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FIGURK 1

(57) Abrégée/Abstract:
The present disclosure provides antibodies, including isolated monoclonal antibodies, which specifically bind to CDH17 with high
affinity. Nucleic acid molecules encoding CDH1/7 antibodies, expression vectors, host cells and methods for expressing CDH17/
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(57) Abrege(suite)/Abstract(continued):
antibodies are also provided. Bispecific molecules and pharmaceutical compositions comprising the CDH1/7 antibodies are also

provided. Methods for detecting C
cancer, colon cancer and colorecta

DH17, as well as methods for treating carious cancers, Iincluding gastric cancer, pancreatic

cancer, are disclosed.
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FIGURE 1

provided. Bispecific molecules and pharmaceutical compositions compris-
ing the CDH17 antibodies are also provided. Methods for detecting CD-
H17, as well as methods for treating carious cancers, including gastric

cancer, pancreatic cancer, colon cancer and colorectal cancer, are dis-
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ANTIBODIES

FIELD OF THE INVENTION

The present invention relates generally to the fields of immunology and molecular biology. More
specifically, provided herein are antibodies and other therapeutic proteins directed against cell adhesion
molecule Cadherin-17, nucleic acids encoding such antibodies and therapeutic proteins, methods for
preparing inventive monoclonal antibodies and other therapeutic proteins, and methods for the treatment of
diseases, such as cancers mediated by Cadherin-17 expression/activity and/or associated with abnormal
expression/activity of ligands therefore.

BACKGROUND
Cadhenns are calcium dependent cell adhesion molecules. They preferentially interact with themselves

in a homophilic manner in connecting cells; cadherins may thus contribute to the sorting of heterogeneous cell
types. The cadherin molecule Cadherin-17 (CDH17 henceforward) is also known as liver-intestine cadhenn
or intestinal peptide-associated transporter HPT-1. CDH17 may have a role in the morphological organization
of liver and intestine. It 1s also involved 1n intestinal peptide transport. The CDH 17 structure 1s characterized
as having an extracellular domain with 7 cadherin domains, a single hydrophobic transmembrane domain and
a short C-terminal cytoplasmic tail. Only one human CDH17 1soform 1s known, Genbank Accession No.

NM 004063. CDH17 has the accession number Q12864 (SEQ ID NO: 38) in the SWISS-PROT and trEMBL
databases (held by the Swiss Institute of Bioinformatics (SIB) and the European Bioinformatics Institute
(EBI) which are available at www.expasy.com). The mouse CDH17 orthologue (Q9R100) shows 76%
identity to the human CDHI17.

According to SWISS-PROT, CDH17 1s expressed in the gastrointestinal tract and pancreatic duct. It 1s
not detected in kidney, lung, liver, brain, adrenal gland or skin. CDH17 expression has been reported in
gastric cancer (see, for example, Ito et al., Virchows Arch. 2005 Oct;447(4):717-22; Su et al., Mod Pathol.
2008 Nov;21(11):1379-86; Ko et al., Biochem Biophys Res Commun. 2004 Jun 25;319(2):562-8; and Dong et
al., Dig Dis Sci. 2007 Feb;52(2):536-42), pancreatic cancer and colorectal cancer (Su et al., Mod Pathol. 2008
Nov;21(11):1379-86) and hepatocellular carcinoma (Wong et al., Biochem Biophys Res Commun. 2003 Nov
21;311(3):618-24). International Patent Application W0O2008/026008 discloses CDH17 as a marker for
colorectal cancer and as a biological target for therapeutic antibodies and other pharmaceutical agents.

SUMMARY
The present invention provides antibodies directed against CDH17, nucleic acids encoding such

antibodies and therapeutic proteins, methods for preparing anti-CDH 17 monoclonal antibodies and other
therapeutic proteins, and methods for the treatment of diseases, such as CDH17 mediated disorders, e.g.,
human cancers, including gastric, pancreatic cancer and colorectal cancer.
In one embodiment, the invention provides an isolated antibody which specifically binds to Cadherin-
17, comprising:
a) a heavy chain variable region comprising:
1) a first CDR comprising an amino acid sequence having at least 70% sequence identity to SEQ ID
NO: 46;
ii) a second CDR comprising an amino acid sequence having at least 80% sequence identity to SEQ
ID NO: 47;
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ii1) a third CDR comprising an amino acid sequence having at least 80% sequence 1dentity to SEQ ID
NO: 48; and
b) a light chain variable region comprising:

1) a first CDR comprising an amino acid sequence having at least 80% sequence 1dentity to SEQ ID
NO: 49;

ii) a second CDR comprising an amino acid sequence having at least 80% sequence identity to SEQ
ID NO: 50; and |

i1i) a third CDR comprising an amino acid sequence having at least 80% sequence 1dentity to SEQ ID
NO: 51.

In a preferred embodiment, the invention also provides an 1solated antibody which specifically binds
to Cadherin-17, comprising:
a) a heavy chain vanable region comprising:

1) a first CDR comprising an amino acid sequence having at least 70% sequence 1dentity to SEQ ID
NO: 46;

i1) a second CDR comprising an amino acid sequence having at least 90% sequence identity to SEQ
D NO: 47,

111) a third CDR comprising an amino acid sequence having at least 85% sequence 1dentity to SEQ ID
NO: 48; and
b) a light chain vaniable region comprising:

1) a first CDR comprising an amino acid sequence having at least 85% sequence 1dentity to SEQ ID
NO: 49 ;

11) a second CDR comprising an amino acid sequence having at least 85% sequence 1dentity to SEQ
ID NO: 50; and

i11) a third CDR comprising an amino acid sequence having at least 80% sequence 1dentity to SEQ ID
NO: 51.

In yet another preferred embodiment, the invention further provides an isolated antibody which
specifically binds to Cadherin-17, comprising:
(a) a heavy chain vanable region comprising:

1) a first CDR comprising an amino acid sequence having at least 85% sequence 1dentity to SEQ ID
NO: 46;

11) a second CDR comprising an amino acid sequence having at least 95% sequence 1dentity to SEQ
ID NO: 47;

111) a third CDR comprising an amino acid sequence having at least 90% sequence identity to
SEQ ID NO: 48; and
(b) a light chain vanable region compnsing:

1) a first CDR comprising an amino acid sequence having at least 90% sequence identity to SEQ ID
NO: 49;

11) a second CDR comprising an amino acid sequence having at least 90% sequence i1dentity to SEQ
ID NO: 50; and

1) a third CDR comprising an amino acid sequence having at least 90% sequence identity to SEQ ID
NO: 51.

In a further embodiment, the invention provides, an i1solated antibody as defined above, wherein:
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(a) the heavy chain framework region comprises an amino acid sequence with at least 85%, preferably at

least 90% or 95%, sequence identity to SEQ ID NO: 26; and/or

(b) the light chain framework region comprises an amino acid sequence with at least 85%, preferably at

least 90% or 95%, sequence 1dentity to SEQ ID NO: 31.

Examples of preferred antibodies include full length antibodies, antibody fragments, single chain
antibodies, bispecific antibodies, minibodies, domain antibodies, synthetic antibodies and antibody fusions,
and fragments thereof.

In one embodiment, any of the preceding antibodies possesses an Fc domain. In some embodiments, the
Fc domain 1s human. In other embodiments, the Fc domain 1s a vannant human Fc domain.

In another embodiment, any of the preceding described antibodies are monoclonal antibodies.

In one embodiment, any of the preceding described antibodies contains or is conjugated to a therapeutic
moiety or agent. In some embodiments, the therapeutic moiety is a cytotoxin, radiotoxin or a drug. In other
embodiments, the conjugated agent is a polymer. In another embodiment, the polymer 1s a polyethylene
glycol (PEG). In another embodiment, the PEG 1s a PEG denvative.

In yet a further embodiment, there is provided an antibody of the invention which elicits or 1s capable
of eliciting antibody-dependent cellular cytotoxicity (ADCC).

A yet further embodiment provides a pharmaceutical composition comprising an antibody of the
invention, optionally together with a pharmaceutically acceptable carrer.

Also provided is an antibody or a pharmaceutical composition of the invention for use as a
medicament or for use 1n therapy or diagnosis.

A further embodiment provides a method of treating or preventing a disease associated with CDH17
or a disease associated with target cells expressing CHH17, the method comprising administering to a subject
in need thereof an effective amount of an isolated antibody of the invention. Also provided is the use of an
antibody of the invention in the manufacture of a medicament for the treatment or prevention of a disease
associated with CDH 17 or a disease associated with target cells expressing CHH17. Preferably, the disease 1s
cancer, e.g. gastric cancer, pancreatic cancer or colon cancer. Preferably, the cancer 1s a human cancer.

Thus, the present invention provides 1solated antibodies, preterably monoclonal antibodies, 1n particular,
humanized, and fully-human monoclonal antibodies, that bind to CDH17 and that exhibit one or more
desirable functional property. Such properties include, for example, high affinity specific binding to human
CDH17. Also provided are methods for treating a vanety of CDH17-mediated diseases using the antibodies,
proteins, and compositions of the present invention.

In some embodiments the 1solated antibody 1s a full-length antibody of an IgG1, IgG2, I1gG3, or IgG4
1Sotype.

In some embodiments, the antibody of the present invention is selected from the group consisting of: a
whole antibody, an antibody fragment, a humanized antibody, a single chain antibody, an immunoconjugate,
a defucosylated antibody, and a bispecific antibody. The antibody fragment may be selected from the group
consisting of: a UniBody, a domain antibody, and a Nanobody. In some embodiments, the
immunoconjugates of the invention comprise a therapeutic agent. In another aspect of the invention, the
therapeutic agent 1s a cytotoxin or a radioactive 1sotope.

In some embodiments, the antibody of the present invention is selected from the group consisting of: an
Affibody, a DARPin, an Anticalin, an Avimer, a Versabody, and a Duocalin.

In alternative embodiments, compositions of the present invention comprise an isolated antibody or
antigen-binding portion and a pharmaceutically acceptable carrier.
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In some embodiments, the invention comprises an isolated nucleic acid molecule encoding the heavy or
light chain of the isolated antibody or antigen-binding portion of the invention which binds an epitope on
human CDH17. Other aspects of the invention comprise expression vectors comprising such nucleic acid
molecules, and host cells comprising such expression vectors.

In some embodiments, the present invention provides a method for preparing an ant1-CDH17 antibody,
said method comprising the steps of: obtaining a host cell that contains one or more nucleic acid molecules
encoding the antibody of the invention; growing the host cell in a host cell culture; providing host cell culture
conditions wherein the one or more nucleic acid molecules are expressed; and recovering the antibody from
the host cell or from the host cell culture.

Another embodiment of the present invention is a hybridoma expressing the antibody or antigen binding
portion thereof of any one of antibodies of the invention.

As used herein, the term "cancer” includes gastric cancer, breast cancer, lung cancer, pancreatic cancer,
colon cancer, colorectal cancer, bladder cancer, thyroid cancer, storpach cancer, skin cancer, esophageal
cancer, liver cancer and/or cervical cancer.

Other features and advantages of the instant invention will be apparent from the following detailed
description and examples which should not be construed as limiting. The contents of all references, Genbank
entries, patents and published patent applications cited throughout this application are expressly incorporated
herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the nucleotide sequence (SEQ ID NO:9) and amino acid sequence (SEQ ID NO:7) of the

heavy chain variable region of the CDH17 A4 monoclonal antibody. The CDR1 (SEQ ID NO:1), CDR2
(SEQ ID NO:2) and CDR3 (SEQ ID NO:3) regions are delineated.

Figure 2 shows the nucleotide sequence (SEQ ID NO:10) and amino acid sequence (SEQ ID NO:8) of
the light chain variable region of the CDH17 A4 monoclonal antibody. The CDR1 (SEQ ID NO:4), CDR2
(SEQ ID NO:5) and CDR3 (SEQ ID NO:6) regions are delineated.

Figure 3a shows the alignment of the nucleotide sequences of the heavy chain CDR1 region of
CDH17 A4 (SEQ ID NO:11) with nucleotides 67-96 of the mouse germline Vy Il gene H17 nucleotide
sequence (SEQ ID NO:17).

Figure 3b shows the alignment of the nucleotide sequences of the heavy chain CDR2 regions of
CDH17 A4 (SEQ ID NO:12) with nucleotides 1096-1146 of the mouse germline Vy Il region VHI105
nucleotide sequence (SEQ ID NO:18).

Figure 3c shows the alignment of the nucleotide sequence of the light chain CDR1 region of CDH17 A4
(SEQ ID NO:14) with nucleotides 510-560 of the mouse germline Vi 8-30 nucleotide sequence (SEQ ID NO:
19).

Figure 3d shows the alignment of the nucleotide sequence of the light chain CDR2 region of CDH17 A4
(SEQ ID NO:15) with nucleotides 606-626 of the mouse germline Vg 8-30 nucleotide sequence (SEQ ID
NQO:20).

Figure 3e shows the alignment of the nucleotide sequence of the light chain CDR3 region of CDH17 A4
(SEQ ID NO:16) with nucleotides 723-749 of the mouse germline V¢ 8-30 nucleotide sequence (SEQ ID
NO:21).

Figure 4 shows results of FACS analysis on CDH17 A4 and an anti-CDH17 antibody in LoVo cells.
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Figure 5 shows results of FACS analysis on CDH17_A4 and an anti-CDH17 antibody in LoVo and
LS174T cells.

Figure 6a shows surface binding of CDH17_A4/ secondary antibody FITC conjugate complex to LoVo
cells after 60 minutes of incubation.

Figure 6b shows internalization of CDH17 A4/ secondary antibody FITC conjugate complex after 120
minutes of incubation with LoVo cells.

Figure 7a shows results of internalisation of CDH17 .A4 by MabZAP assay in LoVo colon cancer cells.

Figure 7b shows results of internalisation of CDH17 A4 by MabZAP assay in LoVo colon cancer cells.

Figure 7c shows results of internalisation of CDH17 A4 by MabZAP assay in LS174T colon cancer

cells.
Figure 7d shows results of internalisation of CDH17 A4 by MabZAP assay in LS174T colon cancer

cells.

Figure 8a shows results of internalisation of CDH17 A4 by MabZAP assay in LoVo colon cancer cells.

Figure 8b shows results of internalisation of CDH17 A4 by MabZAP assay in LS174T colon cancer
cells. |

Figure 9 shows the alignment of residues 37-160 of SEQ ID No: 7 (SEQ ID No: 24), three humamzed
VH chains with the CDR regions (highlighted in bold) of SEQ ID No: 7 (SEQ ID Nos: 1, 2 and 3) transterred
to the corresponding positions of the human germline L01278 VH (SEQ ID Nos: 26, 27 and 28) with human
germline L01278 VH (SEQ ID No: 34). Residues showing significant contact with CDR regions substituted
for the corresponding human residues. These substitutions (underlined) were performed at positions 29, 37,
48, 66, 67 and 71. | ‘

Figure 10 shows the alignment of residues 47-160 of SEQ ID No: 8 (SEQ ID No: 25), two humanized
VL chain with the CDR regions (highlighted in bold) of SEQ ID No: 8 (SEQ ID Nos: 4, 5 and 6) transterred
to the corresponding positions of the human germline X02990 VL (SEQ ID No: 31 and 32) with human
germline X02990 VL (SEQ ID No: 35). Residues showing significant contact with CDR regions substituted
for the corresponding human residues. One substitution (underlined) was performed at position 46.

Figure 11a shows the alignment of amino acids 6-10 of CDR1 region of A4 heavy chain (SEQ ID No:
36) with possible amino acid substitutions (SEQ ID No: 29) and CDR2 region of A2 heavy chain (SEQ ID
No: 2) with possible amino acid substitutions (SEQ ID No: 30) without losing the antigen-binding affinity.

Figure 11b shows the alignment of CDR1 region of A4 light chain (SEQ ID No: 4) with possible amino
acid substitutions (SEQ ID No: 33) without losing the antigen-binding atfinity.

Figurel2a shows results of FACS analysis using humamzed CDH17_A4_4K and humanized
CDH17 A4 4R 1n LoVo cells.

Figurel2b shows results of FACS analysis using humanized CDH17_A4 4K -and humanized
CDH17 A4 4R in CORL23 cells.

Figure 13a shows results of internalisation of humamzed CDH17_A4_4K and humanized
CDH17 A4 4R by HumZAP assay in LoVo colon cancer cells.

Figure 13b shows results of internalisation of humanized CDH17_A4 4K and humanized
CDH17 A4 4R by HumZAP assay in SNU-1 gastric cancer cells.

Figurel4a shows results of FACS analysis using humanized CDH17_A4 4K and humanized
CDHI17 A4 4R in Flag tagged Cynomolgus CDH17 transfected into HEK293 cells.

Figurel4b shows results of FACS analysis using humanized CDH17_A4_4K and humanized
CDH17_A4_4R in Flag tagged Human CDH17 transfected into HEK293 cells.
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Figure 15 shows the amino acid sequence of the heavy chain vanable region (SEQ ID NO:26) and the
light chain variable region (SEQ ID NO:31) of humanized CDH17_A4 monoclonal antibody. The CDRI
(SEQ ID NO:46), CDR2 (SEQ ID NO:47) and CDR3 (SEQ ID NO:48) regions of the heavy chain and the

CDRI1 (SEQ ID NO:49), CDR2 (SEQ ID NO:50) and CDR3 (SEQ ID NO:51) of the light chain are
underlined.

DETAILED DESCRIPTION

The present invention relates to isolated antibodies, including, but not limited to monoclonal antibodies,
for example, which bind specifically to CDH17 with high affinity. In certain embodiments, the antibodies of
the invention comprise particular structural features such as CDR regions comprising particular amno acid
sequences. The invention provides isolated antibodies, defucosylated antibodies, immunoconjugates,
bispecific molecules, affibodies, domain antibodies, nanobodies, and umbodies, methods ot making said
molecules, and pharmaceutical compositions comprising said molecules and a pharmaceutical carmner. The
invention also relates to methods of using the molecules, such as to detect CDH17, as well as to treat diseases
associated with expression of CDH17, such as CDH17 expressed on tumors, including those tumors of gastric

cancer, pancreatic cancer and colorectal cancer.
In order that the present invention may be more readily understood, certain terms are first defined.

Additional definitions are set forth throughout the detailed description.

The terms “Cadherin-17”, “Liver-intestine cadherin”, “LI-cadherin”, “Intestinal peptide-associated
transported HPT-1 and “CDH17” are used interchangeably. CDH17 has also been identified as OGTAOO] 1n
International Patent Application W02008/026008, which is incorporated herein by reference in its entirety.
Humanized and murine antibodies of this disclosure may, 1n certain cases, cross-react with CDH17 from
species other than human. In certain embodiments, the antibodies may be completely specific for one or more
human CDH17 and may not exhibit species or other types of non-human cross-reactivity. The complete
amino acid sequence of an exemplary human CDH17 has Genbank accession number NM_004063. The
CDH17 may have the sequence as given 1in SEQ ID NO: 38.

The term “immune response” refers to the action of, for example, lymphocytes, antigen presenting cells,
phagocytic cells, granulocytes, and soluble macromolecules produced by the above cells or the liver
(including antibodies, cytokines, and complement) that results 1n selective damage to, destruction of, or
elimination from the human body of invading pathogens, cells or tissues infected with pathogens, cancerous
cells, or, in cases of autoimmunity or pathological inflammation, normal human cells or tissues.

A “signal transduction pathway” refers to the biochemical relationship between various of signal
transduction molecules that play a role in the transmission of a signal from one portion of a cell to another
portion of a cell. As used herein, the phrase “cell surface receptor” includes, for example, molecules and
complexes of molecules capable of receiving a signal and the transmission of such a signal across the plasma
membrane of a cell. - An example of a “cell surface receptor” of the present invention is the CDH17 receptor.

The term “antibody” as referred to herein includes whole antibodies and any antigen binding fragment
(i.e., “antigen-binding portion”) or single chains thereof. An “antibody” refers to a glycoprotein which may
comprise at least two heavy (H) chains and two light (L) chains inter-connected by disulfide bonds, or an
antigen binding portion thereof. Each heavy chain is comprised of a heavy chain variable region (abbreviated
herein as Vy) and a heavy chain constant region. The heavy chain constant region is comprised of three
domains, Cyl, Cy42 and Cy3. Each light chain is comprised of a light chain vanable region (abbreviated
herein as V| or V) and a hight chain constant region (lambda or kappa). The light chain constant region is
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comprised of one domain, C;. The Vy and V / Vg regions can be further subdivided into regions of
hypervariability, termed complementarity determining regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each Vy and Vi / Vi 1s composed of three CDRs and four FRs,
arranged from amino-terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3,
CDR3, FR4. The variable regions of the heavy and light chains contain a binding domain that interacts with
an antigen. The constant regions of the antibodies may mediate the binding of the immunoglobulin to host
tissues or factors, including various cells of the immune system (e.g., effector cells) and the first component
(Clq) of the classical complement system.

The definition of “antibody’ includes, but is not limited to, fuill length antibodies, antibody fragments,
single chain antibodies, bispecific antibodies, minibodies, domain antibodies, synthetic antibodies (sometimes
referred to herein as “antibody mimetics’), chimeric antibodies, humanized antibodies, antibody fusions
(sometimes referred to as “antibody conjugates”), and fragments of each, respectively.

In one embodiment, the antibody is an antibody fragment. Specific antibody fragments include, but are
not limited to, (1) the Fab fragment consisting of VL, VH, CL and CH1 domains, (11) the Fd fragment
consisting of the VH and CH1 domains, (iii) the Fv fragment consisting of the VL and VH domains of a
single antibody, (iv) the dAb fragment, which consists of a single vanable domain, (v) 1solated CDR regions,
(vi) F(ab')2 fragments, a bivalent fragment comprising two linked Fab fragments (vi1) single chain Fv
molecules (scFv), wherein a VH domain and a VL. domain are linked by a peptide linker which allows the two
domains to associate to form an antigen binding site, (vit1) bispecific single chain Fv dimers, and (1x)
“diabodies” or “triabodies”, multivalent or multispecific fragments constructed by gene fusion. The antibody
fragments may be modified. For example, the molecules may be stabilized by the incorporation of disulfide
bridges linking the VH and VL domains. Examples of antibody formats and architectures are described 1n
Holliger & Hudson, 2006, Nature Biotechnology 23(9):1126-1136, and Carter 2006, Nature Reviews
Immunology 6:343-357 and references cited therein, all expressly incorporated by reference.

In one embodiment, an antibody disclosed herein may be a multispecific antibody, and notably a
bispecific antibody, also sometimes referred to as “diabodies”. These are antibodies that bind to two (or more)
different antigens. Diabodies can be manufactured in a variety of ways known 1n the art, e.g., prepared
chemically or from hybrid hybridomas. In one embodiment, the antibody 1s a mimibody. Mimbodies are
minimized antibody-like proteins comprising a scFv joined to a CH3 domain. In some cases, the scFv can be
joined to the Fc region, and may include some or all of the hinge region. For a description of multispecific
antibodies see Holliger & Hudson, 2006, Nature Biotechnology 23(9):1126-1136 and references cited therein,
all expressly incorporated by reference. '

By “CDR” as used herein is meant a Complementarity Determining Region of an antibody variable

domain. Systematic identification of residues included in the CDRs have been developed by Kabat (Kabat et
al., 1991, Sequences of Proteins of Immunological Interest, 5th Ed., United States Public Health Service,
National Institutes of Health, Bethesda) and alternately by Chothia (Chothia & Lesk, 1987, J. Mol. Biol. 196:
901-917; Chothia et al., 1989, Nature 342: 877-883; Al-Lazikani et al., 1997, J. Mol. Biol. 273: 927-948).

For the purposes of the present invention, CDRs are defined as a slightly smaller set of residues than the
CDRs defined by Chothia. VL CDRs are herein defined to include residues at positions 27-32 (CDR1), 50-56
(CDR2), and 91-97 (CDR3), wherein the numbering 1s according to Chothia. Because the VL CDRs as
defined by Chothia and Kabat are identical, the numberning of these VL CDR positions is also according to
Kabat. VH CDRs are herein defined to include residues at positions 27-33 (CDR1), 52-56 (CDR2), and 95-



10

15

20

25

30

35

40

CA 02815041 2013-04-17
WO 2012/054084 PCT/US2011/001787

102 (CDR3), wherein the numbering 1s according to Chothia. These VH CDR positions correspond to Kabat
positions 27-35 (CDR1), 52-56 (CDR?2), and 95-102 (CDR3).

As will be appreciated by those 1n the art, the CDRs disclosed herein may also include variants. For
example when backmutating the CDRs disclosed herein into different framework regions. Generally, the
amino acid identity between individual variant CDRs are at least 70% or 80% to the sequences depicted
herein, and more-typically with preferably increasing identities of at least 75%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, and almost 100%.

In a similar manner, “percent (%) nucleic acid sequence 1dentity” with respect to the nucleic acid
sequence of the binding proteins identified herein 1s defined as the percentage of nucleotide residues in a
candidate sequence that are identical with the nucleotide residues in the coding sequence of the antigen
binding protein. A specific method utilizes the BLASTN module of WU-BLAST-2 set to the default
parameters, with overlap span and overlap fraction set to 1 and 0.125, respectively.

Generally, the nucleic acid sequence identity between the nucleotide sequences encoding individual
variant CDRs and the nucleotide sequences depicted herein are at least 70% or 80%, and more typically with
preferably increasing identities of at least 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, and almost 100%.

Thus, a “variant CDR” 1s one with the specified homology, similarity, or identity to the parent CDR of
the invention, and shares biological function, including, but not limited to, at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the
specificity and/or activity of the parent CDR.

While the site or region for introducing an amino acid sequence variation is predetermined, the mutation
per se need not be predetermined. For example, 1n order to optimize the performance of a mutation at a given
site, random mutagenesis may be conducted at the target codon or region and the expressed antigen binding
protein CDR variants screened for the optimal combination of desired activity. Techniques for making
substitution mutations at predetermined sites in DNA having a known sequence are well known, for example,
M 13 pnmer mutagenesis and PCR mutagenesis. Screening of the mutants 1s done using assays of antigen
binding protein activities as described herein.

Amino acid substitutions are typically of single residues; insertions usually will be on the order of from
about one (1) to about twenty (20) amino acid residues, although considerably larger insertions may be
tolerated. Deletions range from about one (1) to about twenty (20) amino acid residues, although in some
cases deletions may be much larger.

Substitutions, deletions, insertions or any combination thereof may be used to arrive at a final derivative
or variant. Generally these changes are done on a few amino acids to minimize the alteration of the molecule,
particularly the immunogenicity and specificity of the antigen binding protein. However, larger changes may
be tolerated in certain circumstances.

By “Fab” or “Fab region” as used herein is meant the polypeptide that comprises the VH, CH1, VL, and
CL immunoglobulin domains. Fab may refer to this region 1n 1solation, or this region in the context of a full
length antibody, antibody fragment or Fab fusion protein, or any other antibody embodiments as outlined
herein.

By “Fv” or “Fv fragment” or “Fv region” as used herein 1s meant a polypeptide that comprises the VL
and VH domains of a single antibody.
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By “framework” as used herein is meant the region of an antibody variable domain exclusive of those
regions defined as CDRs. Each antibody variable domain framework can be further subdivided into the
contiguous regions separated by the CDRs (FR1, FR2, FR3 and FR4).

The term “antigen-binding portion” of an antibody (or simply “antibody portion™), as used herein, refers
to one or more fragments of an antibody that retain the ability to specifically bind to an antigen (e.g.,
CDH17). It has been shown that the antigen-binding function of an antibody can be performed by fragments
of a full-length antibody. Examples of binding fragments encompassed within the term “antigen-binding
portion” of an antibody include (1) a Fab fragment, a monovalent fragment consisting of the V{ / Vg, Vy, C
and Cyl domains; (11) a F(ab'), fragment, a bivalent fragment comprising two Fab fragments linked by a
disulfide bridge at the hinge region; (111) a Fab’ fragment, which 1s essentially an Fab with part of the hinge
region (see, FUNDAMENTAL IMMUNOLOGY (Paul ed., 3"ed. 1993); (iv) a Fd fragment consisting of the
V4 and Cyl domains; (v) a Fv fragment consisting of the V; and Vy domains of a single arm of an antibody;
(v1) a dAb fragment (Ward et al., (1989) Nature 341:544-546), which consists of a Vi domain; (vi1) an
i1solated complementarity determining region (CDR); and (vii1) a nanobody, a heavy chain vanable region
containing a single variable domain and two constant domains. Furthermore, although the two domains of the
Fv fragment, V| / Vi and Vy, are coded for by separate genes, they can be joined, using recombinant
methods, by a synthetic linker that enables them to be made as a single protein chain in which the V / Vi and
V4 regions pair to form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al. (1988)
Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain
antibodies are also intended to be encompassed within the term “antigen-binding portion” of an antibody.
These antibody fragments are obtained using conventional techniques known to those with skill in the art, and
the fragments are screened for utility in the same manner as are intact antibodies.

An “isolated antibody” as used herein, is intended to refer to an antibody that 1s substantially free of
other antibodies having different antigenic specificities (e.g., an 1solated antibody that specifically binds
CDH17 is substantially free of antibodies that specifically bind antigens other than CDH17). An 1solated
antibody that specifically binds CDH17 may, however, have cross-reactivity to other antigens, such as
CDH17 molecules from other species. Moreover, and/or alternatively an 1solated antibody may be
substantially free of other cellular maternial and/or chemicals in a form not normally found in nature.

In some embodiments, the antibodies of the invention are recombinant proteins, isolated proteins or
substantially pure proteins. An “i1solated” protein is unaccompanied by at least some of the material with
which it i1s normally associated 1n its natural state, for example constituting at least about 5%, or at least about
50% by weight of the total protein in a given sample. It 1s understood that the isolated protein may constitute
from 5 to 99.9% by weight of the total protein content depending on the circumstances. For example, the
protein may be made at a significantly higher concentration through the use of an inducible promoter or high
expression promoter, such that the protein 1s made at increased concentration levels. In the case of
recombinant proteins, the definition includes the production of an antibody in a wide variety of organisms
and/or host cells that are known in the art in which it is not naturally produced.

The terms “monoclonal antibody” or “monoclonal antibody composition” as used herein refer to a
preparation of antibody molecules of single molecular composition. A monoclonal antibody composition
displays a single binding specificity and affinity for a particular epitope.

As used herein, “isotype” refers to the antibody class (e.g., IgM or IgGl) that is encoded by the heavy
chain constant region genes.
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The phrases “an antibody recognizing an antigen” and “an antibody specific for an antigen” are used
interchangeably herein with the term “an antibody which binds specifically to an antigen”™.

The term “antibody derivatives” refers to any modified form of the antibody, e.g., a conjugate of the
antibody and another agent or antibody. For example, antibodies of the present invention may be conjugated
to a toxin, a label, etc. The antibodies of the present invention may be nonhuman, chimeric, humanized, or
fully human. For a description of the concepts of chimeric and antibodies see Clark et al., 2000 and references
cited therein (Clark, 2000, Immunol Today 21:397-402). Chimeric antibodies comprise the variable region of
a nonhuman antibody, for example VH and VL domains of mouse or rat origin, operably linked to the
constant region of a human antibody (see for example U.S. Patent No. 4,816,567). In a preferred
embodiment, the antibodies of the present invention are humanized. By “humanized” antibody as used herein

is meant an antibody comprising a human framework region (FR) and one or more complementarity
determining regions (CDR’s) from a non-human (usually mouse or rat) antibody. The non-human antibody
providing the CDR’s 1s called the “donor” and the human immunoglobulin providing the framework 1s called
the “acceptor”. Humanization relies principally on the grafting of donor CDRs onto acceptor (human) VL
and VH frameworks (US Patent No, 5,225,539). Thus strategy is referred to as “CDR grafting”.
“Backmutation” of selected acceptor framework residues to the corresponding donor residues 1s often
required to regain affinity that 1s lost in the initial grafted construct (US 5,530,101; US 5,585,089; US
5,693,761; US 5,693,762; US 6,180,370; US 5,859,205; US 5,821,337; US 6,054,297, US 6,407,213). The
humanized antibody optimally also will comprise at least a portion of an immunoglobulin constant region,
typically that of a human immunoglobulin, and thus will typically comprise a human Fc region. Methods for
humanizing non-human antibodies are well known 1n the art, and can be essentially pertormed following the
method of Winter and co-workers (Jones et al., 1986, Nature 321:522-525; Riechmann et al.,1988, Nature
332:323-329; Verhoeyen et al., 1988, Science, 239:1534-1536). Additional examples of humanized murine
monoclonal antibodies are also known in the art, for example antibodies binding human protein C (O’Connor
et al., 1998, Protein Eng 11:321-8), interleukin 2 receptor (Queen et al., 1989, Proc Natl Acad Sci, USA
86:10029-33), and human epidermal growth factor receptor 2 (Carter et al., 1992, Proc Natl Acad Sci USA
89:4285-9). In an alternate embodiment, the antibodies of the present invention may be fully human, that 1s
the sequences of the antibodies are completely or substantially human. A number of methods are known in
the art for generating fully human antibodies, including the use of transgenic mice (Bruggemann et al., 1997,
Curr Opin Biotechnol 8:455-458) or human antibody libraries coupled with selection methods (Gritfiths et
al., 1998, Curr Opin Biotechnol 9:102-108).

The term “humanized antibody’ is intended to refer to antibodies in which CDR sequences derived from
the germline of another mammalian species, such as a mouse, have been grafted onto human framework
sequences. Additional framework region modifications may be made within the human framework
sequences. |

The term “chimeric antibody” 1s intended to refer to antibodies 1n which the variable region sequences
are derived from one species and the constant region sequences are derived from another species, such as an
antibody in which the variable region sequences are derived from a mouse antibody and the constant region
sequences are derived from a human antibody.

The term “specifically binds” (or “immunospecifically binds™) 1s not intended to indicate that an
antibody binds exclusively to its intended target. Rather, an antibody “specifically binds” if its affinity for its
intended target is about 5-fold greater when compared to its affinity for a non-target molecule. Suitably there
is no significant cross-reaction or cross-binding with undesired substances, especially naturally occurring
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proteins or tissues of a healthy person or animal. The affinity of the antibody will, for example, be at least
about 5 fold, such as 10 fold, such as 25-fold, especially 50-fold, and particularly 100-fold or more, greater
for a target molecule than its affinity for a non-target molecule. In some embodiments, specific binding
between an antibody or other binding agent and an aﬁtigen means a binding affinity of at least 10° M.
Antibodies may, for example, bind with affinities of at least about 10’ M, such as between about 10° M to
about 10° M", about 10° M to about 10'° M, or about 10" M to about 10'' M. Antibodies may, for
example, bind with an ECs, of 50 nM or less, 10 nM or less, 1 nM or less, 100 pM or less, or more preferably
10 pM or less.

The term “does not substantially bind” to a protein or cells, as used herein, means does not bind or does
not bind with a high affinity to the protein or cells, i.e. binds to the protein or cells with a Kp of 1 x 10° M or
more, more preferably 1 x 10° M or more, more preferably 1 x 10* M or more, more preferably 1 x 10> M or
more, even more preferably 1 x 10* M or more.

The term “ECsy” as used herein, is intended to refer to the potency of a compound by quantifying the
concentration that leads to 50% maximal response/effect. ECso may be determined by Scratchard or FACS.

The term "K,.,." or “K,,” as used herein, 1s intended to refer to the association rate of a particular
antibody-antigen interaction, whereas the term "Kg;'" or “Kgy,” as used herein, 1s intended to refer to the
dissociation rate of a particular antibody-antigen interaction. The term “Kp,” as used herein, is intended to
refer to the dissociation constant, which 1s obtained from the ratio of K4to K, (i1.e,. K¢/K,) and is expressed as
a molar concentration (M). Kp values for antibodies can be determined using methods well established 1n the
art. A preferred method for determining the Kp of an antibody 1s by using surface plasmon resonance,
preferably using a biosensor system such as a Biacore® system.

As used herein, the term “high affinity” for an IgG antibody refers to an antibody having a Kp of 1 x 10”
M or less, more preferably 5 x 10® M or less, even more preferably 1x10° M or less, even more preferably 5
x 10”7 M or less and even more preferably 1 x 10” M or less for a target antigen. However, “high affinity”
binding can vary for other antibody isotypes. For example, “high affinity”’ binding for an IgM 1sotype refers
to an antibody having a Kp of 10° M or less, more preferably 10’ M or less, even more preferably 10° M or
less.

The term “epitope” or “antigenic determinant” refers to a site on an antigen to which an immunoglobulin
or antibody specifically binds. Epitopes can be formed both from contiguous amino acids or noncontiguous
amino acids juxtaposed by tertiary folding of a protein. Epitopes formed from contiguous amino acids are
typically retained on exposure to denaturing solvents, whereas epitopes formed by tertiary folding are
typically lost on treatment with denaturing solvents. An epitope typically includes at least 3, 4, 5,6, 7, 8, 9,
10, 11, 12, 13, 14 or 15 amino acids in a unique spatial conformation. Methods of determining spatial
conformation of epitopes include techmques in the art and those described herein, for example, x-ray
crystallography and 2-dimensional nuclear magnetic resonance (see, e.g., Epitope Mapping Protocols in
Methods in Molecular Biology, Vol. 66, G. E. Morris, Ed. (1996)).

Competitive inhibition can be determined using routine assays in which the immunoglobulin under test
inhibits specific binding of a reference antibody to a common antigen. Numerous types of competitive
binding assays are known, for example: solid phase direct or indirect radioommunoassay (RIA), solid phase
direct or indirect enzyme immunoassay (EIA), sandwich competition assay (see Stahl et al., Methods in
Enzymology 9:242 (1983)); solid phase direct biotin-avidin EIA (see Kirkland et al., J. Immunol. 137:3614
(1986)); solid phase direct labeled assay, solid phase direct labeled sandwich assay (see Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Press (1988)); solid phase direct label RIA using I-
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125 label (see Morel et al., Mol. Immunol. 25(1):7 (1988)); solid phase direct biotin-avidin EIA (Cheung et
al., Virology 176:546 (1990)); and direct labeled RIA. (Moldenhauer et al., Scand. J. Immunol. 32:77 (1990)).
Typically, such an assay involves the use of purified antigen bound to a solid surface or cells bearing either of
these, an unlabeled test immunoglobulin and a labeled reference immunoglobulin. Competitive inhibition 1s
measured by determining the amount of label bound to the solid surface or cells in the presence of the test
immunoglobulin. Usually the test immunoglobulin is present in excess. Usually, when a competing antibody
is present in excess, it will inhibit specific binding of a reference antibody to a common anti gen by at least 50-
55%, 55-60%, 60-65%, 65-70% 70-75% or more.

Other techniques include, for example, epitope mapping methods, such as x-ray analyses of crystals of
antigen:antibody complexes which provides atomic resolution of the epitope. Other methods monitor the
binding of the antibody to antigen fragments or mutated variations of the antigen where loss of binding due to
a modification of an amino acid residue within the antigen sequence is often considered an indication of an
epitope component. In addition, computational combinatorial methods for epitope mapping can also be used.
These methods rely on the ability of the antibody of interest to affinity isolate specific short peptides from
combinatorial phage display peptide libraries. The peptides are then regarded as leads for the definition of the
epitope corresponding to the antibody used to screen the peptide library. For epitope mapping, computational
algorithms have also been developed which have been shown to map conformational discontinuous epitopes.

As used herein, the term “subject” includes any human or nonhuman animal. The term “nonhuman
animal” includes all vertebrates, e.g., mammals and non-mammals, such as nonhuman primates, sheep, dogs,
cats, horses, cows, chickens, amphibians, reptiles, etc.

Various aspects of the invention are described in further detail in the following subsections.

Anti-CDH17 Antibodies

The antibodies of the invention are characterized by particular functional features or properties of the
antibodies. For example, the antibodies bind specifically to human CDH17. Preterably, an antibody of the
invention binds to CDH17 with high affinity, for example with a Kp of 8 x 10" M or less, even more typically
 x 10° M or less. The anti-CDH 17 antibodies of the invention preferably exhibit one or more of the
following characteristics: binds to human CDH17 with a ECsp 0of 50 nM or less, 10 nM or less, 1 nM or less,

100 pM or less, or more preferably 10 pM or less; binds to human cells expressing CDH17.

In one embodiment, the antibodies preferably bind to an antigenic epitope present in CDH 17, which
epitope is not present in other proteins. The antibodies typically bind CDH17 but does not bind to other
proteins, or binds to proteins with a low affinity, such as a Kp of 1 x 10° M or more, more preferably 1 x 107
M or more, more preferably 1 x 10* M or more, more preferably 1 x 10° M or more, even more preferably 1
x 10 M or more. Preferably, the antibodies do not bind to related proteins, for example, the antibodies do
not substantially bind to other cell adhesion molecules. In one embodiment, the antibody may be internalized
into a cell expressing CDH17. Standard assays to evaluate antibody internalization are known in the art,
including, for example, a HumZap internalization assay.

Standard assays to evaluate the binding ability of the antibodies toward CDH17 are known in the art,
including for example, ELISAs, Western blots, RIAs, and flow cytometry analysis. Suitable assays are
described in detail in the Examples. The binding kinetics (e.g., binding affinity) of the antibodies also can be
assessed by standard assays known 1n the art, such as by Biacore® system analysis. To assess binding to Raji
or Daudi B cell tumor cells, Raji (ATCC Deposit No. CCL-86) or Daudi (ATCC Deposit No. CCL-213) cells
can be obtained from publicly available sources, such as the Amencan Type Culture Collection, and used in
standard assays, such as flow cytometric analysis.
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Monoclonal Antibodies Of The Invention

The invention relates particularly to the isolated antibodies defined herein with regard to the CDRs of
SEQ ID NOs: 46-51.

Additional antibodies of the invention are the monoclonal antibodies CDH17 A4 4K and
CDHI17_A4 4R, isolated and structurally characterized as described in Examples 1-6 and 11. The humamzed
VH amino acid sequence of CDH17 A4 4K is shown in SEQ ID NO:26 and the humanized VK amino acid
sequence of CDH17 A4 4K is shown in SEQ ID NO:31. The humanized VH amino acid sequence of
CDH17 A4 4R is shown in SEQ ID NO:44 and the humanized VK amino acid sequence of CDH17_A4 4R
1s shown 1n SEQ ID NO:46.

Given that each of these antibodies can bind to CDH17, the VH and VK sequences can be “mixed and
matched” to create other anti-CDH 17 binding molecules of the invention. CDH17 binding of such “mixed
and matched” antibodies can be tested using the binding assays described above and in the Examples (e.g.,
ELISAs). Preferably, when VH and VK chains are mixed and matched, a VH sequence from a particular
VH/VK pairing 1s replaced with a structurally similar VH sequence. Likewise, preferably a VK sequence
from a particular VH/VK pairing is replaced with a structurally similar VK sequence.

Accordingly, in one aspect, the invention provides an antibody, comprising:

a heavy chain vanable region comprising an amino acid sequence set forth in SEQ ID NO: 7 and a light chain
variable region comprising an amino acid sequence set forth in a SEQ ID NO: §;
wherein the antibody specifically binds CDH17, preferably human CDH17.

Accordingly, in one aspect, the invention provides a humanized antibody, comprising:

a heavy chain variable region comprising an amino acid sequence set forth in SEQ ID NO: 26 and a light
chain variable region comprising an amino acid sequence set forth in a SEQ ID NO: 31; wherein the antibody
specifically binds CDH17, preferably human CDH17.

In another aspect, the invention provides an humanized antibody, comprising;

a heavy chain variable region comprising an amino acid sequence set forth in SEQ ID NO: 45 and a light
chain variable region comprising an amino acid sequence set forth in a SEQ ID NO: 46;
wherein the antibody specifically binds CDH17, preferably human CDH17.

In another aspect, the invention provides antibodies that comprise the heavy chain and light chain
CDRI1s, CDR2s and CDR3s of CDH17 A4, or combinations thereof. The amino acid sequence of the VH
CDR1 of CDH17 A4 1s shown in SEQ ID NO: 1. The amino acid sequence of the VH CDR2 of CDH17 A4
is shown in SEQ ID NO: 2. The amino acid sequence of the VH CDR3 of CDH17 A4 is shown in SEQ ID
NO:3. The amino acid sequences of the VK CDR1 of CDH17 A4 1s shown in SEQ ID NO: 4. The amino
acid sequence of the VK CDR2 of CDH17_A4 1s shown 1in SEQ ID NO: 5. The amino acid sequence of the
VK CDR3 of CDH17 A4 1s shown in SEQ ID NO: 6. Preterably, there are one, two, three, four or five
amino acid substitutions, additions and/or deletions in the amino acids in CDR1, CDR2 and/or CDR3 of the
heavy chain variable region and/or the light chain variable region.

In yet another aspect, the invention provides antibodies that comprise the heavy chain and light chain
CDR1s, CDR2s and CDR3s of CDH17 A4 4K, or combinations thereof. The amino acid sequence of the
VH CDR1 of CDH17_A4 4K 1s shown in SEQ ID NO: 36. The amino acid sequence of the VH CDR2 of
CDH17 A4 4K 1s shown in SEQ ID NO: 2. The amino acid sequence of the VH CDR3 of CDH17 A4 4K
is shown in SEQ ID NO: 39. The amino acid sequence of the VK CDRI1 of CDH17_A4 4K is shown in SEQ
ID NO: 4. The amuno acid sequence of the VK CDR2 of CDH17 A4 4K 1s shown in SEQ ID NO: 40. The
amino acid sequence of the VK CDR3 of CDH17 A4 4K is shown in SEQ ID NO: 41. Preferably, there are
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one, two, three, four or five amino acid substitutions, additions and/or deletions in the amino acids in CDR1,
CDR2 and/or CDR3 of the heavy chain varnable region and/or the light chain vanable region.

In yet another aspect, the invention provides antibodies that comprise the heavy chain and light chain
CDRI1s, CDR2s and CDR3s of CDH17 A4 4R, or combinations thereof. The amino acid sequence of the
VH CDR1 of CDH17 A4 4R is shown in SEQ ID NO: 36. The amino acid sequence of the VH CDR2 of
CDH17 A4 4R is shown in SEQ ID NO : 42. The amino acid sequence of the VH CDR3 of CDH17 A4 4R
is shown in SEQ ID NO: 39. The amino acid sequence of the VK CDR1 of CDH17 A4 4R 1s shown in SEQ
ID NO: 43. The amino acid sequence of the VK CDR2 of CDH17 A4 4R 1s shown in SEQ ID NO: 40. The
amino acid sequence of the VK CDR3 of CDH17 A4 4R is shown in SEQ ID NO: 41. In some
embodiments, there may be one, two, three, four or five amino acid substitutions, additions and/or deletions in
the amino acids in CDR 1, CDR2 and/or CDR3 of the heavy chain variable region and/or the light chain
variable region.

In yet another aspect, the invention provides an isolated antibody which specifically binds to Cadherin-
17, comprising:

a) a heavy chain variable region comprising:

1) a first CDR comprising an amino acid sequence of SEQ ID NO: 46;

11) a second CDR comprising an amino acid sequence of SEQ ID NO: 47;

111) a third CDR comprising an amino acid a sequence of SEQ ID NO: 48; and

b) a light chain vanable region comprising:

1) a first CDR comprising an amino acid sequence of SEQ ID NO: 49;

11) a second CDR comprising an amino acid sequence of SEQ ID NO: 50; and

111) a third CDR comprising an amino acid sequence of SEQ ID NO: 51. In some embodiments, there

may be one, two, three, four or five amino acid substitutions, additions and/or deletions in the amino

acids in CDR1, CDR2 and/or CDR3 of the heavy chain variable region and/or the light chain vanable
region.

The CDR regions are delineated using the Kabat system (Kabat, E. A., et al. (1991) Sequences of
Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH
Publication No. 91-3242).

The invention particularly provides a method of treating gastric cancer, pancreatic cancer or colon cancer
comprising administering to a subject in need thereof an effective amount of an antibody as defined herein,
particularly an antibody as defined above.

Given that each of these antibodies can bind to CDH17 and that antigen-binding specificity 1s provided
primarily by the CDR1, CDR2, and CDR3 regions, the Vi CDR1, CDR2, and CDR3 sequences and Vi
CDR1, CDR2, and CDR3 sequences can be “mixed and matched” (1.e., CDRs from different antibodies can
be mixed and matched, although each antibody generally contains a Vi CDR1, CDR2, and CDR3 and a Vg
CDR1, CDR2, and CDR3) to create other anti-CDH17 binding molecules of the invention. Accordingly, the
invention specifically includes every possible combination of CDRs of the heavy and light chains.

CDH17 binding of such “mixed and matched” antibodies can be tested using the binding assays
described above and in the Examples (e.g., ELISAs, Biacore® analysis). Preferably, when V,; CDR
sequences are mixed and matched, the CDR1, CDR2 and/or CDR3 sequence from a particular Vi sequence is
replaced with a structurally similar CDR sequence(s). Likewise, when Vi CDR sequences are mixed and
matched, the CDR1, CDR2 and/or CDR3 sequence from a particular Vg sequence preferably is replaced with
a structurally similar CDR sequence(s). It will be readily apparent to the ordinarily skilled artisan that novel
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Vu and Vg sequences can be created by substituting one or more Vi and/or Vi, Vx CDR region sequences
with structurally similar sequences from the CDR sequences disclosed herein for monoclonal antibodies
CDH17 A4.
Accordingly, in another aspect, the invention provides an isolated monoclonal antibody, or antigen
binding portion thereof, comprising:
a heavy chain variable region CDR1 comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs:1, 29, 36 and 46;
a heavy chain variable region CDR2 comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 2, 30, 42 and 47;
a heavy chain variable region CDR3 comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 3, 39 and 48;
a light chain variable region CDR1 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 4, 33, 43 and 49;
a light chain variable region CDR2 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 5, 40 and 50; and
a light chain variable region CDR3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs:6, 41 and 51;
with all possible combinations being possible, wherein the antibody specifically binds CDH17, preterably
human CDH17
In a preferred embodiment, the antibody comprises:
a heavy chain vanable region CDR1 comprnising SEQ ID NO:1;
a heavy chain vaniable region CDR2 comprising SEQ ID NO:2;
a heavy chain vanable region CDR3 comprising SEQ ID NQO:3;
a light chain vaniable region CDR1 comprising SEQ ID NO:4;
a light chain vanable region CDR2 compnising SEQ ID NO:5; and
a light chain variable region CDR3 comprising SEQ ID NO:6.
In another preferred embodiment, the antibody comprises: |
a heavy chain variable region CDR1 comprising SEQ ID NO:36;
a heavy chain vanable region CDR2 comprising SEQ ID NO:2;
a heavy chain variable region CDR3 comprising SEQ ID NO:39;
a light chain variable region CDR1 comprising SEQ ID NO:4;
a light chain variable region CDR2 comprising SEQ ID NO:40; and
a light chain variable region CDR3 comprising SEQ ID NO:41.
In another preferred embodiment, the antibody comprises:
a heavy chain vanable region CDR1 comprising SEQ ID NO:36;
a heavy chain vanable region CDR2 comprising SEQ ID NO:42;
a heavy chain variable region CDR3 comprising SEQ ID NO:39;
a light chain variable region CDR1 comprising SEQ ID NO:43;
a light chain variable region CDR2 comprising SEQ ID NO:40; and
a light chain variable region CDR3 comprising SEQ ID NO:41.
In another preferred embodiment, the antibody comprises:
a heavy chain varniable region CDR1 comprising SEQ ID NO: 46;
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a heavy chain vaniable region CDR2 comprising SEQ ID NO: 47,

a heavy chain vanable region CDR3 comprising SEQ ID NO: 48;

a light chain vanable region CDR1 comprising SEQ ID NO: 49;

a light chain vanable region CDR2 compnising SEQ ID NO: 50; and
a light chain variable region CDR3 comprising SEQ ID NO: 51.

It is well known in the art that the CDR3 domain, independently from the CDR1 and/or CDR2
domain(s), alone can determine the binding specificity of an antibody for a cognate antigen and that multiple
antibodies can predictably be generated having the same binding specificity based on a common CDR3
sequence. See, for example, Klimka et al., British J. of Cancer 83(2):252-260 (2000) (describing the
production of a humanized anti-CD30 antibody using only the heavy chain vanable domain CDR3 of murine
anti-CD30 antibody Ki-4); Beiboer et al., J. Mol. Biol. 296:833-849 (2000) (describing recombinant epithelial
glycoprotein-2 (EGP-2) antibodies using only the heavy chain CDR3 sequence of the parental murine MOC-
31 anti-EGP-2 antibody); Rader et al., Proc. Natl. Acad. Sci. U.S.A. 95:8910-8915 (1998) (describing a panel
of humanized anti-integrin o,[3; antibodies using a heavy and light chain variable CDR3 domain of a murine
anti-integrin a,B; antibody LM609 wherein each member antibody comprises a distinct sequence outside the
CDR3 domain and capable of binding the same epitope as the parent murine antibody with affinities as high
or higher than the parent murine antibody); Barbas et al., J. Am. Chem. Soc. 116:2161-2162 (1994)
(disclosing that the CDR3 domain provides the most significant contribution to antigen binding); Barbas et
al., Proc. Natl. Acad. Sci. U.S.A. 92:2529-2533 (1995) (describing the grafting of heavy chain CDR3
sequences of three Fabs (SI-1, SI-40, and SI-32) against human placental DNA onto the heavy chain of an
anti-tetanus toxoid Fab thereby replacing the existing heavy chain CDR3 and demonstrating that the CDR3
domain alone conferred binding specificity); and Ditzel et al., J. Immunol. 157:739-749 (1996) (describing
grafting studies wherein transfer of only the heavy chain CDR3 of a parent polyspecific Fab LNA3 to a heavy
chain of a monospecific IgG tetanus toxoid-binding Fab p313 antibody was sufficient to retain binding
specificity of the parent Fab). Each of these references 1s hereby incorporated by reterence in its entirety.

Accordingly, the present invention provides monoclonal antibodies comprising one or more heavy and/or
light chain CDR3 domains from an antibody derived from a human or non-human animal, wherein the
monoclonal antibody is capable of specifically binding to CDH17. Within certain aspects, the present
invention provides monoclonal antibodies comprising one or more heavy and/or light chain CDR3 domain
from a non-human antibody, such as a mouse or rat antibody, wherein the monoclonal antibody 1s capable of
specifically binding to CDH17. Within some embodiments, such inventive antibodies comprising one or
more heavy and/or light chain CDR3 domain from a non-human antibody (a) are capable of competing for
binding with; (b) retain the functional characteristics; (c) bind to the same epitope; and/or (d) have a similar
binding affinity as the corresponding parental non-human antibody.

Within other aspects, the present invention provides monoclonal antibodies comprising one or more
heavy and/or light chain CDR3 domains from a human antibody, such as, for example, a human
antibody obtained from a non-human animal, wherein the human antibody 1s capable of specifically binding
to CDH17. Within other aspects, the present invention provides monoclonal antibodies comprising one or
more heavy and/or light chain CDR3 domain from a first human antibody, such as, for example, a human
antibody obtained from a non-human animal, wherein the first human antibody 1s capable of specifically
binding to CDH17 and wherein the CDR3 domain from the first human antibody replaces a CDR3 domain in
a human antibody that 1s lacking binding specificity for CDH17 to generate a second human antibody that i1s
capable of specifically binding to CDH17. Within some embodiments, such inventive antibodies comprising
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one or more heavy and/or light chain CDR3 domain from the first human antibody (a) are capable of
competing for binding with; (b) retain the functional characteristics; (c) bind to the same epitope; and/or (d)
have a similar binding affinity as the corresponding parental first human antibody.

Antibodies Having Particular Germline Sequences

In certain embodiments, an antibody of the invention comprises a heavy chain vanable region from a
particular germline heavy chain immunoglobulin gene and/or a light chain vanable region from a particular
germline light chain immunoglobulin gene.

For example, in a preferred embodiment, the invention provides an 1solated monoclonal antibody, or
an antigen-binding portion thereof, comprising a heavy chain variable region that 1s the product of or denved
from a murine Vy Il region VH105 gené or a murine Vy II gene H17, wherein the antibody specifically binds
CDH17. In yet another preferred embodiment, the invention provides an isolated monoclonal antibody, or an
antigen-binding portion thereof, comprising a light chain vanable region that is the product of or derived from

a murine Vg 8-30 gene, wherein the antibody specifically binds CDH17.

In yet another preferred embodiment, the invention provides an isolated monoclonal antibody, or
antigen-binding portion thereof, wherein the antibody:
comprises a heavy chain vanable region that i1s the product of or derived from a murine Vy II gene H17 or a
murine Vy II region VH105 gene (which genes include the nucleotide sequences set forth in SEQ ID NO: 17
and 18 respectively);
comprises a light chain vanable region that is the product of or derived from a murine Vi 8-30 gene (which
gene includes the nucleotide sequences set forth in SEQ ID NOs: 19, 20 and 21); and
specifically binds to CDH17, preterably human CDHI17.

Examples of an antibody having Vy; of Vi Il gene H17 or Vy Il region VH105 and Vi of Vi 8-30 1s
CDHI17 A4.

As used herein, an antibody comprises heavy or light chain variable regions that 1s “the product of” or
“derived from” a particular germline sequence if the variable regions of the antibody are obtained from a
system that uses murine germline immunoglobulin genes. Such systems include screening a murine
immunoglobulin gene library displayed on phage with the antigen of interest. An antibody that 1s “the
product of”’ or “derived from” a murine germline immunoglobulin sequence can be 1dentified as such by
comparing the nucleotide or amino acid sequence of the antibody to the nucleotide or amino acid sequences of
murine germline immunoglobulins and selecting the murine germline immunoglobulin sequence that 1s
closest in sequence (i.e., greatest % identity) to the sequence of the antibody. An antibody that is “the product
of”’ or “derived from” a particular murine germline immunoglobulin sequence may contain amino acid
differences as compared to the germline sequence, due to, for example, naturally-occurring somatic mutations
or intentional introduction of site-directed mutation. However, a selected antibody typically is at least 90%
identical in amino acids sequence to an amino acid sequence encoded by a munne germline immunoglobulin
gene and contains amino acid residues that identify the antibody as being murine when compared to the
germline immunoglobulin amino acid sequences of other species (€.g., human germline sequences). In
certain cases, an antibody may be at least 95%, or even at least 96%, 97%, 98%, or 99% identical in amino
acid sequence to the amino acid sequence encoded by the germhne immunoglobulin gene. Typically, an
antibody derived from a particular murine germline sequence will display no more than 10 amino acid
differences from the amino acid sequence encoded by the murine germline immunoglobulin gene. In certain
cases, the antibody may display no more than 5, or even no more than 4, 3, 2, or | amino acid difference from
the amino acid sequence encoded by the germline immunoglobulin gene.
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Homologous Antibodies
In yet another embodiment, an antibody of the invention comprises heavy and light chain vanable

regions comprising amino acid sequences that are homologous to the amino acid sequences of the preterred
antibodies described herein, and wherein the antibodies retain the desired functional properties of the anti-
CDH17 antibodies of the invention.
For example, the invention provides an isolated monoclonal antibody, or antigen binding portion thereof,
comprising a heavy chain variable region and a light chain variable region, wherein:
the heavy chain variable region comprises an amino acid sequence that 1s at least 80% 1dentical to
an amino acid sequence SEQ ID NOs:7, 26, 27, 28 and 44,
the light chain variable region comprises an amino acid sequence that 1s at least 80% 1dentical to an
amino acid sequence SEQ ID NOs:8, 31, 32 and 45; and
the antibody binds to human CDH17. The antibodies of the invention may bind to human CDH17
with an ECs, of 50 nM or less, 10 nM or less, 1 nM or less, 100 pM or less, or more preferably 10 pM or less.

‘The antibody may also bind to CHO cells transfected with human CDH17.

In various embodiments, the antibody can be, for example, a human antibody, a humanized antibody
or a chimeric antibody.

In other embodiments, the Vy and/or Vg amino acid sequences may be 85%, 90%, 95%, 96%, 97%,
98% or 99% homologous to the sequences set forth above. An antibody having Vy and Vi regions having
high (i.e., 80% or greater) identical to the Vyand Vi regions of the sequences set forth above, can be obtained
by mutagenesis (e.g., site-directed or PCR-mediated mutagenesis) of nucleic acid molecules encoding SEQ
ID NOs: 9, 10 followed by testing of the encoded altered antibody for retained function using the functional
assays described herein.

The percent identity between the two sequences is a function of the number of identical positions
shared by the sequences (i.e., % homology = # of identical positions/total # of positions x 100), taking into
account the number of gaps, and the length of each gap, which need to be introduced for optimal alignment of
the two sequences. The comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm, as described in the non-limiting examples

below.
The percent identity between two amino acid sequences can be determined using the algorithm of E.

Meyers and W. Miller (Comput. Appl. Biosci., 4:11-17 (1988)) which has been incorporated into the ALIGN
program (version 2.0), using a PAM 120 weight residue table, a gap length penalty of 12 and a gap penalty of
4. In addition, the percent identity between two amino acid sequences can be determined using the
Needleman and Wunsch (J. Mol. Biol. 48:444-453 (1970)) algorithm which has been incorporated 1nto the
GAP program in the GCG software package (available at http://www.gcg.com), using either a Blossum 62
matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5,
or 6.

Additionally or alternatively, the protein sequences of the present invention can further be used as a -
“query sequence” to perform a search against public databases to, for example, identify related sequences.
Such searches can be performed using the XBLAST program (version 2.0) of Altschul, et al. (1990) J. Mol.
Biol. 215:403-10. BLAST protein searches can be performed with the XBLAST program, score = 50,
wordlength = 3 to obtain amino acid sequences homologous to the antibody molecules of the invention. To

obtain gapped alignments for companson purposes, Gapped BLAST can be utilized as described in Altschul
et al., (1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped BLAST programs,
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the default parameters of the respective programs (e.g., XBLAST and NBLAST) can be used. See
www.ncbi.nlm.nih.gov.
Antibodies with Conservative Modifications

In certain embodiments, an antibody of the invention comprises a heavy chain variable region
comprising CDR1, CDR2 and CDR3 sequences and a light chain variable region comprising CDR1, CDR2
and CDR3 sequences, wherein one or more of these CDR sequences comprise specified amino acid sequences
based on the preferred antibodies described herein (e.g., CDH17 _A4), or conservative modifications thereof,
and wherein the antibodies retain the desired functional properties of the anti-CDH17 antibodies of the
invention. Accordingly, the invention provides an isolated monoclonal antibody, or antigen binding portion
thereof, comprising a heavy chain variable region comprising CDR 1, CDR2, and CDR3 sequences and a light
chain varniable region comprising CDR 1, CDR2, and CDR3 sequences, wherein:
the heavy chain variable region CDR3 sequence comprises an amino acid sequence selected from the group
consisting of amino acid sequences of SEQ ID NOs: 3, 39 and 48, and conservative modifications thereof;
the light chain variable region CDR3 sequence comprises an amino acid sequence selected from the group
consisting of amino acid sequence of SEQ ID NOs: 6, 41 and 51, and conservative modifications thereof; and
the antibody binds to human CDH17. Such antibodies may bind to human CDH17 with an ECs, of 50 nM or
less, 10 nM or less, 1 nM or less, 100 pM or less, or more preferably 10 pM or less.

The antibody may also bind to CHO cells transfected with human CDH17.

In a preferred embodiment, the heavy chain variable region CDR2 sequence comprises an amino acid
sequence selected from the group consisting of amino acid sequences of SEQ ID NOs: 2, 30 ,42 and 47, and
conservative modifications thereof; and the light chain vanable region CDR2 sequence comprises an amino
acid sequence selected from the group consisting of amino acid sequences of SEQ ID NOs: 5, 40 and 50, and
conservative modifications thereof. In another preferred embodiment, the heavy chain vanable region CDR1
sequence comprises an amino acid sequence selected from the group consisting of amino acid sequences of
SEQ ID NOs: 1, 29, 36 and 46, and conservative modifications thereof; and the light chain vanable region
CDR1 sequence comprises an amino acid sequence selected from the group consisting of amino acid
sequences of SEQ ID NOs: 4, 33, 43 and 49, and conservative modifications thereof.

~In various embodiments, the antibody can be, for example, human antibodies, humanized antibodies or
chimeric antibodies.

As used herein, the term “conservative sequence modifications” is intended to refer to amino acid
modifications that do not significantly atfect or alter the binding characteristics of the antibody containing the
amino acid sequence. Such conservative modifications include amino acid substitutions, additions and
deletions. Modifications can be introduced into an antibody of the invention by standard techniques known in
the art, such as site-directed mutagenesis and PCR-mediated mutagenesis. ‘Conservative amino acid
substitutions are ones in which the amino acid residue is replaced with an amino acid residue having a similar
side chain. Families of amino acid residues having similar side chains have been defined in the art. These
families include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g.,
aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine,
threonine, tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine), beta-branched side chains (e.g., threonine, valine, 1soleucine) and
aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, one or more amino acid
residues within the CDR regions ot an antibody of the invention can be replaced with other amino acid
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residues from the same side chain family and the altered antibody can be tested for retained function using the

functional assays described herein.

The heavy chain CDR1 sequence of SEQ ID NO: 1, 29, 36 or 46 may comprise one or more
conservative sequence modification, such as one, two, three, four, five or more amino acid substitutions,
additions or deletions; the light chain CDR 1 sequence of SEQ ID NO: 4, 33, 43 or 49 may comprise one or
more conservative sequence modification, such as one, two, three, four, five or more amino acid substitutions,
additions or deletions; the heavy chain CDR2 sequence shown in SEQ ID NO: 2, 30, 42 or 47 may comprise
one or more conservative sequence modification, such as one, two, three, four, five or more amino acid
substitutions, additions or deletions; the light chain CDR2 sequence shown in SEQ ID NO: 5, 40 or 50 may
comprise one or more conservative sequence modification, such as one, two, three, four, five or more amino
acid substitutions, additions or deletions; the heavy chain CDR3 sequence shown in SEQ ID NO: 3, 39 or 48
may comprise one or more conservative sequence modification, such as one, two, three, four, five or more
amino acid substitutions, additions or deletions; and/or the light chain CDR3 sequence shown in SEQ ID NO:
6,41 or 51 may comprise one or more conservative sequence modification, such as one, two, three, four, five
or more amino acid substitutions, additions or deletions.

Antibodies that Bind to the Same Epitope as Anti-CDH17 Antibodies of the Invention

In another embodiment, the invention provides antibodies that bind to the same epitope on human
CDH17 as any of the CDH17 monoclonal antibodies of the invention (i.e., antibodies that have the ability to
cross-compete for binding to CDH17 with any of the monoclonal antibodies of the invention). In preferred
embodiments, the reference antibody for cross-competition studies can be the monoclonal antibody
CDHI17 A4 (having Vy and Vg sequences as shown in SEQ ID NOs:7 and 8 respectively). Such cross-
competing antibodies can be identified based on their ability to cross-compete with CDH17 A4,
CDH17 A4 4K, or CDH17 A4 4R in standard CDH17 binding assays. For example, BIAcore analysis,

- ELISA assays or flow cytometry may be used to demonstrate cross-competition with the antibodies of the

current invention. The ability of a test antibody to inhibit the binding of, for example, CDH17 A4,
CDH17 A4 4K, or CDH17_A4 4R, to human CDH17 demonstrates that the test antibody can compete with
CDH17 A4,CDH17 A4 4K, or CDH17 A4 4R for binding to human CDH17 and thus binds to the same
epitope on human CDH17 as CDH17_ A4, CDH17 A4 4K, or CDH17_A4 4R.

Engineered and Modified Antibodies

An antibody of the invention further can be prepared using an antibody having one or more of the Vy
and/or V sequences disclosed herein which can be used as starting material to engineer a modified antibody,
which modified antibody may have altered properties as compared to the starting antibody. An antibody can
be engineered by modifying one or more amino acids within one or both variable regions (1.e., Vy and/or V),
for example within one or more CDR regions and/or within one or more framework regions. Additionally or
alternatively, an antibody can be engineered by modifying residues within the constant region(s), for example
to alter the effector function(s) of the antibody.

In certain embodiments, CDR grafting can be used to engineer variable regions of antibodies.
Antibodies interact with target antigens predominantly through amino acid residues that are located in the six
heavy and light chain complementarity determining regions (CDRs). For this reason, the amino acid
sequences within CDRs are more diverse between individual antibodies than sequences outside of CDRs.
Because CDR sequences are responsible for most antibody-antigen interactions, it is possible to express
recombinant antibodies that mimic the properties of specific naturally occurring antibodies by constructing
expression vectors that include CDR sequences from the specific naturally occurring antibody grafted onto
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framework sequences from a different antibody with different properties (see, e.g., Riechmann, L. et al.
(1998) Nature 332:323-327; Jones, P. et al. (1986) Nature 321:522-525; Queen, C. et al. (1989) Proc. Natl.
Acad. See. U.S.A. 86:10029-10033; U.S. Patent No. 5,225,539 to Winter, and U.S. Patent Nos. 5,530,101;
5,585,089; 5,693,762 and 6,180,370 to Queen et al.)

Accordingly, another embodiment of the invention pertains to an 1solated monoclonal antibody, or
antigen binding portion thereof, comprising a heavy chain variable region comprising CDR1, CDR2, and
CDR3 sequences comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 1,
29, 36 and 46, SEQ ID NOs: 2, 30, 42 and 47, and SEQ ID NOs: 3, 39 and 48, respectively, and a light chain
variable region comprising CDR1, CDR2, and CDR3 sequences comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 4, 33, 43 and 49, SEQ ID NOs: 5, 40 and 50, and SEQ ID NOs: 6,
41 and 51, respectively. Thus, such antibodies contain the Vi3 and Vi CDR sequences of monoclonal

. antibodies CDH17 A4, CDH17 A4 4K, or CDH17 A4 4R yet may contain different framework sequences

from these antibodies. .

Such framework sequences can be obtained from public DNA databases or published references that
include germline antibody gene sequences. For example, germline DNA sequences for murine heavy and
light chain variable region genes can be found in the IMGT (international ImMunoGeneTics) murine
germline sequence database (available on the Internet at imgt.cines.fr/), as well as in Kabat, E. A, et al.
(1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242; the contents of each of which are expressly incorporated
herein by reference. As another example, the germline DNA sequences for murine heavy and light chain

“variable region genes can be found in the Genbank database.

Antibody protein sequences are compared against a compiled protein sequence database using one of
the sequence similarity searching methods called the Gapped BLAST (Altschul et al. (1997) Nucleic Acids
Research 25:3389-3402), which is well known to those skilled in the art. BLAST 1is a heuristic algorithm in
that a statistically significant alignment between the antibody sequence and the database sequence is likely to
contain high-scoring segment pairs (HSP) of aligned words. Segment pairs whose scores cannot be improved
by extension or trimming is called a Ait. Briefly, the nucleotide sequences 1n the database are translated and
the region between and including FR1 through FR3 framework region is retained. The database sequences
have an average length of 98 residues. Duplicate sequences which are exact matches over the entire length of
the protein are removed. A BLAST search for proteins using the program blastp with default, standard
parameters except the low complexity filter, which 1s turned oft, and the substitution matrix of BLOSUM®62,
filters for top S hits yielding sequence matches. The nucleotide sequences are translated in all six frames and
the frame with no stop codons in the matching segment of the database sequence i1s considered the potential
hit. This is in turn confirmed using the BLAST program tblastx, which translates the antibody sequence 1n all
six frames and compares those translations to the nucleotide sequences in the database dynamically translated
in all six frames.

The 1dentities are exact amino acid matches between the antibody sequence and the protein database
over the entire length of the sequence. The positives (1dentities + substitution match) are not 1dentical but
amino acid substitutions guided by the BLOSUMG62 substitution matrix. If the antibody sequence matches
two of the database sequences with same identity, the hit with most positives would be decided to be the
matching sequence hit.

Preferred framework sequences for use in the antibodies of the invention are those that are structurally
similar to the framework sequences used by selected antibodies of the invention, e.g., similar to the Vy II gene

21



10

15

20

25

30

35

40

CA 02815041 2013-04-17
WO 2012/054084 PCT/US2011/001787

H17 framework sequence, the Vy Il region VH105 framework sequence and/or the Vg 8-30 framework
sequence used by preferred monoclonal antibodies of the invention. The Vy CDR1, CDR2, and CDR3
sequences, and the Vx CDR1, CDR2, and CDR3 sequences, can be grafted onto framework regions that have
the identical sequence as that found in the germline immunoglobulin gene from which the framework
sequence derive, or the CDR sequences can be grafted onto framework regions that contain one or more
mutations as compared to the germline sequences. For example, it has been found that in certain 1nstances it
is beneficial to mutate residues within the framework regions to maintain or enhance the antigen binding
ability of the antibody (see e.g., U.S. Patent Nos. 5,530,101; 5,585,089; 5,693,762 and 6,180,370 to Queen et
al.).

Another type of variable region modification is to mutate amino acid residues within the Vy and/or Vg
CDR1, CDR2 and/or CDR3 regions to thereby improve one or more binding properties (e.g., affinity) of the
antibody of interest. Site-directed mutagenesis or PCR-mediated mutagenesis can be performed to introduce
the mutation(s) and the effect on antibody binding, or other functional property of interest, can be evaluated in
in vitro or in vivo assays as described herein and provided in the Examples. In some embodiments,
conservative modifications (as discussed above) are introduced. Alternatively, non-conservative
modifications can be made. The mutations may be amino acid substitutions, additions or deletions, but are
preferably substitutions. Moreover, typically no more than one, two, three, four or five residues within a
CDR region are altered, although as will be appreciated by those in the art, variants 1n other areas (framework
regions for example) can be greater.

Accordingly, in another embodiment, the instant disclosure provides i1solated anti-CDH 17 monoclonal
antibodies, or antigen binding portions thereof, comprising a heavy chain variable region comprising: (a) a Vy
CDRI1 region comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 1, 29,
36 and 46, or an amino acid sequence having one, two, three, four or five amino acid substitutions, deletions
or additions as compared to SEQ ID NOs: 1, 29, 36 or'46; (b) a Vi CDR2 region comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 2, 30, 42 and 47, or an amino acid sequence
having one, two, three, four or five amino acid substitutions, deletions or additions as compared to SEQ ID
NOs: 2, 30, 42 and 47; (c) a Vy CDR3 region comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs: 3, 39 and 48, or an amino acid sequence having one, two, three, tour or five
amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 3, 39 and 48; (d) a Vk CDRI1
region comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 4, 33, 43 or
49. or an amino acid sequence having one, two, three, four or five amino acid substitutions, deletions or
additions as compared to SEQ ID NOs: 4, 33, 43 or 49; (e¢) a Vx CDR2 region comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 5, 40 and 50, or an amino acid sequence having
one, two, three, four or five amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 5,
40 or 50; and (f) a Vx CDR3 region comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 6, 41 and 51, or an amino acid sequence having one, two, three, four or five amino acid
substitutions, deletions or additions as compared to SEQ ID NOs: 6, 41 or 51.

Engineered antibodies of the invention include those in which modifications have been made to
framework residues within Vi and/or Vi, e.g. to improve the properties of the antibody. Typically such
framework modifications are made to decrease the immunogenicity of the antibody. For example, one
approach is to “backmutate” one or more framework residues to the corresponding germline sequence. More
specifically, an antibody that has undergone somatic mutation may contain framework residues that differ
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from the germline sequence from which the antibody 1s derived. Such residues can be identified by
comparing the antibody framework sequences to the germline sequences from which the antibody is dernved.

Another type of framework modification involves mutating one or more residues within the
framework region, or even within one or more CDR regions, to remove T cell epitopes to thereby reduce the
potential immunogenicity of the antibody. This approach 1s also referred to as “deimmumnization” and 1s
described in further detail in U.S. Patent Publication No. 2003/0153043 by Carr et al.

In addition or alternative to modifications made within the framework or CDR regions, antibodies of
the invention may be engineered to include modifications within the Fc region, typically to alter one or more
functional properties of the antibody, such as serum half-life, complement fixation, Fc receptor binding,
and/or antigen-dependent cellular cytotoxicity. Furthe‘rmore, an antibody of the invention may be chemically
modified (e.g., one or more chemical moieties can be attached to the antibody) or be modified to alter its
glycosylation, again to alter one or more functional properties of the antibody. Each of these embodiments 1s
described in further detail below. The numbering of residues in the Fc region 1s that of the EU index of
Kabat.

In one embodiment, the hinge region of CH1 1s modified such that the number of cysteine residues in
the hinge region 1s altered, e.g., increased or decreased. This approach 1s described further in U.S. Patent No.
5,677,425 by Bodmer et al. The number of cysteine residues in the hinge region of CH1 1s altered to, for
example, facilitate assembly of the light and heavy chains or to increase or decrease the stability of the
antibody.

In another embodiment, the Fc hinge region of an antibody is mutated to decrease the biological half
life of the antibody. More specifically, one or more amino acid mutations are introduced into the CH2-CH?3
domain interface region of the Fc-hinge fragment such that the antibody has impaired Staphylococcal protein
A (SpA) binding relative to native Fc-hinge domain SpA binding. This approach is descnbed 1n further detail
in U.S. Patent No. 6,165,745 by Ward et al. _

- In another embodiment, the antibody 1s modified to increase its biological half life. Various
approaches are possible. For example, one or more of the following mutations can be introduced: T252L,
T2548S, T256F, as described 1n U.S. Patent No. 6,277,375 to Ward. Altematively, to increase the biological
half life, the antibody can be altered within the CH1 or C region to contain a salvage receptor binding
epitope taken from two loops of a CH2 domain of an Fc¢ region of an IgG, as described in U.S. Patent Nos.
5,869.046 and 6,121,022 by Presta et al.

In another embodiment, the antibody 1s produced as a UniBody as described in W0Q2007/059782
which is incorporated herein by reference in its entirety.

In yet other embodiments, the Fc region is altered by replacing at least one amino acid residue with a
different amino acid residue to alter the effector function(s) of the antibody. For example, one or more amino
acids selected from amino acid residues 234, 235, 236, 237, 297, 318, 320 and 322 can be replaced with a
different amino acid residue such that the antibody has an altered affinity for an effector ligand but retains the
antigen-binding ability of the parent antibody. The effector ligand to which affinity is altered can be, for
example, an Fc receptor or the C1 component of complement. This approach is described in further detail in
U.S. Patent Nos. 5,624,821 and 5,648,260, both by Winter et al.

In another example, one or more amino acids selected from amino acid residues 329, 331 and 322 can
be replaced with a different amino acid residue such that the antibody has altered C1q binding and/or reduced
or abolished complement dependent cytotoxicity (CDC). This approach is described in further detail in U.S.
Patent No. 6,194,551 by Idusogie et al.
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In another example, one or more amino acid residues within amino acid positions 231 and 239 are
altered to thereby alter the ability of the antibody to fix complement. This approach 1s described further in
PCT Publication WO 94/29351 by Bodmer et al.

In yet another example, the Fc region is modified to increase the ability of the antibody to mediate
antibody dependent cellular cytotoxicity (ADCC) and/or to increase the affinity of the antibody for an Fcy
receptor by modifying one or more amino acids at the following positions: 238, 239, 248, 249, 252, 254, 255,
256, 258, 265, 267, 268, 269, 270, 272, 276, 278, 280, 283, 285, 286, 289, 290, 292, 293, 294, 235, 296, 298,
301, 303, 305, 307, 309, 312, 315, 320, 322, 324, 326, 327, 329, 330, 331, 333, 334, 335, 337, 338, 340, 360,
373, 376, 378, 382, 388, 389, 398,414,416, 419, 430, 434, 435, 437, 438 or 439. This approach i1s described
further in PCT Publication WO 00/42072 by Presta. Moreover, the binding sites on human IgG1 for FcyR1,
FcyRII, FcyRIII and FcRn have been mapped and variants with improved binding have been described (see
Shields, R.L. et al. (2001) J. Biol. Chem. 276:6591-6604). Specific mutations at positions 256, 290, 298, 333,
334 and 339 were shown to improve binding to FcyRIII. Additionally, the following combination mutants
were shown to improve FC’YRIII binding: T256A/S298A, S298A/E333A, S298A/K224A and
S298A/E333A/K334A. Further ADCC vanants are described for example in W02006/019447.

In yet another example, the Fc region is modified to increase the half-life of the antibody, generally
by increasing binding to the FcRn receptor, as described for example in PCT/US2008/088053, US 7,371,826,
US 7,670,600 and WO 97/34631.

In still another embodiment, the glycosylation of an antibody i1s modified. For example, an
aglycoslated antibody can be made (i.e., the antibody lacks glycosylation). Glycosylation can be altered to,
for example, increase the affinity of the antibody for antigen. Such carbohydrate modifications can be
accomplished by, for example, altering one or more sites of glycosylation within the antibody sequence. For
example, one or more amino acid substitutions can be made that result in elimination of one or more variable
region framework glycosylation sites to thereby eliminate glycosylation at that site. Such aglycosylation may
increase the affinity of the antibody for antigen. Such an approach is described in further detail in U.S. Patent
Nos. 5,714,350 and 6,350,861 by Co et al., and can be accomplished by removing the asparagine at position
297.

Additionally or alternatively, an antibody can be made that has an altered type of glycosylation, such
as a hypofucosylated antibody having reduced amounts of fucosyl residues or an antibody having increased
bisecting GlcNac structures. This 1s sometimes referred to in the art as a “engineered glycoform”. Such
altered glycosylation patterns have been demonstrated to increase the ADCC ability of antibodies. Such
carbohydrate modifications can generally be accomplished in two ways; for example, in some embodiments,
the antibody is expressed in a host cell with altered glycosylation machinery. Cells with altered glycosylation
machinery have been described in the art and can be used as host cells 1n which to express recombinant
antibodies of the invention to thereby produce an antibody with altered glycosylation. Reference is made to
the POTELLIGENT® technology. For example, the cell lines Ms704, Ms705, and Ms709 lack the
fucosyltransferase gene, FUTS (alpha (1,6) fucosyltranstferase), such that antibodies expressed in the Ms704,
Ms705, and Ms709 cell lines lack fucose on their carbohydrates. The Ms704, Ms705, and Ms709 FUT8™ cell
lines were created by the targeted disruption of the FUTS8 gene in CHO/DG44 cells using two replacement
vectors (see U.S. Patent Publication No. 2004/0110704 by Yamane et al., US Patent No. 7,517,670 and |
Y amane-Ohnuki et al. (2004) Biotechnol Bioeng 87:614-22). As another example, EP 1,176,195 by Hanai et
al. describes a cell line with a functionally disrupted FUT8 gene, which encodes a fucosyl transferase, such
that antibodies expressed in such a cell line exhibit hypofucosylation by reducing or eliminating the alpha 1,6
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bond-related enzyme. Hanai ef al. also describe cell lines which have a low enzyme activity for adding
fucose to the N-acetylglucosamine that binds to the Fc region of the antibody or does not have the enzyme
activity, for example the rat myeloma cell line YB2/0 (ATCC CRL 1662). PCT Publication WO 03/035835
by Presta describes a vaniant CHO cell line, Lec13 cells, with reduced ability to attach fucose to Asn(297)-
linked carbohydrates, also resulting in hypofucosylation of antibodies expressed in that host cell (see also
Shields, R.L. et al. (2002) J. Biol. Chem. 277:26733-26740). PCT Publication WO 99/54342 by Umana et al.
describes cell lines engineered to express glycoprotein-modifying glycosyl transferases (e.g., beta(1,4)-N-
acetylglucosaminyltransferase III (GnTIII)) such that antibodies expressed in the engineered cell lines exhibat
increased bisecting GlcNac structures which results in increased ADCC activity of the antibodies (see also
Umana et al. (1999) Nat. Biotech. 17:176-180). Alternatively, the fucose residues of the antibody may be
cleaved off using a fucosidase enzyme. For example, the fucosidase alpha-L-fucosidase removes fucosyl
residues from antibodies (Tarentino, A.L. et al. (1975) Biochem. 14:5516-23).

Alternatively, engineered glycoforms, particularly afucosylation, can be done using small molecule
inhibitors of glycosylation pathway enzymes. See for example Rothman et al., Mol. Immunol. 26(12):113-
1123 (1989); Elbemn, FASEB J. 5:3055 (1991); PCT/US2009/042610 and US Patent No. 7,700,321.

Another modification of the antibodies herein that 1s contemplated by the invention 1s pegylation. An
antibody can be pegylated to, for example, increase the biological (e.g., serum) half life of the antibody. To
pegylate an antibody, the antibody, or fragment thereof, typically is reacted with polyethylene glycol (PEG),
such as a reactive ester or aldehyde derivative of PEG, under conditions in which one or more PEG groups
become attached to the antibody or antibody fragment. Preferably, the pegylation i1s carried out via an
acylation reaction or an alkylation reaction with a reactive PEG molecule (or an analogous reactive water-
soluble polymer). As used herein, the term “polyethylene glycol” 1s intended to encompass any of the forms
of PEG that have been used to derivatize other proteins, such as mono (C1-C10) alkoxy- or aryloxy-
polyethylene glycol or polyethylene glycol-maleimide. In certain embodiments, the antibody to be pegylated
1s an aglycosylated antibody. Methods for pegylating proteins are known 1n the art and can be applied to the
antibodies of the invention. See for example, EP 0 154 316 by Nishimura et al. and EP 0 401 384 by
Ishikawa et al.

In additional embodiments, for example 1n the use of the antibodies of the invention for diagnostic or
detection purposes, the antibodies may comprise a label. By “labeled” herein 1s meant that a compound has at
least one element, 1sotope or chemical compound attached to enable the detection of the compound. In
general, labels fall into three classes: a) 1sotopic labels, which may be radioactive or heavy isotopes; b)
magnetic, electrical, thermal; and c¢) colored or luminescent dyes; although labels include enzymes and
particles such as magnetic particles as well. Preferred labels include, but are not limited to, fluorescent
lanthanide complexes (including those of Europium and Terbium), and fluorescent labels including, but not
limited to, quantum dots, tluorescein, rhodamine, tetramethylrhodamine, eosin, erythrosin, coumarin, methyl-
coumarnns, pyrene, Malacite green, stilbene, Lucifer Yellow, Cascade Blue, Texas Red, the Alexa dyes, the
Cy dyes, and others described in the 6th Edition of the Molecular Probes Handbook by Richard P. Haugland,
hereby expressly incorporated by reference. |

Antibody Physical Properties
The antibodies of the present invention may be further characterized by the various physical properties

of the anti-CDH 17 antibodies. Various assays may be used to detect and/or differentiate different classes of
antibodies based on these physical properties.
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In some embodiments, antibodies of the present invention may contain one or more glycosylation sites
in either the light or heavy chain variable region. The presence of one or more glycosylation sites 1n the
variable region may result in increased immunogenicity of the antibody or an alteration of the pK of the
antibody due to altered antigen binding (Marshall et al (1972) Annu Rev Biochem 41:673-702; Gala FA and
Morrison SL (2004) J Immunol 172:5489-94; Wallick et al (1988) J Exp Med 168:1099-109; Spiro RG (2002)
Glycobiology 12:43R-56R; Parekh et al (1985) Nature 316:452-7; Mimura et al. (2000) Mol Immunol 37:697-
706). Glycosylation has been known to occur at motifs containing an N-X-S/T sequence. Varnable region
glycosylation may be tested using a Glycoblot assay, which cleaves the antibody to produce a Fab, and then
tests for glycosylation using an assay that measures periodate oxidation and Schiff base formation.
Alternatively, variable region glycosylation may be tested using Dionex light chromatography (Dionex-LC),
which cleaves saccharides from a Fab into monosaccharides and analyzes the individual saccharide content.
In some instances, it is preferred to have an anti-CDH17 antibody that does not contain variable region
glycosylation. This can be achieved either by selecting antibodies that do not contain the glycosylation motit
in the variable region or by mutating residues within the glycosylation motif using standard techniques well
known 1n the art.

In a preferred embodiment, the antibodies of the present invention do not contain asparagine
isomerism sites. A deamidation or isoaspartic acid effect may occur on N-G or D-G sequences, respectively.
The deamidation or 1soaspartic acid effect results in the creation of isoaspartic acid which decreases the
stability of an antibody by creating a kinked structure off a side chain carboxy terminus rather than the main
chain. The creation of isoaspartic acid can be measured using an iso-quant assay, which uses a reverse-phase
HPLC to test for 1soaspartic acid.

Each antibody will have a unique isoelectric point (pl), but generally antibodies will fall in the pH
range of between 6 and 9.5. The pl for an IgG1 antibody typically falls within the pH range of 7-9.5 and the
pl for an IgG4 antibody typically falls within the pH range of 6-8. Antibodies may have a pl that 1s outside
this range. Although the effects are generally unknown, there is speculation that antibodies with a pl outside
the normal range may have some unfolding and instability under in vivo conditions. The 1soelectnc point may
be tested using a capillary isoelectric focusing assay, which creates a pH gradient and may utilize laser
focusing for increased accuracy (Janini et al (2002) Electrophoresis 23:1605-11; Ma et al. (2001)
Chromatographia 53:S75-89; Hunt et al (1998) J Chromatogr A 800:355-67). In some 1nstances, it 1s
preferred to have an anti-CDH 17 antibody that contains a pl value that falls in the normal range. This can be
achieved either by selecting antibodies with a pl in the normal range, or by mutating charged surface residues
using standard techniques well known in the art.

Each antibody will have a melting temperature that is indicative of thermal stability (Krishnamurthy R
and Manning MC (2002) Curr Pharm Biotechnol 3:361-71). A hi ghef thermal stability indicates greater
overall antibody stability in vivo. The melting point of an antibody may be measured using techniques such
as differential scanning calonmetry (Chen et al (2003) Pharm Res 20:1952-60; Ghirlando et al/ (1999)
Immunol Lett 68:47-52). Ty, indicates the temperature of the initial unfolding of the antibody. Ty, indicates
the temperature of complet