antibody-
drug conjugate (13) having a high number of loaded drug molecules exhibited rates of
inhibition of 68%, 76%, and 56%, respectively, at a concentration of 10 ug/mL,
whereas the antibody-drug conjugate (4), the antibody-drug conjugate (11), and the
antibody-drug conjugate (14) having a middle number of loaded drug molecules
merely exhibited rates of inhibition of 44%, 47%, and 27%, respectively, at this con-
centration. The antibody-drug conjugates having a high number of loaded drug
molecules were superior in 50% inhibition concentration of cancer cell growth or
survival to the antibody-drug conjugates having a middle number of loaded drug
molecules. The antibody-drug conjugate (3) or the antibody-drug conjugate (10)
having a high number of loaded drug molecules required 15 ng/mL (1 nM) of the
antibody-drug conjugate for reducing the ATP activity value by 50%. The antibody-
drug conjugate (13) reduced the ATP activity by 50% at least at the highest con-
centration tested. By contrast, reduction in ATP activity corresponding to this was not
observed at 1000 ng/mL (67 nM) or lower within the range of concentrations of the
evaluated antibody-drug conjugates having a middle number of loaded drug molecules.
The in vitro comparison between the high number of loaded drug molecules and the
middle number of loaded drug molecules suggested that an antibody-drug conjugate
having a high number of loaded drug molecules is also superior in in vivo inhibitory
activity against the growth of cancer cells.

[0282]  Test Example 6 Antibody-drug conjugates (3), (10), and (13) exhibited antitumor
effect in in vivo antitumor test using human breast cancer

Five-week-old female BALB/C nude mice having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant

humidity. After randomization, the body weights of the mice were measured every
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other day, and the behaviors of the animals were recorded every day. 57106 cells of a
human breast cancer cell line HCC1569 (CRL-2330) from ATCC were suspended in a
solution prepared from 50 uL. of PBS and Matrigel (PBS: PAA #H21-002, Matrigel:
BD #354230) mixed at a ratio of 1:1, and subcutaneously transplanted to the right side
area of the body of each BALB/C nude mouse using a 29 G needle.

The body weights were measured using a weight scale (Mettler Toledo PB602-L). The
major axis and minor axis of the tumor were measured twice a week using an
electronic digital caliper (manual caliper, OMC Fontana), and the tumor volume (mm?)
was calculated. The calculation was carried out according to the following expression
(the same holds true for Test Examples described below).

Tumor volume (mm?) = 1/2 “ Major axis (mm) “ [Minor axis (mm)]?

At Day 19 when the tumor size reached about 150 mm?, 70 animals were randomly
divided into 7 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (3), (10), or (13) or PBS for a control group were administered into the
tail vein of each animal at the following doses.

Administration group: PBS was intravenously injected once a week at the same dose
as the antibody-drug conjugate.

Administration group: The antibody-drug conjugate (3) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (10) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (13) was intravenously injected
once a week at 3 or 10 mg/kg.

All data were indicated by mean +/- SEM. The tumor sizes and the body weights
were evaluated by mean +/- SEM. All data were analyzed using Microsoft Excel 2009
(the same holds true for Test Examples described below).

The results are shown in Figure 14. The PBS administration group was euthanized at
Day 53 after the transplantation, because the tumor sizes exceeded the acceptable
maximum level. The inhibition of tumor growth of the human breast cancer cell line
was observed in all of the antibody-drug conjugate administration groups compared
with the control group. No weight loss was observed in the mice of the treated groups.

Test Example 7 Antibody-drug conjugates (3), (10), and (13) exhibited antitumor
effect in antitumor test using human melanoma

Five- to 6-week-old female NMRI nude mice having a body weight of 22 to 26 g
after acclimation were used. The mice were placed in individually ventilated cages
(IVC, 4 mice at maximum per cage) which were kept at room temperature and a
constant humidity. After randomization, the body weights of the mice were measured

every other day, and the behaviors of the animals were recorded every day.
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5710¢ cells of a human melanoma cell line HT-144 (HTB-63) from ATCC were
suspended in a solution prepared from 50 uL. of PBS and Matrigel (PBS: PAA
#H21-002, Matrigel: BD #354230) mixed at a ratio of 1:1, and subcutaneously
transplanted to the right side area of the body of each NMRI nude mouse using a 29 G
needle.

The measurement of the body weights and the tumor sizes and the measurement and
calculation of the tumor volumes were carried out in the same manner as Test Example
6.

At Day 22 when the tumor size reached about 150 mm?, 80 animals were randomly
divided into 8 groups on the basis of their tumor sizes. At the same day, U1-59 or the
antibody-drug conjugate (3), (10), or (13) or PBS for a control group were ad-
ministered into the tail vein of each animal at the following doses.

Administration group: PBS was intravenously injected once a week at the same dose
as the antibody-drug conjugate.

Administration group: U1-59 was subcutaneously injected twice a week at 25 mg/kg.

Administration group: The antibody-drug conjugate (3) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (10) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (13) was intravenously injected
once a week at 3 or 10 mg/kg.

The results are shown in Figure 15. The PBS and U1-59 administration groups were
euthanized at Days 48 and 52, respectively, after the transplantation, because the tumor
sizes exceeded the acceptable maximum level. The inhibition of tumor growth of the
human melanoma cell line was observed in all of the antibody-drug conjugate admin-
istration groups compared with the control group and the U1-59 administration group.

Test Example 8 Antibody-drug conjugates (3), (10), and (13) exhibited antitumor
effect in antitumor test using human breast cancer line

Sixteen-week-old female SCID nude mice having a body weight of 17 to 25.5 g after
acclimation were used. The mice were placed in individually ventilated cages which
were kept at room temperature and a constant humidity.

For solid tumors derived from a human breast cancer cell line MDA-MB-453
(CLB-22) from ATCC, MDA-MB-453 in the first passage (Batch 1089) was
transplanted to 3 mice (two areas per mouse: right and left side areas of the body).
After 13 to 17 weeks, tumor sections were recovered and cryopreserved. For the
second passage, the tumor section (2 “2 “ 2 mm) of the first passage was further subcu-
taneously transplanted (10 mice, two areas per mouse: right and left side areas of the

body) and allowed to grow for tumor formation for 7 weeks. The tumor thus formed
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was prepared into a tumor section (2 2 “ 2 mm, second passage) and transplanted to
the right side area of the body of each SCID nude mouse.

The body weights were measured using a weight scale. The major axis (length) and
diameter of the tumor were measured using an electronic digital caliper (Pro-Max 150
mm hand-held calipers, Fred V. Fowler Co., Inc.), and the tumor volume (mm?) was
calculated. The calculation was carried out according to the following expression.
Tumor volume (mm?) = pi/6 ~ Major axis (mm) ~ [Diameter (mm)]?

At Day 40 when the tumor size reached about 143 mm?, 72 animals were randomly
divided into 8 groups on the basis of their tumor sizes. At the same day, U1-59 or the
antibody-drug conjugate (3), (10), or (13) or PBS for a control group were ad-
ministered into the tail vein of each animal at the following doses.

Administration group: PBS was intravenously injected once a week at the same dose
as the antibody-drug conjugate.

Administration group: U1-59 was subcutaneously injected twice a week at 25 mg/kg.

Administration group: The antibody-drug conjugate (3) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (10) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (13) was intravenously injected
once a week at 3 or 10 mg/kg.

The results are shown in Figure 16. The inhibition of tumor growth of the human
breast cancer cell line was observed in all of the antibody-drug conjugate admin-
istration groups compared with the control group and the U1-59 administration group.
No weight loss was observed in the mice of the treated groups. Further, in other
antitumor test using human breast cancer cell line HCC1954 or JIMT1-PR10
(trastzumab-,pertuzumab- and T-DM1- resistant), the inhibition of tumor growth was
also observed in the antibody-drug conjugate (16a) administration group compared
with the control group.

Test Example 9 Antibody-drug conjugates (3), (10), and (13) exhibited antitumor
effect in antitumor test using human colorectal cancer line

Five- to 6-week-old female NMRI nude mice having a body weight of 15t0 20 g
after acclimation were used. The mice were placed in individually ventilated cages
(IVC, 4 mice at maximum per cage) which were kept at room temperature and a
constant humidity. After randomization, the body weights of the mice were measured
every other day, and the behaviors of the animals were recorded every day.

4710°¢ cells of a human colorectal cancer cell line HT-29 (CPQ-57) from ProQinase
GmbH were suspended in a solution prepared from PBS and Matrigel (PBS: PAA
#H21-002, Matrigel: BD #354230) mixed at a ratio of 1:1, and subcutaneously
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transplanted to the right side area of the body of each NMRI nude mouse using a 29 G
needle.

The measurement of the body weights and the tumor sizes and the measurement and
calculation of the tumor volumes were carried out in the same manner as Test Example
6.

At Day 8 when the tumor size reached about 150 mm?, 70 animals were randomly
divided into 7 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (3), (10), or (13) or PBS for a control group were administered into the
tail vein of each animal at the following doses.

Administration group: PBS was intravenously injected once a week at the same dose
as the antibody-drug conjugate.

Administration group: The antibody-drug conjugate (3) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (10) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (13) was intravenously injected
once a week at 3 or 10 mg/kg.

The results are shown in Figure 17. The PBS administration group (6 out of the 10
mice), the groups given the antibody-drug conjugate (3) at 3 mg/kg (3 out of the 10
mice) and at 10 mg/kg (4 out of the 10 mice), the groups given the antibody-drug
conjugate (10) at 3 mg/kg (2 out of the 10 mice) and at 10 mg/kg (2 out of the 10
mice), and the group given the antibody-drug conjugate (13) at 3 mg/kg (2 out of the
10 mice) were euthanized at Day 50 after the transplantation, because the tumor sizes
exceeded the acceptable maximum level or ulcer was formed. The inhibition of tumor
growth of the human colorectal cancer cell line was observed in all of the antibody-
drug conjugate administration groups compared with the control group. The antibody-
drug conjugate (13) exhibited stronger antitumor activity than that of the antibody-drug
conjugate (3) or the antibody-drug conjugate (10). No weight loss was observed in the
mice of the treated groups.

Test Example 10 Antibody-drug conjugates (3), (10), and (13) exhibited antitumor
effect in antitumor test using human lung cancer line

Five- to 6-week-old female CD1 nude mice having a body weight of 24 to 28 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

57108 cells of a human lung cancer cell line A549 (CRS-300114) from Cell Lines
Service were suspended in a solution prepared from 200 uL. of PBS and Matrigel (PBS:
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PAA #H21-002, Matrigel: BD #354230) mixed at a ratio of 1:1, and subcutaneously
transplanted to the right side area of the body of each CD1 nude mouse using a 29 G
needle.

The measurement of the body weights and the tumor sizes and the measurement and
calculation of the tumor volumes were carried out in the same manner as Test Example
6.

At Day 38 when the tumor size reached about 200 mm?, 70 animals were randomly
divided into 7 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (3), (10), or (13) or PBS for a control group were administered into the
tail vein of each animal at the following doses.

Administration group: PBS was intravenously injected once a week at the same dose
as the antibody-drug conjugate.

Administration group: The antibody-drug conjugate (3) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (10) was intravenously injected
once a week at 3 or 10 mg/kg.

Administration group: The antibody-drug conjugate (13) was intravenously injected
once a week at 3 or 10 mg/kg.

The results are shown in Figure 18. The inhibition of tumor growth of the human
lung cancer cell line was observed in all of the antibody-drug conjugate administration
groups compared with the control group. No weight loss was observed in the mice of
the treated groups.

Test Example 11 Antibody-drug conjugate (13) exhibited antitumor effect in in vivo
antitumor test using human triple-negative breast cancer line

The triple-negative breast cancer refers to a breast cancer that neither expresses
hormone receptors (estrogen receptor and progesterone receptor) nor expresses HER2.
Since these receptors are not expressed, hormone treatment (tamoxifen, etc.) or anti-
HER?2 treatment (trastuzumab, trastuzumab emtansine, or pertuzumab) cannot be
applied to the cancer. This breast cancer therefore leads to low survival rates, and
many therapeutic agents are still under clinical trial. As the expression of HER3 was
confirmed in a human triple-negative breast cancer line MDA-MB-468 (data not
shown), the antitumor activity of the antibody-drug conjugate was evaluated.

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every

other day, and the behaviors of the animals were recorded every day.
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5710¢ cells of a human triple-negative breast cancer cell line MDA-MB-468
(CRL-2322) from ATCC were suspended in a solution prepared from 200 uL of PBS
and Matrigel (PBS: PAA #10010-023, Matrigel: BD #354234) mixed at a ratio of 1:1,
and subcutaneously transplanted to the right side area of the body of each nude mouse
using a 29 G needle. The body weights were measured using a weight scale (Mettler
Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) “ [Minor axis (mm)]?

At Day 20 when the tumor size reached about 170 mm?, 18 animals were randomly
divided into 3 groups on the basis of their tumor sizes. At the same day, U1-59 or the
antibody-drug conjugate (13) or PBS for a control group were administered into the
tail vein of each animal at the following doses.

Administration group: PBS was intravenously injected once a week at the same dose
as the antibody-drug conjugate.

Administration group: U1-59 was intravenously injected once a week at 10 mg/kg.

Administration group: The antibody-drug conjugate (13) was intravenously injected
once a week at 10 mg/kg.

The results are shown in Figure 19. The inhibition of tumor growth of the human
triple-negative breast cancer line was observed in the antibody-drug conjugate admin-
istration group compared with the control group and the U1-59 administration group.
No weight loss was observed in the mice of the treated groups.

Test Example 12 Antibody-drug conjugate (16a) exhibited antitumor effect in in vivo
antitumor test using human luminal breast cancer line

The human luminal breast cancer refers to a breast cancer that expresses hormone
receptors (estrogen receptor), but expresses no HER2. Since these receptors are not
expressed, anti-HER?2 treatment (trastuzumab, trastuzumab emtansine, pertuzumab)
cannot be applied to the cancer. This breast cancer therefore leads to low survival rates,
and many therapeutic agents are still under clinical trial. As the expression of HER3
was confirmed in a human luminal breast cancer line MCF-7 (data not shown), the
antitumor activity of the antibody-drug conjugate was evaluated.

Five- to 6-week-old female athymic nude mice Nude-Foxnl (ProQinase GmbH)
having a body weight of 15 to 20 g after acclimation were used. The mice were placed
in individually ventilated cages (IVC, 4 mice at maximum per cage) which were kept
at room temperature and a constant humidity. After randomization, the body weights of
the mice were measured every other day, and the behaviors of the animals were

recorded every day.
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5710¢ cells of a human luminal breast cancer cell line MCF-7 (CRQ-#327) were
suspended in a solution prepared from 200 uL of PBS and Matrigel (PBS: PAA
#10010-023, Matrigel: BD #354234) mixed at a ratio of 1:1, and subcutaneously
transplanted to the right side area of the body of each nude mouse using a 29 G needle.
The body weights were measured using a weight scale (Mettler Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) “ [Minor axis (mm)]?

At Day 11 when the tumor size reached about 250 mm?, 20 animals were randomly
divided into 2 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a) or PBS for a control group were administered at the following
doses.

Administration group: PBS was intravenously injected at the same single dose as the
antibody-drug conjugate.

Administration group: The antibody-drug conjugate (16a) was intravenously injected
at a single dose of 10 mg/kg.

The results are shown in Figure 20. The inhibition of tumor growth of the human
luminal breast cancer line was observed in the antibody-drug conjugate administration
group compared with the control group. No weight loss was observed in the mice of
the treated groups.

Test Example 13 Antibody-drug conjugate (16a) exhibited antitumor effect in in vivo
antitumor test using human melanoma line

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

3710¢ cells of a human melanoma cell line WM-266-4 (CRL-1676) from ATCC were
mixed and suspended in Matrigel (BD #354234) and subcutaneously transplanted to
the right side area of the body of each nude mouse using a 29 G needle. The body
weights were measured using a weight scale (Mettler Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?*) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) ~ [Minor axis (mm)]?

At Day 19 when the tumor size reached about 220 mm?, 8 animals were randomly
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divided into 2 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a) or PBS for a control group were administered at the following
doses.

Administration group: PBS was intravenously injected at the same single dose as the
antibody-drug conjugate.

Administration group: The antibody-drug conjugate (16a) was intravenously injected
at a single dose of 10 mg/kg.

The results are shown in Figure 21. The inhibition of tumor growth of the human
melanoma line was observed in the antibody-drug conjugate administration group
compared with the control group. No weight loss was observed in the mice of the
treated groups. In other human melanoma model C32, the inhibition of tumor growth
was also observed in the antibody-drug conjugate (16a) administration group compared
with the control group.

Test Example 14 Antibody-drug conjugate (16a) exhibited antitumor effect in in vivo
antitumor test using human ovarian cancer line

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxn1nu/Foxnlnu)
nude mice (Charles River Laboratories Japan, Inc.) having a body weightof 15t0 20 g
after acclimation were used. The mice were placed in individually ventilated cages
(IVC, 4 mice at maximum per cage) which were kept at room temperature and a
constant humidity. After randomization, the body weights of the mice were measured
every other day, and the behaviors of the animals were recorded every day.

5710¢ cells of a human ovarian cancer cell line OVCAR-8 (HTB-161) from ATCC
were mixed and suspended in Matrigel (BD #354234) and subcutaneously transplanted
to the right side area of the body of each nude mouse using a 29 G needle. The body
weights were measured using a weight scale (Mettler Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) ~ [Minor axis (mm)]?

At Day 21 when the tumor size reached about 140 mm?, 8 animals were randomly
divided into 2 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a) or PBS for a control group were administered at the following
doses.

Administration group: PBS was intravenously injected at the same single dose as the
antibody-drug conjugate.

Administration group: The antibody-drug conjugate (16a) was intravenously injected
at a single dose of 10 mg/kg.

The results are shown in Figure 22. The inhibition of tumor growth of the human
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ovarian cancer line was observed in the antibody-drug conjugate administration group
compared with the control group. No weight loss was observed in the mice of the
treated groups.

Test Example 15 Antibody-drug conjugate (16a) exhibited antitumor effect in in vivo
antitumor test using human bladder cancer line

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

8710¢ cells of a human bladder cancer cell line SW-780 (CRL-2169) from ATCC
were mixed and suspended in Matrigel (BD #354234) and subcutaneously transplanted
to the right side area of the body of each nude mouse using a 29 G needle. The body
weights were measured using a weight scale (Mettler Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?*) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) ~ [Minor axis (mm)]?

At Day 7 when the tumor size reached about 190 mm?, 10 animals were randomly
divided into 2 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a) or PBS for a control group were administered at the following
doses.

Administration group: PBS was intravenously injected at the same single dose as the
antibody-drug conjugate.

Administration group: The antibody-drug conjugate (16a) was intravenously injected
at a single dose of 10 mg/kg.

The results are shown in Figure 23. The inhibition of tumor growth of the human
bladder cancer line was observed in the antibody-drug conjugate administration group
compared with the control group. No weight loss was observed in the mice of the
treated groups.

Test Example 16 Antibody-drug conjugate (16a) exhibited HER3-dependent
antitumor effect in in vivo antitumor test using human breast cancer line

The human breast cancer line MDA-MB-453 expresses HER3 and responds to the
antibody-drug conjugate (13) as described in Test Example 8. However, as it had not
been demonstrated that this pharmaceutical effect was mediated by HER3 yet, HER3
was veiled by administering U1-59 beforehand, and whether or not to reduce the phar-

maceutical effect was evaluated.
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Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

17107 cells of a human breast cancer cell line MDA-MB-453 (CLB-22) from ATCC
were mixed and suspended in Matrigel (BD #354234) and subcutaneously transplanted
to the right side area of the body of each nude mouse using a 29 G needle. The body
weights were measured using a weight scale (Mettler Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) “ [Minor axis (mm)]?

At Day 11 when the tumor size reached about 130 mm?, 16 animals were randomly
divided into 4 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a) and/or U1-59 or PBS for a control group were administered at the
following doses.

Administration group: PBS was intravenously injected at the same single dose as the
antibody-drug conjugate.

Administration group: U1-59 was intravenously injected at a single dose of 30 mg/
kg.

Administration group: The antibody-drug conjugate (16a) was intravenously injected
at a single dose of 3 mg/kg.

Administration group: 30 minutes after administration (intravenous injection at a
single dose) of U1-59, the antibody-drug conjugate (16a) was intravenously injected at
a single dose of 3 mg/kg.

The results are shown in Figure 24. The inhibition of tumor growth of the human
breast cancer line was observed in the antibody-drug conjugate administration group
compared with the control group, whereas this tumor inhibitory effect was attenuated
by administering U1-59 beforehand. These results demonstrated that the tumor in-
hibitory effect of the antibody-drug conjugate is a pharmaceutical effect mediated by
HER3. No weight loss was observed in the mice of the treated groups.

Test Example 17 Antibody-drug conjugate (16a) exhibited antitumor effect in
combined use with trastuzumab in in vivo antitumor test using human breast cancer
line

Trastuzumab has been approved as a therapeutic agent for human HER2-positive

breast cancer. However, trastuzumab resistance is known, and a mutation in PIK3CA
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<H1047R or H420R> has been reported to participate in one of the mechanisms un-
derlying this resistance. In this test, whether or not the combined use of trastuzumab
and the antibody-drug conjugate was effective for a trastuzumab-resistant breast cancer
line was evaluated.

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

17107 cells of a human breast cancer cell line MDA-MB-453 (CLB-22, H1047R
mutation in PIK3CA) from ATCC were mixed and suspended in Matrigel (PBS: PAA
#10010-023, Matrigel: BD #354234) and subcutaneously transplanted to the right side
area of the body of each nude mouse using a 29 G needle. The body weights were
measured using a weight scale (Mettler Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?*) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) ~ [Minor axis (mm)]?

At Day 11 when the tumor size reached about 130 mm?, 16 animals were randomly
divided into 4 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a), trastuzumab, combined use of the conjugate and trastuzumab, or
PBS for a control group were administered at the following doses.

Administration group: PBS was intravenously injected at the same single dose as the
antibody-drug conjugate.

Administration group: Trastuzumab (Roche Diagnostics, Inc.) was intravenously
injected at a single dose of 1 mg/kg.

Administration group: The antibody-drug conjugate (16a) was intravenously injected
at a single dose of 3 mg/kg.

Administration group: 30 minutes after administration (intravenous injection at a
single dose) of trastuzumab (Roche Diagnostics, Inc.), the antibody-drug conjugate
(16a) was intravenously injected at a single dose of 3 mg/kg.

The results are shown in Figure 25. The antitumor effect brought about by combined
use on the human breast cancer line (PIK3CA H1047R) was observed in the admin-
istration of trastuzumab and the antibody-drug conjugate compared with the admin-
istration of each medicine alone. These results demonstrated that the pharmaceutical
effect of the antibody-drug conjugate is potentiated by the combined use thereof with

trastuzumab. No weight loss was observed in the mice of the treated groups. In other
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antitumor test ucing a human breast cancer cell line HCC1954(PIK3CA H1047R), the
combined antitumor effect was also observed in the administration of trastuzumab and
the antibody-drug conjugate (16a) compared with the administration of each medicine
alone.

Test Example 18 Antibody-drug conjugate (15) exhibited antitumor effect in
combined use with trastuzumab in in vivo antitumor test using human breast cancer
line

Trastuzumab has been approved as a therapeutic agent for human HER2-positive
breast cancer. However, trastuzumab resistance is known, and a mutation in PIK3CA
<H1047R or H420R> has been reported to participate in one of the mechanisms un-
derlying this resistance. In this test, whether or not the combined use of trastuzumab
and the antibody-drug conjugate was effective for a trastuzumab-resistant breast cancer
line was evaluated.

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

5710° cells of a human breast cancer cell line JIMT-1 (ACC-589, H420R mutation in
PIK3CA) from ATCC were suspended in PBS (PAA #10010-023) and subcutaneously
transplanted to the right side area of the body of each nude mouse using a 29 G needle.
The body weights were measured using a weight scale (Mettler Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) ~ [Minor axis (mm)]?

At Day 10 when the tumor size reached about 200 mm?®, 24 animals were randomly
divided into 4 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (15), trastuzumab, combined use of the conjugate and trastuzumab, or
PBS for a control group were administered at the following doses.

Administration group: PBS was intravenously injected once a week at the same dose
as the antibody-drug conjugate.

Administration group: Trastuzumab (Roche Diagnostics, Inc.) was intravenously
injected once a week at 10 mg/kg.

Administration group: The antibody-drug conjugate (15) was intravenously injected
once a week at 10 mg/kg.

Administration group: 30 minutes after administration (intravenous injection once a
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week) of trastuzumab (Roche Diagnostics, Inc.), the antibody-drug conjugate (15) was
intravenously injected once a week at 10 mg/kg.

The results are shown in Figure 26. The antitumor effect brought about by combined
use on the human breast cancer line (PIK3CA H420R) was observed in the admin-
istration of trastuzumab and the antibody-drug conjugate compared with the admin-
istration of each medicine alone. These results demonstrated that the pharmaceutical
effect of the antibody-drug conjugate is potentiated by the combined use thereof with
trastuzumab. No weight loss was observed in the mice of the treated groups.

Test Example 19 Antibody-drug conjugate (16a) exhibited antitumor effect in
combined use with gefitinib in in vivo antitumor test using human lung cancer line

Gefitinib has been approved as a therapeutic agent for human lung cancer. In this
test, whether or not the combined use of gefitinib and the antibody-drug conjugate was
effective was evaluated.

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

37108 cells of a human lung cancer cell line PC-9 (RCB0446) from ATCC were
suspended in PBS (PAA #10010-023) and subcutaneously transplanted to the right side
area of the body of each nude mouse using a 29 G needle. The body weights were
measured using a weight scale (Mettler Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) ~ [Minor axis (mm)]?

At Day 14 when the tumor size reached about 270 mm?®, 16 animals were randomly
divided into 4 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a), gefitinib, combined use of the conjugate and gefitinib, or PBS
for a control group were administered at the following doses.

Administration group: PBS was intravenously injected once a week at the same dose
as the antibody-drug conjugate.

Administration group: Gefitinib (AstraZeneca) was orally administered once a day at
6 mg/kg.

Administration group: The antibody-drug conjugate (16a) was intravenously injected
once a week at 10 mg/kg.

Administration group: 30 minutes after administration (oral administration once a
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day) of gefitinib (AstraZeneca), the antibody-drug conjugate (16a) was intravenously
injected once a week at 10 mg/kg.

The results are shown in Figure 27. The antitumor effect brought about by combined
use on the human lung cancer line was observed in the administration of gefitinib and
the antibody-drug conjugate compared with the administration of each medicine alone.
These results demonstrated that the pharmaceutical effect of the antibody-drug
conjugate is potentiated by the combined use thereof with gefitinib. No weight loss
was observed in the mice of the treated groups.

Test Example 20 Antibody-drug conjugate (16a) exhibited antitumor effect in
combined use with cetuximab or panitumumab in in vivo antitumor test using human
triple-negative breast cancer line

An anti-EGFR antibody cetuximab or panitumumab is under clinical trial against
human triple-negative breast cancer. In this test, whether or not the combined use of
cetuximab or panitumumab and the antibody-drug conjugate was effective was
evaluated.

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

5710°¢ cells of a human triple-negative breast cancer cell line MDA-MB-468
(CRL-2322) from ATCC were suspended in a solution prepared from 200 uLL of PBS
and Matrigel (PBS: PAA #10010-023, Matrigel: BD #354234) mixed at a ratio of 1:1,
and subcutaneously transplanted to the right side area of the body of each nude mouse
using a 29 G needle. The body weights were measured using a weight scale (Mettler
Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) ~ [Minor axis (mm)]?

At Day 21 when the tumor size reached about 160 mm?, 30 animals were randomly
divided into 6 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a), cetuximab or panitumumab, combined use of the conjugate and
cetuximab or panitumumab, or PBS for a control group were administered at the
following doses.

Administration group: PBS was administered at the same single dose as the antibody-

drug conjugate.
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Administration group: Cetuximab (Bristol-Myers Squibb Company) was administered
at a single dose of 10 mg/kg.

Administration group: Panitumumab (Amgen Inc.) was administered at a single dose
of 10 mg/kg.

Administration group: The antibody-drug conjugate (16a) was administered at a single
dose of 10 mg/kg.

Administration group: 30 minutes after administration (administration at a single dose)
of cetuximab (Bristol-Myers Squibb Company), the antibody-drug conjugate (16a) was
administered at a single dose of 10 mg/kg.

Administration group: 30 minutes after administration (administration at a single dose)
of panitumumab (Amgen Inc.), the antibody-drug conjugate (16a) was administered at
a single dose of 10 mg/kg.

The results are shown in Figure 28. The antitumor effect brought about by combined
use on the human triple-negative breast cancer line was observed in the administration
of cetuximab (Figure 28A) or panitumumab (Figure 28B) and the antibody-drug
conjugate compared with the administration of each medicine alone. These results
demonstrated that the pharmaceutical effect of the antibody-drug conjugate is po-
tentiated by the combined use thereof with cetuximab or panitumumab. No weight loss
was observed in the mice of the treated groups. The antitumor effect brought about by
combined use on the other human triple-negative breast cancer line in MDA-MB-231
was also observed in the administration of cetuximab or panitumumab and the
antibody-drug conjugate (16a) compared with the administration of each medicine
alone.

Test Example 21 Antibody-drug conjugate (16a) exhibited antitumor effect in
combined use with cetuximab or panitumumab in in vivo antitumor test using human
head and neck cancer line

An anti-EGFR antibody cetuximab has been approved against human head and neck
cancer, while panitumumab is under clinical trial against this cancer. In this test,
whether or not the combined use of cetuximab or panitumumab and the antibody-drug
conjugate was effective was evaluated.

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

4710°¢ cells of a human head and neck cancer cell line Fadu (HTB-43) from ATCC
were suspended in 200 uLL of PBS (PAA #10010-023) and subcutaneously transplanted
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to the right side area of the body of each nude mouse using a 29 G needle. The body
weights were measured using a weight scale (Mettler Toledo PB602-L).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) “ [Minor axis (mm)]?

At Day 6 when the tumor size reached about 330 mm?, 30 animals were randomly
divided into 6 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a), cetuximab or panitumumab, combined use of the conjugate and
cetuximab or panitumumab, or PBS for a control group were administered at the
following doses.

Administration group: PBS was administered at the same single dose as the antibody-
drug conjugate.

Administration group: Cetuximab (Bristol-Myers Squibb Company) was ad-
ministered at a single dose of 5 mg/kg.

Administration group: Panitumumab (Amgen Inc.) was administered at a single dose
of 5 mg/kg.

Administration group: The antibody-drug conjugate (16a) was administered at a
single dose of 10 mg/kg.

Administration group: 30 minutes after administration (administration at a single
dose) of cetuximab (Bristol-Myers Squibb Company), the antibody-drug conjugate
(16a) was administered at a single dose of 10 mg/kg.

Administration group: 30 minutes after administration (administration at a single
dose) of panitumumab (Amgen Inc.), the antibody-drug conjugate (16a) was ad-
ministered at a single dose of 10 mg/kg.

The results are shown in Figure 29. The antitumor effect brought about by combined
use on the human head and neck cancer line was observed in the administration of
cetuximab (Figure 29A) or panitumumab (Figure 29B) and the antibody-drug
conjugate compared with the administration of each medicine alone. These results
demonstrated that the pharmaceutical effect of the antibody-drug conjugate is po-
tentiated by the combined use thereof with cetuximab or panitumumab. No weight loss
was observed in the mice of the treated groups.

Test Example 22 Antibody-drug conjugate (16a) exhibited antitumor effect in
combined use with cetuximab or pertuzumab in in vivo antitumor test by trans-
plantation of tumor from stomach cancer patient

An anti-EGFR antibody cetuximab and an anti-HER2 antibody pertuzumab are under
clinical trial against human stomach cancer. In this test, whether or not the combined

use of cetuximab or pertuzumab and the antibody-drug conjugate was effective was
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evaluated. The evaluation was carried out by conducting an antitumor test close to
clinical condition involving the stroma of a patient using the patient-derived tumors
transplanted in mice instead of the general evaluation system using a human cancer
line.

Five- to 6-week-old female CAnN.Cg-Foxn1[nu]/CrlCrlj (Foxnlnu/Foxnlnu) nude
mice (Charles River Laboratories Japan, Inc.) having a body weight of 15 to 20 g after
acclimation were used. The mice were placed in individually ventilated cages (IVC, 4
mice at maximum per cage) which were kept at room temperature and a constant
humidity. After randomization, the body weights of the mice were measured every
other day, and the behaviors of the animals were recorded every day.

A stomach cancer patient-derived tumor NIBIO-G016 from National Institute of
Biomedical Innovation was subcutaneously transplanted to the right side area of the
body of each nude mouse. The body weights were measured using a weight scale
(Mettler Toledo PB602-L.).

The major axis and minor axis of the tumor were measured using an electronic digital
caliper (CD-15CX, Mitsutoyo Corp), and the tumor volume (mm?*) was calculated. The
calculation was carried out according to the following expression.

Tumor volume (mm?) = 1/2 “ Major axis (mm) ~ [Minor axis (mm)]?

At Day 56 when the tumor size reached about 220 mm?, 30 animals were randomly
divided into 6 groups on the basis of their tumor sizes. At the same day, the antibody-
drug conjugate (16a), cetuximab or pertuzumab, combined use of the conjugate and
cetuximab or pertuzumab, or PBS for a control group were administered at the
following doses.

Administration group: PBS was administered at the same single dose as the antibody-
drug conjugate.

Administration group: Cetuximab (Bristol-Myers Squibb Company) was ad-
ministered at a single dose of 10 mg/kg.

Administration group: Pertuzumab (Roche Diagnostics, Inc.) was administered at a
single dose of 10 mg/kg.

Administration group: The antibody-drug conjugate (16a) was administered at a
single dose of 10 mg/kg.

Administration group: 30 minutes after administration (administration at a single
dose) of cetuximab (Bristol-Myers Squibb Company), the antibody-drug conjugate
(16a) was administered at a single dose of 10 mg/kg.

Administration group: 30 minutes after administration (administration at a single
dose) of pertuzumab (Roche Diagnostics, Inc.), the antibody-drug conjugate (16a) was
administered at a single dose of 10 mg/kg.

The results are shown in Figure 30. The antitumor effect brought about by combined
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use on the stomach cancer patient-derived tumor model was observed in the admin-
istration of cetuximab (Figure 30A) or pertuzumab (Figure 30B) and the antibody-drug
conjugate compared with the administration of each medicine alone. These results
demonstrated that the pharmaceutical effect of the antibody-drug conjugate is po-
tentiated by the combined use thereof with cetuximab or panitumumab in the cancer
patient-derived tumor model. No weight loss was observed in the mice of the treated
groups. Further, in an antitumor test using a human pancreatic cancer cell line BxXPC3,
the antibody-drug conjugate (13) exhibited a stronger antitumor effect as compared
with the PBS administration group or the U1-59 administration group. The antibody-
drug conjugate also exhibited a strong antitumor effect on in vivo antitumor model
using a HER2-positive breast cancer cell line JIMT1 which had acquired resistance to

combined use of trastuzumab and pertuzumab or to trastuzumab emtansine.
Test Example 23 Safety of antibody-drug conjugate for non-human animal

The anti-HER3 antibody-drug conjugate of the present invention and the pharma-
ceutical composition containing this anti-HER3 antibody-drug conjugate have
excellent safety as a therapeutic or prophylactic agent for a disease. For example, when
the antibody-drug conjugate (5), (10), or (13) was administered up to 30 mg/kg to a
cross-breed rat, two times in total with an interval of once per week, no serious toxicity
findings were observed from any of the antibody-drug conjugates as a result of ob-
servation until Day 7 after the final administration. Further, when the antibody-drug
conjugate (5), (10), or (13) was administered up to 30 mg/kg to a cross-breed monkey,
no remarkable toxicity findings were observed from any of the antibody-drug
conjugates as a result of observation for 7 days.

Further, when antibody-drug conjugate (5), (10), or (13) was administered at a
plurality of doses to a monkey (3-week intervals), no remarkable toxicity findings were
observed from any of the antibody-drug conjugates as a result of observation. Ac-
cordingly, the antibody-drug conjugate of the present invention has excellent safety as
a pharmaceutical composition for treatment or prevention of a disease.

Sequence Listing Free Text

SEQ ID NO: 1 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-39

SEQ ID NO: 2 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-39

SEQ ID NO: 3 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-39

SEQ ID NO: 4 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-39
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SEQ ID NO: 5 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-40

SEQ ID NO: 6 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-40

SEQ ID NO: 7 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-40

SEQ ID NO: 8 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-40

SEQ ID NO: 9 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-38

SEQ ID NO: 10 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-38

SEQ ID NO: 11 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-38

SEQ ID NO: 12 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-38

SEQ ID NO: 13 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-41

SEQ ID NO: 14 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-41

SEQ ID NO: 15 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-41

SEQ ID NO: 16 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-41

SEQ ID NO: 17 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-42

SEQ ID NO: 18 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-42

SEQ ID NO: 19 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-42

SEQ ID NO: 20 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-42

SEQ ID NO: 21 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-43

SEQ ID NO: 22 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-43

SEQ ID NO: 23 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-43
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SEQ ID NO: 24 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-43

SEQ ID NO: 25 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-44

SEQ ID NO: 26 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-44

SEQ ID NO: 27 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-44

SEQ ID NO: 28 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-44

SEQ ID NO: 29 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-45

SEQ ID NO: 30 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-45

SEQ ID NO: 31 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-45

SEQ ID NO: 32 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-45

SEQ ID NO: 33 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-46

SEQ ID NO: 34 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-46

SEQ ID NO: 35 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-47

SEQ ID NO: 36 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-47

SEQ ID NO: 37 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-47

SEQ ID NO: 38 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-47

SEQ ID NO: 39 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-48

SEQ ID NO: 40 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-48

SEQ ID NO: 41 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-49

SEQ ID NO: 42 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-49
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SEQ ID NO: 43 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-49

SEQ ID NO: 44 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-49

SEQ ID NO: 45 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-50

SEQ ID NO: 46 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-50

SEQ ID NO: 47 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-50

SEQ ID NO: 48 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-50

SEQ ID NO: 49 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-51

SEQ ID NO: 50 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-51

SEQ ID NO: 51 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-51

SEQ ID NO: 52 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-51

SEQ ID NO: 53 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-53

SEQ ID NO: 54 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-53

SEQ ID NO: 55 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-53

SEQ ID NO: 56 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-53

SEQ ID NO: 57 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-55

SEQ ID NO: 58 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-55

SEQ ID NO: 59 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-55.1

SEQ ID NO: 60 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-55.1

SEQ ID NO: 61 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-57
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SEQ ID NO: 62 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-57

SEQ ID NO: 63 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-57.1

SEQ ID NO: 64 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-57.1

SEQ ID NO: 65 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-58

SEQ ID NO: 66 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-58

SEQ ID NO: 67 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-58

SEQ ID NO: 68 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-58

SEQ ID NO: 69 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-59

SEQ ID NO: 70 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-59

SEQ ID NO: 71 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-59

SEQ ID NO: 72 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-59

SEQ ID NO: 73 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-52

SEQ ID NO: 74 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-52

SEQ ID NO: 75 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-52

SEQ ID NO: 76 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-52

SEQ ID NO: 77 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-61

SEQ ID NO: 78 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-61

SEQ ID NO: 79 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-61.1

SEQ ID NO: 80 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-61.1
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SEQ ID NO: 81 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-61.1

SEQ ID NO: 82 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-61.1

SEQ ID NO: 83 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-62

SEQ ID NO: 84 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-62

SEQ ID NO: 85 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-62

SEQ ID NO: 86 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-62

SEQ ID NO: 87 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-2

SEQ ID NO: 88 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-2

SEQ ID NO: 89 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-2

SEQ ID NO: 90 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-2

SEQ ID NO: 91 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-7

SEQ ID NO: 92 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-7

SEQ ID NO: 93 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-7

SEQ ID NO: 94 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-7

SEQ ID NO: 95 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-9

SEQ ID NO: 96 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-9

SEQ ID NO: 97 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-9

SEQ ID NO: 98 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-9

SEQ ID NO: 99 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-10
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SEQ ID NO: 100 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-10

SEQ ID NO: 101 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-10

SEQ ID NO: 102 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-10

SEQ ID NO: 103 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-12

SEQ ID NO: 104 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-12

SEQ ID NO: 105 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-12

SEQ ID NO: 106 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-12

SEQ ID NO: 107 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-13

SEQ ID NO: 108 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-13

SEQ ID NO: 109 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-13

SEQ ID NO: 110 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-13

SEQ ID NO: 111 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-14

SEQ ID NO: 112 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-14

SEQ ID NO: 113 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-14

SEQ ID NO: 114 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-14

SEQ ID NO: 115 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-15

SEQ ID NO: 116 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-15

SEQ ID NO: 117 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-15

SEQ ID NO: 118 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-15
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SEQ ID NO: 119 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-19

SEQ ID NO: 120 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-19

SEQ ID NO: 121 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-20

SEQ ID NO: 122 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-20

SEQ ID NO: 123 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-20

SEQ ID NO: 124 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-20

SEQ ID NO: 125 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-21

SEQ ID NO: 126 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-21

SEQ ID NO: 127 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-21

SEQ ID NO: 128 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-21

SEQ ID NO: 129 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-22

SEQ ID NO: 130 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-22

SEQ ID NO: 131 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-22

SEQ ID NO: 132 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-22

SEQ ID NO: 133 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-23

SEQ ID NO: 134 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-23

SEQ ID NO: 135 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-23

SEQ ID NO: 136 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-23

SEQ ID NO: 137 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-24
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SEQ ID NO: 138 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-24

SEQ ID NO: 139 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-24

SEQ ID NO: 140 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-24

SEQ ID NO: 141 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-25

SEQ ID NO: 142 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-25

SEQ ID NO: 143 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-25

SEQ ID NO: 144 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-25

SEQ ID NO: 145 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-26

SEQ ID NO: 146 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-26

SEQ ID NO: 147 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-26

SEQ ID NO: 148 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-26

SEQ ID NO: 149 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-27

SEQ ID NO: 150 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-27

SEQ ID NO: 151 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-27

SEQ ID NO: 152 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-27

SEQ ID NO: 153 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-28

SEQ ID NO: 154 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-28

SEQ ID NO: 155 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-28

SEQ ID NO: 156 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-28
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SEQ ID NO: 157 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-31

SEQ ID NO: 158 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-31

SEQ ID NO: 159 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-31

SEQ ID NO: 160 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-31

SEQ ID NO: 161 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-32

SEQ ID NO: 162 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-32

SEQ ID NO: 163 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-32

SEQ ID NO: 164 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-32

SEQ ID NO: 165 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-35

SEQ ID NO: 166 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-35

SEQ ID NO: 167 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-35

SEQ ID NO: 168 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-35

SEQ ID NO: 169 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-36

SEQ ID NO: 170 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-36

SEQ ID NO: 171 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-36

SEQ ID NO: 172 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-36

SEQ ID NO: 173 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-37

SEQ ID NO: 174 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-37

SEQ ID NO: 175 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-37
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SEQ ID NO: 176 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-37

SEQ ID NO: 177 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-34

SEQ ID NO: 178 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-34

SEQ ID NO: 179 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-34

SEQ ID NO: 180 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-34

SEQ ID NO: 181 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-1

SEQ ID NO: 182 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-1

SEQ ID NO: 183 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-1

SEQ ID NO: 184 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-1

SEQ ID NO: 185 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-3

SEQ ID NO: 186 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-3

SEQ ID NO: 187 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-3

SEQ ID NO: 188 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-3

SEQ ID NO: 189 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-4

SEQ ID NO: 190 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-4

SEQ ID NO: 191 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-4

SEQ ID NO: 192 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-4

SEQ ID NO: 193 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-5

SEQ ID NO: 194 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-5
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SEQ ID NO: 195 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-5

SEQ ID NO: 196 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-5

SEQ ID NO: 197 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-6

SEQ ID NO: 198 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-6

SEQ ID NO: 199 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-6

SEQ ID NO: 200 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-6

SEQ ID NO: 201 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-8

SEQ ID NO: 202 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-8

SEQ ID NO: 203 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-8

SEQ ID NO: 204 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-8

SEQ ID NO: 205 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-11

SEQ ID NO: 206 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-11

SEQ ID NO: 207 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-11

SEQ ID NO: 208 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-11

SEQ ID NO: 209 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-16

SEQ ID NO: 210 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-16

SEQ ID NO: 211 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-16

SEQ ID NO: 212 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-16

SEQ ID NO: 213 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-17
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SEQ ID NO: 214 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-17

SEQ ID NO: 215 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-17

SEQ ID NO: 216 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-17

SEQ ID NO: 217 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-18

SEQ ID NO: 218 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-18

SEQ ID NO: 219 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-18

SEQ ID NO: 220 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-18

SEQ ID NO: 221 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-33

SEQ ID NO: 222 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-33

SEQ ID NO: 223 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-33

SEQ ID NO: 224 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-33

SEQ ID NO: 225 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-29

SEQ ID NO: 226 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-29

SEQ ID NO: 227 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-29

SEQ ID NO: 228 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-29

SEQ ID NO: 229 - Nucleotide sequence encoding a heavy chain variable region amino
acid sequence of the anti-HER3 human antibody U1-30

SEQ ID NO: 230 - Heavy chain variable region amino acid sequence of the anti-HER3
human antibody U1-30

SEQ ID NO: 231 - Nucleotide sequence encoding a light chain variable region amino
acid sequence of the anti-HER3 human antibody U1-30

SEQ ID NO: 232 - Light chain variable region amino acid sequence of the anti-HER3
human antibody U1-30
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SEQ ID NO: 233 - Primer

SEQ ID NO: 234 - Primer

SEQ ID NO: 235 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody Ul-1

SEQ ID NO: 236 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody Ul-1

SEQ ID NO: 237 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody Ul-1

SEQ ID NO: 238 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody Ul-1

SEQ ID NO: 239 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody Ul-1

SEQ ID NO: 240 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody Ul-1

SEQ ID NO: 241 - Heavy chain CDRH]1 amino acid sequence of the anti-HER3 human
antibody U1-2

SEQ ID NO: 242 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-2

SEQ ID NO: 243 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-2

SEQ ID NO: 244 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-2

SEQ ID NO: 245 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-2

SEQ ID NO: 246 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-2

SEQ ID NO: 247 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-3

SEQ ID NO: 248 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-3

SEQ ID NO: 249 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-3

SEQ ID NO: 250 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-3

SEQ ID NO: 251 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-3

SEQ ID NO: 252 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-3
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SEQ ID NO: 253 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-4

SEQ ID NO: 254 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-4

SEQ ID NO: 255 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-4

SEQ ID NO: 256 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-4

SEQ ID NO: 257 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-4

SEQ ID NO: 258 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-4

SEQ ID NO: 259 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-5

SEQ ID NO: 260 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-5

SEQ ID NO: 261 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-5

SEQ ID NO: 262 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-5

SEQ ID NO: 263 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-5

SEQ ID NO: 264 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-5

SEQ ID NO: 265 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-6

SEQ ID NO: 266 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-6

SEQ ID NO: 267 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-6

SEQ ID NO: 268 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-6

SEQ ID NO: 269 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-6

SEQ ID NO: 270 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-6

SEQ ID NO: 271 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-7



210
WO 2015/155998 PCT/JP2015/002020

SEQ ID NO: 272 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-7

SEQ ID NO: 273 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-7

SEQ ID NO: 274 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-7

SEQ ID NO: 275 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-7

SEQ ID NO: 276 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-7

SEQ ID NO: 277 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-8

SEQ ID NO: 278 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-8

SEQ ID NO: 279 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-8

SEQ ID NO: 280 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-8

SEQ ID NO: 281 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-8

SEQ ID NO: 282 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-8

SEQ ID NO: 283 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-9

SEQ ID NO: 284 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-9

SEQ ID NO: 285 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-9

SEQ ID NO: 286 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-9

SEQ ID NO: 287 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-9

SEQ ID NO: 288 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-9

SEQ ID NO: 289 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-10

SEQ ID NO: 290 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-10
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SEQ ID NO: 291 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-10

SEQ ID NO: 292 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-10

SEQ ID NO: 293 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-10

SEQ ID NO: 294 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-10

SEQ ID NO: 295 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-11

SEQ ID NO: 296 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-11

SEQ ID NO: 297 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-11

SEQ ID NO: 298 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-11

SEQ ID NO: 299 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-11

SEQ ID NO: 300 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-11

SEQ ID NO: 301 - Heavy chain CDRHI1 amino acid sequence of the anti-HER3 human
antibody U1-12

SEQ ID NO: 302 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-12

SEQ ID NO: 303 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-12

SEQ ID NO: 304 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-12

SEQ ID NO: 305 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-12

SEQ ID NO: 306 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-12

SEQ ID NO: 307 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-13

SEQ ID NO: 308 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-13

SEQ ID NO: 309 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-13
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SEQ ID NO: 310 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-13

SEQ ID NO: 311 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-13

SEQ ID NO: 312 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-13

SEQ ID NO: 313 - Heavy chain CDRH]1 amino acid sequence of the anti-HER3 human
antibody Ul1-14

SEQ ID NO: 314 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody Ul1-14

SEQ ID NO: 315 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody Ul1-14

SEQ ID NO: 316 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody Ul1-14

SEQ ID NO: 317 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody Ul1-14

SEQ ID NO: 318 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody Ul1-14

SEQ ID NO: 319 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-15

SEQ ID NO: 320 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-15

SEQ ID NO: 321 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-15

SEQ ID NO: 322 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-15

SEQ ID NO: 323 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-15

SEQ ID NO: 324 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-15

SEQ ID NO: 325 - Heavy chain CDRH]1 amino acid sequence of the anti-HER3 human
antibody U1-16

SEQ ID NO: 326 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-16

SEQ ID NO: 327 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-16

SEQ ID NO: 328 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-16
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SEQ ID NO: 329 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-16

SEQ ID NO: 330 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-16

SEQ ID NO: 331 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-17

SEQ ID NO: 332 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-17

SEQ ID NO: 333 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-17

SEQ ID NO: 334 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-17

SEQ ID NO: 335 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-17

SEQ ID NO: 336 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-17

SEQ ID NO: 337 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-18

SEQ ID NO: 338 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-18

SEQ ID NO: 339 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-18

SEQ ID NO: 340 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-18

SEQ ID NO: 341 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-18

SEQ ID NO: 342 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-18

SEQ ID NO: 343 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-19

SEQ ID NO: 344 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-19

SEQ ID NO: 345 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-19

SEQ ID NO: 346 - Heavy chain CDRH]1 amino acid sequence of the anti-HER3 human
antibody U1-20

SEQ ID NO: 347 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-20
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SEQ ID NO: 348 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-20

SEQ ID NO: 349 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-20

SEQ ID NO: 350 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-20

SEQ ID NO: 351 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-20

SEQ ID NO: 352 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-21

SEQ ID NO: 353 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-21

SEQ ID NO: 354 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-21

SEQ ID NO: 355 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-21

SEQ ID NO: 356 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-21

SEQ ID NO: 357 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-21

SEQ ID NO: 358 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-22

SEQ ID NO: 359 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-22

SEQ ID NO: 360 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-22

SEQ ID NO: 361-ight chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-22

SEQ ID NO: 362 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-22

SEQ ID NO: 363 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-22

SEQ ID NO: 364 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-23

SEQ ID NO: 365 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-23

SEQ ID NO: 366 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-23
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SEQ ID NO: 367 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-23

SEQ ID NO: 368 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-23

SEQ ID NO: 369 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-23

SEQ ID NO: 370 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-24

SEQ ID NO: 371 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-24

SEQ ID NO: 372 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-24

SEQ ID NO: 373 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-24

SEQ ID NO: 374 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-24

SEQ ID NO: 375 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-24

SEQ ID NO: 376 - Heavy chain CDRH]1 amino acid sequence of the anti-HER3 human
antibody U1-25

SEQ ID NO: 377 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-25

SEQ ID NO: 378 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-25

SEQ ID NO: 379 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-25

SEQ ID NO: 380 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-25

SEQ ID NO: 381 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-25

SEQ ID NO: 382 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-26

SEQ ID NO: 383 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-26

SEQ ID NO: 384 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-26

SEQ ID NO: 385 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-26
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SEQ ID NO: 386 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-26

SEQ ID NO: 387 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-26

SEQ ID NO: 388 - Heavy chain CDRH]1 amino acid sequence of the anti-HER3 human
antibody U1-27

SEQ ID NO: 389 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-27

SEQ ID NO: 390 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-27

SEQ ID NO: 391 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-27

SEQ ID NO: 392 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-27

SEQ ID NO: 393 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-27

SEQ ID NO: 394 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-28

SEQ ID NO: 395 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-28

SEQ ID NO: 396 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-28

SEQ ID NO: 397 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-28

SEQ ID NO: 398 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-28

SEQ ID NO: 399 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-28

SEQ ID NO: 400 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-29

SEQ ID NO: 401 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-29

SEQ ID NO: 402 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-29

SEQ ID NO: 403 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-29

SEQ ID NO: 404 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-29



217

WO 2015/155998 PCT/JP2015/002020

SEQ ID NO: 405 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-29

SEQ ID NO: 406 - Heavy chain CDRH]1 amino acid sequence of the anti-HER3 human
antibody U1-30

SEQ ID NO: 407 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-30

SEQ ID NO: 408 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-30

SEQ ID NO: 409 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-30

SEQ ID NO: 410 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-30

SEQ ID NO: 411 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-30

SEQ ID NO: 412 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-31

SEQ ID NO: 413 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-31

SEQ ID NO: 414 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-31

SEQ ID NO: 415 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-31

SEQ ID NO: 416 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-31

SEQ ID NO: 417 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-31

SEQ ID NO: 418 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-32

SEQ ID NO: 419 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-32

SEQ ID NO: 420 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-32

SEQ ID NO: 421 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-32

SEQ ID NO: 422 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-32

SEQ ID NO: 423 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-32
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SEQ ID NO: 424 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-33

SEQ ID NO: 425 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-33

SEQ ID NO: 426 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-33

SEQ ID NO: 427 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-33

SEQ ID NO: 428 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-33

SEQ ID NO: 429 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-33

SEQ ID NO: 430 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-34

SEQ ID NO: 431 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-34

SEQ ID NO: 432 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-34

SEQ ID NO: 433 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-34

SEQ ID NO: 434 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-34

SEQ ID NO: 435 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-34

SEQ ID NO: 436 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-35

SEQ ID NO: 437 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-35

SEQ ID NO: 438 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-35

SEQ ID NO: 439 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-35

SEQ ID NO: 440 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-35

SEQ ID NO: 441 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-35

SEQ ID NO: 442 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-36
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SEQ ID NO: 443 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-36

SEQ ID NO: 444 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-36

SEQ ID NO: 445 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-36

SEQ ID NO: 446 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-36

SEQ ID NO: 447 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-36

SEQ ID NO: 448 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-37

SEQ ID NO: 449 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-37

SEQ ID NO: 450 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-37

SEQ ID NO: 451 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-37

SEQ ID NO: 452 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-37

SEQ ID NO: 453 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-37

SEQ ID NO: 454 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-38

SEQ ID NO: 455 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-38

SEQ ID NO: 456 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-38

SEQ ID NO: 457 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-38

SEQ ID NO: 458 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-38

SEQ ID NO: 459 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-38

SEQ ID NO: 460 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-39

SEQ ID NO: 461 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-39
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SEQ ID NO: 462 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-39

SEQ ID NO: 463 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-39

SEQ ID NO: 464 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-39

SEQ ID NO: 465 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-39

SEQ ID NO: 466 - Heavy chain CDRH]1 amino acid sequence of the anti-HER3 human
antibody U1-40

SEQ ID NO: 467 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-40

SEQ ID NO: 468 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-40

SEQ ID NO: 469 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-40

SEQ ID NO: 470 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-40

SEQ ID NO: 471 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-40

SEQ ID NO: 472 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-41

SEQ ID NO: 473 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-41

SEQ ID NO: 474 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-41

SEQ ID NO: 475 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-41

SEQ ID NO: 476 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-41

SEQ ID NO: 477 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-41

SEQ ID NO: 478 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-42

SEQ ID NO: 479 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-42

SEQ ID NO: 480 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-42
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SEQ ID NO: 481 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-42

SEQ ID NO: 482 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-42

SEQ ID NO: 483 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-42

SEQ ID NO: 484 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-43

SEQ ID NO: 485 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-43

SEQ ID NO: 486 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-43

SEQ ID NO: 487 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-43

SEQ ID NO: 488 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-43

SEQ ID NO: 489 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-43

SEQ ID NO: 490 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-44

SEQ ID NO: 491 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-44

SEQ ID NO: 492 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-44

SEQ ID NO: 493 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-44

SEQ ID NO: 494 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-44

SEQ ID NO: 495 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-44

SEQ ID NO: 496 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-45

SEQ ID NO: 497 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-45

SEQ ID NO: 498 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-45

SEQ ID NO: 499 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-45
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SEQ ID NO: 500 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-45

SEQ ID NO: 501 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-45

SEQ ID NO: 502 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-46

SEQ ID NO: 503 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-46

SEQ ID NO: 504 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-46

SEQ ID NO: 505 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-47

SEQ ID NO: 506 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-47

SEQ ID NO: 507 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-47

SEQ ID NO: 508 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-47

SEQ ID NO: 509 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-47

SEQ ID NO: 510 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-47

SEQ ID NO: 511 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-48

SEQ ID NO: 512 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-48

SEQ ID NO: 513 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-48

SEQ ID NO: 514 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-49

SEQ ID NO: 515 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-49

SEQ ID NO: 516 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-49

SEQ ID NO: 517 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-49

SEQ ID NO: 518 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-49
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SEQ ID NO: 519 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-49

SEQ ID NO: 520 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-50

SEQ ID NO: 521 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-50

SEQ ID NO: 522 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-50

SEQ ID NO: 523 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-50

SEQ ID NO: 524 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-50

SEQ ID NO: 525 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-50

SEQ ID NO: 526 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-51

SEQ ID NO: 527 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-51

SEQ ID NO: 528 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-51

SEQ ID NO: 529 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-51

SEQ ID NO: 530 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-51

SEQ ID NO: 531 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-51

SEQ ID NO: 532 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-52

SEQ ID NO: 533 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-52

SEQ ID NO: 534 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-52

SEQ ID NO: 535 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-52

SEQ ID NO: 536 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-52

SEQ ID NO: 537 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-52
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SEQ ID NO: 538 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-53

SEQ ID NO: 539 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-53

SEQ ID NO: 540 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-53

SEQ ID NO: 541 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-53

SEQ ID NO: 542 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-53

SEQ ID NO: 543 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-53

SEQ ID NO: 544 - Heavy chain CDRH]1 amino acid sequence of the anti-HER3 human
antibody U1-55.1

SEQ ID NO: 545 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-55.1

SEQ ID NO: 546 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-55.1

SEQ ID NO: 547 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-55

SEQ ID NO: 548 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-55

SEQ ID NO: 549 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-55

SEQ ID NO: 550 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-57.1

SEQ ID NO: 551 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-57.1

SEQ ID NO: 552 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-57.1

SEQ ID NO: 553 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-57

SEQ ID NO: 554 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-57

SEQ ID NO: 555 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-57

SEQ ID NO: 556 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-58
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SEQ ID NO: 557 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-58

SEQ ID NO: 558 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-58

SEQ ID NO: 559 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-58

SEQ ID NO: 560 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-58

SEQ ID NO: 561 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-58

SEQ ID NO: 562 - Heavy chain CDRHI1 amino acid sequence of the anti-HER3 human
antibody U1-59

SEQ ID NO: 563 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-59

SEQ ID NO: 564 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-59

SEQ ID NO: 565 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-59

SEQ ID NO: 566 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-59

SEQ ID NO: 567 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-59

SEQ ID NO: 568 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-61.1

SEQ ID NO: 569 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-61.1

SEQ ID NO: 570 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-61.1

SEQ ID NO: 571 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-61.1

SEQ ID NO: 572 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-61.1

SEQ ID NO: 573 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-61.1

SEQ ID NO: 574 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-61

SEQ ID NO: 575 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-61
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SEQ ID NO: 576 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-61

SEQ ID NO: 577 - Heavy chain CDRH1 amino acid sequence of the anti-HER3 human
antibody U1-62

SEQ ID NO: 578 - Heavy chain CDRH2 amino acid sequence of the anti-HER3 human
antibody U1-62

SEQ ID NO: 579 - Heavy chain CDRH3 amino acid sequence of the anti-HER3 human
antibody U1-62

SEQ ID NO: 580 - Light chain CDRL1 amino acid sequence of the anti-HER3 human
antibody U1-62

SEQ ID NO: 581 - Light chain CDRL2 amino acid sequence of the anti-HER3 human
antibody U1-62

SEQ ID NO: 582 - Light chain CDRL3 amino acid sequence of the anti-HER3 human
antibody U1-62

SEQ ID NO: 583 - Full-length amino acid sequence of a heavy chain of anti-HER3
human antibody U1-59

SEQ ID NO: 584 - Full-length amino acid sequence of a light chain of anti-HER3
human antibody U1-59
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Claims

[Claim 1]

An antibody-drug conjugate wherein a drug-linker structure
represented by the following formula is conjugated to an anti-HER3
antibody,
—(Succinimid—3—yl—N)—CH2CH2CH2CH2CH2—C(=O)—GGFG—NH—CHZ—O—CHz—C(=O
) - (NH-DX) ,
wherein
- (Succinimid-3-y1-N) - has a structure represented by the following
formula:

[Formula 1]

which is connected to the anti-HER3 antibody at position 3 thereof
via a thioether bond and is connected to a methylene group in the
linker structure containing this structure on the nitrogen atom
at position 1, and

- (NH-DX) represents a group represented by the following formula,
with the nitrogen atom of the amino group at position 1 being a
connecting position.

[Formula 2]

[Claim 2]
The antibody-drug conjugate according to claim 1, wherein the
average number of units of the drug-linker structure conjugated

per antibody is in a range of from 2 to 8.
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[Claim 3]
The antibody-drug conjugate according to claim 1, wherein the
average number of units of the drug-linker structure conjugated

per antibody is in a range of from 3 to 8.

[Claim 4]
A medicine comprising the antibody-drug conjugate according

to any one of claims 1 to 3, a salt thereof or a hydrate thereof.

[Claim 5]
An antitumor medicine and/or anticancer medicine comprising
the antibody-drug conjugate according to any one of claims 1 to

3, a salt thereof or a hydrate thereof.

[Claim 6]

Use of an antitumor medicine and/or anticancer medicine
comprising the antibody-drug conjugate according to any one of
claims 1 to 3, a salt thereof or a hydrate thereof in the manufacture
of a medicament for treating lung cancer, kidney cancer, urothelial
cancer, colorectal cancer, prostate cancer, glioblastoma
multiforme, ovarian cancer, pancreatic cancer, breast cancer,
melanoma, liver cancer, bladder cancer, gastric cancer,
gastrointestinal stromal tumor, cervical cancer, head and neck
cancer, esophageal cancer, epidermoid cancer, peritoneal cancer,
adult glioblastoma multiforme, hepatic cancer, hepatocellular
carcinoma, colon cancer, rectal cancer, colon and rectal cancer,
endometrial cancer, uterus cancer, salivary cancer, renal cancer,
vulval cancer, thyroid cancer, hepatic carcinoma, anus carcinoma,

or penis cancer.

[Claim 7]

A pharmaceutical composition comprising the antibody-drug
conjugate according to any one of claims 1 to 3, a salt thereof
or a hydrate thereof as an active ingredient, and a pharmaceutically

acceptable formulation ingredient.
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[Claim 8]

Use of a pharmaceutical composition comprising the
antibody-drug conjugate according to any one of claims 1 to 3, a
salt thereof or a hydrate thereof as an active ingredient, and a
pharmaceutically acceptable formulation ingredient in the
manufacture of a medicament for treating lung cancer, kidney cancer,
urothelial cancer, colorectal cancer, prostate cancer,
glioblastoma multiforme, ovarian cancer, pancreatic cancer, breast
cancer, melanoma, liver cancer, bladder cancer, gastric cancer,
gastrointestinal stromal tumor, cervical cancer, head and neck
cancer, esophageal cancer, epidermoid cancer, peritoneal cancer,
adult glioblastoma multiforme, hepatic cancer, hepatocellular
carcinoma, colon canceyr, rectal cancer, colon and rectal cancer,
endometrial cancer, uterus cancer, salivary cancer, renal cancer,
vulval cancer, thyroid cancer, hepatic carcinoma, anus carcinoma,

or penis cancer.

[Claim 9]

The antibody-drug conjugate according to any one of claims
1 to 3, wherein the anti-HER3 antibody comprises the CDRH1 to CDRH3
and CDRL1 to CDRL3 of Ul-49, Ul-53, Ul-59, Ul-7 or Ul-9 in the heavy

and light chains, respectively.

[Claim 10]

The antibody-drug conjugate according to any one of claims
1 to 3 and 9, wherein the anti-HER3 antibody comprises the heavy
chain variable region and the light chain variable region of Ul-49,
Ul-53, Ul-59, Ul-7 or Ul-9 on the heavy and 1light chains,
respectively.

[Claim 11]

The antibody-drug conjugate according to any one of claims
1 to 3, 9 and 10, wherein the anti-HER3 antibody comprises the amino
acid sequences represented by SEQ ID No: 42 and 44, SEQ ID No: 54
and 56, SEQ ID No: 70 and 72, SEQ ID No: 92 and 94, or, SEQ ID No:
96 and 98, in the heavy and light chains, respectively.
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[Claim 12]

The antibody-drug conjugate according to any one of claims
1 to 3 and 9 to 11, wherein the anti-HER3 antibody comprises the
amino acid sequences represented by SEQ ID No: 583 and 584 in the

heavy and light chains, respectively.

[Claim 13]
The antibody-drug conjugate according to claim 12, wherein the
anti-HER3 antibody lacks a lysine residue at the carboxyl terminus

of the heavy chain.

[Claim 14]

A pharmaceutical composition comprising the antibody-drug
conjugate according to any one of claims 9 to 13, a salt thereof
or a hydrate thereof as an active ingredient, and a pharmaceutically

acceptable formulation ingredient.

[Claim 15]
A medicine comprising the antibody-drug conjugate according

to any one of claims 9 to 13, a salt thereof or a hydrate thereof.

[Claim 16]

Use of a pharmaceutical composition comprising the antibody-drug
conjugate according to any one of claims 9 to 13, a salt thereof or
a hydrate thereof as an active ingredient, and a pharmaceutically
acceptable formulation ingredient or the medicine comprising the
antibody-drug conjugate according to any one of claims 9 to 13, a salt
thereof or a hydrate thereof in the manufacture of a medicament for
treating lung cancer, kidney cancer, urothelial cancer, colorectal
cancer, prostate cancer, glioblastoma multiforme, ovarian cancer,
pancreatic cancer, breast cancer, melanoma, liver cancer, bladder
cancer, gastric cancer, gastrointestinal stromal tumor, cervical
cancer, head and neck cancer, esophageal cancer, epidermoid cancer,
peritoneal cancer, adult glioblastoma multiforme, hepatic cancer,
hepatocellular carcinoma, colon cancer, rectal cancer, colon and
rectal cancer, endometrial cancer, uterus cancer, salivary cancer,
renal cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anus

carcinoma, or penis cancer.



