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ANTIBODY DRUG CONJUGATES

SEQUENCE LISTING
3000] The mstant apphication contains a Sequence Listing which has been submuitted
clectronically in ASCII format and 1s hereby incorporated by reference in its entirety. Said
ASCH copy, created on November 12, 2015, 1s named PAT056506-W0O-PCT_SLtxt and 15

146,966 bytes mn size,

FIELD OF THE INVENTION
10001} The present mvention gencrally relates to anti-P-cadherin antibodics, antibody

fragments, antibody drug conjugates, and their uses for the treatment of cancer.

BACKGROUND OF THE INVENTION
P-cadherin

[6642] Classical cadherins represent a family of cell adhesion molecules expressed i
adherens-type junctions that mediate calciom-dependent cell-to-cell contacts. Placental
cadherin (P-cadherin; also known as cadhenin 3, tvpe 1 or “CDH3”) has restricted cxpression
n normal tissues but s known to be expressed i unditferentiated or under-differentiated cell
types of several tissues, including the basal epithelial cells of the skin, esophagus, lung and

oral cavity. {see, e.g., Alberganiaeral. Int ] Dev. Biol 55811822 (2011}

HEEIRY The structure of P-cadherin consists of 3 distinet domains: an extracellular
domain {(ECD) containing five cadherimn repeats in tandem, a transmembrance domain, and an
mtraceliular tail containing a catonun binding domain.  The ECD mediates both cis- and trans
mieractions between multiple P-cadherin molecules, while the catenin binding domain links
P-cadherin to proteins such as pl20 catenin and consequently, celular cytoskeletal elements.

(see, eg., Wueral, PNAS 107:17592-7 (2010).

P-cadherin and cancer

[0004] P-cadhenin {also referred to as “Pead” “PCad” “P-Cad, or CDH3). 15 also
known to be overexpressed i a nwnber of malignant tumors, including breast, gastric,
endometrial, head and neck, and colorectal cancer, among others. The overexpression of P-
cadherin in some breast, endometrial, ovarian, colorectal and bladder tumors has also been
correlated with a worse prognosis compared to cases where P-cadherin expression levels are

fow or absent. In breast cancer, P~cadherin is frequently overexpressed i high grade
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mvasive carcinomas and 15 a reliable marker of basal-like tumors. (see, e.g., Paredes er e/,

Br. Can. Res. 9:214-226 (2007); Sanders er ol Int. J. Can. 79:573-379 (1998); Albergaria et
al., int. J. Dev. Biol. 55:811-822 {2011); Sousa er af., Histol. Histopathol. 25:963-975 (20101

{0005] In certain cancer types, such as breast and ovarian cancer, P-cadherin 1s known
to promote tumor cell motility, invastvencss and metastasis. (sge, e.g., Cheung ef o/,

eg.
Oncogene 30:2964-74 (2011); Ribetro et al, Oncogene 29 :392-402 (2010)).

HEEEY! Numerous cancer-relevant processes are known {6 promote the expression of
P-cadherin mRNA and protein. Inactivation of the tumor suppressor BRCA 1 through either
mutation or loss of expression has been associated with increased P-cadherin expression in
both breast cancer cell lines and patient specimens. The transcription factor C-EBPS and the
anti-estrogen ICH 82780 (fulvestrant) are also known to disregulate P-cadherin expression
and induce its upregulation m tumor cclls, as is hvpomethylation of the CDH3 promoter via
other processes. In alveolar thabdomyosarcoma, the chimenc oncogemic transeription factors
PAX3-FOXOAT and PAX7-FOXQAT (resulting from translocations) directly mnduce P-
cadherin expression, resulting in increased tumor aggressiveness. {(sce ¢.g. Albergana ef af.,
Int. J. Dev. Biol. 55:811-822 (2011); Thuault et af., Oncogene 15:1474-86 (2012); Ames ef
af., Chn. Can. Res. 11;4003-11 (2005); Gorski er o/, Br. Can . Res. Treat. 122:721-31
{2010); Paredes er o/, Clin. Can. Res. 11:5869-5877 (2005); Albergaria ef o/, Human Mol
Gen. 19:2554-2566 (2010).

Antibody drug conjugates

[6007] Auntibody drug conjugates (“AD{Cs”) have been used for the local dehivery of
cytotoxic agents in the treatment of cancer (sce e.g., Lambert, Curr. Opinion In
Pharmacology 5:543-549, 2003). ADCs allow targeted delivery of the drug moiety where
maximum efficacy with minimal toxicity may be achieved. As more ADCs show promising
chimical results, there is an increased need to develop new therapeutics for cancer therapy.
Moreover, not all attempts to make therapeutically effective ADCs to known cancer targets
have been successful.  Examples of factors that can effect therapeutic effectiveness of ADRCs
mnclude affinity, ability of an antibody to conjugate, the cleavability or stahility of the hinker;
stability of the antibody-drug conjugate, the tendency of an antibody drug conjugate to
aggregate, and the ratio of the drug/pavicad molecules that conjugate to each antibody

{"DAR” or “drug antibody ratio”}.
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{86008] Aggregation and lack of stability can increase the possibility of adverse
reactions to antibody drug conjugates in a clinical setting, reduce cfficacy, as well as add to

the cost of making ADCS.

[3009] Therefore there s a need for therapeutically effective ADC molecules.

SUMMARY OF THE INVENTION

{6010} The present application discloses antibodics, or antigen binding fragments
thereof, that bind that bind to human P-cadherin protein. In one embodiment, the antibodies
or antigen binding fragments thereof bind to P-cadherin at one or more residues selected from
the amino acids at positions 124, 125, 151, 153, 154,155, 156, 139, 160, 161, 162, 163, 168,
170, 171, and 172 of SEQ 1D NG:126. In another embodiment, the antibodics, or antigen
binding fragments thereof, bind to human P-cadherin protein at the ammo acids at positions
124,125, 151, 153, 154, 155, 156, 139, 160, 161, 162, 163, 168, 170, 171. and 172 of SEQ}
D NG:126. in some embodiments, the antibodics, or antigen binding fragments thereof,
comprise a heavy chain vanable region that binds to human P-cadhenn at one or more amino
acid residues selected from positions 124, 151, 1532156, and 172 of SEQ ID NO:126. Ina
further embodiment, the heavy chain vanable region comprises a heavy chain binding
paratope for human P-cadherin protein comprising one or more amino acid residues selected
from positions 52, 54, 56, 60, 65, 105, or 107 of SEQ [D NO: 128, In vet another
embodiment, the antibody comprises a light chain variable region that binds to human P-
cadherin at one or more amino acid residues selected from positions 124, 125, 155, 156, 159-
163, 1638, 170, and 171 of SEQ 1D NG:126. In a turther embodiment, the hight chain variable
region binding paratope for human P-cadherin protein comprises one or more aming acid
residues selected from positions 1, 2, 27, 28, 30, 68,92, 93, or 94 of SEQ IDNO:129 Ina
specific embodiment, the antibodics, or antigen binding fragments thereof, comprise a heavy
chain variable region and light cham variable region of as discussed above.

{0011} In other embodiments, the application discloses antibodies, or antigen binding
fragments thereof, that bind human P-cadherin comprising:

a} a heavy chain variable region that comprises a VH CDRI of SEQ ID NG: 1, a VH CDR2
of SEQ ID NGO: 2, and a VH CDR3 of SEQ 1D NO: 3, wherein the COR is defined in
accordance with the Kabat definition; and a light chain variable region that comprises a VL
CDR1Iof SEQID NO: 11, a VL CDR2 of SEQ ID NO: 12, and a VL CDR3 of SEQ 1D NO:
13, wherem the CDR is defined in accordance with the Kabat definition;

~
D
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b} a heavy chain variable region that comprises a VH CDR1 of SEQ 1D NO: 21, a VH CDR2
of SEQ ID NO: 22 and 3 VH CDR3 of SEQ 1D NG: 23, wherein the CDR is defined n
accordance with the Kabat definttion; and a light chaim variable region that comprises a VL
CDRI of SEQ ID NO: 31, a VL CDR2 of SEQ ID NGO 32, and a VL CDR3 of SEQ ID NO:
33, wherein the CDR 1s defined in accordance with the Kabat definition;

¢} a heavy chain vanable region that comprises a VH CBR1 of SEQ ID NO:41, a VH CDR2
of SEQ ID NG:42, and a VH CDR3 of SEQ 1D NG:43, wherein the CDR 1s defined i
accordance with the Kabat definition; and a light cham variable region that comprises a VL
CDRI of SEQ ID NO:51, a VL CDR2 of SEGQ ID NO:32, and a VL CDR3 of SEQ ID
N353, wherein the CDR 1s defined in accordance with the Kabat definition;

d) a heavy chain variable region that comprises a VH CDRI1 of SEG ID NG:61, a VH CDR2
of SEQ ID NG:62, and 2 VH CDR3 of SEQ 1D NG:63, whercin the CDR is defined in
accordance with the Kabat definition; and a light chain variable region that comprises a VL
CDR1Iof SEQID NO:71,a VL CDR2 of SEQ ID NO:72, and a VL CDR3 of SEQ ID
NG:73, wherein the CDR 15 defined m accordance with the Kabat defintion;

¢} a heavy chain variable region that comprises a VH CDR1 of SEQ ID NO:81, a VH CDR2
of SEQ 1D NO:82, and a VH CDR3 of SEQ 1D NO:83, wherein the CDR is defined in
accordance with the Kabat defimition; and a light cham variable region that comprises a VL
CBR1 of SEQ ID NG:91, a VL CDR2 of SEQ ID NO:92, and a VL CDR3 of SEQ ID
NG:93, wherein the CDR is defined in accordance with the Kabat definition; or

f) a heavy chain variable region that comprises a VH CDR1 of SEQ 1D NO: 101, a VH CDRZ
of SEQ ID NG: 102, and a VH CDR3 of SEQ ID N{: 103, wheren the CDR s defined in
accordance with the Kabat definition; and a light chaim variable region that comprises a VL
CDRIOf SEQIDNO:111, a VL CDR2 of SEQ ID NO: 112, and a VL CDR3 of SEQ ID
NG 113, wherein the CDR 15 defined in accordance with the Kabat definition.

6012} This application also discloses antibodies, or antigen binding fragments
thereof, that bind P-cadherin comprising:

a} A heavy chain variable region (VH) comprising the amino acid sequence of SEQ {1 NO7,
and a light chain variable region (VL) compnising the amuno acid sequence of SEQ ID
NO:1T;

b) A heavy chain variable region (VH) comprising the amino acid sequence of SEQ 1D
NG:27, and a light chain vanable region (VL) compnsing the amino acid sequence of SEQ

D NO:37,
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¢} A heavy chain vanable region (VH) comprising the amino acid sequence of SEQ ID
NG:47, and a light chain variable region (VL) comprising the aming acid sequence of SEQ
D NO:5T;

d) A heavy chain vanable region (VH) comprising the amino acid sequence of SEQ 1D
NQG:67, and a light chain variable region (VL) comprising the amino acid sequence of SEQ
1D NGTT:

¢} A heavy chain variable region (VH) comprising the amino acid sequence of SEQ D
NO:87, and a hight chain vanable region (VL) comprising the amino acid sequence of SEQ
ID NG:97; or

) A heavy chain variable region (VH) compnsing the amino acid sequence of SEQ 1D

NG 107, and a light chain vanable region (VL) comprising the amino acid sequence of SEQ
IDNO:11T.

[6613] In other embodiments, this application discloses antibodics, or antigen binding
fragments thereof, that bind P~cadhernin comprising:

a) A heavy chain comprising the amino acid sequence of SEQ 1D NO:9, and a light chain
comprnising the aming acid sequence of SEQ ID NO:19;

b} A heavy chain comprising the amino acid sequence of SEQ 1 NG:29, and a light chain
comprising the amino acid sequence of SEQ 1D NO:39;

¢} A heavy chain comprising the amino acid sequence of SEQ ID NO:49, and a light chain
comprising the amino acid sequence of SEQ 1D NO:59;

d} A heavy chain comprising the amino acid sequence of SEQ {13 NO:69, and a light chain
comprnising the anino acid sequence of SEQ ID N(:79;

¢} A heavy chain comprising the amino acid sequence of SEQ 1D NO:89, and a light chain
comprising the amino acid sequence of SEQ 1D NG:99; or

) A heavy chain comprising the amino acid sequence of SEQ ID NO: 109, and a light chain
comprising the amino acid sequence of SEQ IDNO:119.

[6014] The present application further discloses antibodics, or antigen binding
fragments thereof, that bind to the same epitope of human P-cadhenn as the antibodics
disclosed herem, or that compete with the antibodies disclosed hereinfor binding to human P-
cadherin.

[6015] In some embodiments, the P-cadherin antibodics, or antigen binding fragments
thereof, are human or humanized antibodies. In other embodiments, the antibodies or antigen
binding fragments thereof are monoclonal antibodics. In further embodiments, the antibodics
or antigen binding fragments thercof are single chain antibodies {scFv).

5
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{6616} This application also discloses antibody drug conjugates (ADCs) comprising
the fornmula:

Ab—(L—(Dn)n
or a pharmaceutically acceptable salt thereof, wheren:
Ab s a P-cadherin antibody, or antigen binding antigen binding fragment thergof, as
disciosed berein; L is a linker; D 1s a drug moiety; m is an integer from 1 to 8; and n is an
mteger from 1 to 10, Tn some embodiments, mis 1. In other embodiments, nis 3 or 4.
16617} In some embodiments, the antibody, or antigen binding fragment thereof, of
the ADC comprises:
a} a VH region comprnsing the amino acid sequence of SEQ ID NO:7 and a VL region
comprising the amino acid sequence of SEQ I NO: 17, or
b} a VH region comprising the ammo acid sequence of SEQ B NO:27 and a VL region
comprising the amine acid sequence of SEQ 1D NG:37.
[6618] In a further embodiment, the antibody, or antigen binding fragment thercof, of
the antibody drug conjugate comprises a VH region that comprises:
{a}a VH CDRI of SEQ ID NG: 1, (b} a VH CDR2 of SEQ IDNOG: 2, (¢} a VHCDR3 of
SEQ D NO: 3, and a VL region that comprises {d) a VL CDRI of SEQID NO: 11, (e)a VL
CDR2 of SEQ ID NG: 12, and (f) a VL CDR3 of SEQ 1D NG: 13, wherein the CDR s
defined in accordance with the Kabat definition; or
(a)a VH CDRI of SEQ ID NO: 21, (b) a VH CBR2 of SEQ ID NO: 22, {c)a VH CDR3 of
SEQ 1D NO: 23, and a VL region that comprises {(d) a VL COR1 of SEQID NO: 31, () a
VL CDR2 of SEQ 1D NO: 32, and (f) a VL CDR3 of SEQ ID NQ: 33, wherein the CDR is
defined in accordance with the Kabat definition
[0019] In other embodiments, the antibody, or antigen binding fragment thercof, of
the antibody drug conjugate comprises:
a} a heavy chain of SEQ D NO: 9 and a light chain of SEQ 1D NO: 19; or
by a heavy chain of SEQ ID NO: 29 and a light chaio of SE 1D NO: 39,
[6620] In further embodiments, the linker of the antibody drug conjugate is selected
from the group consisting of a cleavable linker, a non-cleavable linker, a hvdrophilic inker, a
procharged linker and a dicarboxvlic acid based linker. In some embodiments, the linker is
derived from a cross-linking reagent selected from the group consisting of N-succinimidyl-3-
(2-pyridyldithio)propionate (SPDP), N-succinimudyl 4-(2-pyndyldithio)pentanoate (SPP), N-
succinimidyl 4-¢2-pyridyldithio)butanoate (SPDB), N-succimmidyl-4-2-pyridyldithio)-2-
sulfo-butancate (sulfo-SPDRB), N-succinimidy! iodoacetate (SIA), Nesuccinimidyl{(4-

6
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iodoacetvljanminobenzoate (SIAB), maleinuide PEG NHS, N-succinimidyl 4~
{maleimidomethyl) cvclohexanccarboxylate (SMCC), N- sulfosuccinimidyl 4-
{malcimidomethyl) eyvclohexanecarboxylate (sulfo-SMCC), and 2,5-dioxopyrrolidin-1-y1 17-
(2.5-dioxo-2,5-dihydro~1H-pyrrol-1-v1}-5,8,1 1, l4-tetraoxo-4,7, 10, 1 3-tetraazaheptadecan-1-
cate (CX1-1}.

[6021] In some embodiments, the drug moiety of the antibody drug conjugate is
selected from a group counsisting of a V-ATPasc inhibitor, a pro-apoptotic agent, a Bel2
mhbitor, an MCL1 inhibitor, a HSPOO mhibitor, an AP mhibitor, an mTor inhibitor, a
microtubule stabilizer, a microtubule destabilizer, an auristatin, a dolastatin, a maytansingid,
a MctAP (methionine aminopeptidase), an inhibitor of nuclear export of proteins CRMI1, a
DPPIV whibitor, proteasome nhibitors, inhibitors of phosphoryl transfer reactions in
mitochondria, a protein synthesis inhibitor, a kinase inhibitor, 2 CDK?2 mhubitor, a CDK9
whibitor, a kinesin inhibitor, an HDAC inhibitor, a DNA damaging agent, a DNA alkylating
agent, a DNA intercalator, a DNA minor groove binder and a DHFR inhibitor. In further
embodiments, the cvtotoxic agent is a mavtansinoid. In specific embodiments, the
maytansinoid is N{2%)- deacetyl-N{(2"}-(3-mercapto-l-oxopropyl}-maytansine {DM1) or N{2'}-
deacetvl-N2-(4- mercapto-4-methyl- 1 -oxopentyl)-maytansine (DM4).

{6022} In a specific embodiment, the antibody drug conjugate has the following

formula;

/o"

A

wheretn Ab 1s an antibody or antigen binding fragment thereof comprising a heavy chain
CDRI1 of SEQ 1D NO: 1, a heavy chain CDRZ of SEQ 13 NO: 2, a heavy cham CDR3 of
SEQ D NO: 3, and a hight chain CDRI of SEQ ID NG: 11, a light chain CDR2 of SEQ ID
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NO: 12, a light chain CDR3 of SEQ ID NGO: 13, wherein the CDR 15 defined m accordance
with the Kabat definition; and 0 is 1 to 10; or a pharmaceutically acceptable salt thercof.
[6023] This application also discloses pharmaceutical compositions comprising the
human P-cadherin antibodies, or antigen binding fragments thereof, as disclosed herein, or
antibody drug conjugates comprising these antibodies, and a pharmaceutically acceptable
carrier. In some embodiments, the pharmaceoutical compositions are prepared as a
fvophilisate. In further embodiments, the lyophilisate comprises the antibodies, antigen
binding fragments thereof, or antibody drug conjugates of these antibodies, histidine, sucrose,
and polysorbate 20, In a specific embodiment, the pharmaceutical composition comprises
about 10mg/ml of the antibody drug conjugate disclosed herein, 20mM histidine, 240mM
sucrose, and 0.02% polysorbate 20,

06024} The present application also discloses methods of treating cancer in a patient
i need thereof, comprising administering to said patient the antibody drug conjugates or
pharmaccutical composition disciosed herein. In some embodiments, the methods comprise
adoinistering the antibody drug conjugate or pharmaceutical composition to the patient in
combination with one or more additional therapeutic compounds.

[0025] In other embodiments, this application discloses P-cadherin antibody drug
conjugates or the pharmaceutical compositions as disclosed herein for use as a medicament.
In specific embodiments, the antibody drug conjugates or the pharmaceutical compositions
are for use m the treatment of cancer in a patient in need thereof

[06626] Also disclosed herein is the use of the P-cadherin antibodies, or antigen
binding fragments thereof, or antibody drug conjugates as discussed herein to treat cancer in
a patient in need thereof, or 1n the mamufacture of a medicament for the treatment of cancer.
[06027] In some embodiments, the cancer expresses P-cadherin. In further
embodiments, the cancer 1s selected from the group consisting of adrenocortical carcinoma,
bladder cancer, bone cancer, breast cancer, central nervous system atypical teratoid/rhabdoid
tumors, colon cancer, colorectal cancer, embryonal tumors, endometrial cancer, esophageal
cancer, gastric cancer, head and neck cancer, hepatocellular cancer, Kaposi sarcoma, liver
cancer, lung cancer, including small cell lung cancer and non-small cell lung cancer, ovaran
cancer, rectal cancer, rhabdomyosarcomasmall intestine cancer, soft tissue sarcoma,
squamous cell carcinoma, squamous neck cancer, stomach cancer, uterine cancer, vaginal
cancer, and vulvar canceradrenocortical carcinoma, bladder cancer, bong cancer, breast
cancer, central nervous system atypical teratod/rhabdoid tumors, colon cancer, colorectal
cancer, embryonal tumors, endometrial cancer, esophageal cancer, gastric cancer, head and

3
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neck cancer, hepatocellular cancer, Kaposi sarcoma, fiver cancer, fung cancer, including
small cell lung cancer and non-small cell hing cancer, ovarian cancer, rectal cancer,
rhabdomyosarcomasmall intestine cancer, soft tissue sarcoma, squamous cell carcinoma,
sguamous neck cancer, stomach cancer, uterine cancer, vaginal cancer, and vulvar cancer. In
specific embodiments, the cancer is selected from the group consisting of bladder, breast,
colon, colorectal, endometrial, ¢sophageal, gastric, head and neck, lung, and ovarian cancers.
{60628} This application also discloses nucleic acids that encode the P-cadherin
antibodies or antigen binding fragments as disclosed herein. In specific embodiments, the
nucleic acids comprise the nucleotide sequence of SEQ ID NQOs: 8, 28, 48, 68, 88, 108,18, 38,
38,78, 98, 118,10, 30, 30,70, 90, 110, 20, 40, 60, 80, 100, and 120. In a further
embodiment, this application contemplates vectors comprising the nucleie acids disclosed
here, as well as host cells comprising the vectors or nucleic acids disclosed herem. Further
disclosed are processes for producing a P-cadherin antibody or antigen binding fragment
comprising cultivating the host cell and recovering the antibody from the culture.

16629} In further embodiments, this application discloses a process for producing an
anti-P-cadherin antibody drug conjugate comprising:

{a) chemically linking SMCC to a drug moicty DM-1;

{b) conjugating said linker-drug to the antibody recovered from the cell culture of claim 47;
and

{c) purifying the antibody drug conjugate.

In another embodiment, the process for producing an anti-P-cadherin antibody drug conjugate
CoOmMprises:

{a} chemically linking SMCC to a drug moiety DM-1;

{b) comjugating said hinker-drug to an antibody as disclosed herein; and

{c} purifying the antibody drug conjugate.

In some embodiments, antibody drug conjugates made according these processes have an
average DAR, measured with a UV spectrophotometer, of about 3.8,

{6030} In other cmbodiments, the antibodics, or antigen binding fragments thercof,
disclosed heremn are used as diagnostic reagents. In some embodiments of the diagnostic
reagents, the antibody or antigen binding fragment thereof 1s labeled with a radiolabel, a

fluorophore, a chromophore, an imaging agent, or a metal ion.
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BrIEF DESCRIPTION OF THE DRAWINGS
[6031] Figure 1 depicts the overall view of the crystal structure of human P-cadherin
EC1 _EC2, showing the first two cadherin-repeat domains of the extracetlular domain of
human P-cadherin, with the three calcium binding sites located at the domain-domain
Junction.
[0032] Figure 2 depicts the overall view of the crystal structure of two P-cadherin
antibody Fabs complexed with two human P-cadhenn proteins, formung the asymmetric umt
of the crystal. The mnset 13 a close-up view of the contact region involving the ECI domain of
the two P-cadherin molecules. There are only a few crystal contacts between the two
complexes.
{06033} Figure 3 is a graph depicting human P-cadhermn epitope residues (SEQ 1D NG:
133} that contact residucs of the Fab of P-cadherin antibody NOVI69N31(}. The amino acid
sequence of the buman P-cadherin £CY domain is listed on the horizontal axis. The upper
part of the graph shows the munber of direct intermolecular contacts between the protein
antigen and the antibody, as wdentified by the program NCONT using a cut-off distance of
4.0A between non-hydrogen atoms. The lower part of the graph shows the reduction in
solvent-accessible surface (in AZ) incurred by P-cadberin residues upon antibody binding, as
calculated by the program AREAIMOL. The B-barrel structure of the EC1 domain is
schematically shown as a string of arrows with labels corresponding to the mumbering of the
B-strands.
[{034] Figure 4 depicts a close-up view of the crystal structure of N-terminal
cadherin-repeat (EC1) domain of human P-cadherin {grey cartoon) with all amino acid
residues interacting with the antibody {4 .0A cut-off distance) shown in black stick (antibody
view}.
{6635} Figure 5 depicts a sequence alignment of the lniman (SEQ ID NG: 133) and
cynomolgus (“cyno” Macaca fascicularisy (SEQ 1D NO: 134} P-cadhermn EC1 domains.
Amino acid residues in bold black font are involved m direct intermolecular contacts (<
4. 0A) with the NOV 169N31Q antibody. Amino acid residues in bold grey font and indicated
with arrows are farther away but experience a reduction of their solvent-accessible surface
upon antibody binding. Note that both categories of epitope residues are fully conserved in
cynomolgus P-cadherin.
{6636} Figure 6 depicts a multiple sequence alignment of the EC1 domain of human

cadherins (SEQ 1D NOS 135-143, respectively, in order of appearance ). Note that P-cadherin
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15 also referred to as “cadhern-3". Boxed residues are located at the antigen-antibody
mterface as determined by a reduction of their solvent-accessible surface. Boxed in thick
lings is the insertion found i human cadherins 1 through 4. Note that the key epitope residuc
Glul55 1s not conserved n other human cadherins.

{86037} Figure 7 depicts micrographs that illustrate the effect of P-cadherin antibody
NOVI169N31(Q on P-cadherin mediated cellular adhesion. Cells were pre-treated with
MNOVIGYN31(Q or a non-specific human IgGlantibody prior to mduction of spheroid
formation. Spheroid shapes and densities were assessed by microscopy aftera 132 hr
meubation period.

{0038] Figure 8 depicts graphs illustrating the in vitro cyiotoxic potency of
NOVISUNIIQ-MCC-DM1 in P-cadhenn positive (HCCT70 and HCC1954) and negative
(HT29) cell Tings. In vitro dose-response of NOVI6ON31Q-MCC-DMIT m (A} HCC1954 (P-
cadhenn+), (BY HCC70 {P-cadherint+) and () HT29 (P-cadherin-) cells. Viability was
measured after 3 days of treatment with free mavtansine (L-DM 1-Me; filled circle), isotype
control ADC (JeG1-MCC-DMI; open square), antibody component of NOVI169N31Q-MCC-
DM (NOVI69N3 14} open triangle) and NOVISONIIQ-MCC-DM1 (filled triangle).

[0039] Figure 9 depicts graphs illustrating the ADCC activity of NOVI69N31Q and
NOVIGYN3IIQ-MCC-DM1. Target cells were meubated with a tixed number of fresh haman
NK effector cells (5:1 effector to target cell ratio) and increasing amounts of NOV169N31(}
{closed circles), 18G1 control antibody (open circles), NOVIGON31Q-MCL-DBM1 (closed
squares}) or gG1-SMCC-DMI {open squares). All samples were run in triplicate; cell
viability was assessed after 24 hrs.

[06040] Figure 10 depicts a series of IHC mmages to illustrate the activity of
NOVISON3IIQ-MCC-DM1 ADC in the HCCT0 triple negative breast cancer subcutancous
tumor xenograft model. The images illustrate mitotic arrest {p-histone H3) after single dose
of NOVI169N31Q-MC-DM1.

[041] Figure 11A depicts a representative tmage of IHC for P-cadherin on HCC70
tumor tissue to show expression of P-cadhenin.

{0042} Figure 11B depicts a graph illustrating etficacy of vanious P-cadherin ADCs in
a HCCT0 breast cancer xenograft model.

{0043] Figure 12 depicts a graph illustrating dose response efficacy of
NOVI6YN3IIQ-MCC-DM!1 against a HCC70 breast cancer xenograft model.

0044} Figure 13A depicts a representative image of IHC for P-cadherin on HCC1954
tumor tissue to show expression of P-cadherin,

ii
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[0045] Figure 13B 1s a graph tltustrating efficacy of NOVI6YN3IQ-MCC-DM1 ina
H{CC1954 breast cancer xenograft model.

{8046} Figure 13C 1s a graph itlustrating efficacy of NOVI6ON31Q-MCC-DM1lina
HCC1954 breast cancer xenograft model.

{00471 Figure 13D is a graph depicting change in body weight of HCC 1954 breast
cancer xenograft mice in response to treatment using NOVIGON3I1Q-MCC-DM1.

{0048} Figure 14A depicts a representative image of THC for P-cadherin on BICRS
tumor tissue to show expression of P-cadherin,

{6049} Figure 14B depicts a graph llustrating efficacy of NOVI6ON31Q-MCC-DBM1
in a BICR6 head and neck cancer xenograft model.

[050] Figure 15A depicts a representative mmage of IHC for P-cadherin on scaBER
tamor tissue to show expression of P-cadhenn.

[051] Figure 15B depicts a graph illustrating efficacy of NOVI6ON31(3-MCC-DM1
m a scaBER bladder cancer xenograft model.

{0652] Figure 16 depicts a graph illustrating efficacy of NOVI6ON3T1Q-MCC-DM1
in a HuoPrime ED2267 esophageal cancer xenograft model.

{0083 Figure 17 depicts a graph comparing efficacy of anti-P-cadherin NEGO067
antibody conjugated to DMI using two different linkers (MCC versus CX1-1) i the HCCT0
breast cancer xenograft model.

{054] Figure 18 depicts a graph comparing efficacy of 3 murine hybndoma-derived
anti-P-cadberin ADCs conjugated using the SPDB-DM4 linker-pavioad in the HCC70 breast

cancer xenograft model,

DETATLED DESCRIPTION OF THE INVENTION
Defintions
[055] Unless stated otherwise, the following terms and phrases as used heremn are

mtended to have the followimg meanmgs:

{6656} The term “alkvl” refers to a monovalent saturated hvdrocarbon chain having
the specified number of carbon atoms. For example, Cy.g alkyl refers to an alky] group

having from 1 {o 6 carbon atoms. Alkyl groups may be straight or branched. Representative
branched alkyl groups have one, two, or three branches. Examples of alkyl groups include,
but are not hmited to, methyl, ethyl, propyl (o-propyi and isopropyl), butvl (n-butyvl, 1sobutyl,

sec-butyl, and t-butyl}, pentyl (n-pentyl, isopentyl, and neopentyl), and hexyl
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{6657} The term “antibody” as used herein refers to a polypeptide of the
mmmunoglobulin family that is capable of binding a corresponding antigen non-covalently,
reversibly, and in a specific manner. For example, a naturally occurring IgG antibodv is a
tetramer comprising at least two heavy (H) chaims and two hght (L) chains inter-connected by
disulfide bonds. Each heavy chain is comprised of a heavy chain variable region
{abbreviated herein as VH) and a heavy chain constant region. The heavy chain constant
region is comprised of three domains, CH1, CH2 and CH3. Each light chain 1s comprised of
a hight chain variable region (abbreviated herein as VL) and a hght chain constant region.
The light chain constant region is comprised of one domain, CL. The VH and VL regions can
be further subdivided into regions of hypervariahility, termed complementanity determining
regions {CDR), interspersed with regions that are more conserved, termed framework regions
(FR). Each VH and VL is composed of three CDIRs and four FRs arranged from amino-
terminus to carboxy-termings 1o the following order: FRI, DRI, FR2, CDR2, FR3, CDR3,
and FR4. The variable regions of the heavy and light chains contain a binding domain that
mteracts with an antigen. The constant regions of the antibodies may mediate the binding of
the immunoglobulin to host tissues or factors, mcluding various cells of the immune system
{e.g., cffector cells) and the first component {Clg) of the classical complement system.

[058] The term “antibody” mcludes, but 1s not linuted o, monoclonal antibodies,
human antibodies, humamized antibodies, chimenc antibodies, and anti-idiotypic (anti-Id)
antibodies (including, e. g, anti-Id antibodies to antibodies of the invention). The antibodics
can be of any 1sotype/class {e.g., 1gG, IgE, 1gM, igh, IgA and Ig¥'), or subclass {e.g., IgG1,
12G2, 1503, 1gG4, IgAl and IgAZ).

{8039} “Complementarity-determining domains” or “complementarv-determining
regions (“CDRs™) interchangeably refer to the hypervariable regions of VL and VH. The
CDRs are the target protein-binding site of the antibody chains that harbors specificity for
such target protein. There are three CDRs (CDRI-3, munbered sequentially from the N-
terminus} in gach human VL or VH, constituting about 15-20% of the variable domains. The
CDRs are structurally complementary to the epitope of the target protein and are thus directly
responsible for the binding specificity. The remaining stretches of the VL or VH, the so-
called framework regions, exhubit less variation o amine acid sequence (Kuby, Immunclogy,
4th ed., Chapter 4. W H. Freeman & Co., New York, 2000).

(060} The positions of the CDRs and framework regions can be deternuned using
various well known definitions in the art, e 2., Kabat, Chothua, international
ImMunoGeneTics database {(IMGT) {on the worldwide web at www.imgt.org/}, and AbM
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{see, 2.2, Johnson ef ol , Nucleic Acids Res., 29:205-206 (2001); Chothia and Lesk, J. Mol
Biol., 196:901-917 (1987); Chothia ef o/, Natare, 342:877-883 (1989); Chothia et o/, J. Mol
Biol., 227:799-817 (1992); Al-Lazikani ef o/, J Mol Biol., 273:927-748 (1997)}. Defuutions
of antigen combiming sites are also described in the following: Ruiz er af, Nucleic Acids
Res., 28:219-221 (2000); and Lefranc, MLP., Nucleic Acids Res., 29:207-209 (2001},
MacCallum ef @l | J. Mol. Biol., 262:732-745 (1996); and Martin ef af.. Proc. Natl. Acad. Sci.
USA, 86:9268-9272 (1989}, Martin er /., Methods Enzymol., 203:121-153 (1991); and
Rees er al., In Stemberg MLILE. (ed.), Protein Structure Prediction, Oxford University Press,
Oxford, 141-172 {1996).

{0061 Both the light and heavy chains are divided into regions of structural and
functional homology. The terms “constant” and “vanable” are used functionally. In this
regard, it will be appreciated that the variable domains of both the light (VL) and heavy (VH)
chain portions determing antigen recognition and specificity. Conversely, the constant
domains of the light chain (CL) and the heavy chain (CHI1, CH2 or CH3) confer important
biological properties such as secretion, transplacental mobility, Fe receptor binding,
complement binding, and the hke. By convention, the mumbering of the constant region
domains increases as they become more distal from the antigen binding site or amino-
terminus of the antibody. The N-terminus is a vanable region and at the C<terminusisa
constant region; the CH3 and CL domains actually comprise the carboxy-terminal domains of
the heavy and light chain, respectively.

0062} The term “antigen binding tragment”, as used herein, refers fo onc or more
portions of an antibody that retam the ability to specifically mmteract with (e.g., by binding,
steric hindrance, stabilizing/destabilizing, spatial distribution) an epitope of an antigen.
Examples of binding fragments include, but arc not imited to, single-chain Fvs {sckFv),
camehid antibodies, disulfide-linked Fvs (sdFv), Fab fragments, F(ab') fragments, a
monovalent fragment consisting of the VL, VH, CL and CH1 domains; a F{ab)2 fragment, a
bivalent fragment comprising two Fab fragments linked by a disuifide bridge at the hinge
region; a Fd fragment consisting of the VH and CH1 domains; a Fv fragment consisting of
the VL and VH domains of a single arm of an antibody; a dAb fragment (Ward er o/, Nature
341:544-546, 1989}, which consists of a3 VH domain; and an isclated complementanty
determining region (CDR), or other epitope-~-binding fragments of an antibody.

(063} Furthermore, although the two domains of the Fv fragment, VL and VH, are
coded for by separate genes, they can be joined, using recombinant methods, by a synthetic
tinker that enables them to be made as a single protein chain in which the VL and VH regions
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pair to form monovalent molecules (known as single chain Fv (PscFv”); see, e.g., Bird ef al,
Science 242:423-426, 1988; and Huston ef o/, Proc. Natl. Acad. Sci. 85:5879-3883, 1988).
Such single chain antibodics arc also intended to be encompassed within the term “antigen
binding fragment.” These antigen binding fragments are obtained using conventional
techniques known o those of skill in the art, and the fragments are screened for utility in the
same manner as are intact antibodics.

{0064} Auntigen binding fragments can also be mcorporated into single domain
antibodies, maxibodics, mimibodies, single domain antibodies, intrabodies, diabodies,
triabodies, tetrabodies, v-NAR and bis-scFy {see, e.g., Hollinger and Hudson, Nature
Biotechnology 23:1126-1136, 2005). Antigen binding fragments can be grafted into
scaffolds based on polvpeptides such as fibronectin type 1T (Fn3) (see U.S. Pat. No.
6,703,199, which describes fibronectin polyvpeptide monobodies).

{065] Autigen binding fragments can be incorporated into single chain molecules
comprising a pair of tandem Fv scgments (VH-CH1-VH-CH1) which, together with
complementary hight chain polvpeptides, form a pair of antigen binding regions (Zapata et al.,
Protein Eng. :1057-1062, 1995; and 1.5, Pat. No. 5,641,870}

[B066] The term “monocional antibody™ or “monoclonal antibody composition” as
used herem refers to polypeptides, including antibodies and antigen bindimg fragments that
have substantially identical aming acid sequence or are derived from the same genetic source.
This term also includes preparations of antibody molecules of single molecular composition.
A monoclonal antibody composition displays a single binding specificity and affinity for a
particular epitope.

106067} The term “haman antibody”, as used herein, includes antibodies having
variable regions in which both the framework and CDR regions are derived from sequences
of human onigin. Furthermore, 1f the antibody contains a constant region, the constant region
also 1s derived from such human sequences, e g, human germline sequences, or mutated
versions of human germline scquences or antibody containing consensus framework
sequences derived from human framework sequences analysis, for example, as described in
Knappik ef ol J. Mol Biol. 296:57-86, 2000). Also mcluded are antibodics derived from
human sequences wherein once or more CDRs has been mnutated for affinity maturation or for
development of affinity matured monoclonal antibodies using RIMMS. Kilpatrick KE,

Wring SA, Walker DH, Mackhn MD, Payne JA, Su JL, Champion BR, Caterson B, Mcntyre
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GD. Department of Molecular Sciences, Glaxo Wellcome, Research Triangle Park, NC
27709, USA

[B0638] The human antibodies of the invention may include amino acid residucs not
encoded by human sequences {e.g., mutations miroduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo, or a conservative substitution to promote
stability or manufacturing}.

{6063] The term “recognize” as used herein refers to an antibody or antigen binding
fragment thereot that finds and interacts {e.g., binds) with its epttope, whether that epitope 1s
hnear or conformational. The term “epitope” refers (o a site on an antigen to which an
antthody or antigen binding fragment of the invention specificallv binds. Epitopes can be
formed both from configuous amino acids or nonconfiguous amingo acids juxtaposed by
tertiary folding of a protein. Epitopes formed from contiguous amine acids arg typically
retained on exposure to denatunng 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 technigues in the art, for
cxample, x-ray crystallography and 2-dimensional nuclear magnetic resonance (sec, e.g.,
Epitope Mapping Protocols 1 Methods in Molecular Biology, Vol. 66, G. E. Mors, Ed.
(19963).

[6670] The term ““affinity” as used herein refers to the strength of interaction between
antibody and antigen at single antigenic sites. Within cach antigenic site, the variable region
of the antibody “arm” interacts through weak non-covalent forces with antigen at numerous
sites; the more interactions, the stronger the affinity.

{6071} The term “isolated antibody” refers to an antibody that is substantially free of
other antibodies having different antigenic specificities. An isolated antibody that
specifically binds to one antigen may. however, have cross-reactivity to other antigens.

Muoreover, an isolated antibody may be substantially free of other celhular material and/or

chemicals.
18072} The term “corresponding human germline sequence” refers to the nucleic acid

sequence encoding a human variable region amine acid sequence or subsequence that shares
the highest determined amino acid sequence identity with a reference variable region amino
acid sequence or subseguence in comparison o all other all other known variable region
amino acid sequences encoded by human germline immumoglobulin variable region
sequenaees. The corresponding human germbine sequence can also refer to the human varnable
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region amino acid sequence or subsequence with the highest amino acid sequence dentity
with a reference variable region ammno acid sequence or subsequence in companson to all
other cvaluated variable region anino acid sequences. The corresponding buman germbine
sequence can be framework regions only, complementarity determuning regions only,
framework and complementarity determining regions, a variable segment (as defined above),
or other combinations of sequences or subsequences that comprise a varable region.
Sequence identity can be determined using the methods described herein, for example,
aligning two sequences using BLAST, ALIGN, or another alignment algorithm known in the
art. The corresponding human germline nucleie acid or amine acid sequence can have at
least about 90%, 91, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%. or 100% sequence
wdentity with the reference vanable region nucleic acid or amino acid sequence.
Corresponding human germline sequences can be determined, for example, through the
publicly available international ImMunoGeneTics database (IMGT) (on the worldwide web
at www.imgt.org/) and V-base {on the worldwide web at vbase mrc-cpe.cam ac.uk).

18073} The phrase “specifically binds™ or “selectively binds,” when used n the
context of describing the interaction between an antigen (e.g., a protein) and an antibody,
antthody fragment, or antibody-derived binding agent, refers to a binding reaction that is
determinative of the presence of the antigen in a heterogeneous population of proteins and
other biologics, e.g., n a biological sample, e.g., a blood, serum, plasma or tissue sample.
Thus, under certain designated imomunoassay conditions, the antibodics or binding agents
with a particular binding specificity bind to a particular antigen at least two times the
background and do not substantially bind in a significant amount to other antigens present in
the sample. In one embodiment, under designated immunoassay conditions, the antibody or
binding agent with a particular binding specificity binds to a particular antigen at least ten
{10} times the background and does not substantially bind in a signaficant amount to other
antigens present i the sample. Specific binding to an antibody or binding agent under such
conditions may require the antibody or agent to have been selected for its specificity fora
particular protein. As desired or appropriate, this sclection may be achieved by subtracting
out antibodies that cross-react with molecules from other species {e.g., mouse or rat) or other
subtypes. Alternatively, in some embodiments, antibodies or antibody fragments are selected
that cross-react with certain desired molecules.

{074} A vanety of immunoassay formats may be used to select antibodies
specifically immunoreactive with a particular protein. For example, solid-phase ELISA
wnmunoassays are routinely used to sclect antibodies specifically immunoreactive with a
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protein {(see, e.g., Harlow & Lane, Using Antibodies, A Laboratory Manual (1998), fora
description of immunoassay formats and conditions that can be used to determine specific
immunoreactivityy. Typicallv a specific or selective binding reaction will produce a signal at
cast twice over the background signal and more typically at least 10 to 100 times over the
background.

[6675] The term “pquilibrium dissociation constant (KD, M) refers o the
dissociation rate constant (kd, time-1) divided by the association rate constant (ka, time-1, M-
13, Equilibrium dissociation constants can be measured using any known method m the art.
The antibodies of the present invention generally will have an equilibnuom dissociation
constant of less than about 107 or 107 M, for example, less than about 107 M or 107° M. in
some embodiments, less than about 1077 M, 10 Mor 107 M.

6076} The term "bicavarlability” refers to the systemic availability (1.e.,
blood/plasma levels) of a given amount of drug administered to a patient. Bicavailability s
an absolute term that indicates measurcment of both the time {(rate) and total amount {extent)
of drug that rcaches the general circulation from an administered dosage form.

{8677} As used herein, the phrase “consisting essentially of” refers fo the genera or
species of active pharmaceutical agents included 1 a method or composition, as well as any
excipients inactive for the mtended purpose of the methods or compositions. In some
embodiments, the phrase “consisting essentially of” expressly excludes the inchusion of one
or more additional active agents other than an antibody drug conjugate of the invention. In
some cmbodiments, the phrase “consisting essentially of” expressly excludes the inclusion of
one or more additional active agents other than an antibody drag conjugate of the invention
and a second co-administered agent.

[0078] The term “amino acid” refers to naturallv occurring, synthetic, and unnatural
ammno acids, as well as amino acid analogs and anuno acid mimetics that function in a
manner similar to the naturally occurring amino acids. Naturally occurring amino acids are
those encoded by the genetic code, as well as those amino acids that are later modified, e.g.,
hvdroxyproline, y-carboxvglutamate, and O-phosphoserine. Amino acid analogs refer to
compounds that have the same basic chemical structure as a naturally occurring amino acid,
t.¢., an g~carbon that is bound to a hydrogen, a carboxyl group, an aming group, and an R
group, ¢.g., homoserine, norleucine, methionine sulfoxide, methionine methyl sulfonium.
Such analogs have modified R groups {(e.g., norleucine) or modified peptide backbones, but
retain the same basic chemical structure as a paturally oceurring amino acid. Amino acid

mimetics refers to chemical compounds that bave a structure that is different from the gencral
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chemical structure of an amno acid, but that fanctions in a manner sinular to a naturally
ocourring aming acid.

[B079] The term “conservatively modified vanant” applics to both amino acid and
nucleic acid sequences. With respect to particular nucleic acid sequences, conservatively
modified variants refers to those nucleic acids which encode dentical or essentially identical
amino acid sequences, or where the nucleic acid does not encode an amino acid sequence, to
cssentially identical sequences. Because of the degeneracy of the genetic code, a large
number of functionally identical nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GUG and GCU all encode the amimo acid alanine. Thus, at every
position where an alanine is specified by a codon, the codon can be altered to any of the
corresponding codons described without alterimg the encoded polypeptide. Such nucleic acid
variations are “‘silent vanations,” which are one species of conservatively modified
variations. Every nucleic acid sequence herein which encodes a polypeptide also describes

gvery possible silent variation of the nucleic acid. One of skill will recognize that cach codon

i a nucleic acid {except AUG, which 1s ordinanly the only codon for methionine, and TG,
which 1s ordinarily the only codon for tryptophan} can be modified to vield a fonctionally
identical molecule. Accordingly, each silent variation of a nucleic acid that encodes a
polypeptide is implicit in each described sequence.

{00808} For polypeptide sequences, “conservatively modified variants” include
mdividual substitutions, deletions or additions to a polypeptide sequence which result in the
substitution of an amino acid with a chemically similar amino acid. Conservative substitution
tables providing functionally similar amine acids are well known in the art. Sach
conservatively modified variants are in addition to and do not exclude polymorphic variants,
mterspecics homologs, and alleles of the invention. The following eight groups contain
amino acids that are conservative substitutions for one another: 1) Alanine (A), Glyeine {(G};
2} Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Ghutamine (Q); 4) Argmine (R),
Lysine (K}; 5} Isoleucine {1}, Leucine (L), Methionine (M), Valing (V); 6} Phenylalanine
(F), Tyrosine (Y), Tryptophan (W), 7} Serine (8), Threonine (T); and 8} Cysteine (C),
Methionie (M) (see, e.g., Creighton, Proteins (1984)). In some embodiments, the term
"conservative sequence modifications” are used to refer to amine acid modifications that do
not significandly affect or alier the binding characteristics of the antibody containing the
amino acid sequence.

{6081} The term “optimized” as used herein refers to a nucleotide sequence that has
been altered to encode an amino acid sequence using codouns that are preferred in the
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production cell or organism, generallv a eukarvotic cell, for example, a yeast cell, a Pichia
cell, a fungal cell, a Trichoderma cell, a Chinese Hamster Ovary cell {THO) or a human cell.
The optimized nucleotide sequence is enginecred to retain completely or as much as possible
the amino acid sequence onginally encoded by the starting nucleotide sequence, which 1s also
known as the “parental” sequence.

[6082] The terms “percent identical” or “percent identity,” in the context of two or
more nucleic acids or polypeptide sequences, refers to the extent to which two or more
sequences or subsequences that are the same.  Two sequences are “identical” 1f they have the
same sequence of amino acids or nucleotides over the region being compared. Two sequences
are "substantially identical” if two sequences have a specified percentage of amino acid
residues or nucleotides that are the same (i.¢., 60% identity, optionally 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 99% wdentity over a specified region, or, when not specified, over the
entire sequence}, when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using one of the following sequence
comparison algorithms or by manual alignment and visual inspection. Optionally, the
wentity exists over a region that is at least about 30 nucleotides (or 10 amino acids) in length,
or more preferably over a region that 1s 1040 to 300 or 1000 or more nucleotides {or 20, 50,
200 or more amino acids) in length.

6083 For sequence comparison, typically one sequence acts as a reference sequence,
to which test sequences are compared. When using a sequence comparison algorithm, test
and reference sequences are entered into a computer, subsequence coordinates are designated,
if necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence
coraparison algorithm then calculates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program parameters.

3084} A “comparison window”, as used herein, imcludes reference to a segment of
any one of the number of contiguous positions selected from the group consisting of from 20
to 600, usually about 30 to about 200, more usually about 100 to about 150 mn which a
sequence may be compared to a reference sequence of the same number of contiguous
positions after the two sequences are optimally aligned. Methods of alignment of sequences
for comparison arc well known inthe art. Optimal alignment of sequences for comparison
can be conducted, e.g., by the local homology algorithm of Smith and Waterman, Adv. Appl.
Math. 2:482¢ (1970}, by the homology alignment algorithm of Needleman and Wunsch, J.
Mol Biol. 48:443 (1970), by the scarch for similanty method of Pearson and Lipman, Proc.
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Natl. Acad. Sci. USA 85:2444 (1988), by computerized implementations of these algorithms
{GAP, BESTFIT FASTA and TFASTA in the Wisconsin Genetics Software Package,
Gengetics Computer Group, 575 Science Dr., Madison, W1, or by manual alignment and
visual mspection (see, e.g., Brent ef o/, Current Protocols in Molecular Biology, 2003).
[085] Two examples of algonthms that are suitable for determining percent
sequenee wlentity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which
are described in Altschul ef ol , Nuc. Acids Res. 25:3389-3402, 1977, and Alischul er ol | J.
Mol. Biol. 215:403-410, 1990, respectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotechnology Information. This
algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying short
words of length W in the query sequence, which either match or satisfy some posttive-valued
threshold score T when aligned with a word of the same length in a database sequence. Tis
referred 1o as the neighborhood word score threshold {Aktschul ef @l supra). These initial
neighborhood word hits act as sceds for initiating searches to find longer HSPs containing
them. The word hits are extended in both directions along cach sequence for as far as the
curmtlative alignment score can be increased. Cumulative scores are caleslated using, for
nucleotide sequences, the parameters M (reward score for a pair of matching residues; always
> Q) and N (penalty score for musmatching residues; always < 0). For amino acid sequences,
a scoring matrix 18 used to calculate the cumelative score. Extension of the word hits in cach
direction are halted when: the cumulative alignment score falls off by the quantity X from it
maximum achieved value; the cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring residae alignments; or the end of etther
sequence 1S reached. The BLAST algorithm parameters W, T, and X deternung the
sensitivity and speed of the alignment. The BLASTN program (for mucleotide sequences}
uses as defaults a word length (W) of 11, an expectation (E) or 10, M=3, N=-4 and a
comparison of both strands. For amme acid sequences, the BLASTP program uses as
defaults a word length of 3, and expectation (E} of 10, and the BLOSUMG2 scoring matrix
{se¢ Henikoff and Henikoff, (1989) Proc. Natl. Acad. Sci. USA 89:10915) alignments (B) of
50, expectation (E) of 10, M=3, N=-4, and a comparison of both strands.

{0086} The BLAST algorithm also performs a statistical analysis of the similarity
between two sequences {(sce, €.g., Karlin and Altschul, Proc. Natl. Acad. Sci. USA 90:5873-
5787, 1993). One measure of similanty provided by the BLAST algorithm 1s the smallest
sum probability {(P(N}}, which provides an imdication of the probability by which a match
between two nucleotide or anine acid sequences would occur by chance. Forexample, a
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nucleic acid 18 considered smmuilar to a reference sequence if the smallest sum probability in a
cormparison of the test nacleic acid to the reference nucleic acid s less than about 0.2, more
preferably less than about 0.01, and most preferably less than about 0.001.

{087} The percent identity between two amine acid sequences can also 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 PAM120
weight residuc 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 Wansch, J. Mol. Biol. 48:444-433, 1970) algorithm which has been incorporated into the
GAP program in the GCG software package (available at www . gcg.com), using cithera
Blossom 62 matrix or a PAMZ250 matrix, and a gap weight of 16, 14, 12, 10, 8,6, or4 and a
length weightof 1,2, 3, 4,5, or 6.

{(6088] (Other than percentage of sequence identity noted above, another indication
that two nucleic acid sequences or polypeptides are substantially identical 1s that the
polyvpeptide encoded by the first nucleic acid 1s immumologically cross reactive with the
antibodies raised against the polypeptide encoded by the second nucleic acid, as described
below. Thus, a polypeptide is typically substantially identical to a second polypeptide, for
example, where the two peptides differ only by conservative substitutions. Another
mdication that two nucleic acid sequences are substantially identical is that the two molecules
or their complements hyvbridize to each other under stringent conditions, as described below.
Yet ancther indication that two nucleic acid sequences are substantially identical is that the
same primers can be used to amplify the sequence.

{0089} The term “nucleic acid” 1s used herein interchangeably with the ferm
“polymucleotide” and retfers to deoxyribonucleotides or ribonucleotides and polvmers thercof
m either single- or double-stranded form. The term encompasses nucleic acids containing
known nuclectide analogs or modified backbone residues or linkages, which are synthetic,
naturally occurring, and non-naturally ocourming, which have similar binding properties as the
reference nucleic acid, and which are metabolized in a manner similar to the reference
nucleotides. Examples of such analogs include, without hmitation, phosphorothioates,
phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-O-methyl
ribonucleotides, peptide-nucleic acids (PNAs).

3090} Unless otherwise mdicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof (¢.g., degenerate codon substitutions)
and complementary sequences, as well as the sequence explicitly indicated. Specifically, as
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detailed below, degenerate codon substitutions mayv be achieved by generating sequences in
which the third position of one or more selected {(or all} codons is substituted with mixed-
base and/or deoxyinosing residues (Batzer ef al., (1991) Nucleic Acid Res. 19:5081; Ohtsuka
et al., {1985} J. Biol. Chem. 260:2605-2608; and Rossolini ef ¢/, (1994} Mol. Cell. Probes
5:61-98).

[091] The term “operably linked” in the context of nucieic acids refers to a
functional relationship between two or more polynucleotide {e.g.. DNA) segments.
Tvpically, it refers to the functional relationship of a transcriptional regulatory sequence to a
transcnbed sequence. For example, a promoter or enhancer sequence s operably linked to a
coding sequence if it stimulates or modulates the transcription of the coding sequence in an
appropriate host cell or other expression system. Generally, promoier transcriptional
regulatory sequences that are operably hnked to a transcribed sequence are physically
contiguous to the transcribed sequence, 1.¢., they are cis-acting. However, some
transcriptional regulatory scquences, such as enhancers, need not be physically contiguous or
located in close proximity to the coding sequences whose transcription they enhance.

[6092] The terms “polypeptide” and “protein” are used mterchangeably herein to
refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which
one or more amino acid residue 15 an artificial chemical mimetic of a corresponding naturally
gecurring amine acid, as well as to naturally occurring aming acid polymers and non-
naturally occurring amino acid polymer. Unless otherwise mdicated, a particalar polypeptide
sequence also implicitly encompasses conscervativelv modified varniants thereof.

{8093} The term “antibody drug conjugate” or "immunoconjugaie” as used herem
refers to the linkage of an antibody or an antigen binding fragment thereof with another
agent, such as a chemotherapeutic agent, a toxin, an immunotherapeutic agent, an imaging
probe, and the ike. The linkage can be covalent bonds, or non-covalent interactions such as
through electrostatic forces. Vanous linkers, known in the art, can be employed in order to
form the antibody drug conjugate. Additionally, the antibody drug conjugate can be provided
m the form of a fusion protein that may be expressed from a polymucleotide encoding the
immunoconjugate. As used herein, “fusion protein” refers to proteins created through the
joining of two or more genes or gene fragments which originally coded for separate proteins
{including peptides and polypeptides). Translation of the fusion gene resulis in a single
protein with functional properties derived from each of the original protems.

3094 The term “subject” includes human and non-human animals. Non-human

animals include all vertebrates, e.g., mammals and non-mammals, such as non-human
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primates, sheep, dog, cow, chickens, amphibians, and reptiles. Except when noted, the terms
“paticnt” or “subject” arc used herein interchangeably.

[B085] The term “cytotoxin”, or “cytotoxic agent” as used herein, refers to any agent
that is detrimental to the growth and proliferation of cells and may act to reduce, inhibit, or
destrov a cell or malignancy.

[3096] The term ““anti-cancer agent’ as used herein refers (o any agent that can be
used to treat a cell proliferative disorder such as cancer, mcluding but not himited to,
cvtotoxic agents, chemotherapeutic agents, radiotherapy and radiotherapeutic agents, targeted
anti-cancer agents, and immunotherapeutic agents.

[0097] The term “drug moiety” or “pavioad” as used herein refers to a chenucal
moiety that is conjugated to an antibody or antigen binding fragment of the mvention, and
can include any therapeutic or diagnostic agent, for example, an anti-cancer, anti-
wflammatory, anti-infective {e.g., anti-fungal, antibacterial, anti-parasitic, anti-viral}), or an
ancsthetic agent. For example, the drug moiety can be an anti~cancer agent, such as a
cytotoxin. In certain embodiments, a drug moiety is selected from a V-ATPase inhibitor, a
HSPS0 inhibitor, an [AP inhibitor, an mTor inhibitor, a microtubule stabilizer, a microtubule
destabilizer, an auristatin, a dolastatin, a maytansinoid, a MctAP (methionine
aminopeptidase), an inhibitor of nuclear export of proteins CRM I, a DPPIV inhibitor, an
mhibitor of phosphoryl transfer reactions in mitochondria, a protein synthesis inhibitor, a
kinase whibitor, a CDK2 mshibitor, a CDKO mhibitor, a proteasome inhibitor, a kinesin
mhibitor, an HDAC inhibitor, a DNA damaging agent, a DNA alkvlating agent, a DNA
mtercalator, a DNA minor groove binder and a DHFR inhibitor. Methods for attaching each
of these to a linker compatible with the antibodies and method of the invention are known in
the art. See, ¢.z., Singh et al., (2009) Therapeutic Antibodies: Methods and Protocols, vol.
523, 445-457. In addition, a payload can be a biophysical probe, a fluorophore, a spin label,
an infrared probe, an affinity probe, a chelator, a spectroscopic probe, a radicactive probe, a
lipid molecule, a polvethyiene glyeol, a polvmer, a spin label, DNA, RNA, a protein, a
peptide, a surface, an antibody, an antibody fragment, a nanoparticle, a quantum dot, a
liposore, a PLGA particle, a saccharide or a polysacchande.

HEBY The term "maytansineid deug moiety” means the substructure of an antibody-
drug comjugate that has the structure of a mavtansinoid compound. Maytansine was first
isolated from the east African shrub Maytenus serrata (U.S. Pat. No. 3,896,111}
Subsequently, it was discovered that certain microbes also produce maytansinoids, sach as
maytansinol and C-3 maytansinol esters (U.S. Pat. No. 4,151,042} Syathetic maytansinol
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and maytansinol analogues have been reported. See U.S. Pat. Nos. 4,137,230, 4,248,870;
4,256,746, 4,260,608; 4,265,814, 4294 757, 4 307,016, 4,308 268 4 308,269, 4309 ,42§;
4,313,946, 4,315,929, 4,317,821, 4,322,348, 4,331,598, 4,361,650, 4,364,866, 4 424219,
4,450,254, 4.362.663; and 4,371,333, and Kawai et al (1984} Chem. Pharm. Bull. 3441-
3451}, each of which are expressly incorporated by reference. Examples of specific
mavtansinoids usetul for conjugation include BM1, BM3 and DM4.

{60699] “Tumor” refers to neoplastic cell growth and prohiferation, whether malignant
or benign, and all pre-cancerous and cancerous cells and tissues.

00108 The term “anti-tumor activity” means a reduction in the rate of tumor cell
proliferation, viahility, or metastatic activity. For example, anti-tumor activity can be shown
by a decling i growth rate of abnormal cells that anses during therapy or tumor size stability
or reduction, or longer survival due to therapy as compared to control without therapy. Such
activity can be assessed using accepted in vitre or in vive tumor models, including but not
limited to xenograft models, allograft models, MMTY models, and other known modcls
known m the art to mvestigate anti-fumor activity.

{06181 The term “malignancy” refers (o a non-benign tamor or a cancer. As used
berein, the term “cancer” includes a malignancy characterized by deregulated or uncontrolied
cell growth. Exemplary cancers include: carcinomas, sarcomas, leukenuas, and lvmphomas.
[60102] The term “cancer” includes pnmary malignant tumors {e.g., those whose celis
have not migrated to sites in the subject's body other than the site of the original tumor) and
secondary malignant tumors {e.z., those arising from metastasis, the migration of tumor cells
to secondary sites that are different from the site of the original tumor).

{06103 The term “P-cadherin” (also known as Pead, PCad, or CDH3) refers to the
nucleic acid and amino acid scquence of P-cadherin, which have been published in GenBank
Accession Nos. NP 001784, NP_001784.2 (amino acid sequence), and NM_001793 4,
GenBank Accession Nos. AAT4462, NG 009096, and NG _009096.1 (nuclectide
sequenaes). Sequence information for human P-cadherin domams 1-3 are extracellular and
arc published m GenBank Accssion Nos. NM_001793 4 and NP 001784,

[661684] “P-cadherin” also refers to protems and amino acid sequences that over their
full length bave at least about 90%, 91%. 929%, 93%, 94%, 93%, 96%, 97%, 9&%, 99%, or
100% sequence identity with the amino acid sequence of the above GenBank accession Nos.
NP 001784, NP_ 0017842

[60105] Structurally, a P-cadherin nacleic acid sequence has over its extracellular
domain at least about 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100%
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sequence wdentity with the nucleic acid sequence of GenBank accession numbers

NM 001793.4, GenBank Accession Nos. AA14462, NG 009096, and NG _009096.1.
{00106 As used herein, the terms “treat,” “treating,” or “treatment” of anv disease or
disorder refers m one embodiment, to ameliorating the disease or disorder (i.c., slowing or
arresting or reducing the development of the discase or at least one of the clinical symptoms
thereof}. In another embodiment, “treat,” “ireating.” or “treatment” refers to alleviating or
amehiorating at least one physical parameter including those which may not be discernible by
the patient. In vet another embodiment, “treat,” “treating,” or “treatment” refers to
modulating the disease or disorder, either physically | (e.g., stabilization of a discermible
symptont), physiologically, {e.g., stabilization of a physical parameter), or both. In vet

LIRSS

another embodiment, “treat,” “treating,” or “treatment” refers to preventing or delaving the
onset or development or progression of the disease or disorder.

[060107] The term “therapeutically acceptable amount™ or “therapeutically effective
dose” interchangeably refers to an amount sufficient to effect the desired result Ge., a
reduction in tumor size, inhibition of tumor growth, prevention of metastasis, inhibition or
prevention of viral, bacterial, fungal or parasitic mfection). In some embodiments, a
therapeutically acceptable amount does not induce or cause undesirable side effects. To some
embodiments, a therapeutically acceptable amount mduces or causes side effects but only
those that are acceptable by the healtheare providers in view of a patient’s condition. A
therapeutically acceptable amount can be determined by first administering a low dose, and
then incrementally increasing that dose untl the desired effect is achieved. A
“prophylactically effective dosage,” and a “therapeutically effective dosage,” of the
molecules of the invention can prevent the onset of, or result in a decrease in severity of)
respectively, discase svmptoms, including svmptoms associated with cancer.

{6108 The term “co-adnunister” refers o the presence of two active agents in the
blood of an individaal. Active agents that are co-administered can be concurrently or

sequentiatly delivered.

{06109 The present wrvention provides antibodies, antibody fragments {e.g., antigen
binding fragments), and drug conjugates thereof, 1.¢. antibody drug conjugates or ADCs, that
bind to P~cadherin. In particular, the present invention provides antibodies and antibody
fragments {e.g., antigen binding fragments) that bind to P-cadherin, and internalize upon such

binding. The antibodies and antibody fragments {e.g., antigen binding fragments} of the

present mnvention can be used for producing antibody drug conjugates. Furthermore, the

]
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present invention provides antibody drug conjugates that have desirable pharmacokinetic
characteristics and other desirable atinbutes, and thus can be used for treating cancer
expressing P-cadherin. The present invention further provides pharmaceutical compositions
comprising the antibody drug conjugates of the invention, and methods of making and using

such pharmaceutical compositions for the treatment of cancer.

Antibody Drug Conmjusates

{06118 The present invention provides antibody drug conjugates also referred to as

ynmunoconjugates, where an antibody, antigen binding fragment or its functional equivalent

that specifically binds to P-cadherin is linked to a drug moiety. In one aspect, the antibodies,

antigen binding fragments or their functional equivalents of the invention are linked, via

covalent attachment by a linker, to a drug moicty that is an anti-cancer agent. The antibody

drug conjugates of the invention can selectively deliver an effective dose of an anti-cancer

agent {e. g, a cytotoxic agent) to tumor tissues expressing P-cadherin, whereby greater

selectivity {and lower efficacious dose} may be achieved.

{00111} In one aspect, the invention provides an immunoconjugate of Formula (I):
Ab—(L—(D}nh

Wherein Ab represents P-cadherin binding antibody described herein;

L is a linker;

D is a drug moicty;

m 18 an imteger from 1§ to §; and

i is an integer from 1-20. In one embodiment, n is an wteger from 1 to 10, 20 8, or 2 1o 5.

In a specific embodiment, nis 2, 3, or 4. In some embodiments, m is 1; in other

embodiments mis 2, 3 or 4,

[o0112] While the drug to antibody ratio has an exact value for a specific conjugate

molecule {¢.g., n multiphied by m in Formula (1)), it {s vadersiood that the value will often be

an average value when used to describe a sample containing many molecules, due to some

degree of inhomogeneity, tyvpically associated with the conjugation step. The average loading

for a sample of an tmmunoconjugate is referred to herein as the drug to antibody ratio, or

“DAR.” In some cmbodiments, when the drug 1s mavtansinoid, 1t is referred to as “MAR”

In some embodiments, the DAR 1g between about 2 and about 6, and typically is about 3, 3.5,

4,45,5,55,6,65,70,75. 8.0, In some embodiments, at least 30% of a sample by weight

1s compound having the average DAR plus or minus 2, and preferably at least 50% of the

sample is a conjugate that contains the average DAR plus or minus 1. Embodiments include
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immunoconjugates wherein the DAR 1s about 3.5, 3.6, 3.7, 3.8 or 3.9. In some embodiments,
a DAR of ‘about n” means the measured value for DAR is within 20% of nn.

{00113 The present invention s also directed to immunoconjugates comprising the
antibodies, antibody fragments {e.g., antigen binding fragments) and their functional
equivalents as disclosed herein, hinked or conjugated to a drug motety. In one embodiment,

the drug moiety D 1s a maytansinoid drug moiety, including those having the structure:

where the wavy line indicates the covalent attachment of the sulfur atom of the maytansinoid
to a linker of an antibody drug conjugate. R at each occurrence is independently Hora Cy-
Cg alkyl. The alkylene chain attaching the anude group to the sulfur atom may be methanyl,
cthanvl, or propvi, 1. mis 1, 2, or 3. {UU.5. Pat. No. 633,410, U.S. Pat. No. 5,208,020, Chan
et al. {1992} Cancer Res. 52;127-131, Luu er ol (1996} Proc. Natl. Acad. Sci. 93:8618-8623).
{00114 All stercotsomers of the maytansinoid drug moicty are contemplated for the
mmunoconjugates of the mvention, 7.e. any combination of R and 5 configurations at the
chiral carbons of the maytansinoid. In one embodiment the maytansmoid drug moiety has

the following stercochemistry.
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{00115] In one embodiment, the maytansinoid drug moiety is N7 -deacetyl-N-(3-
mercapto- L -oxopropyl-maytansine (also known as DM1). DMI 1s represented by the

followmg structural formula.

{001 16] In another embodiment the mavtansinoid drug moiety is N7 -deacetyl-N (4~
mercapto-1-oxopentyl}-mavtansine {also known as DM3}. DM3 is respresented by the

following structural formula.
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DM3

[66117] In another embodiment the mavtansinoid drug moiety is N7 -deacetyl-N (4~
methvi-4-mercapto- 1 -oxopentyl}-maytansine {also known as DM4). DM4 is respresented by

the following structural formula.

[00118] The drug moiety D can be linked to the antibody Ab through linker L. L is
any chemical moicty capable of linking the drug moiety to the antibody through covalent
bonds. A cross-linking reagent is a bifunctional or multifunctional reagent that can be used
to link a drug moiety and an antibodv to form antibody drug conjugates. Antibody drug
conjugates can be prepared usmg a cross-linking reagent having a reactive functionahity

capable of binding to both the drug motety and the antibody. For example, a cvsteine, thiol
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or an amine, e.g. N-terminus or an amino acid side chain, such as lysine of the antibody, can
form a bond with a functional group of a cross-linking reagent.

{00119 In one embodiment, L is a cleavable linker. In another embodiment, Lisa
non-cleavable hinker. In some embodiments, L 1s an acid-labile linker, photo-labile hinker,
peptidase cleavable linker, gsterase cleavable linker, a diselfide bond cleavable linker, a
hvdrophilic linker, a procharged linker, or a dicarboxylic acid based linker.

1601 20] Suttable cross-linking reagents that form a non-~-cleavable hinker between the
drug moiety, for example maytansinoid, and the antibody are well known in the art, and can
form non-cleavable hinkers that compnse a sulfur atom (such as SMCC) or those that are
without a sulfur atom. Preferred cross-linking reagents that form non-cleavable linkers
between the drug motety | for example maytansinoid, and the antibody comprise a
maleimido- or haloacetvl-based motety. According to the present invention, such non-
cleavable linkers are said to be denved from maleimido- or haloacetyl-based moieties.
{00121} Cross-linking reagents comprising a maleinudo-based moiety include but not
hmtted to, N-succinimidyl-4-(maleimidomethyljcvclohexanecarboxviate (SMCC),
sulfosuccinimidyl] 4-(N-maleimidomethyl) cyclohexane-1-carboxvlate {sulfo-SMCC), N-
succmimidyl-4-(malcinidomethvl)eyclohexanc-I-carboxy-(6~-amidocaproate), which is a
“long chain” analog of SMCC (LC-SMCC), x-maleimidoundeconoic acid N-succinimidyl
ester (KMUA), y-maleimidobutyric acid N-succimmdyl ester (GMBS), e-maleimidocaproic
acid N-succinimidyl ester (EMCS), m-maleimidobenzoyl-N-hydroxysuccinimide ester
{(MBS5), N~{[-maleimidoacetoxy)-succininude ester (AMSA), succinimidyl-6-(B-
maleimidopropionamidohexanoate (SMPH), N-succimmidyl-4-(p-maleimidophenyl}-
butyrate (SMPB), N-{-p-maleomudophenyllisccyanate (PMIP) and maleimido-based cross-
linking reagents containing a polyethythene glveol spacer, such as MAL-PEG-NHS. These
cross-linking reagents form non-cleavable linkers denived from maleimido-based moicties.

Representative structures of maleimido-based cross-linking reagents are shown below.
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{60122 In another embodiment, the linker L 1s denved from N-succmimidyi-4-
{maleimndomethylcyvclohexanecarboxylate (SMCC), sulfosuccinimidyl 4-{N-
malcimidomethyvl) cyelohexane-1-carboxvlate (sulfo-SMUC) or MAL-PEG-NHS.

{00123] Cross-linking reagents comprising a haloacetvle-based moicty inchude N-
succimmudyl iodoacetate (STA), N-succimimidyl{4-iodoacetylaminobenzoate (SIAB), N-
succimmudyl bromoacetate (SBA) and N-succinimidyl 3-{(bromoacetamido)propionate
{SBAP). These cross-linking reagents form a non-cleavable finker derived from haloacetyl-
based moictics. Representative structures of haloacetyl-based cross-linking reagents are

shown below.

O
O
N. E
A
O sia
or
{06124} In one embodiment, the hinker L is derived from N-succinimidy! iodoacetate

{51A) or N-succimmidyl{4-iodoacetyljaminobenzoate (SIAB).

[60125] Suitable cross-linking reagents that form a cleavable linker between the drug
moiety, for example mayvtansinoid, and the antibody are well known in the art. Disulfide
containing linkers are linkers cleavable through disulfide exchange. which can occur under
physiological conditions. According to the present invention, such cleavable linkers are said
to be derived from disulfide-based moteties.  Suitable disulfide cross-linking reagents
mchide N-succinimidyi-3-(2-pyridyidithiopropionate (SPDP), N-succinimidyl-4-(2-
pyridyldithioypentanoate (SPP), N-succinimidyi-4-(2-pyndyldithio}butanoate (SPDB) and V-
succinimidyi-4-(2-pyridyldithio)-2~sulfo~-butanoate (sulfo-SPDB), the structures of which are
shown below. These disulfide cross-linking reagents form a cleavable linker derived from

disulfide-based moieties.
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Nesuccmimidyl-4-(Z-pyndyldithio)butanoate (SPDB} and

SO H O
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O
N-succinimidyl-4-(2-pyridyldithio}-2-sulfo-butancate (sulfo-SPDB).

166126} In one embodiment, the linker L 1s derived from N-succimmudyi-4-(2-
pyridvldithio) butancate (§PDB).

{86127} Suitable cross-linking reagents that form a charged linker between the drug
maoicty, for example maviansinoid, and the antibody are known as procharged cross-linking
reagents. In one embodiment, the hinker L is derived from the procharged cross-linking

reagent CX1-1. The structure of CX1-1 1s below.

33



WO 2016/075670 PCT/IB2015/058801

0O
0

0 0

] H I H ;

A, ' i I

Q’@MN/\(N\/’LN/\\{N\/A\“/O«N/&

H ¥ H i
% O o o ot
O
2,5~dioxopyrrolidin-1-yl 17-(2,5-dioxo-2,5-dihydro-iH-pyrrol-1-v1}-3,8.1 1,1 4-tetraoxo-

4.7,10, 13-tetraazaheptadecan-1-cate {CX1-1)

{06128 Each of the cross-linking reagents depicted above contains, at ong end of the

cross-linking reagent, a NHS-ester which reacts with a primary amine of the antibody to form

an amide bond and, at the other end, a maleimide group or pyrdinvidisulfide group which

reacts with the sulthydryl of the maytansionoid drug moiety to form a thicether or disulfide

bond.

[066123] In one embodiment, the conjugate of the present invention is represented by

any one of the following structural formulae

Ab-MCC-DM1
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{00136 wherein:
{0131 Ab is an antibody or antigen binding fragment thereot that specifically binds
P-cadherin;
[66132] n, which indicates the number of D-L groups attached the Ab through the

formation of an amide bond with a primary amine of the Ab, is an iteger from 1 to 20, In
one embodiment, 0 is an integer from L to 10, 210 8 or 210 5. In a specific embodiment, n is
Jord.

{00133} In onc embodiment, the average molar ratio of drug {e.g., DM1 or DM4) to the
antibody in the conjugate {i.€., average n value, also known as Maytansinoid Antibody Ratio
{MAR}) is about 1 to about 10, about 2tcabout 8{e.g. 19,2.0,2.1,22 23,24, 25, 2.6,
27.28,29,30,3.1,32,33,34,35.36,37.38,39,40,4.1,42.43,44.45,46,47,
48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,
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69,70,74,72,73,74,75,76,77,78,79,80, or &1}, about 2.5 to about 7, about 3 o
about 5, about 2.5 to about 4.5 {e.g., about 2.5, about 2.6, abowt 2.7, about 2.8, about 2.9,
about 3.0, about 3.1, about 3.3, about 3.4, about 3.5, about 3.6, about 3.7, about 3.8, about
3.9, about 4.0, about 4.1, about 4.2, about 4.3, about 4.4, about 4.5}, about 3.0 to about 4.0,
about 3.2 to about 4.2, or about 4.5 t0 5.5 {e.g., about 4.5, about 4.6, about 4.7, about 4 8,
about 4.9, about 5.0, about 5.1, about 5.2, about 3.3, about 3.4, or about 5.5).
{60134} In an aspect of the mvention, the conjugate of the present invention has
substantially high punity and has one or more of the following features: {a} greater than about
90% {e.g., greater than or equal to about 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100%), preferably greater than about 95%, of conjugate species are monomeric, (b)
unconjugated linker level in the conjugate preparation s less than about 10% (e.g., less than
or equal to about 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or 0%:; {relative to total hunker), {¢)
less than 10% of conjugate species are crosshinked (e g, less than or equal to about 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, or (%), (d) free drug (e.2., DM or DM4} level in the
conjugate preparation is less than about 2% {e.g., less than or egual to about 1.5%, 1 4%,
1.3%, 1.2%, 1.1%, 1.0%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, (.2%, 0.1%, or 0%}
{mol/maol relative to total cvictoxic agent) and/or (¢} no substantial mcrease m the level of
free drug (e.g., DM1 or DM4) occurs upon storage {e.g., after about 1 week, about 2 weeks,
about 3 weeks, about 1 month, about 2 months, about 3 months, about 4 months, about 3
months, about 6 months, about 1 yvear, about 2 years, about 3 vears, about 4 vears, or about 5
vears). “Substantial merease” in the level of free drug (e.g., DM or BM4) means that afier
certain storage time (e.g., about 1 week, about 2 weeks, about 3 weeks, about 1 month, about
2 months, about 3 months, about 4 mounths, about 5 months, about 6 months, about 1 year,
about 2 vears, about 3 vears, about 4 years, or about 5 vears), the increase in the level of free
drug {(e.g.. DM or DM4) is less than about 0.1%, about 0.2%, about 0.3%, about 0.4%, about
(}.5%, about $.6%, about £.79%, about 0.8%, about 0.9%, about 1.0%, about 1.1%, about
1.2%, about 1.3%, about 1.4%, about 1.5%, about 1.6%, about 1.7%, about 1.8%. about
1.99%, about 2.0%, about 2.2%, about 2.5%, about 2.7%, about 3.0%, about 3.2%, about
3.59%, about 3.7%, or about 4.0%,.
{061 35] As used herein, the torm “anconjugated linker” refers to the antibody that is
covalently linked with a linker denived from a cross-linking reagent {e.g., SMCC, Sulfo-
SMCC, SPDB, Sulfo-5PDB or CX1-1), wherein the antibody 1s not covalently coupled to the
drug {e.g., DM or BM4) through a linker (i.e., the “unconjugated linker” can be represented
by Ab-MCC, Ab-SPDE, or Ab-UX1-1).
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1. Brug Moiety

{061 36] The present wvention provides immunoconjugates that specifically bind to P-
cadherin. The antibody drug conjugates of the invention comprise anti-P-cadherin antibodies,
antibody fragments (e.g., antigen bindmg fragments) or functional equivalents that are
conjugated to a drug moiety, e.g., an anti-cancer agent, an autormmune treatment agent, an
anti-inflarnmatory agent, an antifungal agent, an antibacterial agent, an anti-parasitic agent,
an anti-viral agent, or an anesthetic agent. The antibodies, antibody fragments {e.g., antigen
binding fragments) or tunctional equivalents of the invention can be conjugated to several
wentical or different drug motetics using any methods known in the art.

{60137 In certain embodiments, the drug moicty of the immunoconjugates of the
present invention is selected from a group consisting of a V-ATPase inhibitor, a pro-apoptotic
agent, a Bel? mhibitor, an MCL1T mhibitor, a HSP90 mhibitor, an IAP mmhibitor, an mTor
hibitor, a microtubule stabilizer, a microtubule destabilizer, an auristatin, a dolastatin, a
maviansioid, a MctAP (methionine aminopeptidase), an inhibitor of nuclear export of
proteins CRM1, a DPPIV inhibitor, an EgS mhibitor, proteasome inhibitors, an inhibitor of
phosphoryl] transfer reactions in mitochondria, a protein svathesis inhibitor, a kinase inhibitor,
a CDE2 inhibitor, a CDK?9 inhibitor, a kinesin inhibitor, an HDAC inhibitor, a DNA
damaging agent, a DNA alkylating agent, a DNA intercalator, a DNA minor groove binder
and a DHFR inhibitor.

{30138 In one embodiment, the drug moiety of the immunoconjugates of the present
mvention is a maytansinoid drug moiety, such as but not himited to, DM, DM3, or DM4.
{66139} Further, the antibodies, antibody fragments (e. £., antigen binding fragments)
or functional equivalents of the present invention may be conjugated to a drug moicty that
maodifics a given biological response. Drug moicties are not to be construed as limited to
classical chemical therapeutic agents. For example, the drug moiety may be a protein,
peptide, or polypeptide posscssing a desired biclogical activity. Such proteins may include,
for example, a toxin such as abrin, ricin A, pseudomonas exotoxin, cholera toxin, or
diphthena toxin, a protein such as tumor necrosis tactor, a-interforon, P-interferon, nerve
growth factor, platelet derived growth factor, tissue plasminogen activator, a cytokine, an
apoptotic agent, an anti-angiogenic agent, or, a biological response modifier such as, for
cxample, a tymphokine.

{0146 In one embodiment, the antibodies, antibody fragments {e.g., antigen binding
fragments) or fimctional equivalents of the present invention are conjugated to a drog moiety,
such as a cytotoxin, a dug {e.g., an immunosuppressant} or a radiotoxin. Examples of
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cytotoxins include but are not limited to, taxanes (see, e.g., International (PCT) Patent
Application Nos. WO 01/38318 and PCT/US03/02673), DNA-alkylating agents {e. g, CC-
1065 analogs), anthracyclines, tubulysin analogs, duocarmmyein analogs, auristatin E,
auristatin F, maytansinoids, and cyviotoxic agents comprising a reactive polvethviene glveol
moiety (see, e.g., Sasse ef ol , 1. Antibiot. (Tokvo), 53, 879-85 (2000}, Suzawa ef /., Bicorg.
Med. Chem., 8, 2175-84 (2000}, Ichimura ef o/ | §. Antibiot. (Tokyo), 44, 1045-53 {1991},
Francisco ef ol., Blood (2003) {clectronic publication prior to print publication), U.S. Pat.
Nos. 3,475,092, 6,340,701, 6,372,738, and 6,436,931, U.S. Patent Apphcation Publication No.
200170036923 Al, Pending U.S. patent application Ser. Nos. 10/024,290 and 10/116,053, and
International (PCT) Patent Application No. WG 01/49698), taxon, cytochalasin B, gramicidin
D, ethidivm bromide, emetine, mitomycin, etoposide, tenoposide, vincristing, vinblastine, 1.
colchicin, doxorubicin, davnorubicin, dihyvdroxy anthracin dione, mitoxantrone, mithramycin,
actinomycin B, 1-dehvdrotestosterone, glucocorticoids, procaine, tetracaine, fidocaine,
propranoiol, and puwromyvein and analogs or homologs thereof. Therapeutic agents also
melude, for example, anti-metabolites {e.g., methotrexate, 6-mercaptopunine, 6-thioguanineg,
cytarabine, S-flucrouracil decarbazine), ablating agents (e g., mechlorethamine, thiotepa
chlorambuci, meiphalan, cammustine (BSNU) and lomustine (CCNU), cyclophosphamide,
busulfan, dibromomannitol, streptozotocin, mitomyein €, and cis-dichlorodiamine platinum
(If) (BDP) cisplatin, anthracyclines {e.g., davnorubicin (formerly daunomycin} and
doxorubicin), antibiotics {e.g., dactinomycin (formerly actinomycin}, bleomycin,
mithramycin, and anthramycin (AMC)), and anti-nutotic agents {e.g., vincristing and
vinblastine}. (Sce e g., Seattle Genetics US200903047213,

{06141 Other examples of cyvtotoxins that can be conjugated to the antibodies,
antthody fragments (antigen binding fragments) or functional equivalents of the invention
melude duocarmycins, calicheamicins, mayvitansines and auristatims, and derivatives thereof.
[00142] Various types of cytotoxins, linkers and methods for conjugating therapeutic
agents to antibodies are known in the art, seg, e.g., Saito e/ af., (2003} Adv. Drug Deliv. Rev.
55:199-215; Traid et af., (2003) Cancer Immunol. Immunother. 52:328-337; Pavne, (2003}
Cancer Cell 3:207-212; Allen, (2002) Nat. Rev. Cancer 2:758-763; Pastan and Kreitman,
{2002) Curr. Opin. Investig. Drugs 3:1089-1091; Senter and Springer, (2001} Adv. Drug
Deliv. Rev. 53:247-264.

{6143 The antibodies, antibody fragments {e.g., antigen binding tragments) or
functional equivalents of the present invention can also be conjugated to a radioactive 1sctope
to generate cytotoxic radiopharmaceuticals, referred to as radicimmunoconjugates. Examples
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of radioactive isotopes that can be conmjugated to antibodies for use diagnostically or
therapeutically include, but are not bmited to, toding-131, indium-111, vttrium-90, and
hutetium-177. Methods for preparing radicimmunoconjugates are established in the art.
Examples of radicimmunoconjugates are commercially available, mcluding ZevalinT™M
{(DEC Pharmaceuticals) and BexxarTM (Corixa Pharmaceuticals), and similar methods can
be used to prepare radicimmuncconjugates using the antibodies of the mvention. In certain
embodiments, the macrocyclic chelator 1s 1,4,7, 10+tctraazacyclododecane-N, N N7 N7~
tetraacetic acid (DOTA) which can be attached to the antibody via a linker molecule. Such
hinker molecules are commonly known in the art and described in Benardo e/ o/, (1998) Chin
Cancer Res. 4(10):2483-90; Peterson ef af., (1999} Bioconjug. Chenm. 10(4):353-7; and
Zimmerman ef al., (1999 Nucl. Med. Biol. 26{8):943-50, cach mcorporated by reference in
their entircties.

{00144 The antibodies, antibody fragments {e.g., antigen binding fragments) or
functional equivalents of the present invention can also conjugated to a heterologous protein
or polypeptide {or fragment thereof, preferably to a polypeptide of at least 10, at least 20, at
feast 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 or at least 100
amino acids) to generate fusion proteins. In particular, the invention provides fusion proteins
coraprising an antibody fragment {e.g., antigen binding fragment) described herein{e.g., a
Fab fragment, Fd fragment, Fv fragment, F(ab)2 fragment, a VH domain, a VHCBR, a VL
domain or a VL CDR) and a heterologous protein, polypeptide, or peptide.

{66145 Additional fusion proteins may be generated through the techniques of gene-
shaffling, motif-shuffling, exon-shuffling, and/or codon-shuftling (collectively referred (o as
“DNA shuffling™). DNA shuffling may be employed to alter the activities of antibodies of
the mvention or fragments thereof {e.g., antibodics or fragments thereof with bigher affinitics
and lower dissociation rates). See, generally, U.S. Patent Nos. 5,605,793, 5,811,238,
5,830,721, 5,834,252, and 5,837 458; Patten e/ of., (19973 Curr. Opinion Biotechnol. 8:724-
33; Harayama, (1998} Trends Biotechnol. 16¢2):76-82; Hansson e ¢/, {1999} . Mol. Biol.
287:265-76; and Lorenzo and Blasco, (1998) Biotechniques 24(2):308- 313 (each of these
patents and publications are hereby mcorporated by reference in its entivety). Antibodics or
fragments thereof, or the encoded antibodies or fragments thereof, may be altered by being
subjected to random mutagenesis by error-prone PCR, random nucleotide insertion or other
methods prior to recombination. A polynucleotide encoding an antibody or fragment thercof
that specifically binds to an antigen may be recombined with one or more components, motifs,
sections, parts, domains, fragments, ¢tc. of one or more heterclogous molecules.
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{80146} Moreover, the antibodies, antibody fragments (e. 2., antigen binding
fragments} or functional equivalents of the present invention can be conjugated to marker
sequences, such as a peptide, to facilitate punfication. In preferred embodiments, the marker
ammno acid sequence 1s a hexa-histidine peptide (SEQ [D NO: 130), such as the tag provided
i a pE vector (QIAGEN, Inc, 9259 Eton Avenue, Chatsworth, CA, 91311), among others,
many of which are commercially available. As described in Gentz ef a/., (1989) Proe. Natl.
Acad. Sci. USA 86:821-824, for instance, hexa-histidine (SEQ {5 NO: 130} provides for
convenient purification of the fusion protemn. Other peptide tags useful for purification
mclude, but are not limited to, the hemagglutimin (“"HA”) tag, which corresponds (o an
epitope dertved from the influenza hemagglutinin protein (Wilson er af., (1984) Cell 37.767),
and the “FLAG” tag (A. Einhauer er o/, J. Biochem. Biophys. Methods 49: 435-463, 2001).
According to the present invention, antibodies or antigen binding fragments can also be
conjugated to tumor-penctrating peptides m order to enhance their efficacy.
60147} In other embodiments, the antibodics, antibody fragments (e. g, antigen
binding fragments} or tunctional equivalents of the present invention are conjugated fo a
diagnostic or detectable agent. Such immunoconjagates can be useful for monitoring or
prognosing the onset, development, progression and/or severity of a disease or disorder as
part of a clinical testing procedure, such as determining the efficacy of a particular therapy.
Such diagnosis and detection can be accomplished by coupling the antibody to detectable
substances including, but not limited to, various enzymes, such as, but not limited to,
horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or acetylcholinesterase;
prosthetic groups, such as, but not liumited to, streptavidin/biotin and avidin/biotin; fluorescent
materials, such as, but not limited to. Alexa Fluor 350, Alexa Fluor 405, Alexa Fluor 430,
Alexa Fluor 488, Alexa Fluor 300, Alexa Fluor 514, Alexa Fluor 532, Alexa Fluor 546,
Alexa Fluor 535, Alexa Fluor 5368, Alexa Fluor 5394, Alexa Fluor 610, Alexa Fluor 633,
Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, Alexa Fluor 700, Alexa Fluor 750,
wmbelliferone, flucrescein, flucrescein isothiocyanate, rhodamine, dichlorctriazinylamine
fluorescein, dansyl chloride or phycoerythrin; Jununescent materials, such as, but not lunited
1o, luminol; bicluminescent matenals, such as but not himirted to, luciferase, lucifenn, and
asquonn; radicactive materials, such ag, but not limited to, iodine ('L 1L L and L),
carbon (**C}, sulfur °S), tritium CH), indivm (ln, 'in, 'n, and ''n,), technetium
(*’Tc), thallium ("'Ti), gallivm (**Ga, *'Ga), palladium ("Pd), molybdenum ("Mo), xenon
(mXe), fluorine (18}—;}5 msm, 177Lu, 159(}51, 149Pm, MOLa, mYb, 166}_10’ 90‘{? 4'750’ 186Re’ 188R6’
py 9Rh, Ru, ®Ge, V'Co, ©Zn, ¥Sr, P, G, 'Yh, 7'Cr. *Mn, Se, “'Cu, 7Sn, and
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81 and positron emitting metals using various positron emission tomographies, and non-
radicactive paramagnetic metal ions.

{00148 The antibodies, antibody fragments {e. 2., antigen binding fragments) or
functional equivalents of the mvention may also be attached to solid supports, which are
particudarly useful for immunocassavs or purification of the target antigen. Such solid
supportts include, but are not limited to, glass, cellulose, polvacrylamide, nvion, polystyrene,

polyvinvl chlonde or polvpropyiene.
2. Linker

{01491 As used herein, a "linker” 1s any chemical moiety that is capable of linking an
antibody, antibody fragment {¢.g., antigen binding fragments) or functional equivalent to
another moiety, such as a drug moeity. Linkers can be susceptible to cleavage {cleavable
linker), such as, acid-induced cleavage. photo-induced cleavage, peptidase~-induced cleavage,
esterase~induced cleavage, and disuifide bond cleavage, at conditions under which the
compound or the antibody remains active. Alteratively, inkers can be substantially resistant
to cleavage (e. g., stable hinker or noncleavable linker). In some aspects, the linkerisa
procharged hinker, a hydrophitic linker, or a dicarboxvlic acid based linker.

60156 In one aspect, the linker used in the present mvention is derived from a
crosslinking reagent such as N-succinimidyl-3-{Z-pyridyldithio}propionate (SPDP), N-
succinimidyl 4-(2-pyndvidithio)pentanoate (SPP), N-succiniradyl 4-(2-
pyridyldithiobutanoate (SPDB), N-succinimidyi-4-(2-pyndyldithio}-2-sulfo-butanoate
{sulfo-SPDB), N-succinimidy! iodoacetate (S1A), N-succinimidyl{4-
iodoacetyllaminobenzoate (SIAB), maleimide PEG NHS, N-succinimidy! 4-
{maleinmudomethyvi) cyclohexanecarboxvlate (SMCC), N-sulfosuccinimidyl 4-
{malcimidomethvl) cvelohexanccarboxylate (sulfo-SMUC} or 2,5-dioxopyrrolidin-1-y1 17-
(2,5-dioxo-2, 5-dihydro-1H-pyrrol-1-y}-5 8,11, 14-tetraoxo-4.7,10, 1 3-tetraazaheptadecan-1-
oate (CX1-1}.

{00151} Won-cleavable hmkers are any chemical moiety capable of linking a drug, such
as a maytansinoid, to an antibody i a stable, covalent manner and does not fall off under the
categorties listed above for cleaveable linkers. Thus, non-cleavable linkers are substantially
resistant to acid-induced cleavage, photo-mduced cleavage, peptidasc-induced cleavage,
esterase-induced cleavage and disulfide bond cleavage. Furthermore, non-cleavable refers to
the ability of the chemical bond 1n the linker or adjoining to the hinker to withstand cleavage

mduced by an acid, photolabile-cleaving agent, a peptidase, an esterase, or a chemical or
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physiological compound that cleaves a disulfide bond, at conditions under which the drug,
such as mavtansionoid or the antibody does not lose its activity.

{01521 Acid-labile Iinkers are linkers cleavable at acidic pH. For cxample, ceriain
mitraceilular compartments, such as endosomes and lyvsosomes, have an acidic pH (pH 4-5),
and provide conditions suitable to cleave acid-labile hinkers.

[060153] Photo-labile hinkers are linkers that are useful at the body surface and in many
body cavitics that are accessible to hight. Furthermore, mnfrared light can penctrate tissuc.
[86154] Some finkers can be cleaved by peptidases, 1.¢. peptidase cleavable hnkers.
Only certain peptides are readily cleaved mside or outside cells, see e.g. Trout et al., 79 Proc.
Natl. Acad.Sci. USA., 626-629 (1982) and Umemoto et al. 43 Int. J. Cancer, 677-684 (1989},
Furthermore, peptides are composed ofu-amino acids and peptidic bonds, which chemically
are amide bonds between the carboxylate of one amimo acid and the amino group of a second
amino acid. Other anide bonds, such as the bond between a carboxylate and the g-aming
group of lvsine, arc understood not to be peptidic bonds and are considered non-cleavable.
[06155] Some finkers can be cleaved by esterases, 1.¢. esterase cleavable linkers.
Again, only certain esters can be cleaved by esterases present inside or outside of cells.
Esters are formed by the condensation of a carboxvlic acid and an alcohol. Simple esters are
esters produced with simple alcohols, such as aliphatic alcohols, and small cyclic and small
aromatic alcohols.

[601356] Procharged linkers are derived from charged cross-linking reagents that retain
their charge after incorporation into an antibody drug conjugate. Examples of procharged

knkers can be found m US 2009/0274713.
3. Conjugation and Preparation of ADCs

[68157] The comjugates of the present invention can be prepared by any methods
known 1n the art, such as those described in US Patent Nos. 7,811,572, 6,411,163, 7,368,565,
and 8,163,888, and US application publications 201 1/0003969, 2011/0166319, 2012/0253021
and 2012/0259100. The entire teachings of these patents and patent application publications

are herein imcorporated by reference.

One-Step Process

[301358] In one embodiment, the conjugates of the present invention can be prepared by
a one~step process. The process comprises combining the antibody, drug and cross-linking

agent 1n a substantially agqueous medium, optionally contaming one or more co~solvents, at a
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suitable pH. In one embodiment, the process comprises the step of contacting the antibody of
the present invention with a drug {e.g., BM1 or DM4) to form a first mixture compnising the
antthody and the drug, and then contacting the first mixture comprising the antibody and the
drug with a cross-linking agent {e.g., SMCC, Sulto-SMCC, SPDB, Sulfo-SPDB or CX1-1)n
a solotion having a pH of about 4 to about 9 to provide a mixture comprising (1) the conjugate
{e.g.. Ab-MCC-DMIL, Ab-5PDB-DM4, or Ab-CX1-1-DM1), (1) free drug (e.g., DM1 or
DM4), and {(in) reaction by-products.

[86159] In one embodiment, the one-step process comprises contacting the antibody
with the drug {e.g., DM1 or DM4) and then the cross-linking agent {e.g., SMCC, Sulfo-
SMCC, SPDB, Sulfo-SPDB or CX1-1) in a solution having a pH of about 6 or greater {e.g.,
about 6 to about 9, about 6 to about 7, about 7 to about 9, about 7 to about 8.5, about 7.5 10
about 8.5, about 7.5 to about 8.0, about 8.0 to about 9.0, or about 8.5 to about 9.0). For
example, the inventive process comprises contacting a cell-binding agent with the drog (BM1
or DM4} and then the cross-hinking agent {e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or
CX1-1) i a solution having a pH of about 6.0, about 6.1, about 6.2, about 6.3, about 6.4,
about 6.5, about 6.6, about 6.7, about 6.8, about 6.9, about 7.0, about 7.1, about 7.2, about
7.3, about 7.4, about 7.5, about 7.6, about 7.7, about 7.8, about 7.9, about 8.0, about 8.1,
about 8.2, about 8.3, about 8.4, about 8.5, about 8.6, about 8.7, about 8 8, about 8.9, or about
9.0. In a specific embodiment, the imventive process comprises contacting a cell-binding
agent with the drug (e.g., DM1 or BM4} and then the cross-linking agent {e.g., SMCC, Sulfo-
SMCC, SPDB, Sulfo-SPDB or CX1-1) in a solution baving apH of about 78 (e g, apH of
76t0800rapHof 7710 7.9).

{06166 The one-step process {i.¢., contacting the antibody with the drug {e.g., DM or
3M4) and then the cross-linking agent {e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-5PDB or
CX1-1} can be camed out at any suitable temperature known in the art. For example, the
ong-step process can occur at about 20°C or less {e.g., about -10°C {provided that the sclution
is prevented from freczing, e g, by the presence of organic solvent ased to dissolve the
cyvtotoxic agent and the bifunctional crosslinking reagent} to about 20°C, about 0°C to about
18°C, about 4°C to about 16°C), at room temperature {e.g., about 20°C to about 30°C or
about 20°C to about 25°C), or at an ¢levated temperature {e.g., about 30°C to about 37°C). In
one embodiment, the one-step process occurs at a termperature of about 16°C to about 24°C
{e.g., about 16°C, about 17°C, about 18°C, about 19°C, about 20°C, about 21°C, about 22°C,

about 23°C, about 24°C, or about 25°C). In another embodiment, the one-step process is
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carried out at a temperature of about 15°C orless {e.g., about ~10°C to about 15°C, or about
0°C to about 15°C). For example, the process comprises contacting the antibody with the
drug {e.g., DM1 or DM4) and then the cross-linking agent (e.g., SMCC, Sulfo-SMCC, SPDE,
Sulfo-5PDB or CX1-1) at a temperature of about 15°C, about 14°C, about 13°C, about 12°C,
about 11°C, about 10°C, about 9°C, about 8°C, about 7°C, about 6°C, about 5°C, about 4°C,
about 3°C, about 2°C. about 1°C. about 0°C. about ~-1°C, about -2°C, about -3°C, about -4°C,
about ~-5°C, about -6°C, about -7°C, about -8°C, about -9°C, or about -10°C, provided that the
solution 1s prevented from freczing, e.g., by the presence of organic solvent(s) used to
dissolve the cross-linking agent (e.g., SMCC, Sulfo-SMCC, Sulfo-5PDB SPDRB, or CX1-1).
In one embodiment, the process comprises contacting the antibody with the dmg (e.g., DMI
or DM4} and then the cross-himking agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-5PDB or
CX1-1} at a temperature of about -10°C to about 15°C, about 0°C to about 15°C, about 0°C
to about 10°C, about 0°C to about 5°C, about 5°C to about 15°C, about 10°C to about 153°C,
or about 3°C to about 10°C. In another embodiment, the process comprises contacting the
antibody with the drug (e.g., DM or DM4) and then the cross-linking agent (e.g., SMCC,
Sulfo-SMCC, SPDE, Sulfo-SPDB or CX1-1} at a temperature of about 10°C{eg., a
temperature of 8°C to 12°C or a temperature of 3°C 1o 11°C).

{01611 In one embodiment, the contacting described above is effected by providing
the antibody, then contacting the antibody with the drug {e.g., DM or DM4) to form a first
mixture comprising the antibody and the drug {e.g., DM1 or BM4), and then contacting the
first mixture comprising the antibody and the drug (e.g., DM or DM4) with the cross-linking
agent {e.g., SMUC, Sulfo-SMCC, SPDB, Salfo-SPDB or CX1-1). For example, in one
embodiment, the antibody is provided in a reaction vessel, the drag {e.g., DM or DM4} s
added to the reaction vessel (thereby contacting the antibody), and then the cross-linking
agent {e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDE or CX1-1) 15 added to the mixture
comprising the antibody and the drug (e.g., DM or DM4) (thereby contacting the mixture
comprising the antibody and the drug). In one embodiment, the antibody is provided in a
reaction vessel, and the drug {e.g., BM1 or DM4) 1s added to the reaction vessel immediately
following providing the antibody to the vessel. In another embodiment, the antibody 1s
provided in a reaction vessel, and the drog {(e.g., DM1 or BM4} is added to the reaction vessel
after a time interval following providing the antibody to the vessel {e.g , about 5 minutes,
about 10 mimites, about 20 manutes, about 30 nunutes, about 40 nunutes, about 50 minutes,

about 1 hour, about 1 day or longer after providing the cell-binding agent to the space). The
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drug {e.g., DM1 or BM4) can be added guickly (1.e., within a short time interval, such as
about 5 minutes, about 10 minutes) or slowly {such as by using a pump}.

{00162} The mixture comprising the antibody and the dmg (e.g., DM1 or DM4) can
then be contacted with the cross-linking agent {e.g., SMCC, Sulto-SMCC, 5PDB, Sulfo-
SPDB or CX1-1} either immediately after contacting the antibody with the drug {e.g., DMI1
or DM4) or at some later point {e.g., about 3 minutes to about 8 hours or longer) after
contacting the antibody with the drug {e.g., DM or DM4). For example, in one
embodiment, the cross-linking agent {e.g., SMCC, Sulto-SMCC, SPDB, Sulfo-SPDB or
CX1-1} 15 added to the mixture comprising the antibody and the drug (e.g., BDM1 or DM4)}
immediately after the addition of the drug {e.g., DM1 or DM4) to the reaction vesscel
comprising the antibody. Aliernatively, the mixture comprising the antibody and the drug
{e.g., M1 or BPM4) can be contacted with the cross-linking agent (e.g., SMCC, Sulfo-
SMCC, SPDB, Sulfo-SPDB or CX1-1) at about 5 minutes, about 10 minutes, about 20
minutes, about 30 nunutes, about | hour, about 2 hours, about 3 hours, about 4 hours, about 3
hours, about 6 hours, about 7 hours, about 8 hours, or longer afier contacting the antibody
with the drug {e.g., DM1 or DM4).

{00163} After the mixture comprising the antibody and the drug (e g, DM1 or BDM4) is
contacted with the cross-linking agent (e.g., SMCC, Sulto-SMCC, SPDB, Sulfo-SPDB or
CX1-1} the reaction 1s allowed to proceed for about 1 hour, about 2 howrs, about 3 hours,
about 4 hours, about 5 hours, about 6 hours, about 7 hours, about # hours, about 9 hours,
about 10 hours, about 11 hours, about 12 hours, about 13 hours, about 14 hours, about 15
hours, about 16 hours, about 17 hours, about 18 hours, about 19 hours, about 20 hours, about
21 hours, about 22 hours, about 23 hours, about 24 hours, or longer {e.g., about 30 hours,
about 35 hours, about 40 hours, about 45 hours, or about 48 hrs).

0164 In one embodiment, the one-step process further comprises a quenching step
to quench any unreacted drug (e.g., DMI or DM4) and/or unireacted cross-hinking agent (e.g.,
SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CX1-1). The quenching step is typically
performed prior to purification of the conjugate. In one embodument, the mixture is quenched
by contacting the mixture with a quenching reagent. As used herein, the “guenching reagent”
refers to a reagent that reacts with the free drug {(e.g.. DM or BM4) and/or cross-linking
agent {e.g.. SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CX1-1}. In one embodiment,
maleimide or haloacetamide guenching reagents, such as 4-maleimidobutvric acid, 3-
maleimidopropionic acid, N-cthylmaleimide, iodoacetamide, or wodoacetamidopropionic acid,
can be used to ensure that any ungeacted group {such as thiol} inn the drug {e.g., DM1 or
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DM4) 1s quenched. The guenching step can help prevent the dimerization of the drug (e.g.,
DML, The dimerized DM can be difficult to remove. Upon quenching with polar, charged
thiol-quenching reagents (such as 4- maleinudobutyric acid or 3-maleimidopropionic acid),
the excess, unreacted DM is converted into a polar, charged, water-soluble adduct that can
be easily separated from the covalently- linked conjugate during the purification step.
Quenching with non-polar and neutral thiol-quenching reagents can also be used. Inong
embodiment, the mixture 1s quenched by contacting the nuxture with a quenching reagent
that reacts with the unreacted cross-linking agent {e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-
SPDB or CX1-1). Forexample, nucleophiles can be added to the mixture in order to quench
any unreacted SMCC. The nucleophile preferably is an amino group containing nucleophile,
such as lysine, taurine and hydroxylanmune.

[00165] In a preferred embodiment, the reaction (i.e., contacting the antibody with the
drug {e.g., DM1 or DM4) and then cross-hinking agent {e.g.. SMCC, Sulfo-SMCC, SPDB,
Sulfo-SPDB or CX1-1)) 1s allowed to proceed to completion prior to contacting the mixture
with a quenching reagent. In this regard, the quenching reagent is added to the mixture about
1 hour to about 48 hours (e.g., about 1 hour, about 2 hours, about 3 hours, about 4 hours,
about 5 hours, about 6 hours, about 7 hours, about 8 hours, about 9 hours, about 10 hours,
about 11 hours, about 12 hours, about 13 hours, about 14 hours, about 15 hours, about 16
hours, about 17 hours, about 18 hours, about 19 hours, about 20 hours, about 21 housrs, gbout
22 hours, about 23 hours, about 24 hours, or about 25 hours to about 48 hours) after the
mixture comprising the antibody and the drug {e.z.. DMI or DM4} is contacted with the
cross-linking agent {e. 2., SMCC, Sulfo-SMCC, SPDEB, Sulfo-SPDB or UX1-13.

{06166 Alternatively, the mixture is quenched by lowering the pH of the mixture to
about 5.0(e2., 48,49, 50,51 0r52) Inanother embodiment, the mixture 1s quenched by
towering the pH to less than 6.0, less than 5.5, less than 5.0, less than 4.8, less than 4.6, less
than 4.4, less than 4.2, less than 4.0, Alternatively, the pH is lowered to about 4.0 {e.g., 3.8,
39.40, 4 0r42) toaboutb.0{eg 58,59 60,61 0r62) about 4.0 to about 5.0, about
45(eg.43,44,45, 46014 7)toabout 5.0. In one embodiment, the mixture is quenched
by lowerning the pH of the muxture to 4.8, In another embodiment, the mixture 1s quenched by
lowering the pH of the nuxture to 3.5.

{00167 In one embodiment, the one-step process further comprises a holding step to
release the unstably bound linkers from the antibody. The holding step comprises holding the
mixture prior to purification of the conjugate {(e.g., after the reaction step, between the
reaction stop and the quenching step, or after the quenching step). For example, the process
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comprises (a) contacting the antibody with the drug (e.g., DMI1 or DM4) to form a mixture
comprising the antibody and the drug {e.g., DM or DM4); and then contacting the mixture
corpnsing the antibody and drug (2. z.. DM1 or DM4) with the cross-linking agent (e.g.,
SMCC, Sulfo-SMCC, SPDB, Sulfo-5PDB or CX1-1), in a solution having a pH of about 4 to
about 9 to provide a mixture comprising (i} the conjogate {e.g., Ab-MCC-DM]1, Ab-SPDB-
DM4 or Ab-CX1-1-DMI), (i1} free drug {e.g., DM1 or BM4), and (i1} reaction by-products,
{b) holding the nuxture prepared in step {(a) to release the unstably bound hinkers from the
cell-binding agent, and (¢} purifving the mixture to provide a purified conjugate.

[00168] In another embodiment, the process comprises {a) contacting the antibody
with the drug {e.g., DM1 or DM4) to form a mixture comprising the antibody and the drug
{e.g., DMI or DM4); and then contacting the mixture comprising the antibody and the drug
{e.g., DM1 or DM4) with the cross-linking agent (¢.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-
SPDB or CX1-1}, in a solution having a pH of about 4 to about 9 to provide a mixture
comprising (1) the conpugate, (u) free drug (e.g., DM or BM4), and (111} reaction by-
products, {b) quenching the nuxture prepared in step (3) to guench any unreacted drug (e.g.,
DML or DM4) and/or unreacted cross-limking agent {e.g., SMCC, Sulfo-SMCC, SPDB,
Sulfo-SPDB or CX1-1), {¢) holding the mixture prepared in step (b) to release the unstably
bound linkers from the cell-binding agent, and {(d) punfying the muxture to provide a purified
conjugate {e.g., Ab-MCC-DM1, Ab-SPDB-DM4 or Ab-UX1-1-DM1}.

{60169 Altematively, the holding step can be performed after punfication of the
conjugate, followed by an additional purification step.

{06178 In a preferred embodiment, the reaction is allowed to proceed to completion
prior to the holding step. o this regard, the holding step can be performed about 1 hour to
about 48 hours {e.g., about | hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours,
about 6 hours, about 7 hours, about 8 hours, about 9 hours, about 10 hours, about 11 hours,
about 12 hours, about 13 hours, about 14 hours, about 15 hours, about 16 hours, about 17
hours, about 18 hours, about 19 hours, about 20 hours, about 21 hours, about 22 hours, about
23 hours, about 24 hours, or about 24 hours to about 48 hours) after the mixture comprising
the antibody and the drug {e.g., DM or DM4) is contacted with the cross-linking agent {e.g.,
SMCLC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CX1-13.

{00171} The holding step comprises maintaining the solution at a suitable temperature
{e.g., about 0°C to about 37°C) for a suitable pernod ot time (2.2., about | hour to about 1
week, about 1 hour to about 24 hours, about 1 hour to about 8 hours, or about 1 hour to about
4 hours} to release the unstably bound linkers from the antibody while not substantially
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releasing the stably bound linkers from the antibody. In one embodiment, the holding step
compnses maintaining the solution at about 20 °C or less {(e.g.. about 0°C to about 18°C,
about 4°C to about 16°C), at room temperature {e.2., about 20°C to about 30°C or about 20°C
to about 25°C), or at an elevated temperature {e.g., about 30°C to about 37°C). Inone
embodiment, the holding stop comprises maintaining the solution at a temperature of about
16°C to about 24°C {e.g., about 15°C, about 16°C, about 17°C, about 18°C, about 19°C, about
20°C, about 21°C, about 22°C, about 23°C, about 24°C, or about 25°C). In another
embodiment, the holding step comprises maintaining the solution at a temperature of about
2°C to about 8°C {e.g., about 0°C, about 1°C, about 2°C, about 3°C, about 4°C, about 5°C,
about 6°C, about 7°C, about 8°C, about 9°C, or about 10°C). In another embodument, the
holding step comprises maintaiming the solution at a temperature of about 37°C (e.g., about
34°C, about 35°C, about 36°C, about 37°C, about 38°C, about 39°C, or about 40°C).

[0606172] The duration of the holding step depends on the temperature and the pH at
which the holding step s performed. For example, the duration of the holding step can be
substantially reduced by performing the holdmg step at elevated temperature, with the
maximum temperature limited by the stability of the cell-binding agent-cytotoxic agent
conmjugate. The holding step can comprise maintaining the solution for about 1 hour to about
1 day {e.g., about I hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6
hours, about 7 hours, about 8 hours, about 9 hours, about 10 hours, about 12 hours, about 14
hours, about 16 hours, about 18 hours, about 20 hours, about 22 hours, or about 24 hours),
about 10 hours to about 24 hours, about 12 hours to about 24 hours, about 14 hours to about
24 hours, about 16 hours {6 about 24 hours, about 18 hours (o about 24 hours, about 20 hours
to about 24 hours, about 5 hours to about 1 week, about 20 hours to about | week, about 12
hours to about 1 week {e.g., about 12 hours, about 16 hours, about 20 hours, about 24 hours,
about 2 days, about 3 davs, about 4 days, about 5 dayvs, about 6 days, or about 7 days), or
about 1 day to about 1 week.

{0173] In one embodiment, the holding step comprises maintaining the solution at a
temperature of about 2 °C to about 8 °C for a period of at least about 12 hours foruptoa
week. In another embodiment, the holding step comprises maintaiming the solution at a
temperature of about 2 °C to about & °C overnight {e.g., about 12 to about 24 hours,
preferably about 20 hours}.

{6174 The pH value for the holding step preferably is about 4 to about 10. Inone
embodiment, the pH value for the holding step 1s about 4 or more, but less than about 6 (e g,
4 1o 5.9} or about 5 or more, but less than about 6 {e.g., 510 5.9). In another embodiment, the
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pH values for the holding step range from about 6 to about 10 {e.g., about 6.3 to about 9,
about 6 to about 8). For example, pH values for the holding step can be about 6, about 6.5,
about 7, about 7.5, about 8, about 8.3, about 9. about 9.5, or about 10.

{01 75] In specific embodiments, the holding step can comprise incubating the mixiure
at 25°C at a pH of about 6-7.5 for about 12 hours 1o about 1 week, incubating the mixture at
4°C at a pH of about 4.5-3.9 for about 5 hours to about 3 days, or incubating the mixture at
25°C at a pH of about 4 .5-5.9 for about 5 hours to about 1 dav.

{661 76] The one-step process may optionally include the addition of sucrose 1o the
reaction step to increase solability and recovery of the conjugates. Desirably, sucrose 1s
added at a concentration of about 0.1% (w/v) to about 20% (w/v) (e.g., about 0.1% (w/v), 1%
(wiv), $% {(wivy, 10% {(w/iv), 15% {w/v}, or 20% {w/v}). Preferably, sucrose is added at a
concentration of about 196 (w/v} to about 10% (w/ivy {e.g., about 0.5% (w/v}, about 1% (w/v),
about 1.5% (w/v), about 2% (w/v), about 3% (w/v), about 4% (w/v}, about 5% (w/v)}, about
6% (wiv), about 7% (w/v), about 8% (w/v}, about 9% (w/v), about 10% (w/v}, or about 11%
{w/v}). In addition, the reaction step also can comprise the addition of a buffering agent.

Any suitable buffering agent known i the art can be used. Suitable buffering agents inclode,
for cxample, a citrate butfer, an acetate buffer, a succinate buffer, and a phosphate buffer. In
one embodiment, the buffering agent 1s selected from the group consisting of HEPPSO (N-(2-
hydroxyethyDpiperazine-N'-(2-hydroxypropanesalfonic acid)), POPSO (piperazine-1,4-bis-
(2-hydroxy-propane-sulfonic acid} dehydrate), HEPES (4-(2-hydroxyethylpiperazine- -
cthanesulfonic acid), HEPPS (EPPS) (4-(2-hvdroxyethyDpiperazine- 1 -propancsulfonic acid),
TES (N-[tris(thvdroxymethyDmethyli-2-aminocthanesulfonic acid), and a combination

thereof.

{60177 In one embodiment, the one-step process can further comprise the step of
purifying the mixture to provide punfied conjugate {¢.g., Ab-MCC-DMI, Ab-SPDB-DM4 or

Ab-CX1-1-BM1}. Any punfication methods known in the art can be used to purify the
conjugates of the present invention. In one embodiment, the conjugates of the present
mvention using tangential flow filtration (TFF), non-adsorptive chromatography, adsorptive
chromatography, adsorptive filtration, selective precipitation, or anv other suitable
punfication process, as well as combinations thereof. In another embodiment, prior to
subjecting the conjugates to purnification process described above, the conjugates are first
filtered through one or more PVDF membranes. Alematively, the conjugates are filiered
through one or more PVDF membranes after subjecting the conjugates to the purification
process described above. For example, in one embodiment, the conjugates are filtered
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through one or more PVDF membranes and then puritied using tangential flow filtration.
Altematively, the conjugates are purified using tangential flow filtration and then filiered
through one or more PVDF membranes.
{6178 Any suitable TFF systerns may be utilized for punfication, including a
Pellicon type system (Millipore, Billenica, MA), a Sartocon Cassette system (Sartorins AG,
Edgewood, NY), and a Centrasette type system {Pall Corp., East Hills, NY).
160179) Any suitable adsorptive chromatography resin may be utilized for purification.
Preferred adsorptive chromatography resins include hydroxyapatite chromatography,
hydrophobic charge induction chromatography (HCIC), hydrophobic interaction
chromatographv (HIC), ion exchange chromatography, mixed mode ion exchange
chromatographyv, immobilized metal affinity chromatography (IMAC), dve ligand
chromatography, affimty chromatography, reversed phase chromatography, and combinations
thereof Examples of suitable hydroxyapatite resins include ceramic hydroxyapatite (CHT
Tvpe 1 and Type H, Bio-Rad Laboratories, Hercules, CA), HA Ultrogel hvdroxyapatite (Pall
Corp., East Hills, NY), and ceranuc fluoroapatite {CFT Type I and Type I, Bio-Rad
Laboratonies, Hercules, CA). An exampie of a suitable HCIC resin is MEP Hypercel resin
{Pall Corp., East Hills, NY}. Examples of suitable HIC resins include Butyl-Sepharose,
Hexyl-Sepaharose, Phenyl-Sepharose, and Octyl Sepharose resms (all from GE Healtheare,
Piscataway, NI}, as well as Macro-prep Methyl and Macro-Prep t-Butyl resing {Biorad
Laboratories, Hercules, CA). Examples of suitable 1on exchange resing inclade SP-
Sepharose, CM-Sepharose, and (Q-Sepharose resins {all from GE Healthcare, Piscataway,
NI, and Unosphere S resin (Bio-Rad Laboratories, Hercules, CA). Examples of suitable
mixed mode ion exchangers include Bakerbond ABx resin (T Baker, Phillipsbarg NI},
Examples of suitable IMAC resins include Chelating Sepharose resin (GE Healtheare,
Piscataway, NJ) and Profimity IMAC resin {Bio-Rad Laboratories, Hercules, CA). Examples
of suitable dye higand resins inchude Bhie Sepharose resin (GE Healthcare, Piscataway, NI}
and Affi-gel Blue resin (Bio-Rad Laboratories, Hercules, CA). Examples of suitable affimity
resins include Protein A Sepharose resin {(e.g., MabSelect, GE Healthcare, Piscataway, NJ)
and lectin atfimity resins, e.g. Lentil Lectin Sepharose resm (GE Healtheare, Piscataway, NJ},
where the antibody bears appropriate lectin binding sites. Examples of suitable reversed
phase resins include C4, C8, and C18 resins (Grace Vvdac, Hesperia, CA).
{06186 Any suitable non-adsorptive chromatography resin may be utitized for
purification. Examples of suitable non-adsorptive chromatography resims include, but are not
himited to, SEPHADEXT™ (3-25, G-50, G-100, SEPHACRY L™ yesing {e.g., S-200 and S-
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300), SUPERDEX™ reqins {e. g, SUPERDEX™ 73 and SUPERDEX™ 200), BIG-GEL®

resing {e.g., P-6, P-10, P-30, P-60, and P-100}, and others known to those of ordinary skill in

the art.

Two-Step Process and One-Pol Process

{00181} In one embodiment, the conjugates of the present invention can be prepared as
described in the U.S. Patent 7,811,572 and U.S. Patent Application Publication No.
2006/0182750. The process comprises the steps of (a) contacting the antibody of the present
mvention with the cross-linking agent {e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or
CX1-1} to covalently attach the binker (.., Ab-SMCC, Ab-SPDB or Ab-CX1-1) to the
antibody and thereby propare a first mixture comprising the antibody having the linker bound
thereto; (b) optionally subjecting the first mixture o a purification process to prepare a
purtticd first mixture of the antibody having the linker bound thereto; (¢) conjugating the
drug {e.g., DM1 or IM4) to the antibody having the hinker bound thereto 1o the first mixture
by reacting the antibody having the linker bound thereto with the drug (e.g, DM or DM4) in
a solution having a pH of about 4 to about 9 to prepare a second nuxture comprising (i)
conjugate {e. 2., Ab~-MCC-DM1, Ab-5PDB-DM4 or Ab-CX1-1-DM1), (1) free drug {e.g.,
DM1 or DM4); and (111} reaction by-products; and (d) subjecting the second mixture to a
pustfication process to punfy the conjugate from the other components of the second mixtore.
Alternatively, the punfication step (b) can be omitted. Any purification methods described
herein can be used for steps (b) and (d). In one embodiment, TFF 15 used for both steps (b)
and (d}. In another embodiment, TF¥ is used for step (b} and absorptive chromatography

{e.g., CHT) 15 used for step (d).

One-Step Reagent and In-sity Process

[060182] In one embodiment, the conjugates of the present invention can be prepared by
conjugating pre-formed drug-linker compound (e.g., SMCC-DM]1, Sulfo-SMCC-DM],
SPEB-DM4 or CX1-1-DM1) to the antibody of the present invention, as described in U.S.
Patent 6,441,163 and U8, Patent Application Publication Nos. 2011/0003969 and
2008/(145374, followed by a purification step. Any purification methods described herein
can be used. The drug-linker compound is prepared by reacting the drug {e.g, DM1 or DM4)
with the crosg-Hnking agent {e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-5PDB or CX1-1). The
drug-linker compound {e.g., SMCC-DM1, Sulfo-SMCC-DMI1, SPDB-DM4 or CX1-1-DM1)
is optionally subjected to purification before being conjugated to the antibody .
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Anti-P-cadherin Antibodies

{36183} The present invention provides antibodies or antibody fragments {e.g., antigen
binding fragments) that specifically bind to humsan P-cadherin. Antibodies or antibody fragments
(e.g., antigen binding fragments) of the invention include, but are not lunited to, the haman
monoclonal antibodies or fragmenis thereof, 1solated as deseribed i the Examples.

{66184 The present invention in certain embodiments provides antibodies or antibody
fragments (e.g., antigen binding fragments) that specifically bind P-cadherin, said antibodies or
antibody fragmenis (e.g., antigen binding fragments) comprise a VH domain having an amino
acid sequence of SEQ ID NO: 7,27, 47,67, 87, or 107, The present invention in certain
embodiments also provides antibodies or antibody fragments (e.g., antigen binding fragments)
that specifically bind to P-cadherin, sad antibodics or antibody fragments {e.g., antigen binding
fragments) comprise a VH CDR having an amino acid sequence of any one of the VH CDRg
listed in Table 1, infra. In particular embodiments, the mvention provides antibodies or antibody
fragmenis (e.g., antigen binding fragments) that specifically bind to P-cadherin, said antibodics
compnsing (or alicrnatively, consist of) one, iwo, three, four, five or more VH CDRs having an
amino acid sequence of anv of the VH CDRs listed 10 Table 1, mnfra.

[66185] The present mvention provides antibodies or antibody fragments {e.g., antigen
binding fragments) that specifically bind to P-cadherin, said antibodies or antibody fragments
{e.g., antigen binding fragments) comprise a VL domain having an ammo acid sequence of SEQ
TDNGQO: 17,37,57,77, 97, or 117. The present invention also provides antibodies or antibody
fragments (e.g., antigen binding fragments) that specifically bind to P-cadherin, said antibodies or
antibody fragments {e.g., antigen binding fragments) comprise 2 VL CDR having an amino acid
sequence of any one of the VL CDRs listed m Table 1, infra. In particular, the mvention provides
antibodies or anttbody fragments {e.g., antigen binding fragmenis) that specifically bind to P-
cadhernin, said antibodies or antibody fragments (e.g., antigen binding fragments) comprise {(or
alternatively, consist of) one, two, three or more VL CDRs having an anuno acid sequence of any
of the VL. CDRs listed 1n Table 1, infra.

363185 Other antibodics or antibody fragments {e.g., antigen binding fragments) of the
mvention inchide amimo acids that have been mutated, vet have at least 60, 70, 80, 90 or 95
percent wentity m the CDR regions with the CDR regions depicted n the sequences desenibed in
Table 1. In some embodiments, the antibodies comprise mutant amino acid sequences wherein
no more than 1, 2, 3, 4 or 5 amino acids have been mutated i the CDR regions when compared
with the CDR regions depicted 1n the sequence desenibed m Table 1.

[66187] The present mvention also provides nucleic acid sequences that encode the VH,

YL, the full length heavy chain, and the full length light chain of the antibodics that specifically
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bind to P-cadherin. Such nucleic acid sequences can be optimized for expression m mammalian

cells.

Table 1. Examples of anti-P-cadherin Antibodics of the Present Invention

NOVISONIQ
SEQ 1D NO. Description | Sequence

SEQIDNO: | HCDR1 SQSAAWN
{k.abat)

SEGIDNG: 2 HCBR2 RIYYRSKWYNDYARLSVKS
{Kabat}
SEQIDNG: 3 HCDR3 GEGYGREGFAT

{Kabat)
SEQIDNO: 4 HCDR1 GDSVSSQSA
{Chothia)
SEQIDNG: 5 HCDR2 YYRSKWY
{Chothua}
SEQIDNG. 6 HCDR3 GEGYGREGFAT
{Chothia)

SEQIDNG:7 [ VH OVOLOOSGPGLVKPSOTLS! SVSSQSAAWNWI
RQSPSRGLEWLGRIYYRS <www ALSVKSRITINPDTS
KNQFSLOLNSVTPEDTAVY YCARGEGYGREGFAIWGQGT

LVTVSS

SEGIDNG: 8 DNA VH CAGGTGC Z\f:f"T‘r;(* Ac;.\

CCTAG
GATAGT
.VJ,Z’&L/LA,&(:} TCACC C '? (‘ TAGGC

ATCTACTATAGGTCTAAGTGETATAACGACTACGCCCTG

AGCGTGARAGTCTAGGATCACTAT TAACCCCGACACCTCT

pintakVatatalel 11-»-| ealaralssl ~
AGTCAGGECC GGELUL (:;C—r [ O A’-\(—r

sACCTG L;(

~ TS

SGAGTGGUTGGGETAGA

AAGAATCAGTTTAGCCTGCAGCTGAATAGCGTGACCCCC
GAGGACACCGCCGTCTACTACTGCGCTAGAGGCGAGGGC
TACGGTAGAGAGGGCTTCGCTATCTGGGEGETCAGGECACC
CTGGTCACCGTGTCTAGC

SEQIDNG: 9 Heavy QVQLOOSGPGLVKESOTLSLTCATLISGDSVIESOSAAWNWT

—

Chain RQSPS RGLEWLGRIYYRSEWYNDYALSVKIRITINPDTS
E\'QT‘QJ DLNSVTPEDTAVYYCARGEGY GREGFAIWGOGT
L \/'[‘ VEPLAE STSGETAALGCLVEDYF
) TVSWD '[/\SS(“'. SVVTV
SSSLGTQTYICNVNHKPSH "‘v\\7'\'<R\EPKbZDE\ HTCPP
CPAPELLGGPSVFLFPPKPEDTLMISRTPEVICVVV

1T,
SGVH

"1

VS
HEDPEVEENWYVDGVEVHENAKTKPREEQYNSTYRVVSVL
TVLHOQDWLNGEKEY KCKVSNEALPAPTEKTISKAKGQOPRE
POVYTLPPSREEMTRKNOVSLTCLVKGEYPSDIAVEWE SN
GOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOGNVE

l)

SCSVMHEALHNHYTOKSLSLSPGK

SEQID NG: 10 DNA CAGGTGCAGCTGCAGCAGTCAGGCCCTGGCCTGGTCAAG
Heavy CCTAGTCAGACCCTGAGCCTGACCTGCGCTATTAGCGEC

Chain GATAGTGTGTCTAGTCAGTCAGCCGCCTGGAACTGGATT
AGACAGTCACCCTCTAGGGGCCTGGAGTGGCTGGEETAGA
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ATCTACTATAGGTCTAAGTGGTATAACGACTACGCCCTG
AGCGTGAAGTCTAGGATCACTATTAA (”’C CCGACACCTCT
AAGAATCAGTTTAGCCTGCAGCTGAATAGCGTGACCCCC
GAGGACACCGCCGTCTACTACTGE f(‘”‘] GAGGCGAGGGEC

Tz“\C(”f' STAGAGAGGGCTTCGCTATCTGGGGTCAGGGECACC

FUNFEITIANITANCTTTY £~ 7 e T R o e NETUR T M eler v Neut
BCCETGETCT /.-1'\_7‘: GCTAGCACTAAGGEGCCCAAGT

GCTGT T CCCCTGEOCCCCAGCAGCAAGTCTACTTCCGEE
Tl AT LU VGO UCUAGL S \"\/.f AR R Ll UAzioL

GOTGOCOTECETTTGCOTGGTGAAGS alnkiWalselafal
GGAACTGITGCCCTGEE GCCTGEGTGAAGGACTAL ] Ic

CCCGAGCCCGETGAC GGAACTCTGGGG
ACTTCCGGCETGCACACCTTCCCCGCCGTGITGCAGE
AGCGGCCTETACAGCCTGAGCAGCGTGGETGACAGT GCC Cc
TCCA TCTGGGAACCCH, uACCT.‘A’.IL_Z‘%f[ 'CTGCAAL

CCAGCTC
WCCACAAGCCCAGCAACACC

AGTGTCCTL

GAGCCCRAAGAGCTGCGA! AACACC

TGCCCAGCTCCAQnﬁFTFCT"C”AGGGCCTT”LGT”TT”
CTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGC
AGGACCCCCGAGGTGACCTGCETGETGGETGGACGTETCC
CACGAGGACCCAGAGGTGAAGTTCAACTGETACGTGGAC
GGCGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAG
GAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGETG
ACCGTGCTGCACCAGGACTGGCTGAACGGCARAGAATAC
AAGTGCAAAGTCTCCAACAAGGCCCTGCCAGCCCCAATC
GAARAGACAATCAGCAAGGCCAAGGGCCAGCCACGGEGAG

{.

CCCCAGGTGTACACCCTGCCCCOCAGCCGEGAGGAGATG

ACCAAGAACCAGGTGTCCCTGACCTGEICTGETG
TT C'I‘ /‘:(‘ CCCAGCGATATCGCCGTGGAGTGEGAG
~C CCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTG
GGACAGCGACGGCAGCTTCTTCCTGTACAGCAAGTTG
ACCGT GGACAAGTCCAGGT ECCA’ CAG :o\,AAC('J"l" TTC
AGCTGCAGCGTGATGCACGAGGCCCTGCACARCCACTALC

ALUL GG L
GO COTGACCCTGAGROC AT
TCCCTGAGCCTGAGCCCCGECAAG

ARGGGEC

A x\”\/ E \(‘

Ay

e
NCCCAGA

SEQIDNO: 1t | LCDR1 RASQTISNTLA
{Kabat)
SEQIDNG: 12 | LCDR2 AASNLOS
{Kabat)
SEQIDNG: 13 { LCDR3
{Kabat}
SEQGIDNG: 14 | LCDRI SQTISNT
{Chothia)
SEQIDNO: i5 | LCDR2 ARS
{Chothia)
SEQIDNGO: 16 | LCDR3 YLEWEF
{Chotlua)
SEQIDNG: 17 (VL ..,vI().vJ'”u SPSSLSASVGE
PGRAPKLLIYAASNLOIGVY SGEGS
QPEDEA ”'YY COOYLSWET Tﬂf‘ 'KVE K

SEQIDNG: 18 DNA VL GATATTCAGATGACTCAG "’(‘ ACCTAGTAGCCTGAGCECT
AGTGTGGGECEGATAGAGTGACTATCACCTGTAGE
CAGACTATCTCTAACA (‘C TGEGCCTGGETAT (J“a(lAGAAG

N e I Talalalalih sielsaierUlshrNelo'olol e olsulout
CCCGGETARAAGCCCCTAAGCTGUTGATCTACECCGECITC

o)

JOYLSWET

leTeY:
St

[ C RASOTT

el
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CCTAGATCAGGCTCTATTAACTATI j\CGA““ AGTTTAAG
GGTCAGGTCACAATTAGCGCCGATAAGTCTAGCTCTACC
GCCTACCTGCAGTGGETCTAGCCTH J"‘_\.Z\GG\/TT\ GTGACACC

GCTATGTACTACTGCGCTAGACGTAACCTGTTCCTGCCT

(

AN LU AN
ATGGAATACTGGGETCAGGGCACCCTGETCACCGTGTCT
AGT

SEQIDNO: 29 | Heavy EVQLVQSGARVKKPGESLKISCKVSGY TFTDHT THWM
Chain MPGKGLEWMGY IY PRSGS INYNEKFE KGQVTISADISSST
AYLOWSSLKASDTAMY YCARRNLFLPMEYWGOGTLVTVS
SASTKGPSVFPLAPSSKSTSGGTARLGCLVKDY FPEPVT
VSWNSGALTSGVHTEFPAVLQSSGLY SLSSVVTVPSSSLG
TQT”IF\“-JKPFQTKVDKRVEPL’CDKTHTCPP APE
LLGGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWY VDGVEVHNARTKPREEQYNSTYRYV v“V*”VI{Q
DWLNGKEY KCKVSNKALPAPIEKT I SKARGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFY PSDIAVEWESNGOPEN
NYKTTPPVLDSDGS FFLY SKLTVDKSRWQOGNV FSCSVM

HEALHENBYTOKSLSLIPGK

SEQID NO: 30 DNA GAGGTGCAGCTGGETGCAGTCAGGCGCCGAAGTGAAGAAG
‘ Heavy CCCGGCGAGTCACTGAAGATTAGCTGT &?@«_u
Chain TACACCTTCACCGATCACACTATTCACTGEAT
ATGCCCGETAARAGGCCTGGAGTGEATGGECT /‘:’T' '"s."]."(_
CCTAGATCAGGCTCTATTAACTATAACGAGAAGT TTAAG
GGTCAGGTCACAAT TAGCGCCGATAAGTCTAGCTCTACC
GCCTACCTGCAGTGGETCTAGCCTGAAGGCTAGTGACACC

GCTATGTACTACT
'k"GG}‘MZ‘%J.PAC’].‘GGGG’ [CAGGGCACCCTGGTCACCGTGETCT

/«4’\ ~4rv1b(<r\.;\ NTUN DY T atal

GCGCTAGCACTARGGGCCCAAGTGTGTTTCCCCTGGEEC

CGCTAGACGTAACCTGTTCCTGCOT

CC‘-CT GC? C’:AA""' CTACTTCCGGECGGAACTGCTGCCCTG
GCETTGCCTGETGARGGACTACTTCCCCGAGCC 3G"ﬁuACA
GTGTC “"GGAAC"' CTGEGGGCTCTGACTTCCGGCGETGCAC

ACCTTCCCCGCCETECTGCAGAGCAGCGECCTC r"‘ACA"”
CTGAGCAGCGTGGTGACAGTGCCCTCCAGCTCTCTGEE

ACCCAGACCTATATCTGCAACGTGAACCACAAGCCCALGC
AACACCAAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGC
GACAAGACCCACACCTGCCCCCCCTGCCCAGCTCCAGAR
CTGCTGGGAGGGCCTTCCETGTTCCTGTTCCCCCCCAAG
CCCARAGGACACCCTGATGATCAGCAGGACCCCCGAGETG
ACCTGCGTGGTGGTGGACGTGTCOCACGAGGACCCAGAG
GTGAAGTTCAACTGGETACGTGCGACGGCGETEGAGGTGCAC
AACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGC
ACCTACAGGGTGGETGTCCGTGCTGACCGTGCTGCACTAG
GACTGGCTGAACGGCAAAGAATACAAGTGCAAAGTCTCC

AACAAGGCCCTGCCAGCCCCAATCGAARAGACARTCAGC
ABAGGCCAAGGGCCAGCCACGGGAGCCCCAGETGTACACC
CTGCCCCCCAGCCGEGAGGAGATGACCAAGAACCAGETG
[ ”3’:"3'1‘3 WCCTGTCTGGTGAAGGGCTTCTACCCCAGCGAT

CGCCHETGGAGT GGGAGAGCAACGGCCAGCCCGAGAALC
,AAC’,"ALN WAGACCACCCCCC! 3]\11'.""(3'1‘ GGACAGCGACGGEC

AGCTTOTTCCTET
AGCTTCTTCCTET

~ GOTCACCETGE ~ T
ACAGCARGCTGACCETGGACAAGTCC

AGGTGGCAGCAGGGCAACGTGTTCAG ""GCP\GCUI =ATG

5
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NEGOGG13

SEQ 1D NO: 41

HCDBRI
{Kabat)

DHTIH

SEQ ID NO: 42

HCDR2
{Kabat)

YIYPRSGSINYNEKERG

SEQ 1D NO: 43

HCDR3
{Kabat)

RNLFLPMEY

SEQ 1D NO: 44

HCDRI
{Chothua}

GYTETDH

SEQ ID NO: 45

HCDR2
{Chothia}

YPRSGS

SEQ ID NO: 46

HCBR3
{Chothia)

RNLEFLPMEY

SEQ ID NO: 47

VH

NVEKPGES

=Y ITYPRSG
AYLOWSSLKASD

TAMYYCARRNLELPMEYWGOGTLVTVS

[\

LEKISCKVSGYTETDHT ITHWMERD
S TINYNEKEKGOVTISADKS ’ST

’2

SEQ IDNO: 48

DNA VH

RIS N, T TR T T R e e e 7 R
GAGGTGCAGCTGETGCAGTCAGGCGCUGAAGTGAAGAAG

~ - . NS 7 TTACCTET ST T R ~
CCCGGCGAGTCACTGAAGATTAGCTGTARAGTCTCAGGC

ACACCTTCACCGATCA

CACTATTCACTGGATGAGACAG

Cham

ATGCCCGGTAAAGGCCTGGAGTGGATGGGCTATATCTAC
CCTAGATCAGGCTCTATTAACTATAACGAGAAGTTTALG
GGTCAGGTCACAATTAGCGCCGATAAGTCTAGCTCTACC
GCCTACCTGCAGTGGETCTAGCCTGAAGGCTAGTGACACC
GCTATGTACTACTGCGCTAGACGTAACCTGTTCCTGCCT
ATGGAATACTGGGETCAGGGCACCCTGGTCACCGTGTCT
AGC
SEQID NG 49 | Heavy I“ILVQL‘»/"Y’SLAI‘”\7[’K PGES

=
[

LEWMGYTIYPRS

wn

t‘)OUJ'l\JP/“"

\STKGPSVEPLAPSSK

-]

A

v

)__'l

V\
OTYICNVNHEPSNTE

U

=
(')r
F

GESLKISCKVSGYTETDHT THWMRG
GSINYNE S
LQMUSLKﬁ DTAMYYCARRNLEFLPMEYWGOGTLVTY

WNSGALTSGVHTFPAVLOSSGLY SLSSVVTIVPSSSLG

VELFPPKERKDTLMISRTPEVTCY VVDVOH:ﬁP

4 e

EFRGOVTISADKSS

1
!
<L
Z‘

\4 \,l

STSGGTAALGCLVKDY FPEPVT

EIJ

VDRKRVEPKSCDKTHTCPPCEPAP

S

VKENWY VDGVEVHNAKTKPREECYNSTYRVVSVLTVLHO
DNLNGKEYKCK’SF<ALDRPLT&TISKﬁKﬁQPREPQVYT
LPPSREEMTKNOVELTCLVEGEY PSDIAVEWESNGQPE?D
NYRKTTPPVLDSDGSEFEFLY SKLTVDKSRWOOGNVESCEVM

HEALHNHBYTOKSLSLSPGK
SEQ ID NO: 50 DNA GAGGTGCAGCTGGETGCAGTCAGGCGCCGAAGTGAAGARLG
Heavy CCCGGCGAGTCACTGAAGATTAGCTGTAAAGTCTCAGGC
Chain TACACCTTCACCGATCACACTATTCACTGGATGAGACAG
ATGCCCGGTAAAGGCCTGGAGTGGATGGGCTATATCTAC
CCTAGATCAGGCTCTATTAACTATAACGAGAAGTTTAAG
GGTCAGGTCACAATTAGCGCCGATAAGTCTAGCTCTACC
GCCTACCTGCAGTGGETCTAGCCTGAAGGCTAGTGACACC
GCTATGTACTACTGCGCTAGACGTAACCTGTTCCTGCCT
ATGGAATACTGGGETCAGGGCACCCTGGTCACCGTGTCT

AGCGCTAGCACTAAGGE

COCAGCACCAAGTCTAC
CCCAGCAGCAAGTCTAC

CCCAAGTGTGTTTCCCCTGGCC

STTCCGECEGAACTGCTGECCTG

38
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L 3 -
Yalalsin Faralararalainlalfaiss 17y ks IO T A Y Y
NCCTTCCCCCGCCGETCGOTGCAGAGCAGCGGECCTGETACAGC

[GAGCAGCGTGGTGACAGTGCCITCCAGCTCTC ]."f“ GGA

WIS

L (el u RO (AN

CAGACCTATATCTGCAACGTGAAC
’?&CAC CAAGGETGGACAAGAGAGT GGAGCCCAAGAG
GACAAGACCCACACCTGCCCCCCCTGCCCAGCTCCAGAR
CTGCTGGGAGGGCCTTCCGTGTTCCTGTTCCCCCCTAAG
CCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGETG

ACCTGCGTGETGGTGGACGTGTCCCACGAGGACCCAGAG

(‘r. '‘GAAGTTCAACTGGTACGTGGACGGCGETGGAGGET CCA(“

AACGCCAAGACC AwCC CAGAGAGGAGCAGTACAACAGC
ACCTACAGGGTGGETGTCCGTGCTGACCETECT 3(‘ C ICAC:
GACTG TCTGF—\J&C’GGCZ—L’“—\ AGAATACAAGTGCARAGTCTCC
AACAAGGCCCTGCCAGCCCCAATCGARAAGACAATCAGC
ALGGCCAAGGGCCAGCCACGGGAGCCCCAGLTGTACACC
CTGCCCCCCAGCCGEGAGGAGATGACCAAGAACCAGGTG
TCCCTGACCTGTCTGGETGAAGGGCTTCTACCCCAGCGAT
ATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAAC
AACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGEC
AGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCC
AGGTGGCAGCAGGGCAACGTGTTCAGCTGCAGCGTGATG
CACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCT
AGCCTGAGCCCCGGECAAG

SEQIDNO: 51 | LCDRI
{Kabat)
SEQIDNO: 52 { LCDR2 WASTRES
(Kabat)
SEQIDNO: 53 | LCDR3
{Kabat)
SEQIDNO: 54 | LCDRI
{Chothia)
LCDR2 WAS
{Chothia)
SEQIDNO: 56 | LCDR3 DYSYPL
{Chothia)
SEQIDNO: 57 VL DIVMIQTPLSLPVIPGEPASISCRSSQSLLSSGNQRNY L
TWYL QKPquPOLL=‘f\7\l/‘:‘“‘.‘ RESGVPDRFSGSGSGTDET
LKISRVEAEDVGVYYCONDYSYPLTFGQGTRLEIK
SEQIDNO: 58 | DNA VL ATATCGTGATGACTCAGACCCCCCTGAGCCTGCCCGTG
ACCCCTGGCGAGCCTGCCTCTATTAGCTGTAGATCTAGT
CAGTCACTGCTGTCTAGCGGTAATCAGAAGAACTACCTG
ACCTGGTATCTGCAGARGCCCOETCAGTCACCTCAGCTG
TCTACTGGGCCTCTACTAGAGAATCAGGCGTGCCC
GATAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
CTGARGATCTCTAGGGTGGRAGCCGAGGACGTGGGTGTC
TACTACTGTCAGAACGACTATAGCTACCCCCTGACCTTC
GGTCAGGGCACTARGCTGGAGAT TARG
SEQIDNO: 59 | Light DIVMIQTPLSLPVIPGEPASISCRSSQSLLSSGNQKNYL
Chain THYL QKPGQSPQLLIYWASTRESGVPDRESGSGSGTDET

o
n
€3]
O
€5

=

-

SSGNQENYLT

SGNQENY

(s
(]

SEQ 1D NO-

k

-i
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LEISRVEAEDVGVYYCONDY SYPLTEFGQGTRKLEIKRTVA
APSVEFIFPPSDEQLESGTASVVCLLNNEYPREAKVQWRVY
DNALOQSGNSOESVTEQDSKDSTY SLSETLTLSKADY EKH
KVYACEVTHOGLSSEFVTRSENRGEC
SEQ ID NO 60 DNA Light | GATATCGTGATGACTCAGACCCCCCTGAGCCTGCCCGTG
Chain ACCCCYGGCGAGCCTGCCTCTATTAGCTGTAGATCTAGT
CAGTCACTGCTGTCTAGCGGTAATCAGRAGAACTACCTG
ACCTGGTATCTGCAGAAGCCCGLTCAGTCACCTCAGCTG
CTGATCTACTGGGCCTCTACTAGAGAATCAGGCGTGCCC
GATAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
CTGAAGATCTCTAGGETGGAAGCCGAGGACGTGGECETC
TACTACTGTCAGAACGACTATAGCTACCCCITGACCTTC

A
GGTCAGGGCACTAAGCTGGAGATTAAGCGTACGE! CC:C(‘
GCTCCC SIGTTCATC 'I”Z’C CCCCCCRAGCGACGAGCA
CTGAAGAGCGGCACCGCCAGEGTGGETGTGCCTGCTGR &x(,

AACTTCTACCCCCGGEGAGGCCAAGGTGCAGTGGAAGGTG

f“\

Slelelaleueler terYels OB RO e
GACARACGCCCTGCAGAGCGGCAACAGCCA W\JH‘J]XG\/W] C

ACCGAGCAGGAC A(”"hﬁb(z%”‘ﬁ 'CCACCTACAGCCT

Ialal v\ ¥ rl

seuerNelo eurey SN e ale ey el Nale
AGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGT

GOTGTACGCCTEOG] STyl N\ N T T
ARGGTGTACGCCTGECC AL‘JC 'GACCCACCAGGEGCCTETCC
Isrlasle i

AGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTEC

NEGOG16
SEGIDNO: 61 | HCDRI DHTLH
(Kabat)
SEQ IDNO: 62 | HCDR2 YIYPRSGSTKYNENFRG
(Kabat)
SEQIDNG: 63 | HCDR3 RILFLPLDY
{Kabat)
SEGQIDNO: 64 | HCDRI GYTFTDH
{Chothia)
SEQIDNG: 65 { HCDR2 YPRSGS
{Chothia)
SEQIDNO: 66 | HCDR3 RILFLPLDY
{Chothua}
SEQIDNG: 67 | VH

Sley:

AEVKEPGSSVEKVSCRVSGY TEFTDHTLHWMRGQ
E]‘.}'v[?C YIYPREGSTKYNENEFRGRVT ]_'I‘ ADTESST

SSLRSEDTAVY YCARRLLEFLPLDYWGQGTLVTVS

'r

A Y_ M b‘

o
[

SEQ D NO: 68 DNAVH CAGATTCAGCTGGTGCAGTCAGGCGCCGAAGTGARGARR

COCGaCTCTAGCGTGARAGTCAGCTOT ARAGTCTCACGE
CCCGGCTCTAGCGTGARAAGTC TGETARAGTCTCAGGC

TACACCTTCACCGATCACACCCTGCACTGGATGAGACAG

GCCCCAGGTCAGGGCITGGAGTGGATGGGCTATATCTAC

CCTAGATCAGGCTCTACTAAGTATAACGAGAACTTTAGS

GGTAGAGTGACTATCACCGCCGACACTAGCTCTAGCACC
GCCTATATGGAACTGTCTAGCCTGAGAT CAGAGGACACC
GCCGTCTACTACTGCGECTAGACGGCTGCTETTCCTGCCC

NN T e

GACTACTGGGGTCAGGGCACCCTGGETCACCGTETCT

I alal
AN

SEQ 1D NO: 69 Heavy QIQLVOSGAEVKEPGSSVRKVSCKVSGY TETDHTLHWMRO

60



WO 2016/075670

PCT/IB2015/058801

Chain

AYME
Qpam
DD L

VIWN
TOTY

LLGGPSVELEPPRPKDTLMISRTPEVICVVVDVSHE

VEKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHD

DWLN
LPFS

SGALTSG
ICNVINH

GKEYKC
REEMTE

KNQV
NYKTTPPVLDSDGSFET
HEATLHNHY TQKSI

=
w]
P
-
-
[
')
]
=)
)
=
=
h'J
-
U
[
U
=
Z
)
10
)]
]
=
1 <
U =
<:
w

LV DYEP EPVT

TN rrn\‘f DoAY 2
SLSSY PSSSLG

SC D KTHTCFPPCPAPE
DPE

GVHTE

KESNTEKVDRRVEPKE

J

KVSNEKALPAPIERTISKAKGOPREPOVYT
TCLVKGEYPSDIAVEWESNGOPEN
N SKLTVDKSRWOOGNVESCESVM
WSPGK

]

I

SEQ D NO: 70

DNA
Heavy
Chain

CAGATTCAGCTGGTGCAGTCAGGCGCCGAAGTGAAGAAR

Ialalalel
Ll i\/(

TACAC
GCCC
CCTA
GGTA
arall
PR

Lo

elalele

GCCGT

GOTON

ST

(SR \/E
CAGGTC

SATOR
GATCA

\GAGT C

CTATATC

VJ'\."

TCTASTA

CTGGACTACTG

T
AGCGC

STalal

CCCAGCARGCAAGTCTACTTCCGGLGGAA

GGTTGCCTGGETGAAGGACTACTTCCCCGAGCCCGTGAC

GTGTCCTGGAACTCTGGGGCTCTGACTTCCGGCGTGCAC
ACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGC
CTGAGCAGCGTGETGACAGTGCCCTCCAGCTCTCTGGGA
ACCCAGACCTATATCTGCAACGTGAACCACAAGCCCAGC
AACACCAAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGC
GACAAGACCCACACCTGCCCCCCCTGCCCAGCTCCAGAA
CTGCTGGCAGGGCCTTCCGTGTTCCTGTTCCCCCCCAAG
CCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTG
ACCTGCGETGETGETGGACGTGTCCCACGAGGACCCAGAG

GTGAAGTTCAACTGGETACGTGGATGGEL

ALCGCCAAGACCAAGCCCAGAGAC (” AG Z’[ GTAC

ACCOT

£

la¥ Yl
(TS A

CTAGCAH

7
!A

e

(@

p——
XG Gl

r ¥ Xelclalols
A ’A\um( EICIROLE:

GGCCAAGGC

I .] Iele

TCCC

ATCG
AACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGC

e
i

Selolelore
CCCCCCAC

TGACCT

NN T g
CCGTGE

TCTTCC
'J.T\.A

CTGAACGGCAAAGRATA \,A/‘: ”"GC‘

CTGTACAGCAAGCTGACCGTGGACAAGTCC

A
CAGGGCAACGTGTTCAGCTGCAGCGTGATG

SOV TN D T DS O TR aiasfatsalal
AGCGTGAAAGTCAGCTGTARAGTCTCAGGC

ACCGATCACACCCTGCACTGGATGAGACAG

AGGGCCTGGAGTGGAT

GGCTCTACTAAGTATAACGAGAACTTTAGSG

\oLoad

[GGATGGGCTATATCTAC

WCTATCACCGCCGACACTAGCTCTAGCACC

n ‘Cﬂwlr-<'w/~r'17‘ GOOTGAGAT algaliy atal

SCCTGAGATCAGAGGACACC
ACT'GCGCTAGACGGCTGCTETTCCTGECCC

GGGETCAGGGCACCOTGETCACCETETOT
SGGTCAGGGCACT GGTCACCGETETC

ACTAAGGGCCCAAGTGTGTT (“L/(‘r[ GGEC 3

T T T S S
TGECTGCCCTG

CGTGGAGGTGCAC

P e
ACAGC

TGE

T (N NPT N e
PGTCCGETGET

AGTCTCC
TGCCAGCCCCAATCGAAA xAx,A CAATCAGC

SAGCCAC COCOAGETET A
GCCAGCCACGGEGAGCCCCAGGETGTACALCC

GCCGGGAGGAGATGACCAAGAACCAGGTG
GTCTGETGA! }SCC?("”’"("."A’ZC(“ CAGCGAT

o~ ,\ lele I alalal el

AGTGGGAGAGCAACGGCCAGCCCGAGAAC

CACTACACCCAGAAGTCCCTG

SEQ ID NO: 71

LCDR1
{Kabat)

SEQID NO: 72

LCDR2

{Kabat)

SEQ ID NO: 73

LCBR3
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{Kabat)

SEQ ID NO: 74

LCDR1
{Chothia)

o7

SOSLILSSGNG

IOKSY

ot do

SEQ ID NO: 75

LCDR2
{Chothia)

WAS

SEQ ID NO: 76

LCDR3
{Chothia)

SEQ 1D NO: 77

VL

EIVMTOS
DKE

SPGERATLS \_“iSSQJLLO\J SNQKSYL

SEGID NO: 78

DNA VL

TWYQO YWASTE AREPSGSGSGTDET
LTISSI IYYCQNDYSYPEFTEFGQGTK

GAGAT CTCAGTCACCCGCTACCCTGAGCCTG
AGCCCT AGAGCTACACTGAGCTGTAGATCTAGT
CAGTCA C CTAGCGGTAATCAGAAGTCCTACCTG
ACCTGGTATCAGCAGAAGCCCGGTCAGGCCCCTAGACTG
CTGATCTACTGGGCCTCTACTAGAGAGTCAGGGATCCCC
GCTAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
CTGACTATCTCTAGCCTGCAGCCCGAGGACTTCGCCGTC

el Mitelidel
TACTACTG

GGTCAGGGCA

TCAGAACGACTATAGCTACCCCTTCACCTT

—
3
=3
I
[P

CTARGCTGGAGATTAAG

SEQ ID NO: 79

Light
Chain

EIVMTQOSPATL

TWYCOKPGOAPRLLIYWASTRESGIPAREFSGSGSGTDET

LTISSLOPEDE
APSVEIEFPS

DNALQSGNSO

SLSPGERATLSCRIESQSLLSSGNQKSYL

FAVYYCONDYSYPFTEFGQGTKLEIKRTVA

SDEQLKSGTASVVCLLNNEYPREAEKVOWEKY

E T'.QDSELD STY SLSSTLTLSKADYEKH
- e

Ju./

SEQ ID NO 80

DNA Light
Chamn

FVYACEVTHO

e

pl

ATCGTGA

& il TACCCT
AGCCCTGGCGAGATACCTACACT“AGCWCTA ATCTAGT
CAGTCACTGCTGTCTAGCGGTAATCAGRAGTCCTACCTG
ACCTGGTATCAGCAGAAGCCCGLTCAGGCCCCTAGACTG
CTGATCTACTGGGCCTCTACTAGAGAGTCAGGGATCCCC
GCTAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
CTGACTATCTCTAGCCTGCAGCCCGAGGACTTCGCCETC
TACTACTGTCAGAACGACTATAGCTACCCCTTCACCTTC
GGTCAGGGCACTAAGCTGGAGATTAAGCGTACGGTGGECC
GCTCCJAGCGTGTTCATJTTCCCC' CAGCGACGAGCAG

e ey Y alale
CTGAAGAGTCG

falninralnk  Valel
AACTTCTACC

Nelelele

THRCYALCID, alolalal: S NelelarNeler e Ialatlal
uz\\,A/‘:( GCCCTGCAGAGCGGCAACAGCCAGGAGAGCETC

e AT A A R A A Y T D (YO T BT D
ACCGA .z-xu'\xA.(,z-me,hZ\f GACTCCACCTACAGCCTGAGC
CnCCT sleloLer et alalala NP7 r*r*'r AV alarita
c\/f{‘: CTGACCCTGAGCARGGCCGACTACGA 3]31\0'\ AL

st . WaTon

AAGGTGTACGCCTGCGA LjGT GACCCACCAGGGCCTETCC

AGCCCCGTGACCAAGAG

Sl /\/~C\(~4rv
g

DY SN

e ~ i
e GAGCCTG

GCACCGCCAGCGTGGETGTGCCTGCTGAAC

CCCGGGAGGCCAAGGTGCAGTGGAAGGTG

(Nr'1hlf‘ 7 S T T

AACAGGGGCGAGTEC

NEGO064

SEQ ID NO: 81

HCDRI
(Kabat)

DHTLH

SEQ I3 NO: 82

HCDR2
{Kabat)

YIYPRSGSTKYNENERG

SEQ 1D NO: 83

HCDR3
{Kabat)

RLLFLPLDY
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SEQIDNO: 84 HCDRI GYTFTDH
{Chothua)
SEQ D NO: 85 HCDR2Z YPR3GS
{Chothia)
SEQ ID NO: 86 HCDR3
{Chothia)
SE(Q ID NO: R7 VH OIQLVOSGAEVEKPGSSVEVSCKVIGY TEFTDHTLHWMED
GOGLEWMGY IYPRSGSTRYNENFRGRVTITADTSSST
ELESLRSEDTAVYYCVRRLLEFLPLDYWGCOQGTLVTVS

SEQID NO: 88 DNA VH | CAGATTCAGCTGGTGCAGTCAGGCGCCGRAGTGAAGARA
CCCGGCTCTAGCGTGARAGTCAGCTGTARAGTCTCA
TACACCTTCACCGATCACACCT .ak/r\k.”l"c(:Ar.](: GACAG
GCCCCAGGTCAGGGCCTGCRAGTGCATGGGCTATATCTAC

\GGC

CCTAGATCAGGCTCTACTAAGTATAACGAGAACTTTAGG
GGTAGAGTGACTATCACCGCCGACACTAGCTCTAGCACC
GCCTATATGGAACTGTCTAGCCTGAGATCAGAGGACACC
GCCGTCTACTACTGCGTCAGACGGCTGCTGTTCCTGCCC
CTGGACTACTGGGGTCAGGGCACCCTGGTCACCGTETCT
e

AGC

SEQ D NG: 89 Heavy QDIQLVOSGAEVEKKPGESVEVSCRVEGY TEFTDHTLHWMRG
Chain APGOGLEWMGY IYPRSGSTKYNENEFRGRVTITADTSSST
AYMELSSLRSEDTAVY YCVRRLLELPLDYWGQGTLVTVS
QASTKGPSVFPLAPSHKSTSGCTAALGCLV'DVVPFP¥“
VSWNSGALTSGVHTFPAVLOSSGLY SLSSVVIVPSSELG
TOTYICK VRHFUSNTiVDKRLﬁEKSLDKTQT”PP“Pﬁf
LLGGPEVELFPPKPKDTLMISRTPEVTICVVVDVEHEDP
VKEFNWYVDGVEVHEHNAKTKPREEQYNSTYRVVSVLTVLH
DWLNGKEYKCKVENKALPAPIEKTISKAKGOPREFOVYT
LPPSREEMTENQVSLTCLVKGFYPSDIAVEWESNG
NYRTTPPVLDSDGSEFEFLY SKLTVDKSRWOOGNV
HNHYTOKSLELSPGK

1

30 tij M 5

<

C)
[OR®;
J
1=
£

[97]
-

“'.I
[97]

o
]
3
|—-4

SEQ D NO: 90 DNA CAGATTCAGCTGGETGCAGTCAGGCGCCGAAGTGAAGARDA
Heavy CCCGGCTCTAGCGTGAAAGTCAGCTGTAAAGTCTCAGGC

Chain TACACCTTCACCGATCACACCCTGCACTGGATGAGACAG
GCCCCAGGTCAGGGCCTGGAGTGGATGGGCTATATCTAC
CCTAGATCAGGCTCTACTAAGTATAACGAGAACTTTAGG
GGTAGAGTGACTATCACCGCCGACACTAGCTCTAGCACC
GCCTATATGGAACTGTCTAGCCTGAGATCAGAGGACACC
GCCGTCTACTACTGCGTCAGACGGCTGCTGTTCCTGCCC
CTGGACTACTGGGGTCAGGGCACCCTGGTCACCGTETCT

AGCGCTAGCA! GGCCCAAGTGTGTTTCCCCTGGCC

OB AL
CCCAGCAGCE

GGTTGCCTGETGAAGGA

CTCT OO TEEAACTOTGRGRCTCTCGACTTCCGGOCGTCGCAC
TGTCCTGGAACT CTGEGGEGCTCTGACTTCC \)(:rbf—r TGC: (

'®)
(2
=

TCCGECGGAACTGCTGCCIT

\CTACTTCCCCGAGCCCH ]"f:}\(:‘

}
/_\
(59

/\f\r*(r"”'f( Y N T O T R O DI A Y ~ o~ sloutleus e
ACCTTCCCCECCGETGECTGCAGAGCAGCGGECUTGETACAGC

CTGAGC!

oG GCETCACAGTGCCCTCCACCTCTCTCGE
Clier GG ACAGTG CTCTCT 2

AGCGT LT AL oL LU AL haiofiy

ACCCAGACCTATATCTGCAACGTGAACCACAAGCCCAGC

ALCACCAAGGTGGACAAGAGAGTGGAGCCCARGAGCTGC

GACAAGACCCACACCTGCCCCCCCTGCCCAGCTCCAGAA

63



WO 2016/075670 PCT/IB2015/058801

'GTGTTCC
C

- -
C C

CTGATGAT CAG- { ,Z-\_GGAC
~

Q O
)
@]
@]
[0}
]
)
)]
]
1 Q)

\_
"’37‘@(5’?" CAACTGE ].’Z\CGT.‘GGP\"‘CGC’G'[ G(v/‘:Cj GTGCAC
AACGCCAAGACCAAGCCCAGAGAGGAGCAGTACE
ACCTA cGG [GGTGTCCETGUTGACCGETGE
G z“\C'T‘f' sGCTGAACGGCAAAGAATA (,H AGTGCARAGTCTCC
\L\\_ GGCCOTGCCAGCCCCAATCGARRAAGACAATCAGC
G (‘ AGGGCCAGCCACGGEGAGCCCCAGGTGTACACC
-l"‘ CCCCCCAGCCGGGAGGAGATGACCAAGAACCAGGETG

TCCCTGACCTETCTCETCGAAGGEOTTCTACCCCAGCGAT

,_

RS 11 RCE! AGGECTTCTACCCCAGCE!
OO T St COARCG N N T R T
ATCGCCGETGEAGT j\-'KJf\LjLA&(‘_J(zA VCGGCCAGCCCGAGAAC

ST A C AR GACCACCCCCCCART G eler ey N e
AACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGEC

AGCTTCTTCCTGTA ”'A"v'CAACCT"v'?‘J"CG 'GGACAAGTCC
m"‘TT CAGCTGCAGCGTGATG

ACTACACCCAGAAGTCCCTG

SEQIDNO: 94 LCDRS
{Iabat}
SEQID NG: 92 LCDR2 WASTRES
{Kabat)
SEGQ ID NG: 93 LCDR3 ONDYSYPFT
{Kabat)
SEQ (D NO: 94 LCDRI SQSLLSSGNQKSY
{Chothia)
SEG ID NQ: 95 LCDR2 WAas
{Chothia}
SEQ IDNO: 96 LCDR3 DYSYPF
{Chothua)
SEQ D NQG: 97 YL ETVhH S5 CRSSQSLLSSGNORSYL
NYQOKPGOAPRLLIYWASTRESGIPAREFSGIGESGTDET
LTISSLOPEDFAVYYCONDY SYPFTFGQGTKLEIK

gEQ IDNO: 98 DNA VL GAGATCGTGATGACTCAGTCACCCGCTACCCTGAGCCTG
AGCCCTGECGAGAGAGCTACACTGAGCTGTAGATCTAGT

CAGTCACTGCTGTCTAGCGGTAATCAGRAGTCCTACCTG

al
-
2
!
n
o
b
=
[l
(2
—
€]
T’
4)
g
",4
=
=
C
N

ACCTGGTATCAGCAGAAGCCCGLTCAGGCCCCTAGACTG
CTGATCTACTGGGCCTCTACTAGAGAGTCAGGGATCCCC
GCTAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
CTGACTATCTCTAGCCTGCAGCCCGAGGACTTCGCCGETC
TACTACTGTCAGAACGACTATAGCTACCCCTTCACCTTC

GGTCAGGGCACT GGAGATTAAG
SEQID NG: 99 Light EIVMT CATLS ATLSCRSSQOSLLSSGNOKSY L
Chain TWYQOKPG ~Q APREL ARFSGSGSGTDET

LTISSLOPE ‘)F‘."V"Y’ ONDYSYPETFGOGTKLE IKRTVA
APSVEIFPPSDEQLK "WAUV VCLLNNEYPREAKVOWKY
DNALOSGNSQESVTEQDSKDSTY SLESTLTLSKADYEKH
KVYACEVTHOGLESPVTKSENRGEC

SEQIDNO:100 | DNA GAGATCGTGATGACTCAGTCACCCGCTACCCTGAGCCTG

Light AGCCCTGGCEAGAGAGCTACACTGAGCTGTAGATCTAGT
Chain CAGTCACTGCTGYCTAGCGGTAATCAGAAGTCCTACCTG
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ACCTGGTATCAGCAGAAGCCCGETCAGGCCCCTAGACTG
CTGATCTACTGGGCCTCTACTAGAGAGT CAG CCCC
GCTAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
CTGACTATCTCTA 3.GCC'[ G ZAGCCC‘ GAGGACTTCGCCGTC

AT YT R e el
TACTACTGTCAC cTTC

GGTCAGGGCA “'I‘uAG(,’[GGQCA].’T[APG(,w]“ \CGGTGEGCC

e rﬂ 1hYelelelel
ol LS 1 (1010

£ TP Y e np«,-«rw-ﬂ n-»-lr'1r~ n wr"n-n/-«puxra sleler Ve ol oV ala Vel
GCTCCCAGCGTGETTCATCTTCCCCCCCAGCGACGAGCAG
PTG 7 alatalarNalalalel Nel® e n-rx»«rn rar«r'w ~ T -
CTGAAGAGCGGCACCGCCAGCETGGTGTG GCTGAAC
7 el Nas oo e eIt celar: Uy PalaaTe
AACTTCTACCCCCEE! AC:L CCAAGGTGCAGT

GACARCGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTC

ACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGC

ACCA(“L/("[ SACCCTGAGCAAGGCCGACTACGAGAA \&CA"‘
GGTGTZ :‘-G(“C’l' ECCthG’l"’oACCCAC‘ CAGGGCCTGETC

ACZ CCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC

MNEGR0ST
SEQ D NO: 101 | HCDR1 DHTLH
{Kabat)

SEGIDNQG: 102 | HCDR2 YIYPRSGSTRYNENFKG
{Kabat)
SEGID NG 103 | HCDR3 RLIF
{Iabat}
SEGIDNO: 104 | HCDRI GYTFTDH
{Chothia)
SEQIDNQO: 105 | HCDR2 YFR3GS
{Chothia)
SEQ D NO: 106 | HCDR3

{Chothia)
SEQ IDNG: 197 YVH QIQLVQOSGAEVRKKPGSIVRKVICEKVSGY THFTDHTLHWMREO
APGOGLER 'MG YIYPREGEITRKYNENFKGRVT ITADTS
AYMELSSLRSEDTAVYYCVRRLL LIYWGQGET LV 'I"‘ifS

SEQIDNO: 108 | DNAVH | CAGATTCAGCTGGTGCAGTCAGGCGCCGRAGTGAAGARA
‘ CCCGGCTOTAGC S’I'GAZ-\ AGTCAGCTGTARAGTCTCAGGC
TACACCTTCACCG CACCCTGCACTCGATGAGRACAG
GCCCCAGGETCAGGGTC [‘GGACT ‘GGATGGGCTATATCTAC
CCTAGATCAGGCTCTACTARGTATAACGAGRAAC T TT ARG
GGTAGAGTGACTATCACCGCCGACACTAGCTCTAGCACC
GCCTR "'A]"’{? ACTGTCTAGCCTGAGATCAGAGGACACC
GCCGTCTACTACTGCGTCAGACGGCTGECTGTTCCTECCC

CTC ‘GAC'Z‘A" TGGGGETCAGGGCACCCTGETCACCGETETCT

e

AGC
SEGQ ID NGO 109 | Heavy QIQLVOSGARVREKFPGSSVRKVSCKVSEGYT
Chamn APGQGLEWMGY TY PRSBGSTKYNENFKGRV? ]” IST

E
AYMELSSI

STEGP

SEDTAVYYCVRRLI LIDYWGOGTT

GCLVEDY P

INSGALT3GV] ;i YSLSSVVIVPESSLG

Pl w(“] TKTHTCPPC PA}?E
SRT PEVICVVVDVSHEDPE

PREEQYNSTYRVVSVLTVLHQ

TQTY ICNVN “{K
LLGGFPSVELEP

VEENWYVDGVE
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DWLNGKEYK

CKVENKA

n

L‘*
e
.'F
}_.
-
=
|

K2

PIEKTISKARGOPREFOVYT
LPPSREEMTKNOVELTCLVEGEY PSDIAVEWESNGQPEN
NYRKTTPPVLDSDGSEFEFLY SKLTVDKSRWOOGNVESCEVM
HEALHNHBYTOKSLSLSPGK
SEQIDNG: 110 | DNA CAGATTCAGCTGGTCCAGTCAGGCGCCGAAGTGAACARA
Heavy CCCGGCTCTAGCGTGAAAGTCAGCTGTAAAGTCTCAGGC
Chai!; TACACCTTCACCGATCACACCCTGCACTGGATGAGACAG
GCCCCAGGTCAGGGCCTGGAGTGGATGGGCTATATCTAC
CCTAGATCAGGCTCTACTAAGTATAACGAGAACTTTAAG
GGTAGAGTCACTATCACCGCCGACACTAGCTCTAGCACC
GCCTATATGGAACTGTCTAGCCTGAGATCAGAGGACACC
GCCGTCTACTACTGCGTCAGACGGCTGCTGTTCCTGCCC
CTGGACTACTGGGGTCAGGGCACCCTGETCACCGTGETCT
AGCGCTAGCACTAAGGGEC ‘Z’f,z“\C'[ GUGTTTCCCICTGEGEC
Ci,CfA GCAGCAAGTCTACTTCCGGECGGRACT %CTGCCC‘ G
GGTTGCCTGET

\IT L L

GTGTCCTS
TGTCCTGEE

ACCTTCCCCGED
LA SN

LT < e
CTGAGCAGTG

e COTATATOTGEE TN R (Y ] TN
NCCCAGACCTATATCTGCAACGTGARACCACARGCCCZAGC
e

T GG!
L CCACACOTGOCOCOCOT AGOTOCAGRAR
ACACCTGECCCCCCCTGUCCAGCTCCAGARA

GGCLTT CCGIGTTCCTGTTCCCCCCCAAG

AZC\ CACCAAGGET
GACAAGRCCC
CTGCTGGGAG

CCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTG
ACCTGCGTGETGETGGACGTGTCCCACGAGGACCCAGAG
GTGAAGTTCAACTGGTACGTGCACGGCGTGGAGGTGECAC
AACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGC
ACCTACAGGGTGGETGTCCGTGCTGACCGTGCTGCACCAG
GACTGGCTGAACGGCAAAGAATACAAGTGCAAAGTCTCC
AACAAGGCCCTGCCAGCCCCAATCGAARAGACAATCAGC
AAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACC
CTGCCCCCCAGCCGGEAGGAGATGACCAAGAACCAGETG

TCCCTGA
ATCGCCGETGGA
AACTACAAGA

L\ GOTTCTTCO

coT

GGETGGCAGCAGGGTA ﬁL/G"‘Cr[ TCAGCTGCAGC

VRO

A

~

e e

TG

eUle

n n-»-l
JLN

\C ﬂnﬁ

T
TGT

TGAAGGACTACTTCCCOGAGCCCETGAL]

CGTGCTGCAGAGCAGCGGCCT

LA G T AL LA

O GEGECTOTCACT TCOGEE C:}r[ Talal

N
[SUREIC, GALLT OGS AC

"GTACAGC

CTCACAGTGCCCTOCACCTCTCTEEED
PGACAGTGCCCTCCAGCTCTCTGEE

\:r\hC:rA(:r SCIRE GA(:UCCAA(JAGC'. GC

3

e - ST T A CCCC AL
TGGETGAAGGGC AU LC ﬂu'\,\)z\

[t
A

[GGGAGAGCAACGGCCAGCCCGAGAAC

Ii”,CC‘ CCCAGTGCTGGACAGCEE \\,CC:C
ACAGCAAGCTGACCGTGGACRAGTCC

GTGATG

A TA\T L T
CACGAGGCCCTGCACARCCACTACACCCAGEAGTCCCTG
AGCCTGAGCCCCGGCAAG
SEGIDNG: 111 | LCDRI RSSOSLLSSGNQKSYLT

{Kabat)

SEQ ID NO:

12

LCDR2
(Kabat)

WASTRES

SEQ ID NO:

LCDR3
{Kabat)

SEQ 1D NO:

LCDRI
{Chothia)

SEQ IDNO:

LCDR2
{Chothia)

SEQ 1D NO:

LCDR3

DYSYFFE
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(Chothiz)

SEQIDNG: 117 | VL E v M"‘O\[ P\ :

>GERS

an nb'“ T

TCOON
[ COh

SOSLLESSGNOKSYL
'I PARFESGSGSGTDET
FTEGQGT

o

S
LIK

=CCCT GGG

GCTAGGTTTAGCGGTA

Suu

TACCCTGAGCCTG
TGAGCTGTAGATCTAGT
CAGTCACTGCTGETCTAGC }G TAR r[ C Al 3]3 AGTCCTACCTG
ACCTGGTATCAGCAGARAGC
CTGATCTACTGGGCCTCTAC T
GCGGT L\’N ]1 C C‘ CA
:J(:T WCTTCGCCGETC

UCC TTCACCTTC

SEQID NGO 118 | DNA VL ’7AGZ-\T(”’GTG7-YT‘GACTV AG m(”’h’“

AGCCOTCECOCAGACAGOT,

OO

h-n-«z\
JARNSY:e\ o W IR NI N NP

CTGACTATCTCTAGCCT G(“
TACTACTGTCAGRACGACT

GGTCAGGGCACTARGCT LjC:r

COCCCT

WGACTG

Y e

el Vel Vala
AL AL L \,Z\\,(

}_.

"

SEQGID NO: 119 | Light EIVMTQOSPATLSLSPGE

APS FPSD
DNZ Gh TSQ[*_

KVYACEVTHOGLS

SOSTTASGNORSTE
GTPARFSGSGSGTDFT
FGOGTRLEIK
NNFYPREAKVOWK
1.SSTLTLSKADYE

Chain TWYQOK GQAPRLLLXWR
LTlSSﬂﬁPFUPAVVI”Ql

S}_Jv",[}ﬂ

SEQID NO: 120 DNA GAGATCGTGATGACTCAGT ACCCTGAGCCTG
Light AGCCCTGGCGAGAGAGCTA TGTAGATCTAGT
Chain CAGTCACTGCTGTCTAGCG AAGTCCTACCTG
ACCTGGTATCAGCAGAAGCCCGEH GGCCCCTAGACTG
CTGATCTACTGGGCCTCTACTAG TCAGGGATCCCC
G CTZ\“GTTTAG”GGTJ«_GCGG‘ AGTGGCACCGACTTCACC
CTGACTATCTCTAGCCT ( CCGAGGACTTCGCCETC
TACTACTGETC /-‘:(mA(”CZ\ CCCCTTCACCTTC
GGETCAGGGCACTAAGCT SZ’C’ ACGGTGGECC
GCTCCCAGCETGETTCAT C T RGCGACGAGCAG
CTGAAGAGCGG JL/\IC}C Sr? GCCTGCTGAAC
ZC\'A\(”",I.‘"” CTACCCCC SL{]Z&LjC:L J(‘ G TGGAAGGTG
CRAACGCCCTGC AuAp C GC SCAGGAGAGCGETC
P\CCGA(J(‘ WGGACAGCAA A (“L’”' WCAGCCTGAGC
AGCACCCTGACC C’ILAQC ACTACGAGARAGCAT

ARGGTCETACGCCTGCGAGS CACCAGGGCCTG T"

AGCCCCETCGACCARAGAGC GGGGCGAGTGC

363188 Other antibodics of the invention mclude those where the amino acids or nucleic

acids encoding the amino acids have been mutated, vet have at least 60, 70, 80, 90 or 95 percent

identity to the sequoences described in Table 1. In some embodiments, 1, 2, 3, 4 or 5 amino acids

have been muotated in the vanable regions when compared with the varniable regions depicted in

the sequence described in Table 1, wiale retaning substantially the same therapeutic activity as

the antibodies listed 1n Table 1.

$HI8Y Since each of these antibodies can bind to P-cadherin, the VH, VL, full length
|

fight chain, and full length heavy chain sequences (amino acid sequences and the nucleotide

sequences encoding the amino acid sequences) can be "mixed and matched” to create other P-

cadherin-binding antibodics of the invention. Such "mixed and matched"” P-cadherim-binding
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anitbodies can be tested using the binding assays kanown mn the art (e.g., ELISAs, and other assays
described in the Example section). When these chains are mixed and matched, a VH sequence
from a particular VH/VL pairing should be replaced with a structurally similar VH sequence.
Likewise a full length heavy chain scquence from a particular full length heavy cham / full length
light chain patrmg should be replaced with a structurally simidar full length heavy chamn sequence.
Likewise, a VL sequence from a particular VH/VL pairing should be replaced with a structurally
similar VL soquence. Likewise a full length hight chain sequence from a particular full length
heavy chamn / full length hight chan paining should be replaced with a structurally simlar full
fength light chan sequence. Accordingly, in one aspect, the invention provides an isolated
monoclonal antibody or antigen binding region thereof having: a heavy chain variable region
comprising an armino actd sequence selected from the group consisting of SEQ 1D NOs: 7, 27, 47,
67,87 and 107; and a kight chain variable region comprising an arnino acid sequence selected
from the group consisting of SEQ 1D NOs: 17,37, 57,77, 97, and 117; wherein the antibody
specifically binds to P-cadherin.

63186 In another aspect, the mvention provides (i) an isolated monoclonal antibody
having: a full length heavy chain comprising an amino acid sequence that has been optimized for
expression in the coll of a mammalian cxpression system selected from the group consisting of
SEQID NOs: 9, 29,49, 69, 89, and 109, and a full length hebt chain comprising an amino acid
sequence that has been optimized for expression in the cell of a mammalian selected from the
group consisting of SEQ 1D NOs: 19,39, 59,79, 99, and 119; or (i1) a functional protein
comprising an antigen binding portion thereof.

66191} In another aspect, the present invention provides P-cadherin-binding antibodics
that comprise the heavy chain and light chain CDR1s, CDR2s and CDR3s as described i Table 1,
or combinations thereot. The aminoe acid sequences of the VH CDR1s of the antibodies are
shown i SEQ 1D NQs: 1, 21, 41, 61, 81, and 101. The ammo acid sequences of the VH CDR2s
of the antibodics and are shown in SEQ ID NOs: 2,22, 42,62, 82, and 102. The ammo acid
sequences of the VH CDR3s of the antibodies are shown in SEQ ID NOs: 3, 23, 43, 63, 83, and
103. The amino acid seguences of the VL CORI1s of the antibodies are shown i SEQ ID NQs:
11,318,531, 71,91, and 111, The amino acid sequences of the VL CDR2s of the antibodies are
shown in SEQ D NGs 12,32, 52, 72,92, and 112. The amino acid sequences of the VL CDR3s
of the antibodies are shown in SEQ 1D NOs: 13,33, 53, 73,93, and 113.

28192} Given that each of these antibodies can bind to P-cadhenn and that antigen-
binding spocificity is provided primarnily by the CDR1, 2 and 3 regions, the VH CDRI, CDR2
and CDR3 sequences and VL CDR1, CDR2 and CDR3 sequences can be "mixed and matched”

{1e., CDRs from different antibodies can be mixed and matched. Such "mixed and matched" P-
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cadherin-binding anttbodies can be tesied using the binding assays known in the art and those
described in the Examples (e.g., EL1SAs). When VH CDR sequences are mixed and matched,
the CDR1, CDR2 and/or CDR3 sequence from a particular VH sequence should be replaced with
a structwrally stimilar CDR sequence(s). Likewise, when VL CDR sequences are mixed and
matched, the CDR1, CDR2Z and/or CDR3 sequence from a particular VL sequence should be
replaced with a structurally similar CDR sequence(s). It will be readily apparent to the ordinarily
skilled artisan that novel VH and VL scquences can be created by substituting one or more VH
and/or VL CDR region sequences with stracturally similar sequences from the CDR sequences
shown herein for monoclonal antibodies of the present invention.

[06193] Accordingly, the preseat invention provides an isolated monoclonal antibody or
antigen binding region thercof comprising a heavy chain CDR1 comprising an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 1, 21, 41, 61, 81, and 101; a heavy
cham CDR2 comprising an amino acid sequence selected from the group consisting of SEQ 1D
NOs: 2,22, 42,62, 82, and 102; a heavy cham CDR3 comprising an amino acid sequence
selected from the group consisting of SEQ 1D NQO«: 3, 23,43, 63, 83, and 103; a hight cham
CDR1 comprising an amino acid sequence selected from the group consisting of SEQ IDNGs: 11,
31,51, 71, 91, and 111 a hght chain CDRZ comprising an amino acid sequence selected from the
group consisiing of SEQ 1D NOs: 12,32, 32, 72, 92, and 112; and a Light chain CDR3 compnising
an amino acid sequence selected from the group consisting of SEQ D NOs: 13,33, 33, 73, 93,
and 113; wherem the antibody specifically binds P-cadherin.

[06194] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to P-cadherin comprises a heavy ¢hain CDR1 of SEQ ID NO: 1,
a heavy chain CDR2 of SEQ ID NOG: 2; a heavy chain CDR3 of SEQ ID NO:3; a hight cham
CDRI of SEQ ID NO:11; a light chain CDR2 of SEQ 1D NO: 12; and a light chain CDR3 of
SEG ID NO: 13,

(60195} In another specific embodument, an antibody or antibody fragment (e.g., antigen
binding fragmenis) that specifically binds to P-cadhorin comprising a heavy chain CDR1I of SEQ
1B NOG:21, a heavy chain CDR2Z of SEQ ID NO: 22; a heavy chain CDR3 of SEQID NG:Z3: 4
fight chamn CDR1I of SEQ 1D NG:31; a light chain CDR2 of SEQ ID NG: 32; and a light chamn
CDR3 of SEQ D NO: 33,

[06196] In a vet another embodiment, an antibody or antibody fragment (e.g., antigen
binding fragments) that specifically binds to P-cadherin comprising a heavy chain CDR1 of SEQ
I NO:41, a beavy cham CDR2 of SEQ 1D NO: 42; a heavy chamn CDR3 of SEQ ID NO:43; a
light chain CDRI of SEQ 1D NO:51: 5 light chain CDR2 of SEQ 1D NO: 52; and a light chain
CDR3 of SEQ ID NO: 53,
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[06197] In a further embodiment, an anttbody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to P-cadherm comprising a heavy chain CDR1 of SEQ ID
NO:61, a heavy chain CDRZ of SEQ 1D NO: 62; a heavy chain CDR3 of SEQ 1D NO:63; a hight
cham CDRI of SEQ 1D NO:71; a light chain CDR2 of SEQ 1D NO: 72; and a light chain CDR3
of SEQ 1D NG: 73,

(60198} In another specific embodument, an antibody or antibody fragment (e.g., antigen
binding fragmenis) that specifically binds to P-cadherin comprising a heavy cham CDR1 of SEQ
1D NO:81, a heavy chamn CDR2 of SEQ ID NO: 82; a heavy chain CDR3 of SEQ ID NOG:83; a
fight chamn CDR1I of SEQ 1D NG:91; a light chain CDR2 of SEQ ID NO: 92; and a light chamn
CDR3 of SEQ IDNO: 93,

[66199] In a further specific embodiment, an antibody or antibody fragment (e.g., antigen
binding fragments) that specifically binds to P-cadherin coraprising a heavy cham CDR1 of SEQ
I NO: 101, a heavy chain CDR2 of SEQ 1D NO: 102; a heavy chain CDR3 of SEQ ID NO:103;
a light chain CDR1 of SEQ ID NO:111; a ight chain CDR2 of SEQ ID NO: 112; and a light
chain CDR3 of SEQ 1D NO: 113,

[BO200] In certain embodiments, an antibody that specifically binds to P-cadherin 1s an
antibody or antibody fragment (e.g., antigen binding fragment} that 1s described in Table 1.

1. Identification of Epitopes and Antibodies That Bind te the Same Epitope

36261 In one embodiment, the present tnvention provides antibodies or antibody
fragments (e.g., antigen binding fragments) that specifically bind to an cpitope on haman P-
cadherin compnising one or more residucs sclected from the amino acids at positions 124, 125,
151, 153, 154, 155, 156, 159, 160, 161, 162,163, 168, 170, 171, and 172 of SEQ ID NG:126. In
some cmbodiments, the present invention provides antibodies or antibody fragments (e.g., antigen
binding fragments) comprising a heavy chain that binds to human P-cadherin at one or more
amino acid residues selected from positions 124, 151, 153-156, and 172 of SEQ ID NO:126. In
other embodiments, the present mvention provides antibodies or antibody fragraents (e.g.. antigen
binding fragments) comprising a light chain that binds to human P-cadherin at one or more amino
acid residues selected from positions 124, 125, 135, 156, 159-163, 168,170, and 171 of SEQ D
NO:126. In some embodiments, the antibodics or antibody fragments comprise a heavy cham
binding paratop for human P-cadherin protein comprising one or more amino acid residues
selected from positions 52, 34, 56, 68, 65, 105, or 107 of SEQ ID NCG:128. In other
embodiments, the antibodics or antibody fragments comprise a light chain binding paratope for
human P-cadherin protein comprising one or reore amino acid residues selected from positions 1,

2,27, 28.30. 68,92, 93, or 94 of SEQ 1D NO:129
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[06282] The present mvention also provides antibodics and antibody fragments {e.g.,
antigen binding fragmenis) that specifically bind to the same epitope as the anti-P-cadberin
antibodies described in Table 1, or cross compete with the antibodies described in Table 1.
Additional antibodies and antibody fragments {e.g., antigen binding fragments) can therefore be
identified based on their ability to cross-compete {e.g., to competitively mhibit the binding of, n
a statistically significant manner) with other antibodies of the invention in P-cadherin binding
assavs, for example, via BIACORE or assays known o persons skilled in the art for measuring
binding. The ability of a test antibody to mhibit the binding of antibodies and antibody fragments
(e.g., antigen binding fragments) of the present invention to a P-cadherin {e.g., human P-
cadherin} demonsirates that the test antibody can compete with that antibody or antibody
fragment (e.g., antigen binding fragments) for binding to P-cadherin; such an antibody may,
according to non-limiting theory, bind to the same or a related (.2, a structurally similar or
spatially proxamal or overlapping) epitope on the P-cadherin protein as the antibody or antibody
fragment (e.g., antigen binding fragments) with which 1t competes. In certain embodiments, the
antibodics that bind to the same epitope on P-cadherin as the antibodies or antibody fragments
{e.g., antigen binding fragments) described in Table | are human or humanized monoclonal
antibodics. Such human or humanized monoclonal antibodies can be prepared and isolated as

described herein.

2, Further Alteration of the Framework of Fe Region

06283 The mamunoconjugates of the invention may comprise modified antibodies or
antigen binding fragments thereof that further comprise modifications to framework residues
within VH and/or VL, e.g. to improve the propertics of the antibody. In some embodiments, the
framework modifications are made to decrease the immmunogenicity of the antibody. For example,
one approach is to "back-mutate” one or more framework residucs to the corresponding germline
sequence. More specifically, an antibody that has nadergone somatic mutation may contain
framework residues that differ from the germline sequence from which the antibody 1s denved.
Such residues can be identificd by comparing the antibody framework sequences to the germline
sequences from which the antibody 15 derived. To retumn the framework region sequences to their
germline configuration, the somatic mutations can be "back-mutated"” to the germline sequence
by, for example, site-directed mutagenesis. Such "back-mutated” antibodies are also intended to
be encompassed by the invention.

06264 Another type of framework modification involves mutating ong 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 is also referred to
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as "deimmunization” and 1s described in further detail 1 U.S. Patent Publication No.
206030153043 by Carmr ef ol

06265 In addition or 1a the aliernative to modifications made within the framework or
CDR regions, antibodies of the tnvention may be engincered to include modifications within the
Fe region, typically to alter one or more functional propertics of the antibody, such as serum half-
Iife, complement fixation, Fc receptor binding, and/or antigen~-dependent cellular cytotoxicity.
Furthermore, an antibody of the invenfion may be chemicallv modificd {e.g., one or more
chemical moisties can be attached to the antibody) or be modified to alter s glycosyiation, again
to alter one or more functional propertics of the antibody. Each of these embodiments 1s
descnbed m further detail below.

1062686] In one embodiment, the hinge region of CH1 is modified such that the number of
cvsteine residues in the hinge region 13 altered, e.g., increased or decreased. This approach is
described further in U5, Patent No. 5,677,425 by Bodmer er ¢/ The number of cystemne residues
in the hinge region of CH1 15 altered to, for example, facilitate assembly of the light and heavy
chams or to increase or decrease the stability of the antibody.

(362671 In another embodiment, the Fe hinge region of an antibody 15 mutated to decrease
the biological half-life of the antibody. More speaifically, one or more amino acid mutations are
miroduced mto the CHZ-CH3 domam mierface region of the Fo-hinge fragment such that the
antibody has mnpaired Staphylococevi protein A (SpA) binding relative to native Fo-hunge
domain SpA bmmding. This approach is described in further detail in U S, Patent No. 6,165,745 by
Ward er al.

106268 In yet other embodiments, the Fc region is altered by replacing at keast one aming
acid residue with a different amino acid residue to alter the effector functions of the antibody.
For example, one or more amino acids can be replaced with a difforent amine acid residue such
that the antibody has an altered affimity for an effoctor ligand but retaing the antigen-binding
ability of the parent antibody. The effector hgand to which affimity is altered can be, for example,
an F¢ receptor or the C1 component of complement. This approach is deseribed m, e g, US.
Patent Nos. 5,624,821 and 5,648,260, both by Winter ef ol

[(06269] In another embodiment, one or more amino acids selected from amino acid
residues can be replaced with a different amino acid residue such that the antibody has altered
Clq binding and/or reduced or abohished complement dependent cvtotoxicity (CDC). This
approach s described in, e.g., U.S. Patent Nos. 6,184,551 by [dusogie er ol

{62164 In another embodiment, one or more amino acid residuss are altered to thoreby
alter the ability of the antibody to fix complement. This approach is described in, e.g., the PCT

Publication WO 94/29351 by Bodmer ef o/, In a specific embodiment, one or more amino acids

-
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of an antibody or antigen binding fragment thereof of the present invention are replaced by one or
raore allotypic aming acid residues, such as those shown i Figure 4 for the IgG1 subclass and the
kappa isotype. Allotyvpic amino acid residuoes also melude, but are not imited to, the constant
region of the heavy cham of the IgGl, 1g(G2, and 1g(G3 subcelasses as well as the constant region
of the light cham of the kappa isotype as described by Jetferis ef o/, MAbs. 1:332-338 (2009).
8211} In yot another embodiment, the Fo region is modified to merease the ability of the
antibody to mediate antibody dependent cellular cytotoxicity (ADCC) and/or to merease the
affinity of the antibody for an Foy receptor by modifying one or more aming acids. This
approach is descnibed in, e.g., the PCT Publication WO 60/42072 by Presta. Moreover, the
binding sites on human IgGl for FeyRI, FoyRIL FoyRIT and FcRa have been mapped and
variants with improved binding have been described (see Shaelds er al., J. Biol. Chem. 276:6591-
6604, 2001).

62124 In still another embodiment, the glycosylation of an antibody s modified. For
example, an aglycosylated antibody can be made (1.¢., the antibody lacks glycosylation).
Glveosviation 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 frammework
glveosylation sites to thereby elimmate glyeosyiation at that site. Such aglveosyiation may
mcrease the affinity of the antibody for antigen. Such an approach s described 10, e.g., US
Patent Nos. 3,714,350 and 6,350,861 by Co ef l.

66213 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. Such altered glycosylation patterns
have been demonstrated to mcrease the ADCC ability of antibodies. Such carbohvdrate
modifications can be accomplished by, for example, expressing the antibody i a host cell with
altered glycosylation machinery. Cells with altered glycosvlation machinery have been described
in the art and can be used as host cells in which (o express recombinant antibodies of the
mvention to thereby produce an antibody with altered glveosylation. For example, EP 1,176,193
by Hang ef a/. describes a cell line with a functionally discupted FUTS geone, which encodes a
fucosyl transterase, such that antibodies expressed m such a cell line exhibit hypofucosylation.
PCT Publication W 03/035835 by Presta describes a vanant CHO cell line, Lecl3 cells, with
reduced ability to attach fucose to Asn(297)-linked carbohydrates, also resulting in
bypofucosylation of antibodies expressed m that host cell (see also Shields er o/, (2002) J. Biol.

Chem. 277:26733-26740). PCT Publication WO 99/34342 by Umana ef of. describes cell lines
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enginecred 1o express ghvcoproteim-modifying glyeosyl transferases (e g, beia(1 4)-N
acetyiglucosaminyftransferase 11F (GaTH1)) such that antibodies expressed in the enginecred cell
hines exhibit increased bisecting GlcNac structures which results 10 mereased ADCC activity of
the antibodies (see alse Umana ef o, Nat. Bustech. 17:176-180, 1999).

[36214] In another embodiment, the antibody 1s modified to mcerease s biological half-
hife. Various approaches are possible. For example, one or more of the following mutations can
be mtroduced: T232L, T2345, T236F, as described in U.S. Patent No. 6,277 375 to Ward.
Alternatively, to inerease the biological half-life, the antibody can be altered within the CHI or
CL region o contain a salvage receptor binding eptiope taken from two loops of a CH2 domain
of an Fo region of an IgG, as described in U8, Patent Nos. 5,869,046 and 6,121,022 by Presta e/

al.

3 Production of the P-cadherin Antiboedics
[06215] Anti-P-cadherin antibodics and antibody fragments {e.g., antigen binding
fragments) thereof can be produced by any means kaown in the art, including but not limited o,
recormbinant expression, chemical syathesis, and enzymeatic digestion of antibody tetramers,
whereas full-length monoclonal antibodies can be obtained by, e.g., hybridoma or recombinant
production. Recombinant expression can be from any appropriate host cells kaown 1 the art, for
gxample, mammalian host cells, bactenial host cells, veast host cells, insect host cells, ctc.
36216} The mvention further provides polynucleotides encoding the antibodies described
herain, e g, polynucleotides encoding heavy or hght chain varnable regions or segments
comprising the complementarity determining regions as described herein. In some embodiments,
the polyvnucieoiide encoding the heavy cham variable regions has at feast 83%, 89%, 90%, 91%,
2%0. 93%0, 9456, 95%, 96%. 97%, 8%, 99%, or 180%0 nuclerc acid sequence identity with a
polynucicotide selected from the group consisting of SEQ ID NOs: 8, 28, 48, 68, 88, and 108. In
some embodiments, the polynucleotide encoding the light chain variable regions has at least 83%,
89%, 90%, 91%., 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%, or 100% nucleic acid sequence
identity with a polynucleotide sclected from the group consisting of SEQ 1D NOs:18, 38, 38, 78,
98, and 118.
8217} In some embodiments, the polynucleotide encoding the heavy chain has at least
85%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% nucleic acid
sequence dentity with a polynucleotide of SEQ ID NG: 10, 30, 30, 70, 90, or 110, In some
ambodunents, the polynucleotide encoding the light chain has at least 83%, 89%, 90%, 91%. 92%,
3%, 94%., 93%. 96%0, 97%, 98%, 99%. or 100% necleic acid sequence identity with a

polvnucleotide of SEQ 1D NO: 20, 40, 60, 80, 100, or 120,
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[06218] The polynucleotides of the mvention can encode only the variable region
sequence of an anti-P-cadherin antibody. They can also encode both a variable region and a
constant region of the antibody. Some of the polvnucleotide sequences encode a polypeptide that
comprises vartable regions of both the heavy chain and the light chain of one of the exemplified
mouse anti-P-cadherin antibody. Some other polynucleotides encode two polvpeptide segments
that respectively are substantially wdentical o the varable regions of the heavy chain and the hght
chain of one of the mouse antibodies.

662191 The polynucleotide sequences can be produced by de nove sohid-phase DNA
synthests or by PCR mutagenesis of an existing sequence {(e.g., sequences as described in the
Examples below) encoding an anti-P-cadherin antibody or its binding fragreent. Dhrect chenucal
svnthesis of nucleic acids can be accomplished by methods known in the art, such as the
phosphotriester method of Narang ef o/, Meth. Enzymol. 68:90, 1979; the phosphodiester method
of Brown et a/., Meth, Enzvmol. 68:109, 1979; the dicthyiphosphoranudite method of Beaucage
et al., Tetra. Lett., 22:1859, 1981; and the solid support method of U.S. Patent No. 4,438,066,
Introducing mutations to a polyvnucleotide sequence by PCR can be performed as described in,
e.z., PCR Technology: Principles and Apphcations for DNA Amplification, H A, Erlich (Ed.),
Freeman Press, NY, NY, 1992; PCR Protocols: A Guide to Methods and Applications, Innis ¢f al.
(Ed.1. Academuc Press, San DHego, CA, 1950; Mattila ef o/, Nucleic Acids Res. 19:967, 1991,
and Eckert ef /., PCR Methods and Applications 1:17, 1991,

066226 Also provided m the invention are expression vectors and host cells for producing
the anti-P-cadhenn antibodies described above. Various expression vectors can be emploved to
express the polynuclootides encoding the anti-P-cadherin antibody chains or binding fragments.
Both viral-based and nonviral expression vectors can be used to produce the antibodies ina
mammalian host cell. Nonviral vectors and systems include plasmids, episomal vectors, typically
with an expression cassetie for expressing a protein or RNA | and human artificial chromosomes
{sce, e.g., Harrington ef ol , Nat Genet 15:345, 1997). For example, nonviral vectors useful for
expression of the anti-P-cadherin polynucleotides and polypeptides in mammalian {e.g., human)
cells include pThioHis A, B & C, pcDNA™3 1/His, pEBVHis A, B & C (Invitrogen, San Diego,
CA), MPSY vectors, and numercus other vectors known in the art for expressing other profeins.
Useful viral vectors inclhude vectors based on retroviruses, adenoviruses, adenoassociated viruses,
herpes viruses, vectors based on SV40, papilloma virus, HBP Epstein Barr viras, vaccinia vicus
vectors and Sembki Forest virus (8FV). See, Brent ¢f ol , supra; Smith, Amnu. Rev. Microbiol.
49:807, 1993, and Rosenfeld er ol., Cell 68:143, 1992,

36221} The choice of expression vector depends on the itended host cells in which the

vector 1s to be expressed. Typically, the expression vectors contain a promoter and other
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reguolatory sequences (e.g., enhancers) that are operably Hinked fo the polynucleotides encoding an
anti-P-cadherin antibody chain or fragment. In some embodiments, an inducible promoter s
emploved to prevent expression of mserted sequences except under inducing conditions.
Inducible promoters mclude, e.g., arabinose, lac?., metallothionein promoter or a heat shock
promoter. Cultures of transformed organisms can be expanded under nonmducing conditions
without biasing the population for coding sequences whose expression products are better
tolerated by the host cells. In addition to promoters, other reguiatory clements may also be
required or desired for efficient expression of an anti-P-cadherin antibody cham or fragment.
These clements typically include an ATG mitiation codon and adjacent nbosome binding site or
other sequences. In addition, the efficiency of expression may be enhanced by the inclusion of
enhancers appropriate to the cell svstem 1o use (see, e.g., Scharf ef of., Results Probl. Cell Differ.
20:125, 1994, and Bittner er o/, Meth, Enzymol., 153:316, 1987). For example, the SV40
enhancer or CMV enhancer may be used to increase expression i mammalian host cells.
36222} The expression vectors may also provide a secretion signal seguence position to
form a fusion protein with polypeptides encoded by mserted anti-P-cadherin antibody sequences.
More often, the inserted anti-P-cadherin antibody sequences are hinked to a signal sequences
before mclusion i the vector. Vectors to be used to receive sequences encoding anti-P-cadhermn
antibody hght and heavy chain variable domaras sometimes also encode constant regions or paris
thereof. Such vectors allow expression of the variable regions as fusion proterns with the
constant regions thercby leading to production of 1ntact antibodies or fragments thercof.
Typically, such constant regions are human.

[66223] The host cells for harboring and expressing the anti-P-cadhenn antibody chains
can be cither prokaryotic or cukarvotic. E. coli i3 one prokaryotic host useful for cloning and
cxpressing the polynucleotides of the present invention. Gther microbial hosts suitable for use
mclude bacilli, such as Bacillus subtilis, and other enterobactenaceae, such as Salmonella,
Serratia, and various Pscudomonas species. In these prokaryotic hosts, one can also make
expression vectors, which typically contain expression control sequences compatible with the
host cell {e.g., an onigin of replication). In addition, any number of a variety of well-known
promoters will be present, such as the lactose promoier system. a irvptophan (irp) promoter
system, a beta-lactamase promoter system, or a promoter system from phage lambda. The
promoters typically control expression, optionally with an operator sequence, and have ribosome
binding site sequences and the hike, for initiating and completing transcripiion and transiation.
Other microbes, such as yeast, can also be emploved to express anti-P-cadberin polypeptides of

the mvention. Insect cells in combination with baculovirus vectors can also be used.
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[06224] In some preferred embodiments, mammalian host cells are used to express and
produce the anti-P-cadherim polvpeptides of the present mvention. For exaraple, they can be
cither a hybridoma cell hine expressing endogenous immunoglobulin genes (e g., the myeloma
hvbridoma clones as described in the Examples) or a mammalian cell ine harboring an
exogenous expression vector (e.g., the SP2/0 myeloma cells exemplified below). These include
any normal mortal or normal or abnormal immortal animal or haman cell. Forexample, a
number of suitable host cell Iines capable of secreting mtact immunoglobulins have been
developed, inchuding the CHO cell Iines, vanious Cos cell lines, HeLa cells, myeloma cell lines,
transformed B-cells and hybridomas. The use of mammalian tissue cell culture to express
polypeptides 18 discussed generally in, e g, Winnacker, From Genes (o Clones, VCH Publishers,
N.Y., MY, 1987, Expression vectors for mammalian host cells can include expression controd
sequences, such as an origin of replication, a promater, and an enhancer (see, e.g., Queen ef ¢/,
Immunol. Rev. §89:49-68, 1986), and necessary processing information sites, such as ribosome
binding sites, RNA splice sites, polvadenylation sites, and transcriptional terminator sequences.
These expression voctors usually contam promoters derived from mammalian genes or from
mammalian viruses. Suitable promoters may be constitutive, cell tvpe-specific, stage-specific,
and/or modulatable or regulatable. Useful promoters include, but are not limited to, the
metallothionein promoter, the constitutive adenovirus major late promoter, the dexamethasone-
mdacible MMTYV promoter, the SV40 promoter, the MRP pollll promoter, the constitutive
MPSY promoter, the tetracychne-inducible CMV promoter (such as the human immediate~-carly
CMV promoter), the constitutive CMV promoter, and promoter-enhancer combinations known 1n
the art.

36225 Methods for introducing expression vectors contairung the polviucleotide
sequences of interest vary depending on the type of cellular host. For example, calcium chlornide
transfection 1s commonly utilized for prokarvotic cells, whereas calcium phosphate treatment or
:7,

clectroporation may be used for other collular hosts (see generally Sambrook of ¢/, supra). Other

methods mclude, e.g., clectroporation, calcium phosphate treatment, liposome-mediated
transformation, mjection and micromjection, ballistic methods, viresomes, innunobposomes,
polyeation:nucleic acid conjugates, naked DNA, artificial virions, fusion to the herpes virus
structural protem VP22 (Elliot and O'Hare, Cell 88:223, 1997), agent-enhanced uptake of DNA,
and ex vivo transduction. For long-term, high-vield production of recombinant proteins, stable
expression will often be desired. For example, cell lines which stably express anti-P-cadherin
antibody chains or binding fragments can be prepared using expression vectors of the invention
which contain viral origins of replication or endogenous oxpression elements and a selectable

marker gene. Following introduction of the vector, cells may be allowed to grow for 1-2 days in



WO 2016/075670 PCT/IB2015/058801

an ennched media before they are swilched to selective media. The purpose of the selectable
marker is to confer resistance to selection, and its presence allows growth of cells which
successfully express the mroduced sequences n selective media. Resistant, stably transfected

cells can be proliferated using tissuc culture technigques appropriate to the cell type.

Therapeutic and Diaonostic Uses

[06226] The antibodies, antibody fragments (e.g.. antigen binding fragments), and
antibody drug conjugates of the invention are nseful in a variety of applications inclading, but not
hnuted to, treatment of cancer, such as solid cancers. In certam embodiments, the antibodies,
antibody fragmenis {e.g., antigen binding fragments), and antibody drug conjugates of the
mvention are useful for mhabiting tumor growth, imducing differentiation, reducing tumor volume,
and/or reducmg the tumorigenicity of a mor. The methods of use can be m vitro, ex vivo, or in
vivo methods.

[06227] In one aspect, the anttbodies, antibody fragmenis {e.g., antigen binding fragments),
and antibody drug conjugaies of the mvention are useful for detecting the presence of P-cadhenn
in a biological sample. The term "detecting” as used herein encompasses quantitative or
qualitative detection. In certain embodiments, a biclogical sample comprises a cell or tissue. In
certain embodiments, such tissues include normal and/or cancerous tissues that express P-
cadherin at higher levels relative to other tissues.

36228 In one aspect, the mvention provides a method of detecting the presence of P-
cadherin n a biological sample. In certain embodiments, the method comprises contacting the
hiological sample with an anti-P-cadherin antibody under conditions permissive for binding of
the antibody to the antigen, and detecting whether a complex s formed between the antibody and
the antigen.

[06229] In one aspect, the imvention provides a method of diagnosing a disorder associated
with increased expression of P-cadherin. In certain embodiments, the method comprises
contacting a test cell with an anti-P-cadherin antibody; determuning the level of expression (sither
quantitatively or qualitatively) of P-cadherin on the test cell by detecting binding of the anti-P-
cadherin antibody to the P-cadherm antigen; and comparing the level of expression of P-cadherin
in the test cell with the level of expression of P-cadherin on a control cell (e.g., anormal cell of
the same tissue onigin as the test cell or a cell that expresses P-cadherin at levels comparable to
such a normal cell), wherein a higher level of expression of P-cadherin on the test cell as
compared 1o the control cell indicates the presence of a disorder associated with increased
expression of P-cadherin . In certain embodiments, the test cell is obtained from an individual

suspecied of having a disorder associated with 1ncreased expression of P-cadherin . In certain
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embodiments, the disorder 15 a cell prohiferative disorder, such as a cancer or a tumor. In ceriam
embodiments, the method comprises measuring the copy number of the P-cadherin gene in a test
cell. In certain embodiments, the method coraprises detecting a PAX-FOXO translocation
mutation. Copy number of a gene and/or translocation mutations can be detected using standard
methods known 1n the art, for example, PCR, RTPCR, etc..

06236 In certain embodiments, a method of diagnosis or detection, such as those
described above, comprises detecting binding of an anti-P-cadherin antibody to P-cadherin
expressed on the surface of a cell or in a membrane preparation obtained from a cell expressing
P-cadherin on its surface. An exemplary assay for deteciing binding of an anti- P-cadherin
anitbody to P-cadherin expressed on the surface of acell is a "FACS” assay.

66231} “ertain other methods can be used to detect binding of anti-P-cadherin antibodies
to P-cadberin . Such methods include, but are not limited to, antigen-binding assays that are well
known in the art, such as western blots, radioimmunoassays, ELISA (enzyme hinked
immunosorbent assay), "sandwich” immunoassavs, immunoprecipitation assavs, fluorescent
mmuneassays, protein A immunoassavs, and tmmunohistochemistry (JHC).

[36232] In certain embodiments, anti-P-cadherin antibodies are labeled. Labels include,
but are not linited to, labels or moieties that are detected directly (such as fluorescent,
chromophoric, clectron-dense, chemiluminescent, and radicactive labels), as well as moiciies,
such as enzymes or Lgands. that are detected indirectly, e g, through an enrymatic reaction or
raclecular interaction.

[B06233] In certain embodiments, anti-P-cadherin antibodies are immobilized on an
mnsoluble matrix. Immobilization catails separating the anti-P-cadherin antibody from any P-
cadherin protein that remains froe in solution. This conventionally 1s accomplished by cither
msolubilizing the anti-P-cadherin antibody betore the assay procedure, as by adsorption to a
water-insoluble matrix or surface (Bennich et al, U.8. Patent No. 3,720,760), or by covalent
coupling (for example, using glitaraldehyde cross-linking), or by msolubihizing the any-P-
cadherin antibody after formation of a complex between the anti-P-cadherin antibody and P-
cadherin protein, e.g., by immunoprecipitation.

{36234} Any of the above embodiments of diagnosis or detection can be carried oot using
an immunoconjugate of the ravention 1n place of or in addition to an anti-P-cadhernin antibody.
66235 In one embodiment, the mvention provides a method of treating, or preventing a
discase comprising administering the antibodies, antibody fragments {e.g., antigen binding
fragments), or antibody drug conjugates of the invention to a patient. The mvention also provides
use of the antibodies, antibody fragments (¢.g. antigen binding fragments, or antibody drug

conjugates of the imvention to treat or prevent disease in a patient. In some embodiments, the
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mvention provides antibodies, antibody {ragments (e g antigen binding fragmenis, or antibody
drog conjugates of the invention for use in the treatment or prevention of discase in a patient. In
further embodiments, the mvention provides use of the antibodies, antibody fragments (e.g.
antigen binding fragmenis, or antibody drug conjugates of the mvention in the manufacture of a
medicament for treatment or prevention of disease in a patient.

08236 In certain embodiments, the discase treated with the antibodies, antibody
fragments (e.g., antigen binding fragments), and antibody drug conjugates of the invention is a
cancer. In certain embodiments, the cancer 1s characterized by P-cadherin expressing cells to
which the antibodies, antibody fragments {e.g., antigen binding fragments), and antibody drag
conjugates of the invention binds. In cerlain embodiments, the cancer is characterized by an
increase in expression of P-cadherin relative to a healthy patient. In some embodiments, the
expression of P-cadberin may be measured by an increase in P-cadhermn RNA. In other
cmbodiments, the cancer is characterized by an increase in DNA copy number of P-cadhernin,
Other methods of measuring or determining fevels of p-Cadherin expression are known to
persons skilled in the art. Examples of discases which can be treated and/or prevented mcelude,
but are not limited to, adrenocortical carcimoma, bladder cancer, bone cancer, breast cancer,
central nervous system atvpical teratoid/rhabdoid tumors, colon cancer, colorectal cancer,
ambryvonal tumors, endometrial cancer, esophageal cancer, gastric cancer, head and neck cancer,
hepatocellular cancer, Kaposi sarcoma, liver cancer, lung cancer, including small cell lung cancer
and non-small cell lung cancer, ovarian cancer, rectal cancer, thabdomyosarcomasmall intestine
cancer, soft tissue sarcoma, squamons cell carcinoma, squamous neck cancer, stomach cancer,
uterine cancer, vaginal cancer, and vulvar cancer.

36237} The present mvention provides for methods of treating cancer comprising
administering a therapeutically effective amount of the antibodies, antibody fragments (e.g.,
antigen bindmg fragments), or antibody drug conjugates of the invention. In certan
cmbodiments, the cancer ig a solid cancer. In ceriain embodiments, the subject 1s a human. In
certain embodiments, the cancer 1s a resistant cancer and/or relapsed cancer. In certam aspects,
for example, the resistant cancer 18 resistant to tyrosine kinase imhibitors, including but not
frmited 1o, EGER inhibitors, Her2 inhibitors, Her3 mbibitors, IGFR inhubitors and Met mhibitors.
In certain embodiments the cancer ts a Her? resistant cancer.

6238} In certain embodiments, the mvention provides for methods of inhibiting tumor
growth comprising administering to a subject a therapeutically cffective amount of the antibodies,
antibody fragmenis {e.g., antigen bmding fragments), or antibody drug conjugates of the
mvention. In certain embodiuments, the subject 1s a human. In certain embodiments, the subject

has a tumor or has had a tumor removed. In certain embodiments, the tumor is resistant to other
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tyrosine kinase mhabitors, inclading but not Limited to, EGFR mbibitors, Her? inhibitors, Her3
inhibitors, IGFR mbhibitors and Met mbibitors,

[06239] In certain embodiments, the tumor expresses the P-cadherm to which the anti-P-
cadherin antibody binds. In certain embodiments, the tumor overexpresses the human P-
cadherin . In certain ombodiments, the tumor has an increase copy number of the P-cadherin gene.
06246 The present mvention also provides for methods of selecting patients for
treatment with antibodies, antibody fragments (e.g., antigen binding fragments), or antibody drug
conjugates of the invention comprising admimistering a therapeutically effective amount of said
antibodies, antibody fragments (e.g., antigen binding fragments), or antibody drug conjugales. In
certain aspects the method comprises selecting patients with a tyrosine kinase inhibitor resistant
cancer. In certain aspects it 1s conterplated that the tyrosine kinase inhibitor resistant cancer 1s
resistant to EGFR inhibitors, Her? whibitors, Her3 whibitors, IGFR inhibitors and/or Met
mhibitors. I certain aspects it 1s contemplated that the resistant cancer is a Her2 resistant cancer.
More specifically it is contemplated that the Her? resistant cancer does not respond to
trastuzumab or trastuzumab emtansine. In certain aspects it 1s contemplated that the canceris a
de novo resistant cancer, and in still other aspects it is contemplated that the cancer 1s a relapsed
cancer, for example a Her2 relapsed cancer. In certain aspects of the invention the methods
comprise selecting a patient with a de novo resistant or relapsed cancer and measanng for
expression of P-cadherin. It 1s contemplated that in certain aspects the relapsed cancer or humor
was not initially a P-cadherin expressing cancer or tumor, but becomes a P-cadherin positive
cancer that 15 a tyrosine kinase resistant or relapsed cancer or tumor after treatioent with tyrosine
kinase inhibitors (for example, trastuzumab or trastuzumab emtansine).

36241} For the treatment of the disease, the appropriate dosage of the antibodies,
antibody fragmenis {e.g., antigen binding fragments), or antibody drug conjugates of the present
mvention depends on various factors, such as the type of disease to be treated, the severity and
course of the discase, the responsivencss of the discase, previous therapy, patient’s clinical hustory,
and so on. The antibody or agent can be admmistered one time or over a series of treatments
asting from several davs to several months, or until a cure is effected or a diminotion of the
discase state 15 achieved {e.g., reduction 1 tumor size). Optimal dosing schedules can be
calculated from measurements of drug accumulation 10 the body of the patient and will vary
depending on the relative potency of an individual antibody, antibody fragment (e g., antigen
binding fragment}, or anttbody drug conjugates. The treating physician can estimate repetition
rates for dosing based on measured residence times and concentrations of the dmg in bodily

fhads or tissues.
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Combination Therapy

632424 In certain instances, an antibody, antibody fragment {e.g., antigen binding
fragment), or antibody dmg conjugate of the present invention i1s combined with other therapeutic
agents, such as other anti~cancer agents, anti-allergic agents, anti-nausca agents {(or anti~emetics),
pain relievers, cytoprotective agents, and combinations thereof.

[06243] In one embodunent, an antibody, antibody fragment {e.g., antigen binding
fragment), or antibedy drug conjugate of the present mnvention is combined 1 g pharmaceuntical
combmation formulation, or dosing regimen as combination therapy, with a second compound
having anti-cancer properties. The second compound of the pharmaceutical combination
formulation or dosing regimen can have complementary activities to the antibody or
mununoconjugate of the combination such that they do not adversely affect cach other. For
example, an antibody, antibody fragment (e.g., antigen binding fragment), or antibody drug
conjugate of the present invention can be administered in combination with, but not hinited to, a
chemotherapentic agent, a tyrosine kinase mlubitor, a P-cadherin downstream signaling pathway
mhibitor, IAP inhibitors, Bel2 mhibitors, Mcll mhibitors, and other P-cadherin inhibitors.
[(36244] The term “pharmacentical combination™ as used herein refers (o cither a fixed
combination in one dosage unil form, or non-fixed combination or a kit of parts for the combined
administration where two or more therapeutic agents may be administered 1ndependently at the
sare time or separately within time intervals, especially where these time mntervals allow that the
combination partners show a cooperative, e.g. synergistic effect.

36245 The termy "combination therapy" refers to the administration of two or more
therapeutic agents to troat a therapeutic condition or disorder described mn the present disclosure.
Such admistration encompasses co-adminustration of these therapoutic agenis in a substantially
simultancous manner, such as m a single capsule having a fixed ratio of active ingredients.
Alternatively, such administration encompasses co-admimnistration 1 muitiple, or in separate
containers {¢.g., capsules, powders, and liguids) for each aclive ingredient. Powders and/or
liquids may be reconstituted or diluted to a desired dose prior to administration. In addition, such
administration also encompasses use of each tvpe of therapeutic agent in a sequential manner,
gither at approximately the same tune or at different times. In either case, the treatment regimen
will provide beneficial effects of the drug combination in treating the conditions or disorders
described hereim,

(36246} The combination therapy can provide "svnergy™ and prove "synergistic”, i.e., the
etfect achieved when the active ingredients used together 1s greater than the sum of the effects
that results from using the compounds separately. A synergistic effect can be attained when the

active wgredients are: (1) co-formalated and admunistered or debivered simultaneously ma
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combined, unit dosage formulation; (2) delivered by alternation or in parallel as separate
formulations; or (3) by some other regimen. When delivered 1o alternation therapy, a svnergistic
effect can be attained when the compounds are admunistered or delivered sequentially, ez, by
different injoctions in scparate syringes. In gencral, during alternation therapy, an effective
dosage of cach active mgredient s administered sequentially, 7.e., serially, whereas
combination therapy, effective dosages of two or more active ingredients are administered
together.

[B6247] General Chemotherapeutic agents considered for use in combmation therapies
mclede anastrozole (Aﬁmidex‘@), bicalutamide (Casodex@’), bicomvcin sulfate { Blenoxmie®),
busulfan (Myieran(@)ﬁ busulfan 1njection (Busuii‘e*x@)ﬁ capecitabine (Xeloda(@)e N4-
pentoxycarbonyi-3-deoxy-5-fluorccytidine, carboplatin (Paraplatin ®) carmustine ( BiCNU@),
chlorambucil (Leukeran ®)3 cisplatin (Piatinol@), cladribine (Leusaaain@), cyclophosphamide
(Cyte)x,an'@ or Neosar'®), cytarabine, cyvtosine arabinoside (Cytosar-LJ ®), cytarabine liposome
1gjection (Depo(fyi@) dacarbazine { D’i’lCanne@L dactinomycin (Actinomyein D, Cosmegan),

dannorubicin hydrochlonde (Cerabidine'™), daunorubicin citrate liposome injection

(DaumXome@), dexamethasone, docstaxel (Tamtere@’), doxorubicin hydrochloride

{ Adriamycin'@, Rubex®), cloposide (V epesido), fladarabine phosphate (F Eudara®), KE
fluorcuracil (Admci]@), Efudex‘@)ﬁ flutamide (Eu!,exin®), tezacitibine, Gemcitabine
{diftuorodeoxycitidine), hydroxyurea ( Hydrea®), Idarubicin (Id amycin®), ifosfamide (IF ‘D‘a@)
irinotecan (Camptosar®), L-asparaginase (ELSPAR®), leucovorin calcium, melphalan
(Alkeran'@), G-mercaptopuring { P1arinethoi®), methotrexate (Felex‘@), mitoxantrone

{(Nov antmne®), mylotarg, pachtaxel 'I”axoi@))ﬁ phoenix (Yitrium90/MX-DTPA), pentostatin,
polifeprosan 20 with carmustine implant (Giiadei(@)? tamoxifen citrate (Noivadexi@), teniposide
{(V umcn®), O-thioguaming, thiotepa, tirapazamine (:Tirazone‘@), topotecan hvdrochloride for
mjection (E—ij,/caxnptiﬁ@), vinblastine (Veiban@), vineristing (Oncovin®), and vinorelbime
(Navelbine®).

(6632481 In one aspect, the present invention provides a method of treating cancer by
administering to a subject in need thereot an antibody drug conjugate of the present invention in
combination with one or more tyrosine kinase inhibitors, inchading but not limited to, EGFR
mhibitors, Her2 mhubitors, Her3 inhibitors, IGFR inhibitors, and Met mhibitors.

06249 For example, tyrosine kinase inhibitors include but are not limited to, Erlotimb

hydrochionde (Tarceva®);, Lmifanib (N-{4-(3-amino-1 H-indazol-4-y Hpheavl]-N'-(2-flaoro-5-
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methylphenyburea, also kaown as ABT 869, available from Geneniech), Sunitinib malate
(Sutent®); Bosotiib (4-](2,4-dichloro-5-methoxvphenyliammo|-6-methoxy-7-{3-(4-
methylpiperazin-1-yDpropoxy jquinoline-3-carbonitrile, also known as SK1-606, and described in
US Patent No. 6,780,996); Dasatinab (Sprveel®); Pazopanib (Votnent®); Sorafemb
(Mexavar®), Zactima (Z036474); and Imatinib or Imatinib mesvlate (Gilvec® and Gleevec®).
062561 Epidermal growth factor receptor {EGFR) whubitors include but are not limited to,
Erfotiib hydrochlonide {Tarceva®), Gefitinib (Iressa®); N-{4-[(3-Chloro-4-
fluorophenyamino}-7-[[(3"S"~etrahydro-3-furanyloxy [-6-qunazolinyl |-4(dimethyvlamine )-2-
butenamide, Tovok®); Vandetanib (Caprelsa®); Lapatnib (Tykerb®); BR4R)-4-Amino-i-({4-
{(3-methoxvpheny Damino ypyrrclo|2,1-{}] 1,24 triazin-3-yBmethyDpiperidin-3-ol (BMS690314);
Canertinib dihvdrochloride (C1-1033); 6-[4-[(4-Ethyl-1-piperazinyDmethylphenyl}-N-[(1R)-1-
pheaviethyl]- 7H-Pyrrolo]2,3-d jpyrimidin-4-amine (AEE788, CAS 497839-62-0); Mubritinib
(TAK165); Pelitimb (EKB369); Afatimib (BIBW2992); Neratimb (HKI-272);, N-[4-{[1-](3-
Fluorophenylimethyl}-1H-indazol-3-vlamino |-5-methvlpyrrolo 2, 1-£]{1,2 4 fnazin-6-y 1}
carbamic acid, (35)-3-morpholinyimethy] estor (BMS399626). N-(3,4-Dichloro-2-fluorophenyvl)-
o~-methoxy-7-{[(Baw, 38, 6an)-octahydro-2-methyicyclopentalcjpyrrol-53yljmethoxy i~ 4-
qunazolimamine (XL647, CAS 781613-23-8); and 4-[4-[{(1R)-1-Phenylethyllamino]-7H-
pyrrolo]2,3-dpyrimidin-6-vij-phenol (PKI166, CAS 187724-61-4).

[06251] EGFR antibodies mchide but are not limited to, Cetuximab {Erbitux®);
Pasitumuraab (Vectibix®);, Matuzumab (EMD-72000); Trastuzumab (Herceptin®);
Nimotuzumab (hR3); Zalutumumab; TheraCIM h-R3; MDX0447 (CAS 339151-96-1); and
ch806 (mAb-806, CAS 946414-09-1).

36252 Human Epidermal Growth Factor Receptor 2 (Her2 receptor) (also known as New,
ErbB-2, CD340, or p1835) inhibitors include but are not limited to, Trastuzumab (Herceptin®);
Pertuzumab {Omnitarg®); trastuzumab emtansine (Kadeyla®), Neratinib (HKI-272, (2E)-N-[4-
[{3-chloro-4-{(pyridin-2 -vimethoxyJphenyljammeo]-3-cyvano-7-cthoxyquinolin-6-y1j-4-
(dimethviamine Youi-2 -enanide, and described PCT Pablication No. WO 05/028443); Lapatintb
or Lapatuub ditosylate (Tyvkerb®3; (3R,4R}-4-amino-1-{{4-((3-
nethoxyphenybamino)pyrrolof2,1-F][ 1,2 4jtriazin-5-y Dmethy Dpiperidin-3-ol (BM5690514);
(2E}-N-14-1(3-Chloro-4-fluorophenylaming |-7-1[(3S)-tetrabydro-3-furanyljoxy|-6-quinazolinyl]-
4-{dimethyvlammo)-2-butenamide (BIBW-2992, CAS 850140-72-6); N-{4-[{1-[(3-

Fluorophenyhimethyl}-1H-indazol-3-vllamino|-5-methvipyvrrolof2,1-f11,2 4 jmazin-6-vi}-

dibvdrochloride (PD1838035 or CI-1033); and N-(3.4-Dichloro-2-flucrophenyi)-6-methoxy-7-
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[{(3aw, 3B, 6au)-octahydro-2-methyicyclopentac]pyrrol-3-ylfmethoxy |- 4-guinazolinamine
(XL647, CAS 781613-23-8).

[06253] Her3 inhibtiors inchude but are not houted to, LIM716, MM-121, AMG-88%,
RG7116, REGN-1400, AV-203, MP-RM-{, MM-111, and MEHD-79434A,
[36254] MET inlubitors include but are not limited to, Cabozantinib (X1L.184, CAS

849217-68-1), Forctinib (GSK1363089, formerly X1880, CAS 849217-64-7), Tivantinib
(ARQ197, CAS 1000873-98-2); 1-(2-Hydroxy-2-methylpropyl)-NV-(5-(7-methoxyquinolin-4-
vioxypyndin-2-y13-3-methyl-3-ox0-2-phenyi-2 3-dihvdro- | H-pyrazole-4-carboxamide (AMG
438). Cryzotinib (Xalkon®, PF-02341066); (372)-5-(2 3-Dnhydro-1H-indol-1-yisulfonyi)-3-
{{3,5-dimethyl-4-[{4-methylpiperazin- i -yhcarbonyl}-1H-pyrrol-2 -yl imethylene}- 1,3 -dihydro-
2H-indol-2-one (SU11271); (37)-N-(3-Chloraphenyl)-3-({3,5-dimethyl-4-{(4-methyipiperazin-
1-vlicarbonyli-1 H-pyrrol-2-viimethylene)-N-methvi-2-oxoindoline-5-sulfonamide (SU11274);
(32)-N-(3-Chloropbenvl)-3~-{[3.5-dimethy]-4-G-morpholin-4-vipropyi}-1 H-pyrrol-2-
vijmethvlens }-N-methyl-2-oxoindoling-3-sulfonamide (SUT1606); 6-|Diftuore|[6-(1-methyl-1H-
pyrazol-4-y1)-1,2 d-triazolo]4,3-blpyndazin-3-vihmethyvl]-quinohne (JNJ38877605, CAS 943340-
73-8); 2-{4-[1-{Qunohn-6-vimethyD-1 H-[1,2 3tniazolof4, 5-bipyrazin-6-vl}- I H-pyrazol-1-
vlothanol (PF04217903, CAS 856905-27-4), N«(ZR)-1 4-Dhoxan-2-yimethy-N-methy -N'-[3-
(-methyl-1H-pyrazol-4-vi)-3-oxo-3H-benzof4,5|cycloheptajl,2-bpyridin-7-yijsulfamide
{(MK2461, CAS 917879-39-1); 6-{j6-(1-Methyi-1H-pyrazol-4-y1)-1,2 4-triazolo]4,3-b jpyndazin-
3-yljthio}-guinoline (SGX3523, CAS 1022130-37-7); and (32)-3-{{(2.6~
Dichlorophenvlmethylisulfonyvl]-3-{{3.5-dimethyl-4-[[{(2R)-2-(1-pyreohidinyimethy -1 -
pyverodidmyljcarbonyl}-1H-pyvrrol-2-vlimethyiene]-1,3-dihy dro-2H-mdol-2-one (PHAG65732,
CAS 477575-56-7).

802551 IGF1R inhubitors include but are not buted to, BMS-734807, X1.-228, OSI-906,
GSKO904529A, A-928605, AXLI717, KW-2450, MK0646, AMG479, IMCA12, MEDI-373, and
BI&36843. Seeeg., Yee, JNCI, 104; 975 (2012) for review.

[36236] In another aspect, the present invention provides a method of treating cancer by
adnunistering 10 a subject in need thereof an antibody drug conjugate of the present mvention m
combination with one or more P-cadherin downstream signahng pathway inlubitors, including
but not imited to, MEK nhibitors, Braf inhibitors, PI3K/Akt inhubitors, SHPZ inhibitors, and
alsc mTor.

8257} For example, mijogen-activated protein kinase (MEK) inhibitors include but are
not bmited to, XL-318 (also known as GDC-0973, Cas No. 1029872-29-4, available from ACC
Corp.}; 2-[(2-Chloro-4~-iodophenyhamino}-N-{eyclopropyvimethoxy3-3 4-difluoro-benzamide
{also known as CE-1040 or PD184352 and described in PCT Publication No. WO2000035436);
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N-{(ZR}-2,3-Dihydroxypropoxy |-3,4-diflacro-2-[ (2-flucro-4-10dophenyamino |- benzamide
(also known as PD03235501 and described in PCT Publication No. WO2002006213); 2,3-
Bis|amino|(2-aminophenylithio methvienc]-butanedinitnie (also known as U126 and described
m US Patent No. 2.779,780); N-|3,4-Difluoro-2-{2-flucro-4~-1i0dophenviamino}-6-
methoxyphenyl}-1-{(2R)-2,3~dihyvdroxypropyl]- cyvclopropancsulfonanude (also known as
RDEATLYS or BAY869706 and described i PCT Publication No. WO2007014011;

(35,4R 37,85 98,11 E3-1 4-(Ethylamine )-89, 16-trihydroxy-3,4-dimethyl-3,4,9, 19-tctrahydro-1H-
2-benzoxacyclotetradecine-1,7(8H)-dione] {also known as E6201 and described 1 PCT
Pubhcation No. W02003076424); 2°-Amino-3 -methoxyflavone (also known as PD9E039
avariable from Biaffis GmbH & Co.. KG, Germany), Vemuorafenib (PLX-4032, CAS 918504-
65-1); (R)-3-(2.3-Dihydroxypropyl}-6-fluore-3-(2-fluoro-4-iodophenylamino)-8-
methylpyrido|2,3-dipyrimidine-4,7(3H.8H)-dione (TAK-733, CAS 1035555-63-5);

Pimasertib (AS-703026, CAS 1204531-26-9); and Trametinib dimethyl sulfoxide (GSK-
1120212, CAS 1204331-25-80).

06258 Phosphomositide 3-kinase (PI3K) inhibitors include but are not lunited to, 4-{2-
(1H-Indazol-4-v1)-6-{[4-(methvisulfonyDpiperazin- Ly lfmethylthieno[3, 2-d|pyrimidin-4-
vilmorpholine (also known as GDC 0941 and described 1 PCT Publication Nos. W0 09/036082
and W0 09/055730); 2-Methyl-2-[4-[3-methyi-2-oxo0-8-(guinclin-3-y1)-2 3-dihvdroimidazof4,3-
ciguinclin-1-yljphenylpropioniirile (also known as BEZ 235 or NVP-BEZ 233, and described in
PCT Publication No. WO 06/122806), 4-{triflocromethyv])-5-(2,6-dimorpholinopyvrimidin-4-
vDpyridin-2-amine (also known as BKM120 or NVP-BKM120, and described in PCT
Publication Mo, WO2007/084786); Tozasertib (VX680 or MK-0457, CAS 639089-34-6), (537)-
5-1{4-(4-Pyndinyl-6-quinolinv] jmethvilenc]-2 4-thiazolidinedione (GSK1039615, CAS 958852~
01-2); (1E,45,4aR 5K 6a5,9aR)-5-(Acetyloxy)-1-[{di-2-propenviam moymethvienc}-

4 43 5 6,6a 8 9 9a-ociahydro-1 1-hydroxy-4-(methoxymethyl)-4a a-dimethyl-

cyclopenta]5 6 inaphtho[ 1. 2-clpyran-2,7 10(1 H)-trione (PX866, CAS 502632-66-8); and 8-
Phenyl-2-(morpholin-d-yH-chromen-4-one (LY294002, CAS 154447-36-6).

[06259] mTor include but are not himited to, Temsirolimus (Torigel®); Ridaforohmnos
(formally known as deferolimus, (IR 2R 450-4-[(2R-2 (AR SN 125 15R 16E 18R 19R ZIR,
238,24 268,287,308 325,35R)-1,18-dihydroxy-19.30-dimethoxy-15,17 21,23, 2935
hexamethyi-2.3,10,14,20-pentaoxo-11,36-dioxa-4-azatricycloj30.3.1.0*°} hexatriaconta-
16,24,26,28-tetracn-12-vljpropvlj-2-methoxveyelohexy! dimethylphosphinate, also known as
AP23573 and MK8669, and described 1n PCT Publication No. WO 03/064383); Everolimus
{Afinitor® or RADOG), Rapamycin (AY22959, Sirohmus®); Simapimod (CAS 164301-51-3);
{5-{2,4-Bis[(38)-3-methvhnorpholin-4-ylpyndo]2 3-djpyrimidin-7-y1}-2-
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methoxyphenyDmethanol (AZDBO33); 2-Amuino-8-[rrans-4-(2-hydroxyethoxy jeyclohexyl]-6-(6-
raethoxy-3-pyridinyD-4-methyl-pyrdo|2 3-djpyrimidin-7(8 H)-one (PFO4691302, CAS 1013101-
36-4); and N*-|1 4-dioxo-4-{[4-(4-0xo-8-phenyl-44-1-benzopyran-2-y Dmorpholinium-4-
vihnethoxy botvl]-L-arginylglyeyl-L-a-aspartylb-sering- (SEQ 1D NO: 131}, inner salt (SF1126,
CAS 936487-67-1).

[36268] In yet another aspect, the present invention provides a method of treating cancer
by admimsiering to a subject in need thereof an antibody drug conjugate of the present mvention
1 combination with one or more pro-apoptotics, including but not himited to, AP mhibitors, Bel2
inhibitors, MC11 inhibitors, Trail agents, Chk inhibitors,

66261} For examples, IAP inhubitors include but are not himited to, LCL161, GDC-0917,
AEG-33156, AT4006, and TL32711. Other examples of TAP mhibitors include but are not imuted
to those disclosed in WO04/005284, WO 04/007529, WOOS/697791, WO 03/0669894, WO
03/069888, WO 05/094818, US2006/0014700, US2006/0025347, WO 06/069063, WO
G6/G101E8, WO 06/017293, and WO08/134679, all of which are incorporated herein by
reference.

[06262] BCL-2 mhibitors mclude but are not lnnited to, 4-[4-{]2-(4-Chilorophenyi)-3.5-
dimethyi-1-cyelohexen-1-vijmethyl]-1-piperazinyi}-N-{[4-[ [{1R)-3-(4-morphohinyi)-1-
[(phenylthiomethyljpropyijamine|-3-[(trifluoromethylsulfomyljphenyljsulfonyljbenzamide (also
known as ABT-263 and described in PCT Publication No. WO 09/153386); Tetrocarcin A
Antimyem; Gossypol ((-)BL-193); Obatoclax; Ethyl-2-amino-6-cyclopentyl-4-(1-cyano-2-
gthoxy-2-oxoethyl)-4Hchromone-3-carboxylate (HA14 — 1); Oblimersen (G3139, Genasense®);
Bak BH3 peptide; (-)-Gossypol acetic acid (AT-101); 4-[4-[{4'-Chloro|1,1-biphenyl]-2-
yhmethylj-1-piperazinyl|-N-[[4-[[(1R}-3-(dimethylamino)- 1 -{{phenyithio methyljpropyijamino}-
3-nitrophenyiisulfonyl}-benzamide (ABT-737, CAS 832508-04-9); and Navitoclax (ABT-263,
CAS 923564-51-6).

(#6263} Proapoptotic receptor agonists (PARAs) mncluding DR4 (TRAILR1) and DRS
{TRAILRZ}, including but are not limited to, Dulanermin (AMG-951, RhApoZL/TRAIL);
Mapatumumab (HRS-ETR1, CAS 658052-09-6); Lexatumumab (HGS-ETR2, CAS 845816-02-
6). Apomab (Apomab®); Conatemumab (AMGH33, CAS §96731-82-1); and Tigatuzomab
(C51008, CAS 946415-34-3, available from Daiichi Sankyo).

Checkpomt Kinase (CHK) inhibitors mclude but are not limited to, 7-Hydroxystaurosporine
(UCN-01); 6-Bromo-3~-(1-methyvi-1H-pyrazol-4-v1)-5-(3R-3-piperidinyi-pyrazolo]1,3-
alpyrimidin-7-amme (SCHO00776, CAS 891494-63-6}; 3-(3-Fluorophenyl}-3-ureidothiophene-
2-carboxylic acid N-{(S)-piperidin-3-yHamide (AZD7762, CAS 860332-01-8); 4-[{{35)-1-

Azabicvclof2.2 Zjoct-3-vhamino]-3-(1 H-benamidazol-2-v11-6-chloroquinelin-2(1 H-one {CHIR
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124, CAS 405168-38-3);, 7-Ammodactmomycin (7-AAD), Isogramdatinude,
debromohvmenialdisine, N-[5-Bromo-4-methyl-2-[(28)-2-morpholinyimethoxy |-phenvl]-N'-(5-
methyl-2-pyrazinyDurea (LY2603618, CAS 911222-45-2); Sulforaphane (CAS 4478-93-7, 4-
Methyvisulfinvibutvl isothiocyvanate); 9,10,11,12-Tetrahvdro- 9,12-epoxy-1 H~-dimndolo1,2,3-
Ja:32 V-Ellpvrrole|3 4-7]{ 1 6 benzodiazocine-1 ,3(2H)~-dione (5B-218078, CAS 135897-06-2);
and TAT-S216A (YGRKKRRQRRRLYRSPAMPENL (SEQ ID NO: 132)), and CBP301 {(d-
Bpa)sws{d-Phe-F3){d-Cha)nrgre).

(36264 In a further embodiment, the present invention provides a method of treating
cancer by administering to a subject in need thereof an antibody drog conjugate of the present
ivention 10 combimation with one or more mamunomodulators{e.z., one or more of? an activator
of a costimulatory molecule or an inhibitor of an tmmune checkpoint molecule).

632651 In certain embodiments, the immumomodulator is an activator of a costimulatory
molecule. In one embodiment, the agomist of the costimulatory molecule 18 chosen from an
agonist {e.g., an agomistic antibody or antigen-binding fragment thereof, or a soluble fusion) of
OX40, Cb2, Cb27, CDS, ICAM-1, LFA-1 (CD11/CD18), ICOS (CD278), 4-1BB (CDI37),
GITR, CD30, D40, BAFFR, HVEM, CD7, LIGHT, NKG2C, SLAMF7 NKp8d, CD 160, B7-
H3 or CD83 ligand.

[06266] In certain embodiments, the immunomodulator is an whubiior of an tmmone
checkpoint molecule. In one embodiment, the immunomodulator is an imhubitor of PD-1, PD-L1,
PD-L2, CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIRY, CD166, 2B4 and/or TGFR

beta. In one embodiment, the inhibitor of an immune checkpoint molecule imhibits PD-1, PD-L1,
LAG-3, TIM-3 or CTLA4, or any combination thereof. The torm “inhibition”™ or “uhibitor”
mcludes a reduction in a certain parameter, e.g., an activity, of a given molecule, e. g, an immune
checkpoint inhibitor. For example, inhibition of an activity, e.g., a PD-1 or PD-L1 activity, of at
feast 3%, 0%, 20%, 30%, 40%., 50% or more is mcluded by this term. Thus, imhibition need not
be 100%.

662671 Inlubition of an inlubttory molecule can be performed at the DNA, RNA or
protein level. In some embodiments, an inhibitory nucleic acid (e.g., a dsRNA, siRNA or
shRNA), can be used to inhibit expression of an mlubiiory molecule. In other embodiments, the
hibitor of an mhibitory signal is a polypeptide e.g., a soluble ligand (e.g., PD-1-Ig or CTLA-4
Iz}, or an antibody or antigen-binding fragment thereof, that binds to the inhibitory molecule; e.g.,
an antibody or fragment thercof (also referred to herein as “an antibody molecule™) that binds to
PD-1, PD-LE, PD-L2 CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIRI, CD160, 2B4

and/or TGFR beta, or a combmation thereof.

88



WO 2016/075670 PCT/IB2015/058801

[06268] In one embodiment, the antibody molecule 18 a full antibody or fragment thercof
(e.g., a Fab, F(ab"),, Fv, or a smgle chain Fv fragment (scFv)). In vet other embodiments, the
antibody molecule has a heavy chain constant region (Fc) chosen from, e g, the heavy chain
constant regions of lgGl, Ie(G2, 1oG3, IgG4. 1eM, IgAl, lgA2, 1gD, and IgE; particularly, chosen
from, e.g., the beavy chain constant regions of IgGl, 1gG2, 1gG3, and 1g(G4, more particularly,
the heavy chain constant region of g6l or IgG4 {e. g, human 1gG1 or IsG4). In one embodiment,
the heavy cham constant region is human IgG1 or human IgG4. In one embodiment, the constant
region is altered, e. g, mutated, to modify the properties of the antibody molecule (e.g., to
merease or decrease one or more of ! Fo receptor binding, antibody glveosylation, the number of
cysteine residucs, effector cell function, or complement function).

06269 In certain embodiments, the antibody molecule is in the form of a bispecific or
multispecific antibody molecule. Inone emboduneat, the bispecific antibody molecule has a first
binding spocificity to PD-1 or PD-L1 and a second binding specifity, e.g., a second binding
specificity to TIM-3, LAG-3, or PD-L2. In one embodiment, the bispecific antibody molecule
binds to PD-1 or PD-L1 and TIM-3. In another embodiment, the bispecific antibody molecule
binds to PD-1 or PD-LI and LAG-3. In another embodiment, the bispecific antibody molecule
binds to PD-1 and PD-L1. In vet another embodiment, the bispecific antibody molecule binds to
PD-1 and PD-L2. In ancther embodiment, the bispecific antibody wolecule binds to TIM-3 and
LAG-3. Aay combination of the aforesaid molecules can be made i a multispecific antibody
moelecule, e.g., a trispecific antibody that mcludes a first binding specificity to PD-1 or PD-1, and
a second and third binding specifities to two or more of: TIM-3, LAG-3, or PD-L2.

66276 In certain embodiments, the immunomodulator 1s an mhibitor of PD-1, 2.2,
buman PD-1. In another embodiment, the immunomodulator 1s an inhibitor of PD-L1, e.g.,
human PD-L1. In onc embodiment, the mhibitor of PD-1 or PD-L1 is an antibody molecule to
PD-1 or PD-L1. The PD-1 or PD-L1 mhibitor can be admmigtered alone, or in combination with
other immumomodulators, e.g., in combination with an inhibitor of LAG-3, TIM-3 or CTLA4. In
an exemplary embodiment, the ihibitor of PD-1 or PD-L1, e g the anti-PD-1 or PD-L1 antibody
molecule, is admimstered 1in combination with a LAG-3 mhubitor, e. g, an anti-LAG-3 antibody
molecule. In another embodiment, the hbitor of PD-1 or PD-L1, e g, the anti-PD-1 or PB-L1
anitbody molecule, 1s admnistered i combination with a TIM-3 nlubitor, e.g., an anti-TIM-3
antibody molecule. In vet other embodiments, the inhubitor of PD-1 or PD-L1, e.g., the anti-PD-1
antibody molecule, 1s admimistered in combination with a LAG-3 mhsbiior, e.g., an anti-LAG-3
antibody molecude, and a TIM-3 inhibitor, e.g., an anti-TIM-3 antibody molecule. Other
combmations of immunomodulators with a PD-1 whubitor {e.g., one or more of PD-L2, CTLA4,

TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and/or TGFR) are also within the
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present mvention. Any of the antibody molecules known in the art or disclosed herein can be
used in the aforesaid combinations of inhibitors of checkpoint molecule.

[B6271] In one embodiment, the PD-1 inhibitor is an anti-PD-1 antibody chosen from
Nivolumab, Pembrolizumab or Pidilizumab. In some embodiments, the anti-PD-1 antibody 15
Nivolumab. Alternative names for Nivolumab include MIDX- 1106, MDX-1106-04, ON(O-4538,
or BMS-936538. In some embodiments, the anti-PD- 1 antibody 1s Nivolumab (CAS Registry
Number: 946414-94-4). Nivolumab is a fully human {gG4 monoclonal antibody which
specifically blocks PD1. Nivolumab (clone 5C4) and other haman monoclonal antibodies that
specifically bind to PDI are disclosed in US Pat No. 8,008,449 and PCT Pubhcation No.
WO2006/121168,

66272} In other embodiments, the anti-PD-1 antibody 15 Pembrolizumab,
Pembrolizumab (Trade same KEYTRUDA formerly Lambrolizumab -also known as Merck 3745,
MK-3475 or SCH-900475) 15 a humanized lgG4 monoclonal antibody that binds to PD1.
Pembrolizamab is disclosed, e.g., w Hamid, O. ef o, 2013) New England Journal of Medicine
369 (2): 13444, PCT Publication No. WO2009/114335, and US Patent No. 8,334,509,

[36273] In some embodiments, the anti-PD-1 antibody 1s Pidilizumab. Pudihizumab (CT-
811; Cure Tech) is a humanized IgGlk monocional antibody that binds to PDI. Pidilizumab and
other humantzed anti-PD-1 monoclonal antibodies are disclosed 10 PCT Publication No.
WO2009/101611. Other anti-PD1 antibodies are disclosed in US Patent No. 8,609,089, US
Publication Mo, 2010028330, and/or US Publication No. 20120114649, Other anti-PD1
antibodies include AMP 514 (Amphmmune).

[66274] In some embodiments, the PD-1 inhibitor 1s an immunoadhesin {e.g., an
immuncadhesin comprising an extracellular or PD-1 binding portion of PD-Llor PD-L2 fused to
a constant region {e.g., an Fc region of an tnmunoglobulin sequence). In some embodiments, the
PD-1 mhibitor 1s AMP-224,

[B8275] In some embodiments, the PD-LE whubitor 1s anti-PD-L1 antibody. {n some
embodiments, the anti-PD-L1 mhibitor 1s chosen from YW243.55.570, MPDL3280A, MEDI-
4736, or MDX-1105M8B-0010718C {also referred to as A09-246-2) disclosed m, e.g., WO
2013/0179174, and having a sequence disclosed herein (or a sequence subsiantially wdentical or
similar thereto, e.g., a sequence at least 83%, 90%, 95% identical or higher to the sequence
specified).

[36276] n one embodiment, the PD-L1 mhibitor is MDX-1105. MDX-1103, also known
as BMS-936539, 15 an anti-PD-L1 antibody descrbed i PCT Publication No. WO2007/005874.
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{66277} In one embodiment, the PD-L1 mhbibitor is YW243 35,870, The YW243 35,570
antibody 15 an anti-PD-L1 described m PCT Publication No. WO 2010/077634 (heavy and hight
chain variable region sequences shown in SEQ 1D Nos. 20 and 21, respectively ),

663278 In one embodiment, the PD-L1 mhibitor is MDPL3280A (Genentech / Roche).
MDPL3280A is a human Fe optimized 12l monoclonal antibody that binds to PD-L1.
MBPL3280A and other human monoclonal antibodies to PE-L1 are disclosed 1 U5, Patent No.:
7,943,743 and U5 Publication No.: 20120039906,

(602791 In other embodiments, the PD-L2 mlubitor 1s AMP-224, AMP-224 15 a PD-L2 Fe
fusion scluble receptor that blocks the mteraction between PD and B7-HI (B7-D{Ig;
Amplhmmune; e.g., disclosed in PCT Publication Nos. WO2010/027827 and WO2011/066342).
66286 In cne embodiment, the LAG-3 inhibitor is an anli-LAG-3 antibody molecule. In

one embodiment, the LAG-3 inhibitor s BMS-986016.

Pharmaceutical Compositions

[66281] To prepare pharmaceutical or sterile compositions including immunoconjugates,
the immunoconjngates of the invention are mixed with a pharmaceutically acceptable carrier or
excipient. The compositions can additionally contain one or more other therapeutic agents that
are suitable for treating or preventing cancer (including, but not limited to bladder cancer, breast
cancer, colon cancer, colorectal cancer, endometrial cancer, esophageal cancer, Barrett’s
esophageal cancer, gastric cancer, head and neck cancer, fung cancer, multiple myeloma, ovarian
cancer, lver cancer, pancreatic cancer, acute myveloid leakemia, chronic myeloid leukemia,
ostecsarcoma, squanious cell carcinoma, peripheral nerve sheath tumors schwannoma,
glioblastoma, clear cell sarcoma of soft tissue, malignant mesothelioma, nearofibromatosis, renal
cancer, melanoma, prostate cancer, benign prostatic hyvperplasia (BPH), gvnacomastica, and

rhabdomyosarcoma),

862821 Formulations of therapeutic and diagnostic agents can be prepared by muxing with
physiclogically acceptable carriers, excipients, or stabilizers in the form of e.g., lvophilized
powders, shurries, agueous solutions, lotions, or suspensions (see, e.g., Hardman ef o/, Goodman
and Gilman's The Pharmacological Basis of Therapeutics, MoGraw-Hill, New York, N.Y ., 2001,
Genmare, Renungton: The Science and Practice of Pharmacy. Lippincott, Williams, and Wilking,
New York, N.Y., 2000; Avis, ef /. (eds.), Pharmaceutical Dosage Forms: Parenteral
Medications, Marcel Dekker, NY, 1993; Licberman, ef o/ (eds.), Pharmaceutical Dosage Forms:
tablets, Marcel Dekker, NY, 1990; Licberman, et o/, {(eds.) Pharmaceutical Dosage Forms:
Disperse Systems, Marcel Dekker, NY, 1990; Wemner and Kotkoskie, Excipient Toxicity and
Safety, Marcel Dekker, Inc., New York, N.Y., 2000).
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[06283] In one embodiment, the chintcal service form {CSF) of the antibody drug
conjugates of the present invention is a lyopbilisate m vial containing the ADC, histidine,
sucrose, and polvsorbate 20. The lyvophilisate can be reconstituted with water for injection, the
solution comprises the ADC, lustidine, sucrose, and polysorbate 20 at a pH of about 5.0, Inone
specific embodiment, the lvophilisate comprises 10 mg/ml of the ADC, 20 mM histidine, 240

mM sucrose, and 0.02% polysorbate 20, at pH 5.3.

168284} Selecting an admunistration regimen for a therapeutic depends on several factors,
including the serum or tissue turmover rate of the entity, the level of symptoms, the
inmunogenicity of the entity, and the accessibility of the target cells in the biological matrix. In
certain embodiments, an administration regimen maximizes the amount of therapeutic delivered
to the pationt consistent with an acceptable lovel of side effects. Accordingly, the amount of
biologic delivered depends in part on the particular entity and the severity of the condition being
treated. Guidance n selecting appropriate doses of antibodics, cvickines, and small molecules
are available (see, e.g., Wawrzynczak, Antibody Therapy, Bios Scientific Pub. Ltd, Oxfordshire,
UK, 1996; Kresina {ed.), Monoclonal Antibodies, Cytokines and Arthritis, Marcel Dekker, New
York, N.Y , 1991, Bach {(ed.), Mouncclonal Antibodies and Peptide Therapy it Autoinunune
Diseases, Marcel Dekker, Noew York, N.Y | 1993, Baert ef ¢f., New Engl J. Med. 348:601-608,
2003 Milgrom ef o, New Engl. J. Med. 341:1966-1973, 1999; Slamon er of, New Engl. J. Med.
344:783-792, 2001 Bennaminovitz ef af., New Engl. J. Med. 342:613-619, 2000; Ghash er o/,
MNow Engl. 1 Med. 348:24-32, 2003; Lipsky et o/, New Engl. J. Med. 343:1594-1602, 2000).

[36285] Determination of the appropriate dose 1s made by the clinician, e.g., using
parameters or factors known or suspected 1 the art o affect treatment or predicted to affect
treatment. Generally, the dose beging with an amount somewhat less than the optimum dose and
it 18 increased by small mcrements thereafier until the desired or optomum effect is achieved
relative fo any negative side effects. Important diagnostic measures include those of svmptoms

of, e.g., the mflammation or level of inflammatory cytokines produced.

06286 Actual dosage levels of the active wgredionts in the pharmaceutical compositions
of the present mvention may be varied so as to obtain an amount of the active ingredient which s
effective to achieve the desired therapeutic response for a particular patient, composition, and
mode of adminisiration, without being toxic to the patient. The selected dosage level will depend
ppon a variety of pharmacokinetic factors including the activity of the particular compositions of
the present invention emploved, or the ester, salt or amide thereof, the route of adminustration, the
time of administration, the rate of excretion of the particular compound being emploved, the

duration of the treatment, other drugs, compounds and/or materials used i combination with the



WO 2016/075670 PCT/IB2015/058801

particular compositions emploved, the age, sex, weight, condition, general health and prior

raedical history of the patient bemg treated, and like factors kaown in the medical arts,

[36287] Compositions comprising antibodies or fragments thereof of the mvention can be
provided by continucus mfusion, or by doses at mntervals of,) e.g., one day, one week, or 1-7 times
per week, once every other week, once every three weeks, once every four weeks, once every five
weeks, once every six weeks, once every seven weeks, or once very eight wecks. Doses may be
provided mtravenously, subcutaneously, topically, orally, nasally, rectally, imtramuscular,
intracerebrally, or by inhalation. A specific dose protocol is one volving the maximal dose or

dose frequency that avoids significant undesirable side effects.

[36288] For the immunoconpugates of the invention, the dosage admimstered to a patient
may be 0.0001 mg/kp to 100 ma/kg of the patient's body weight. The dosage may be botween
84,0001 me/ke and 30 mg/kg, 0.0001 mg/ke and 20 mg/kg, 0.0001 mg/kg and 16 mp/kg, 0.0001
mg/ke and 5 mg/kg, 0.0001 and 2 mg/kg, 0.0001 and 1 mg/kg, 0.0001 me/kg and 0.75 mg/kg,
04.0001 me/kg and 0.5 mg/kg, 0.0001 mg/ke to 0.25 mg/ke, 0.0001 to 0.15 mg/kg, 0.0001 t0 0.10
me/ke, 0.001 t0 0.5 me/ke, 0.01 to 0.25 mg/kyg or 0.01 o 0.10 mg/ke of the patient's body weight.
The dosage of the antibodies or fragments thercof of the invention may be calculated using the

patient's weight in kilograms (kg) multiplied by the dose to be administered in mg/kg,

66289 Doses of the numunoconjugates the invention may be repeated and the
administrations may be separated by less than | day, at least | day, 2 days, 3 days, 3 days, 10
days, 15 days. 30 days, 45 days, 2 months, 73 days, 3 months, 4 months, 5 months, or at least 6
months. In some embodiments, the immunoconjugates of the invention may be given twice
weeklv, once weekly, once every two weeks, once every three weeks, once every four weeks, or
less frequently. In a specific embodiment, doses of the immunoconjugates of the mvention are

repeated every 2 weeks.

362961 An effective amount for a particular patient may vary depending on factors such
as the condition being treated, the overall health of the patient, the method, route and dose of
adnunistraiion and the severity of side effects {see, e.g., Maynard ef of , A Handbocok of SOPs for
Good Chinacal Practice, Taterpharm Press, Boca Raton, Fla., 1996; Dent, Good Laboratory and

Good Chinical Practice, Urch Publ., London, UK, 2001).

(362911 The route of administration may be by, e.g., topical or cutancous application,

mjection or infusion by subcutancous, intravenous, mtrapentoneal, intracercbral, intramuscular,

miraocular, miraarterial, intracercbrospinal, mtralesional administration, or by sustained release

svstems or an implant (sce, e.g., Sidman ef ¢f., Biopolymers 22:547-536, 1983; Langer er af., 1.

Biomed. Mater. Res. 15:167-277, 1981; Langer, Chem. Tech. 12:98-103, 1982; Epstein ¢f gl
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Proc. Natl. Acad. Sci. USA 82:3688-3692, 1983, Hwang ef &/, Proc. Natl. Acad. Sci. USA
77:4030-4034, 1980; U.S. Pat. Nos. 6,350,466 and 6,316,024}, Where necessary, the
composition may also mclude a solubilizing agent or a local anesthetic such as hidocaine to case
pain at the site of the injection, or both. n addition, pulmonary administration can also be
cmploved, e.g., by use of an mhaler or nebulizer, and formulation with an acrosolizing agent.
See, e.g., 1S, Pat. Nos. 6,019,968, 5985320, 5985 309, 59342725 874,064, 5 853 913,
5,290,540, and 4,880,078; and PCT Publication Nos. W0 92/19244, W 97/32572, W(
G7/44013, WO 98/31346, and WO 99/66903, each of wlhich 1s incorporated herein by reference

their entirety.

[06292] A composition of the present invention may also be admuustered via one or more
routes of adminisiraiion using one or more of a variety of methods known in the art. As will be
appreciated by the skilled artisan, the route and/or mode of admimstration will vary depending
upon the desired results. Sclected routes of admpnsiration for the immunoconjugates of the
mvention mclude mtravenous, mtramuscular, intradermal, intraperitoneal, subcutaneous, spinal or
other pareuteral routes of administration, for example by tyjection or infusion. Parenteral
administration may represent modes of administration other than enteral and {opical
admamistration, usually by wection, and mcludes, withoot limitation, intravencus, imframuoscular,
intraarterial, intrathecal, intracapsular, intracrbital, intracardiac, mtradermal, mtraperitoneal,
transtracheal, subcutancous, subeuticular, 1ntraarticular, subcapsular, subarachnoud, intraspinal,
epidural and mitrasternal mjection and mfusion. Alternatively, a composition of the mvention can
be administered via a non-parenteral route, such as a topical, epidermal or mucosal route of
adminastration, for example, infranasally, orally, vagmally, rectally, sublingually or topically. In
one embodiment, the bmunoconjugates of the mvention 1s administered by infusion. In another

embodiment, the immunoconjugates of the imvention is administered subcutaneously.

06293 If the mamunoconugates of the invention are administered in a controlled release
or sustained release system, a purnp may be used to achieve controlled or sustained release (see
Langer, supra; Setton, CRC Crit. Ref Biomed. Eng. 14:20, 1987, Buchwald er of., Surgery
88:507, 1980; Saudek er ol , N. Engl. J. Med. 321:574, 198%). Polvmeric materials can be used fo
achieve controlled or sustaned release of the therapies of the mvention (see e.g., Medical
Apphications of Controlled Release, Langer and Wise (eds.), CRC Pres., Boca Raton, Fla., 1974,
Conirolled Drug Bioavadability, Drug Product Design and Performance, Smolen and Ball {eds.),
Wiley, New York, 1984; Ranger and Peppas, J. Macromol. Sci. Rev. Macromol. Chem. 23:61,
1983 sce also Levy ef ¢l Science 228:190, 1983, During ef of., Ann. Newrol. 25:351, 1989
Howard et @/, J. Neurosurg. 7 1:103, 1989; U8, Pat. No. 5,679,377, U.8. Pat. No. 5,916,597,
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U.S. Pat. No. 3,912,015, U.58. Pat. No. 3,989.463; U.S. Pat. No. 3,128,326; PCT Publication No.
WO 99/15154; and PCT Publication No. WO 99/20253. Examples of polvmers used in sustained
release formulations include, but are not limited to, poly(2-hydroxy ethyl methacrvlate).
polyv{methyl methacrylate), poly(acrylic acid), polv(ethylene-co-vinyl acetate), poly(methacrylic
acid), polvelveolides (PLG), polvanhyvdrnides, poly(N-vinvl pyvrrolidone), poly{vinvl alcohol),
polyvacrylamide, poly(ethylene glveol), polviactides (PLA), poly(lactide~-co-glyveohides) (PLGA),
and polvorthoesters. In one embodiment, the polvmer used in a sustained release formulation 1s
mert, free of feachable impurities, stable on storage, sterile, and biodegradable. A controlled or
sustaned release system can be placed in proxamity of the prophylactic or therapeutic target, thus
requiring only a fraction of the systemic dose (see, e.g., Goodson, mn Medical Applications of

Countrolled Release, supra, vol. 2, pp. 115-138, 1984).

36254 Controlled release svstems are discussed in the review by Langer, Science
249:1327-1333, 1990). Any technique known to one of skill 1 the art can be used to produce
sustaned release formulations comprising one or more pmunoconjugates of the mvention. Sce,
e.g., US. Pat No. 4526938, PCT publication WO 91/05348, PCT publication WO 96/20698,
Ning ef af., Radiotherapy & Ouncology 39:179-189, 1996; Song ef o/ , PDA Journal of
Pharmaceutical Science & Technology 50:372-397, 1993, Cleck ef o/, Pro. Int'l. Symp. Countrol.
Rel. Bioact. Mater. 24:853-834, 1997; and Lam ef o/, Proc. Int'l. Symp. Control Rel. Bioact.

Mater. 24:759-760, 1997, each of which is incorporated hercin by reference in their entirety.

06295 If the immunocomugates of the wvention are administered topically, they can be
formulated in the form of an omntment, cream, transdermal patch, lotion, gel, spray, acrosol,
scluation, emulsion, or other form well-known (o one of skill in the art. See, e.g., Remington's
Pharmacentical Sciences and Introduction to Pharmaceatical Dosage Forms, 19th ed., Mack Pub.
Co., Easton, Pa. {1993). For non-spravable topical dosage forms, viscous to semi-solid or solid
forms comprising a carrier or one or more excipients compatible with topical application and
having a dvnamic viscosity, in some instances, greater than water are typically emploved.
Suitable formulations melude, without limitation, solutions, suspensions, cmulsions, creams,
ointments, powders, iniments, salves, and the like, which are, if desired, stenilized or nuxed with
auxiliary agents (e.g., preservatives, stabilizers, wetting agents, buffers, or salts) for influencing
various properties, such as, for example, osmotic pressure. Other suitable topical dosage forms
imclude sprayable aerosol preparations wherein the active ingredient, in some stances, in
combination with a sobd or hquid inert carrier, is packaged in a suxture with a pressurized

volatile {e.g.. a gaseous propeiiant, such as freon) or in 3 sguceze bottle. Moisturizers or
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humectanis can also be added to pharmacentical compositions and dosage forms if desired.

Examples of such additional ingredients are well-known 1o the art,

36256 If the compositions comprising the immunoconjugates are administered
miranasally, it can be formulated 1n an aerosol form, spray, mist or i the form of drops. In
particular, prophylactic or therapeutic agents for use according to the present mvention can be
conveniently delivered m the form of an acrosol spray presentation {rom pressurized packsora
nebuliser, with the use of a suttable propellant (e.g., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluorocthane, carbon dioxide or other suitable gas). In the
case of a pressurized aerosol the dosage unit may be determined by providing a valve to deliver a
metered amount. Capsules and cartridges (composed of, e.g., gelatin) for use in an inhaler or
msufflator may be formulated containing a powder mix of the compound and a suitable powder

base such as lactose or starch.

[06297] Methods for co-admpusiration or treatment with a second therapentic agent, e.g.,
a cviokine, steroid, chemotherapentic agent, antibiotic, or radiation, are known n the art (see,
e.g., Hardman er ol | {eds.) (2001) Goodman and Gilman's The Pharmacological Bagis of
Therapentics, 10.sup.th ed., McGraw-Hill, New York, N.Y ; Poole and Peterson (eds.) (2001}
Pharmacotherapentics for Advanced Practice: A Practical Approach, Lippincott, Williams &
Wilkins, Phila., Pa.; Chabner and Longo (eds.) (2001) Cancer Chomotherapy and Biotherapy,
Lippincott, Williams & Wilkins, Phila., Pa.). An effective amount of therapeutic may decrease

the symptoms by at least 10%; by at least 20%; at least about 30%; at least 40%, or at least 36%.

(36298} Additional therapics {e.g., prophylactic or therapeutic agents), which can be
admuinistered in combination with the immunoconjugates of the invention may be administered
fess than 3 minutes apart, less than 30 minutes apart, 1 bour apart, at about 1 hour apart, at about
1 to about 2 hours apart, at about 2 hours to about 3 hours apart, at about 3 hours to about 4 hours
apart, at about 4 hours to about 3 hours apart, at about 5 hours to about 6 hours apart, at about 6
hours to about 7 hours apart, at about 7 hours to about 8 hours apart, at about 8 hours to about 9
hours apart, at about 9 hours to about 10 hours apart, at about 10 hours to about 11 hours apart, at
about 11 hours to about 12 hours apart, at about 12 hours to 18 hours apart, 18 hours to 24 hours
apart, 24 hours to 36 hours apart, 36 hours (o 48 hours apart, 48 hoars to 52 hours apart, 52 hours
to 60 hours apart, 60 hours to 72 hours apart, 72 hours to 84 hours apart, 84 hours to 96 hours
apart, or 96 hours to 120 hours apart from the immunccorgugates of the invention. The two or

raore therapies may be admmistered within one same patient visit,

(36299} In certain embodiments, the immuonoconjugates of the wvention can be

formudated to ensure proper distribution in vivo. For example, the blood-brain barmer (BBB)
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exclades many highly hydrophilic compounds. To ensure thai the therapeutic compounds of the
mvention cross the BBB (f desired), they can be formulated. for example, 1o liposomes. For
methods of manufacturing liposomes, see, e.g., U.S. Pat. Nos. 4,522,811, 5,374,548 and
5399331, The liposomes may compriss one or more moicties which are selectively transported
into specific cells or organs, thus enhance targeted drug delivery (sce, e.g., Ranade, (1989) J.
Clin. Pharmacol. 29:685). Exemplary targeting moietios include folate or biotin {sce, ¢.g., U5,
Pat. No. 5,416,016 to Low ef ol }; mannosides (Umezawa ef /., (1988) Biochem. Biophys. Res.
Commun. 153:1038}; antibodies (Bloeman ef /., (1995) FEBS Lett. 357:140; Owais ef al.,
(1995) Antimicrob. Agenis Chemother 39:180); surfactant protemn A recepior (Briscoe ef o/,
{1993} Am. J. Physiol. 1233:134); p 120 {Schreier et al, (1994) . Biol. Chem. 269:9090); see also
K. Kemnanen; M. L. Laukkanen (1994) FEBS Lett. 346:123; 1. ). Kilbon: L. J. Fidler (1994)

Immunomethods 4:273.

(64386 The mvention provides protocels for the administration of pharmaceutical
composttion comprising imumunoconjugates of the mvention alone or in combination with other
therapies to a subject 1n need thereof. The therapies (e.g., prophvlactic or therapeutic agents) of
the combination therapies of the present wnvention can be admunistered concomitanily or
sequeniiaily to a subject. The therapy (e.g., prophylactic or therapeutic agents) of the
combination therapics of the present invention can also be cvelically admunistered. Cycling
therapy involves the administration of a first therapy (e. 2., a first prophylactic or therapeutic
agent) for a pertod of time, followed by the adminustration of a second therapy (e.g., a second
prophvlactic or therapoutic agent) for a period of time and ropeating this sequential
adminastration, 1.¢., the cvele, in order to reduce the development of resistance to one of the
therapies {e.g., agents) to avoid or reduce the side effects of one of the therapies {e.g., agents),

and/or to mmprove, the efficacy of the therapies.

1063681 The therapies (e.g., prophvlactic or therapeuntic agents) of the combination

therapies of the imvention can be administered to a subject concurrently.

(603021 The term "concurrently” is not lmited to the administration of therapies (e.g.,
prophylactic or therapoutic agents) at exactly the same time, but rather it 15 moant that a
pharmaceutical composition comprising antibodies or fragments thereof the mvention are
administered to a subject 1n a sequence and within a time interval sach that the antibody dreg
conjugates of the mvention can act together with the other therapy{ies) to provide an increased
benefit than f they were administered otherwise. For example, each therapy may be
administered to a subject at the same time or sequentially m any order at different points i time;

however, if not administered at the same time, thev should be adminustered sufficiently close m
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fime so as o provide the desired therapentic or prophyviactic effect. Each therapy can be
administered 0 a subject separately, 1 any appropriate form and by any suitable route. In
varions embodiments, the therapies {e.g., prophylactic or therapeotic agents) are admunistered to a
subject fess than 5 munutes apart, less than 15 minutes apart, less than 30 minutes apart, fess than
I hour apart, at about | hour apart, at about 1 bour to about 2 hours apart, at about 2 hours to
about 3 hours apart, at about 3 hours to about 4 hours apart, at about 4 hours to about 3 hours
apart, at about 3 hours to about 6 hours apart, at about 6 hours to about 7 hours apart, at about 7
hours to about 8 hours apart, at about 8 hours to about 9 hours apart, at about 9 hours to about 10
hours apart, at about 10 hours to about 11 hours apart, at about 11 hours to about 12 hours apart,
24 hours apart, 48 hours apart, 72 hours apart, or 1 week apart. In other embodiments, two or
raore therapies (e.g., prophylactic or therapeutic agents) are administered to a within the same
patient visit.

68383 The prophylactic or therapeutic agents of the combination therapies can be
administered to a subject m the same pharmaceuntical composition. Alternatively, the
prophylactic or therapeutic agents of the combination therapies can be admunistered concurrently
to a subject in separate pharmaceutical compositions. The prophyvlactic or therapeutic agents may
be administered to a subject by the same or different routes of admimsiration. The prophylaciic or
therapeutic agents of the combination therapies can be administered to a subject in the same
pharmaceutical composition. Alternatively, the prophylactic or therapeutic agents of the
combination therapies can be admuinistered concurrently to a subject i separate pharmaceutical
compositions. The prophylactic or therapeutic agents may be administered to a subject by the

same or different routes of admunistration.

EXAMPLES

Example 1: Generation of Antibodies

Generation of fxpression Constructs for Human, Cynomoleus Monkey, Mouse and Rat P-

cadherin Profeins

{00304 Human, mouse and rat P-cadherin extracellular domains (ECD) were gene
synthesized based on amino acid sequences from the GenBank or Uniprot databases (see
Table 2 below). Cynomolgus monkey P-cadherin ECD ¢DBNA template were gene
synthesized based on amino acid sequence mformation generated using mRNA isolated from
various cyno tissues. All synthesized DNA fragments were cloned info appropnate
expression vectors with C-terminal hexa-histidine tag (SEQ ID NO: 130) to allow for
purification.
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Table 2: Amino Acid Sequence Information for P-cadherin

Mame

Description

Accession Number or Sequence

SEQID
NO

Human P-
cadherin (CDH3)
Di-5

Human CDH3, residues
108-652-TAG

NM 001793 .4, NP_001784

121

Rat P-cadherin
(CDH3) D1-5

Rat CDH3, residues 100-
647-TAG

NM_053938.1, NP_446390

Mouse P-cadberin
{CDH3) Di-5

Mouse CDH3 tsoform a,
residucs 100-647-TAG

NM 0010378095, NP (01032898

Cynomolgus
Monkey P-
cadherin var. |
(CDH3) D1-5

Cynomolgus monkey
CDH3 variant!, residucs
108-654-TAG

MRFLVNVALVEMVVY ISY IYADHQ
TSLYRKKAGFEGDRTDWVVARPISVE

WLLLNKPLDREEIARKYELEFGHAVS
ENGASVEDPMNISIIVTDONDHKPR
KETQDTFRGSVLEGVLPGTSVMOV
TATDEDDATHTYNGVVAYESIHSQE
PKDPHDLMETIHERSTGTISVISEG
LDORERKVPEYTLTIQATDMDGDGST

TTAVAVVEILDANDNAPVEDFPOKY

ESHVPENAVGHEVORLTVITDLDAP

NSPAWRATYLIVGGDDGDHETIAT
il

D

LYVEVINEAPEVLKLPTSTATIVV

INEAPVEVPPSKVVEVQEGT
PTGEAVCVYTAKDEDEKENC SYR.
ITLRDPAGWLAMDPDSGOVIVAGTL
DREDEREFVRNNIYE ONGE
PPTTGTGTLLLTLIDVNDHGPVEE
PREITICNOSPESOVINITDKDLS
PHTSPEQAQ YWMAEVNE
KDDTVVLSLKKELKODTYDVHLSL
SDHGNKEQLTVIRATVCDCHGHVE

KCPDPWKGGGAHEHHHEGA

3

Cynomolgus
Monkey P-
cadherin var. 2
(CDH3) D15

Cynomolgus monkey
CDH?3 variant2, residues
108-654-TAG

SYIYADHQ
'EGDRTDWVVAPISVP
ENGKGPEFPORLNQLEKSNKDRDTKI
FYSITGPGADSPPEGVEAVERETG
WLLLNKPLDREEIAKYELEGHAVS
ENGASVEDPMNI ST IVIDONDHKP
KETQDTFRGSVLEGVLPGETSVMOVY
TATDEDDATIHTYNGVVAYSTHSQE
PKDPHDLMETIHRSTGTISVISSG
LDREKVPEYTLTIQATDMDGDGST
TTAVAVVEILDANDNAPVEDPOKY
ESHVPENAVGHEVQRLTVTDLDAP
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APFVI T<L'“'T“,"T7\ I*\,T
VEVPPSKVVEVQREGI
PTGEAVC ‘f TAKDPDRENOKISYR
ILRDPAGWLAMDPDSGOVITVAGTI
DREDEREFVRNNIYEVMVLAVDNG S
PPTTGTGET LLLTLIDVNDHGEVPE
PRETITICNQSPESQVILNITDKDLS
PHTSPEQAQLTD [ ,r) LY WM NE
KDDTVVLSLEKKELRKOGTYDVHLST
SDHC;' KEQLTVIRATVCDCRHGHV ]"J
KCPRPWRKGGGARHHHHHEGA

[asl
}

P-cadherin Baculovirus Generation

{06305] Baculoviras expressing recombinant P-cadhenn ECD proteins werg generated
by cither the co-transfection/plaque purification method (G Reilly et al, 1992) or Bac-To-
Bac Expression System method (Invitrogen) following manusfacturer’s protocol. Viras
generated from: the transfected insect cells was amplified using a standard low MOI mfection

method.

fapression of Recombinant P-cadherin Proteins

{00300} Suspension cultures of Tn5 cells growing in serum-free media (proprictary, m-
house made recipe) were sceded at a density of 1.5¢6 cells/ml and synchronousty infected
with recombinant P-cadherin baculovirus at either a MO of 10 pfu/ml or a volume of 3%
The P-cadherin baculovirus culture preps were propagated in etther 2L glass Erlenmyer flasks
or Wave bioreactor (GE Healthcare Life Sciences). The P-cadhernin preps expressed in 2L
flasks were shaken at 120 rpm at 27° C in serum-free media. The preps expressed in the
Wave biorcactor were shaken at 25rpm with an angle of 7.5% at 28° C. The supematant
harvested from either flasks or Wave bioreactor was harvested 2 days post-infection by
centrifuging the culture at 4° C for 10 nunutes at 1800 rpmo. The supematant was then
filtered with 2 0.2 pM filter unit. For expression greater than 1 L, the cell culture supematant
18 concentrated to 2-10x using AKTAcrossflow svstem (GE Healthcare Lite Sciences) with
KvickStart Ultrafilteration Flat sheet Cassetie. The concentrated material was filtered with a

0.2 uM filter unt.
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Purification of Human, Cynomoleus Monkey Mouse and Rat pCAD FCD proieins

{060307] Recombinant hexa-histidine (SEQ D NO: 130) tagged pCAD extracellular
domain proteins {¢.g., human pCAD-6xHis ("6xHis” disclosed as SEQ 1D NO: 130}, cynol
pCAD-6xHis ("6xHis" disclosed as SEQ ID NGO: 130}, cyno?2 pCAD-6xHis ("6xHis"
disclosed as SEQ 1D NO: 130}, mouse pCAD-6xHis {"6xHis" disclosed as SEQ 1D NG: 130},
rat pCAD-6xHis ("6xHis" disclosed as SEQ 1D NO: 130)) were purified from the cell culture
supernatant. The clanfied supernatant was passed over an immobilized metal affinity
chromatography {(IMAC} on nickel Sepharose resin ((GE Healthecare Life Sciences) column
which had been equilibrated with 25 oM bisTrisPropane, 0.3 M Na(Cl, 1 M CaCl2, pH 6.2,
The supematant is apphied to an IMAC column at a flow rate of 53-8 mL/ nunute. After base-
line washing with 25 mM bisTrisPropane, 0.3 M NaCl, 1 mM CaCl2, pH 6.2, swiiched to
wash buffer (20 mM Trs, 0.3 M NaCl, 1 mM (aCl2, pH 7.5) for five columm volumes. The
pooled protein was concentrated if necessary using Amicon Ultra 15 ml centrifugal
concentrators with 10 kDD or 30 kD nominal molecular weight cut-otfs. The pool protein was
then purified by gel filtration utilizing a Superdex 200 26/60 column (GE Healtheare Life
Sciences) pre-equilibrated i 20 mM Tns, 0.3 M NaCl, | mM CaCiZ, pH 7.5, Pertinent
fractions were pooled and analyzed by SDS-PAGE. Protein concentrations were determined

by Bradford protein assay (Thermal Fisher).

Immunization of Mice and Production of Hybridomas

{06308 Purified human P-cadherin ECD was diluted 1:1 with Freund’s Complete
Adpuvant prior to immunization of Bel-2 transgenic mice (C5TBL/6-Tgn (bel-2) 22 wehi
strain). Mice were immunized using a procedure that calls for Repetitive Immunization at
Mudtiple Sites (RIMMS) (Mcelntyre GD. Hybridoma 1997}, Briefly, mice were injected with
1-3 ug of antigen at 8 specific sites proximal to peripheral fvaph nodes (PLN}. This
procedure was repeated 8 fimes over a 12-day period. OUn Day 12, a test bleed was collected
and the serum antibody titer was analyzed by ELISA. Pooled PLN were removed from high
titer mice on Bay 15, To harvest lymphocyvies, PEN were washed twice with plain DMEM
and then dissociated by passage through a 22 micron screen (Falcon #3523503. The resulting
tymphocytes were washed 2 additional times prior to fusion 1in Cyiofusion media (BT Xpress
Cyvtofusion® Elsctroporation Medium caté 470013, FO myeloma cells were mixed with
lymphocyies at a ratio of 4 Ivmphocytes to 1 FO cell. The cell mixture was centrifoged,
suspended i 7ol of Cvtofusion media and subscquently added to a 9mi clectrofusion

chamber {Harvard Apparatus Coaxial Chamber YML Part #470020). Electrofusion was

101



WO 2016/075670 PCT/IB2015/058801

carried out per manufacturer’s mstructions using Cvto Pulse Sciences, Inc CEEF-50B
Hybrimune/Hybridoma System. Fuased cells were allowed to recover 3 min in chamber,
diluted 1/10 in Fusion media without HAT (DMEM + 20 % FBS, Pen/Strep/Glu, Ix NEAA,
0.5x HFCS) and placed at 37 °C for one hour. 4x HAT media (DMEM + 20 % FBS,
Pen/Strep/Glo, Ix NEAA, dx HAT, (.5x HFCS) was added to make a 1x solution and density
was adjusted tol.67x 10" cells/mi. The cells were then plated in 384-well plates at 60 pb /

well.

Screening of Hybridomas Secreting Antibodies {o P-cadherin

[B030%] Ten days after fusion, hybrnidoma plates were screened for the presence of P-
cadherin-specific antibodies. For the ELISA screen, Maxisorp 384-well plates (Nunc
#464718) were coated with 50 pl of human P-cadherin {diluted to 15 ng/well in PBS) and
meubated overnight at 4 oC. The remaining protein was aspirated and wells were blocked
with 1 % BSA in PBS. After 30 nun incubation at room temperature, the wells were washed
four times with PBS + 0.05 % Tween (PBST). 15 ub of hybridoma supernatant was
transferred to the ELISA plates. 15 pl. of mouse serum, taken at the time of PLN removal,
was diluted 1:1000 in PBS and added as a positive control. PBST. 30 pL of secondary
antibody {goat anti mouse gl ~ HRP (Jackson Immuno Research #115-035-071), diluted
1:5000 in PBS} was added to all wells on the ELISA plates. After incobation at room
temperature for 1 h, the plates were washed eight times with PBST. 238 pl of TMB (KPL
#50-76-05) was added and after 30 min mcubation at room temperature; the plates were read
at an absorbance of 605 nm. Cells from positive wells were expanded into 24- well plates in

HT media (BMEM + 20 % FBS, Pen/Strep/Glu, Ix NEAA, Ix HT, 0.5x HFCS).

Antibody purification

{00310} Supernatant containing antibodies were purnified using protein G (Upstate # 16-266
(Billerica, MA)}. Prior to loading the supernatant, the resin was equilibrated with 10 column
volumes of PBS. Following binding of the sample, the column was washed with 10 column
volumes of PBS, and the antibody was then eluted with 5 column volumes of 0.1 M Glyeine,
pH 2.0. Column fractions were immediatelv neutralized with 1/10th volume of Trus HCL pH
5.0. The 0D280 of the fractions was measured, and positive fractions were pooled and

dialvzed overnight against PBS, pH 72,
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Humanization and affinity maruration of anti-P-cadherin antibodics

{00311} VH and VL sequences of hybridoma derived anti-P-cadherin anttbodies were

humanized and affinity matured as follows.

Generation of Humanized Sequences

{00312} DINA sequences coding for humanized VL and VH domains were ordered at
GeneArt (1afe Technologies Inc. Regensburg, Germany) imcluding codon optimization for
homo sapiens. Sequences coding for VL and VH domains were subcloned by cut and paste
from the GeneArt derived vectors tnto expression vectors suitable for secretion in manunalian
cells. The heavy and hight chaims were cloned imto individual expression vectors to allow co-
transfection. Elements of the expression vector include a promoter (Cyvtomegaloviras (CMV)
enhancer-promoter), a signal sequence to facilitate secretion, a polyvadenyiation signal and
transcription terminator {Bovine Growth Hommone (BGH) gene), an clement allowing
episomal replication and rephication in prokarvotes {e.g. $V40 ongin and ColE! or others
known in the art} and elements to allow selection {(ampicillin resistance gene and zeocin

marker).

Expression and purification of humanized antibodies

[060313] Huoman Embryonic Kidney cells constitutively expressing the SV40 large T
antigen (HEKZ293-T ATCC1126R) arc one of the preterred host cell lines for transient
expression of humanized and/or optimized IgQG proteins. Transfection s performed asing PEI
{Polvethylenimine, MW 25.000 lincar, Polvsciences, USA (at.No. 23966) as transfection
rcagent. The PER stock solution is prepared by carcfully dissolving 1 g of PEI 10 900 ml celi
culture grade water at room temperature (RT). To faciitate dissolution of PEL, the solution is
actdified by addition of HCI to pH 3-5, followed by neutralization with NaOH to a final pH
of 7.05. Finally, the volume 1s adjusted o 1L and the solution is filtered through a2 .22 um
filter, aliguotted and frozen at -80°C until further use. Once thawed, an aliquot can be re-
frozen up to 3 times at -20°C but should not be stored long term at -20°C.

{66314} HEK 2937 cells are cultivated using serum-free culture mediuvm for
transfection and propagation of the cells, and ExCell VPRO serum-free culture medium
(SAFC Biosciences, USA, Cat.No. 245361C) as production/feed medium. Cells prepared for
transient transfections are cultivated in suspension culture. For small scale (<5L)

transfections, cells are grown in Corning shake flasks (Coming, Tewksbury, MA) on an
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orbital shaker (100~120 rpm} in a hunudified incubator at 5% CO2 (seed tlasks). Cells in the
seed cultures should be maintained in the exponential growth phase {cell densities between
5%105 and 3x106/mL) and display a viabiity of >90% for transfection. Cell densities outside
of this range will result in cither a lag phase after dilution or reduced transfection efficiency.
For small scale (<5L) transfection an aliquot of cells s taken out of the seed cultures and
adjusted to 1.4x10° cells/mL in 36 % of the final volume with Novartis seram-free culture
mediunm. The DNA solution (Solution |1 0.5mg of heavy chain and 0.5 mg of light chain
expression plasmid for a 1 L transfection) is prepared by diluting the DNA 1o Img/L (final
volume) i 7% of the final culture volume followed by gentle mixing. To prevent bacterial
contamination, this solution is filtered using a 0.22um filter (¢.g. Millipore Stericup). Then
3mg/L (final volume) of PEI solution is also diluted in 7% of final culture volume and mixed
gently (Solution 2}. Both solutions are incubated for 3-10 min at room temperature (RT}.
Thereafter solution 2 15 added to sohution 1 with gentle mixing and incubated for another 5-15
mimutes at room temperature. The transfection mix is then added to the cells and the
cultivation of cells 1s continued for 4 to 6 hours. Finally, the remaiming 50% of total
production volume are achieved by addition of ExCell® VPRO serum-free culture medium.
The cell cultivation is continued for eleven davs post transfoction. The culture s harvested by
centrifugation at 4500 rpm for 20 munutes at 4°C (Heracus ®, Multifuge 3 5-R, Thermo
Scientific, Rockford, IL). The cell supernatant recoversd is sterile filtered through a stericup
filter {(0.22 um} and stored at 4°C unti] further processing.

106315] Purification was performed on an “AKTA 100 explorer Air” chromatography
system at 4°C in a cooling cabinet, ssing a freshly samitized {0.25 M NaOH) HiTrap ProtA
MabSeclect®SuRe, 5ml column. The columan was equilibrated with 5 TV of PBS (Gibeo, Life
Technologies, Carlsbad, CA), and then the sterile filtered supematant (2 L) was loaded at 4.0
mb/min. The column was washed with 8 CV of PBS to elute the unbound sample and again
washed with 5 CV of PBS. Antibody was eluted with 5 OV of 50 mM citrate, 70 mM NaCl
pH 3.2. The cluate was collected 1n 3ml fractions; fractions were pooled and adjusted at pH 7
with 1 M Tris HCI pH190. The pools were pooled and sterile tiltered (Millipore Steniflip, 0.22
um), the 0D 280 nm was measured n a Spectrophotometer ND-1000 (NanoDirop), and the
protein concentration was calculated based on the sequence data. The eluate was tested for
aggregation (SEC-MALS) and purity (SDS-PAGE, LAL and MS). For the second
purification step, it necded, pools from the first purification were loaded into a freshly
sanitised (0.5 M NaQH} SPX (Hi Load 16/60 Superdex 200 grade 120 mL (GE-Heltheare}.
The column was equilibrated with PBS and the run was done with PBS buffer at 1 ml/min,
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the eluate was collected 1in 1.2 mi fractions and analvzed as deseribed for the first purification
step.

Antibodies from Morphosys HuCAL PLATINUM® phage library pannings

[60316] For the selection of antibodies recognizing human P-cadherin, multiple
panning strategics were utilized. Therapeutic antibodics against human P-cadherin protein
were generated by the selection of clones that bound to P-cadherin using as a source of
antibody vanant proteins a commercially available phage display hibrary, the Morphosys
HuCAL PLATINUM® library. The phagemid library is based on the HuCAL” concept
(Koappik ef al., 2000, J Mol Biol 296: 57-86) and employs the CysDisplay ™ technology for
displaying the Fab on the phage surface (W0O01/05950).

[60317] For the isolation of anti-P-cadherin antibodies sclid phase, liguid phase, and

cell based panning strategics were emploved.

Solid Phase Panning on Recombinant P-cadberin

[00318] Prior to the antigen selection process a coating check ELISA was performed to
determine the optimal coating concentration for the antigen. Recombinant P-cadherin protein
with His tag was used in the solid phase panning approach by coating on Maxisorp ™ plates
{Nunc} via passive adsorption. An appropriate number (dependent on the number of sub-
library pools) of wells of a 96-well Maxisorp’™ plate (Nunc) were coated with 125 nM
antigen overnight at 4°C. The coated wells were blocked with PBS (phosphate buffered
saline}/5% milk powder/5% BSA (bovine serum albumin}/0.} % Tween 20/ 1mM Call,. For
cach pamning, about 50 ul HuCAL PLATINUM?® phage-antibodics were blocked in solution
for 2h at room temperature (RT). After the blocking procedure, pre-blocked phage nux was
added to each antigen coated and blocked well and mcobated for 2 hours thyat RTon a
microtiter plate (MTP) shaker. Afierwards, unspecific bound phage was washed off by
several washing steps with PBS. For elution of specifically bound phage, 25 mM DTT
{Dithiothreuol} was added for 10 munutes (nun) at RT. The BTT eluates were used for
infection of K. coli (Escherichia coli) TG-F~ cells. After infection, the bacteria were plated
on LB (lysogeny broth)/Cam (chloramphenicol) agar plates and incubated overnight at 30°C.
Colontes were scraped off the plates and were used for phage rescue, polvclonal
amplification of selected clones, and phage production. With purified phage the next panning

round was started.
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[66319] The second and third round of solid phase panning was performed according

to the protocol of the first round except for more stringent washing conditions.

Subcloning and Microexpression of Selected Fab Fragments

[60328] To facibitate rapid expression of soluble Fab, the Fab encoding inserts of the
selected HuCAL PLATINUM® phage were subcloned from pMORPH30 display vector into
pMORPH"x11 expression vector pMORPH®x11_FH.

{60321} For mitial screening and characterization an overnight culture of individual
Fab-expressing E.coli clones were lysed using 0.5 mg/mbL lvsozyme, 0.8 mM EI3TA and 4

U/ul Benzonase. Fab containing F. colf lyvsates were used for ELISA and FACS screening.

ELISA Screening

303221 Using ELISA screening, single Fab clones were identified from panning
cutput for binding to the target antigen. Fabs are tested using Fab containing crade £ coli
fysates.

[066323] For verification of Fab expression in the prepared E. coli lysates, Maxisorp™
{Nunc) 384 well plates were coated with Fd fragment specific sheep anti-human fgG dituted
1:1000 in PBS. After blocking of plates with 5% skim milk powder in PBS, Fab-containing
£ coli lvsates were added. Binding of Fabs was detected by F{ab), specific goat anti-human
1gG conjugated to alkaline phosphatase (dilated 1:5000) using Attophos fluorescence
substrate (Roche, catalog #116819820013. Fluorescence enmssion at 335 nm was recorded
with excitation at 430 nm.

100324} For identification P-cadherin antigen binding Fab fragments Maxisorp™™
{Nunc) 384 well plates were coated with 25 nM human P-cadherin antigen via passive
adsorption 1 PBS. After blocking of plates with 5% skim milk powder m PBS, Fab-
containing £, coli lysates were added. Binding of Fabs was detected by F(ab), specific goat
anti-human IgQG conjugated o alkaline phosphatase {(diluted 1:5000) using Attophos
fluorescence substrate (Roche, catalog #11681982001). Fluorsscence emission at 535 nm

was recorded with excitation at 430 nm.
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FACS Screening {Fluorescence Activated Cell Sorting)

{66325} In FACS screening, single Fab clones binding to cell surface expressed
antigen are identificd from the panning output. Fabs arc tested for cell binding using Fab
containing crude & coff lvsates.

[060326] 30 ul of cell-suspension was transferred into a fresh 96-well plate (resulting 1n
1x10° cells/well) and mixed with 50 ul of Fab containing bacterial extracts.

160327} The cell-antibody suspensions were then incubated on ice for L houron a
shaker. Following incubation, cells were spun down and washed two times with ice cold
FACS buffer. After cach washing step, cells were centnfuged and carefully re-suspended.
{00328 Secondary detection antibody (PE conjugated goat anti human Ig(G; Dianova)
was added and samples were incubate on 1ce and subsequently washed according to Fab

. . . . . . e g ™ -
meubation Fluorescence intensity was determined in a FACSCalibur™™ instrument.

Expression and Purification of HuCAL" Fab Fragments

1860329} Expression of Fab fragments was performed in £ coli TG F- cells. Cultures
were shaken at 30°C for 18 h. Cells were harvested and disrupted. Hisg-tagged Fab
fragments ("His," disclosed as SEQ D NO: 130) were isolated via IMAC and gel filtration
and protein concentrations were determined by UV-spectrophotometry at 280 nm.

60336 The identity and purity of Fab preparations was determined m native state by

mass spectrometry (M5},

Cross-reactivity Analysis

{06331 Purified Fabs were tested in ELISA for binding to human, cyno, rat and mouse
P-cadherin ECD proteins. For this purpose Maxisorp™ (Nunc) 384 well plates were coated
with antigen at a concentration of 10 ug/mL m PBS overnight at 4°C. Binding of Fabs was
detected by Flab}, specific goat anti-human IgG conjugated to alkaline phosphatase {(diluted
1:5000} using Attophos fluorescence substrate (Roche, catalog #11681982001).

Fluorescence emission at 535 mum was recorded with excitation at 430 nou

Conversion to g6 and gl Expression

{80332} In order to express full leongth IgG in HEK cells, variable domain fragments of
heavy (VH) and light chains (VL) were subcloned from Fab expression vectors into
appropriate pMorph® hlg vectors for human IgG1. The cell culture supernatant was
harvested 10 davs post transfection. Afier sterile filtration, the solution was subjected to
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Protein A affinity chromatography using a liquid handling station. Buffer exchange was
performed to 1x Dulbecco’s PBS (pH 7.2, Invitrogen} and samples were sterile filtered
(0.2 pm pore size). Protein concentrations were determined by UV-spectrophotometry at 280

nm and purity of IgGs was analvzed under denaturing, reducing conditions i SDS-PAGE.

Biocassay
160333] Anti-P-cadherm antibodies obtamed following the panmng processes

described above were evaluated in the assay exemplified below:

HCC1984 Cell Internalization Assay

{86334} To determine the capacity of anti-P-cadherin antibodies to undergo target
mediated cclf intemalization a microscopy based mtemalization assav was cstablished using
the P-cadherin expressing HCC1954 tumor cell line.

{0335] Cells were re-suspended in full-growth mediom (RPMI-1640 + 10% FCS and
seeded into flat-bottomed microscopic 96-well assay plates (ViewPlaie®-96 F TC, Perkin
Elmer, #6005225) at a cell density of 5x10° cells/well in 100 ul and incubated at 37°C and
5% CO; for 2 days.

{06336 After two days, the HiCAL® antibodies (IgG) were diluted in PBS to the
desired concentrations. 100 pl of the antibody solutions were added to the seeded cells and
meubated for 2 h. Atter that, cells were washed twice with PBS, fixed with Ix CellFIX
reagent (CellFIX™, BD Biosciences, # 340181), washed again twice with PBS and
permeabilized with 0.1 % Triton X-100. Cells were then blocked with 1x Odyssey buffer (Li-
Cor, No. 927-406000) for 1 h. After aspiration, cells were stained for 1 h with Hoechst
{(bisBenzimide H 33342 trichlonde, #B2261, Sigma) and Alexa Flaor® 488 goat anti-human
12G (nvitrogen, #A-11013). After staining, cells were washed three times with PBS and
analvzed using a Cellomics ArravScan V11 HCS Reader (Thermo Fischer Scientitic. To
assess the half maximal internalization concentration (I1Cs values), IgG titration was

performed covering a 10 oM to 2.4 pM range in 4fold dilution steps.

Removal of posi-transictional modification (PTM) sire

1860337} One antibody, NOV 169, which was identified in the internalization assay
described above and found to efficiently internalize into P-cadherin expressing tumor cells
HCC1954, was found to contain a single N31S PTM site in HCDR1. To prevent deamidation

this stte was converted into a N31Q site by single point Kunkel mutagenesis, resulting into
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antibodv NOVI16YN31Q. Equivalent binding strength to recombimant human P-cadherin by
NOV169N31Q in comparison io parental NOV169 was confirmed by forte BIO KD

determination.

Summary of Antibodies
{30338} Table 1 scts forth the relevant sequence information for anti-P-cadherin

antibodics isolated from the Morpiosys HuCAL PLATINUMY phage library and humanized

anti-P-cadherin antibodies derived from murine hybridomas.

Example 2: X-ray cryvstalloeraphic structure determination of the human P-cadberin

ECT EC2 and of its complex with the NOV169N31( Fab

166339) The three dimensional structure of human P-cadherin was hitherto unknown.
The crystal structure of a human P-cadherin ECD (extracellular domain) fragment (first two
N-ternunal cadherin-repeat domains, or EC1 EC2, amino acids 108 to 324, SEQ ID NQG: 2,
Table 1) as well as its complex with the Fab fragment of NOVI169N31Q (Table 1) was
determined. As detailed below, human P-cadherin EC1EC2 was expressed, refolded,
purtfied and crystallized. In addition, purified human P-cadherio EC1 EC2 was mixed with
the NOVI6ON31( Fab to form a complex which was alsc subsequently purified and
crystallized. Protein crystallography was then emploved to generate atomic resolution data
for human P-cadherin EC1 _EC2 in the free state and bound to the NOV169N31(Q Fab to
define the epitope.

Protein produciion of munan P-cadherin FC1 EC2 and NOVI6IN3 I Fab for
crystaliography

{(0340] The amino acid sequences of human P-cadherin EC1_EC2 and NOV169N31Q
Fab produced for crystallography are shown in Table 3. The construct of human P-cadherin
ECI EC2 comprised residucs 108 to 324 (underlined) of human P-cadherin (UniProt
wlentifier P22223, SEQ ID NO: 126}, along with N-terminal residues from the recombinant
expression vector (shown in lower case letters, SEQ 1D NG 127). Forthe NOVI6ON3IIQ
Fab, the amino acid sequences of the heavy and hight chaing are shown, along with C-
terminal identification/purnification tags (shown m lower case letters, SEQ ID NQGs: 128 and

129, respectively).
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Table 3: Proteins used for crystal structure determination

Construct

Amino acid sequence in ong letter code

SEQ ID

NO

Human P-cadhenn
(P22223)

MGLPRGPLASLLLLOVCWLQCAASEPCRAVIFREAEVTLEAGGA
Fﬁ”PuQ’JGK”*WGLPCJ”DAJTSTUN]‘”"VRNGF”NQERRQ
'QR%ﬁRTWVVAPLbVPENbePFFQ {
PPEGVEAVERETGWLLLNKP

OETVWPHNUHKPKF

TQDTFDG)VLJ”
SQEPKDPHDLMET THRSTGTISVI KVEEYTLTLQAL
DMDGDGESTTTAVAVVEILDANDNAPMEDPOKY EAHVPENAVGH
EVORLTVTDLDAPNSPAWRATYLIMGGDDGDHETITTHRESNGO
GILTTREKGLDFEARKNQHTLYVEVTNEAPEVLKLPTSTATIVVH
VEDVNEAPVEVPPSKVVEVQEGIPTGEPVCVYTAEDPDKENCK
IEYRILRDPAGWLAMDPDSGOVTAVGTLDREDECEVRNNIYEV
MVLAMDPNGSPEFTTGTGTLLLTLIDVNDHGEVPEPRQITICNQS
PV RQVLW”TD?DLSPPTDDF AQLTDDSDIYWTAEVNEEGDTV
i 'FLKQTTVDVBL SLEDHGNKEQLTVIRATVCDCHGHVE
TCE PWKGGFILPVLGAVLALLFLLLVLLLLVREKRKIK
LPEDUTRDNVFXYGEEGCGZEDODYDI”QLTR LEARPEVVLR
NDVAPTIIPTPMY RPRFANPDEIGNE I TENLEKAANTDEPTAPPY
DTLLVEDYEGSGSDAASLESLT SSASDODODY DY LNEWGSREK

KLADMY GG

TTT

126

Human P-cadhenn
EC1 EC2

gplWVVAP ISVPENGKGPFPORLNQLKSNKDRDTKIFYSTTGR
GADSPPEGVFAVEKETGWLLLNKFPLDREET HAVSEN
GLBVEDBMNISIIV“DQNDHFPKFT“DTERﬁbv"E VLPGTSV
MOVTATDEDDATYTYNGVVAYSTIHSQEPKDPHDIMETIHRSTG
TISVISSGLDREKVPEYTLTIQATDMDGDGSTTTAVAVVEILD
ANDN

NOVI6ON3IQ
Fab heavy chain

OVOLOCSGPGLVKPSOQTLSLTCATISGRSVSSOSAAWNWIRQSE
SRGLEWLGRIYYRSKWYNDYALSVEKSRITINPDTSKNQESI
NSVTPEDTAVYYCARGEGYGREGEFATWGQGTLVIVSSASTRGE
SVEPLAPS SKSTSGGTAALGCLVRDY PPERPVIVSWUNSGALTSG
VETEFPAVLOSSGLYSLSSVVIVPRPSSSLGETQTY ICNVNH
KPSNTKVDKRVEPKSEFdykddddkgaphhhhhh

o
}
"l

NOVI6ON31Q
Fab light chamn

DIOMTOSPESLEASVGDRVTITCRASQTISNTLAWY QOKPGKA
PELLIYAASNLOSGVPSRESGEGSGTDETLTISSLOPEDFATY
VC” YLSWETEFGOGTRVEIRKRTVAAPSVEIFPPSDEQLKSGTA
VVCLLNNEY FPREARKVOWKVDNALQSGNSQESVTEQDSKDSTY
SL“ST TLSKADYEKHEVYACEVTHOGLSSEVTESENRGEA

129

100341 Human P-cadberin EC1_ECZ with an N-terminal hexahistidine tag (SEQ ID

NO: 130) followed by a PreScission cleavage site was cloned and expressed m F.coli BL21

(DE3) Star (Invitrogen) with a pET28 vector. Following overnight induction with IPTG at 18

°C, celis (67g) were harvested and lysed with a French press in 700 mi of 50 mM TRIS pH
10% glycerol, ZmM TCEP, and 14 tablets of EDTA-free cOmplete

3.0, 500 mM NaCl,

protease inhibitor cocktail (Roche). After centrifugation (35 min at 18,000 rpm with $834
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rotor), the supernatant was sterile filtered (0.45um} and loaded onto a Crude FF metal
chelation chromatography column (3mi, GE Healthcare) pre-equilibrated with Butfer A (50
mM TRIS pH 8.0, 5060 mM Na(ll, 10% glycerol). The colamn was first washed with the
equilibration buffer and then with buffer A including 25 mM mudazole, followed by clution
with a 25 mM to 500 mM imidazole gradient. The eluted protein (36 mg) was then cleaved
using PreScission protease {10 ug per mg) during overnight dialysis against 50 mM TRIS pH
8.0, After filtration {0.22um), the sample was loaded onto a Mono(} anion exchange
chromatography column (GE Healthcare) pre-eqailibrated with 50 mM TRIS pH 8.0, and
cluted with 2 0.0 M tc 1.0 M NaCl gradient. The major peak containing P-cadherin EC1 EC2
{25.6 mg) was coliected and analyzed by SDS-PAGE and HPLC. The fraction pool was then
re~loaded onto the Crude FF metal chelation chromatography column (Smi, GE Healthcare)
pre-equilibrated with 50 mM TRIS pH 8.0, 500 mM NaCl, 16% glvcerol as before. The P-
cadherin EC1 EC2 protein was recovered in the flow-through, and analyzed by HPLC and
LC-MS. LC-MS analyses showed the expected molecular weight (23,837Da).

[66342] The NOVI69NI1Q Fab was expressed at 1 hiter scale m F. cofi. First, the
plasmid encoding the Fab fragment was transformed into chenucally competent TGLE F.coli
cells. After overmight growth of the bacteria on LB/Agar/1% Glucose/34pg/ml
chloramphenicol plate at 37°C, one colony was used to inoculaie a 6 ml pre-culture
(2xY'T/1.0% Glucose/34pg/ml chloramphenmcol). The culture was incubated overnight at
30°C, shakmg at 220 rpm. Next day, the pre-culiure was transferred to 1 liter expression
culture (2xY'T/0.1% Glucose/34pug/ml chloramphenicol). The expression culture was
mcubated at 30°C, shaking at 220 rpm until an OBegpnm of 0.6-0.8 was reached. Expression
was induced by adding PTG 1o a final concentration of 0.5 mM. The expression was carried
on overnight at 25°C and 220 rpm. Next day, cells were pelleted and frozen at -80°C.

060343 The Fab fragment was purtfied in 2 steps using an avtomated protocol on the
AEKTA Express system {software: Unicom v3.11). Bacteria pellet was first resuspended in
40 mi lysis buffer (200 maM Na phosphate pH 7.4, 0.5M NaCl, 0.1% lysozyme, 2mM MgCl,,
10U/m] benzonase, 1 tablet/30ml of ¢Omplete EDTA-free protease mhibitor) and ncubated
at room temperatore for 1 hour under shaking. The cell debris was removed by centrifugation
at 16,000 g for 30 min. The Fab containing supernatant was passed through 0.2 uM syringe
filters (Pall, #PN4525) and loaded onto the svstem pre-equilibrated with runming buffer
(20mM Na phosphate, 0.5M NaCl, 10mM imndazole, pH 7.4}, The first punfication step was

performed over a T ml HiTrap HP column (GE Healtheare}. The colomn was washed with
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running buffer and Hiss-tagged Fab fragments ("Hise" disclosed as SEQ ID NO: 130) were
chuted with the chution buffer {20mM Na phosphate, 0.5M Nall, 250mM imidazole, pH 7 4).
The peak fraction was automatically applied on the gel filtration column (Hil.oad 16/60
Superdex 75; GE Healthcare). The punfied Fab fragment was eluted in PBS. The
concentration of the Fab fragment was determined by UV;50nn measurements and by
applying the Lambert-Beer equation, using the extinction cocfficient ¢stimated from the

amino acid sequence.

Crystallization and structure determination of the human P-cadherin EC1 FEC2

{00344 Human P-cadherin EC1_EC2 was dialyzed against 10mM Tris-HCI pH 7.4,
25mM NaCl, concentrated to 15mg/ml and screened for crystatlization at 20°C.

3345} Crystals were grown in 96-well SD2 plates by sitting drop vapor diffusion. In
detail, 0.2 pl of protein was mixed with 0.2 pl of reservoir solution, and the drop was
equilibrated against 80 ul of the same reservoir solution at 20 °C. Crystals suitable for X-ray
diffraction analvsis were obtained with a reservoir solution made of 0.085M HEPES pH 7.5,
3,655M NaCl, 15% glveerol.

{00340} For data collection, one human P-cadherin EC1_ECZ crvstal was mounted m a
crvo-loop and directly flash cooled i liquid mitrogen. Dhffraction data were collected at
beamline X105A (PX-II) of the Swiss Light Source (Paul Scherrer Institute, Switzerland),
with a Pilatus pixel detector and X-rays of (.99999A wavelength. In total, 720 images of
0.25deg oscillation cach were recorded at a crystal to detector distance of 200mm. Data were
processed and scaled at 1.40A resolution using XDS (Kabsch (1993) 1. Appl. Crystallogr.
26:795-800} as implemented m APRV-INDEX (Kroemer, Drever, Wendt (2004) Acta
Crystaliogr. Sect. 3: Biol. Crystaliogr. 60:1679-1682). The crystal was in space group C2
with cell dimensions a= 120,89 A, b=76.52 A, ¢c= 46 21 A, alpha=90°, beta= 107.79°,
gamma=90° The human P-cadherin EC1 EC?2 structure was solved by molecular
replacement using the program Phaser (MeCoy ef af., (20073 §. Appl. Cryst. 40:658-674) and
PDR entrv 1L3W (X Laevis C-cadherin, 3.08A, 55% sequence identity}. The final model was
built in COOT (Emsley ef af, (2010) Acta Crystallogr. Sect. B Biol. Crystallogr. 66:486-
501} and refined with Buster {Global Phasing, L'TD) 10 Hyon: and Ree, values of 19.8% and
21.3%, respectively, with a rmsd of 0.010 A and 1.13° for bond lengths and bond angles,

respectively.
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Human P-cadherin £C1 FC2 structure

100347} The crystal structure of human P-cadherin EC1 _ECZ (amino acid residues 108
showed the expected overall fold. Three calcium ions were observed at the domain interface.
[60348] The ECD domain of cadhering has been proposed to play a role i the
extracellular architecture of adherens junctions, which control intercellular adhesion. Junction
assembly involves both frans and cois homotypic mtcractions between the cctodomains of
cadherin clusters (Boggon ef a/., (2002} Science 296:1308~1313; Harrison et of., (201 1)
Structure 19:244-2563. Trans homotypic mteraction mvolves N-terminal Trp exchange
(“strand swapped dimer”) between the ECI domains of two cadherin molecules in opposite
orientation {presented by two different cells). In contrast, cis homotypic interaction ivolves
the N-terminal extracellvlar cadhenn (EC1) domamn of one molecule and the second (EC2)
domain of ancther molecule in the same orientation. 7rans mteractions are thought to be
much stronger than ¢7s interactions. While frans interactions form the molecular basis of
mtercetlular adhesion, cis interactions are believed to promote cell adhesion via molecular
clustering.

{00349 The crystal structure of the human P-cadhenn EC1 EC2 fragment showed that
the N-termnal segment involved in frans homotypic interactions via Trp exchange was not
taking part in such interactions in the crystal and was bound to its own domain. Furthermore,
an analysis of the crystal packing revealed that one of the symmetry-related P-cadherin

ECI EC?2 molecule was making ¢is homotypic interactions highly similar to those already
reported for other cadhering, showing that crystallization was, in this case, driven by cis

homotypic interactions.

Crysiallization and struciurve defermination of the NOVI6IN3 I Fab complex

|0350] The complex of heman P-cadherin EC1_EC2 with the NOV169N31{} Fab was
prepared by mixing the purified human P-cadherin EC1_EC? and the NOVI6YN31Q Fabata
1.5:1.0 molar ratio (concentration measured by HPLC) and purifying the complex on a
Superdex 200 {(GE Healthcare) size exclusion chromatography equilibrated in 10mM Tris-
HClpH 7.5, 156mM Na(l, with 2 tablets of EDTA-free ¢Omplete protease inhibitor cocktail
{Roche). Peak fractions were analyvzed by SDS-PAGE and LCMS. Fractions containing the
human P-cadherin EC1_EC2 /NOVIGIN3T(Q Fab complex were concentrated to about 12
mg/ml, CaCl, was added to a final concentration of 5SmM and the sample was screened for
crystallization at 20°C.
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80351} Crystals were grown in 96-well 8D2 plates by sitting drop vapor diffusion. In
detail, 0.2 pl of protein was mixed with 0.2 pl of reservoir solution, and the drop was
cquilibrated against 80 ul of the same reservoir solution at 20 °C. Crystals suitable for X-ray
diffraction analysis were obtained with a reservoir solution made of 0.2M calcium acctate,
10% (w/v} PEG 8,000, 0.1M MES pH 6.5.

{0352] Before data collection, one human P-cadherin EC1 EC2Z/NOVIOON3I( Fab
crystal was brieflv transferred 1nto a 111 mix of the reservoir solution with 20% PEG 8,000,
30% glycerol, and flash cooled in hiquid nitrogen.

[66353] Diffraction data were collected at beamling X105A (PX 1) of the Swiss Light
Source (Paul Scherrer Institute, Switzerland), with a Piatus pixel detector and X-ravs of
(.99999A wavelength. In total, 720 images of 0.25deg oscillation each were recorded at a
erystal to detector distance of 340mm. Data were processed and scaled at 2.10A resolution
using X5 (Kabsch (1993} ] Appl. Cryvstallogr. 26:795-800) as implemented in APRVY-
INDEX (Kroemer, Drever, Wendt (2004) Acta Crystallogr. Sect. D: Biol. Crystallogr.
60:1679-1682). The crystal was in space group P2:2,2 with cell dimensions a= 172.69 A, b=
77.79 A, o= 13341 A, alpha=90°, beta=90.0°, gamma=90°. The human P-cadherin

ECT _ECZ/NOVI169N31Q Fab complex structure was solved by molecular replacement using
Phaser (McCoy er al, (2007)J. Appl. Cryst. 40:658-674). The final model was built in
COOT (Hmsley er al, (2010} Acta Crystallogr. Sect. D Biol. Crystallogr. 66:486-501) and
refined with Buster {Global Phasing, L'TD) 10 Rygn: and Ree values of 19.2% and 22.1%,
respectively, with a rmsd of 0.010 A and 1.18° for bond lengths and bond angles,
respectively. Residues of human P-cadherin EC1_EC2 that contain atoms within 4.0 A of any
atom in NOVI69N31Q Fab were identified by the program Neont of the CCP4 program suite
{Collaborative Computing Project, Number 4 (1994} Acta Crystallogr. Sect. B: Biol.
Crystallogr. 30:760-763) and listed in Tables 4 and 5. Residues of human P-cadhern

ECT EC?2 that become less aceessible to solvent upon binding of the NOV169N31Q) antibody
were identified by the program AREAIMOL of the CCP4 program suite.

P-cadherin EC1 EC2 epitope for NOVIGIN3IIQ

{00354} The crystal structure of the P-cadhenn EC1 HEC2/NOVI6ON3 1 Fab complex
was used to identify the P-cadherin EC1_EC2 epitope for NOVISON31Q. The X-ray
analvysis shows that NOV169N31Q) binds to the EC1 domam (N-terminal cadhenin-repeat
domain} of human P-cadherin (Figure 2). There are two copies of the NOVI6ON31(} Fab
human P-cadherin EC1_EC2 complex in the asymmetric unit of the crystal (an asymmetric
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unit contains all the structural information which is needed to reproduce the whole crystal by
applying crystallographic symmetry operators). Both copies share almost identical residues in
contact with NOV 169N310 Fab except for small vanations due to crystal packing.

0355 The mteraction surface on human P-cadherin EC1 _EC? by the NOVISUN3IQ
Fab is formed by two discontinuous {i.e., noncontiguous) sequences, entirely comprised
within the EC1 domain of P-cadhernin and encompassing residues 123 through 127, and
residues 151 through 177 (Figure 3). Among those, residucs 124 and 125, and residucs 151
through 172 are contributing direct intermolecular contacts shorter than 4.0A (between non-
hydrogen atoms), as detatled i Tables 4 and § and shown in Figure 3. These residues form

the three-dimensional surface that is recognized by the NOVI6IN31(Q Fab (Figure 4).

Table 4. Interactions between human P-cadherin EC1_EC? and the NOVI169N31( Fab heavy
chain (H). P-cadherin residues are numbered based upon P22223 (SEQ 1D NO:126). Fab
heavy chain residues are numbered based upon their incar amino acid sequence (SEQ 1D
NO:128). P-cadherin residues shown have at least one atom within 4.0 A of an atom in the

NOVI6ON3IQ Fab.

Human P-cadherin Residues (SEQ | NOVISONIL{ Fab Residues (SE{ 1D N{(3:128)
D NG:126)
Amino acid Number Amino acid MNumber Chain
Phe 124 Leu 65 H
Asp 151 Tyr 105 H
Pro 153 Tyr 34 H
Arg 36 H
Tyr 60 H
Tyr 105 H
Pro 134 Tyr 54 H
Gly 155 Arg 52 H
Tyr 34 H
Tyr 105 H
Arg 107 H
Gly 156 Arg 107 H
Pro 72 Leu 65 H
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Table 5. Interactions between human P-cadherin EC1_EC2 and the NOVI6ON31( Fab hight
chain {L}). P-cadherin residues are numbered based upon P22223 (SEQ 1D N(O:126). Fab light
chain residues are numbered based upon their lincar amuno acid sequence (SEQ 1D NO:129).

P-cadherin residucs shown have at least one atom within 4.0 A of an atom in the

NOVI6YN31(Q Fab.
Human P-cadherin Residues (SEQ | NOVI6SN31Q Fab Residues (SEQ D NG:129)
2 NO:126)
Residue Mumber Residue Number Chain
Phe 124 Asp i L
Pro 125 lie 2 L
Gin 27 L
Ser a3 L
Glu 155 Trp 94 L
Gly 156 Trp 94 L
Ala 159 Leu 92 L
Val 160 Leu 92 L
Glu 161 Gln 27 L
Thr 28 L
Lys 162 Ser 36 L
Glu 163 Gly 68 L
Lea 168 Len 2 L
Asn 170 Ser 93 L
Trp 94 I
Lys 171 Trp 94 L
[060356] In contrast to the other extracelular cadherm-repeat domains of human P-

cadherin, the ECI domain does not harbor anv known N-linked or O-linked glycosvlation
sites. NOVI69N31(} binding to P-cadherin is thus independent of glvcosylation. Also worth
of note, the amino acid sequence of the human P-cadherin ECI domain is fully conserved in
cynomolgus (Macaca jascicularis) P-cadherin (Figure 53, Therefore, the P-cadherin epitope
recognized by NOV169N31Q 1s fully conserved in this monkey species used in toxicological
studies.

{00357} Glul 35 of human P-cadherin EC1_EC2 is the epitope residue making nost
contacts with the NOV 169N31{} Fab (see Figure 3). Interestingly, Glul55 1s located within a
non-conserved imsertion found in human cadherins | to 4 only, as shown by a multiple
sequence alignment of all buman cadherins (Figure 6). As Ghul335 itself is not conserved in
human cadherms 1, 2 and 4, NOVI169N3 13 1s expecied to display high selectivity towards

human cadherin-3 {aka human P-cadherm).
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[866358] As already mentioned above, cadherins plays an important role in the
molecular mechanism of intercelhular adhesion, which involves both strong frans and weak
¢is homotypic mteractions between the ectodomains of cadberin clusters. (Boggon er al.,
{2002) Science 296:1308-1313; Harrison ef @/, {(2011) Structure 19:244-256). Based on the
crystal stracture of the homan P-cadherin EC1 EC2 /NOVI169N31Q Fab complex, it appears
that the binding epitope for NOV169N31{) partially overlaps with the surface region of the
EC1T domain involved m ¢is homotypic interactions, but not with the N-terminal region
mvolved m frans (intercellular) homotypic interactions. As a conscquence, NOVI6ON31(
does not compete with strong /rans interactions for cadherin binding, and therefore is morg
likcly to have casier access to its binding epitope. Morcover, the binding of this antibody to
i3 target antigen is not expected to distupt interceliular adhesion fully, as wrans homotypic

mteractions are preserved.

Example 3: Generation and Characterization of P-cadherin Antibody Drug Coniugates

Preparation of the DMI Conjugates by One-Step Process

[00359] Antibodies to P-cadherin were diafiltered into a reaction buffer (15 mM
potassium phosphate, 2 mM EDTA, pH 7.6} via Tangential Flow Filtration (TFF#1) priorto
the start of the conpugation reaction. Subsequently, antibodies (5.0 mg/mbL} were mixed with
DM (5. 6-fold molar excess relative to the amount of antibody) and then with SMCC (4.7
fold excess relative to the amount of antibody). The reaction was performed at 20° Cin 15
mM potassiuam phosphate buffer (pH 7.6} containing 2 mM EDTA and 10% DMA for
approximately 16 hours. The reaction was quenched by adding 1 M acetic acid to adjust the
pH 1o 5.50. Aficr pH adjustment, the reaction mixture was filtered through a multi-laver
(0.45/0.22 ym) PVDF filter and purified and diafiltered into a 20 mM histidine buffer (pH
5.63 containing 8.22% sucrose using Tangential Flow Filtration (TFF#2). The instrament

parameiers for the Tangential Flow Filtration are listed in Tabie 6 below.

Table 6. Instrument parameters for the Tangential Flow Filtration

TEFF Parameter TEFF#1 Set Point TEF#H2 Set Point
Bulk Concentration (Cb - 20 20

g/L)

TMP (psi) 12-1% 12-1%

Feed Flow rate (LMH) 324 324
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Membrane Load (g/m2) 1O =150 110 - 130

Dhavolumes 16 14

Diafiltration Buffer 15 mM potassium phosphate, | 20 mM histidine, 8.22%
2mMEDTA, pH 76 Sucrose, pH 5.6

Temperature (°C) RT (20 -25) RT(26-25)

{30366 Conjugates obtained from the process descnbed above were analyzed by: UV

spectroscopy for cytotoxic agent loading {(Maytansinoid to Antibody Ratio, MAR); SEC-
HPLC for determination of conjugate monomer; and reverse~-phase HPLC or hydrophobic
shiglded phase (Hisep)-HPLC for free maytansincid percentage. The data is shown i Table
7.

Table 7. Properties of P-cadherin ADC Prepared Using One-Step Process

Total Free
Sample MAR Monomer (7o) o

Maytansimoid (%6}
NOVIEON31Q-MCC-DML 3.7 99.1 0.6

FPreparation of DM Conjugates by wn situ Process

{00361} The conjugates of the present invention can also be prepared by in situ process
according to the following procedures. P-cadherin antibodies were conpugated to PMI using
the sulfosuccmimidyl 4-(N-malcimmidomethyl} cyclohexane-1-carboxylate (sulfo-SMCC)
linker. Stock solutions of DM 1 and sulfo-SMCC heterobifunctional hinker were prepared in
DMA. Sulfo-SMCC and DM thiol were mixed together to react for 10 minutes at 25 °C in
DMA containimg 40% v/v of agueous 50 mM succinate buffer, 2 mM EDTA, pH 5.0, at the
ratio of BM1 to linker of 1.3:1 mole equivalent and a final concentration of DM1 of 1.95
mM. The antibody was then reacted with an aliquot of the reaction to give a mole equivalent
ratic of SMCC to Ab of around 6.5:1 under final conjugation conditions of 2.5 mg/mL of Ab
in 50 mM EPPS, pH 8.0 and 10% DMA (v/v). After approximately 18 hours at 25 °C, the
conjugation reaction mixture was purified using a SEPHADEX ™ (25 column equilibrated

with 10 mM succinate, 250 mM glycine, 0.5% sucrose, 0.01% Tween 20, pH 3.5,
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Table 8. Properties of DM I-conjugated antibodies

Clone name Linker MAR | Monomer | Yield | Free drug
SXCess (%) {%) (%)
NOVI6ON3IQ 170 315 1990 76 <2
NEGOO12 6.8 407 1978 56 <2
NEGOG13 3.5 329 {946 70 <2
NEGOG16 6.3 344 4973 70 <2
NEGO064 53 391 {980 76 <2
NEGO067 5.1 363 1978 79 <2

FPreparation of ADCs with the SPDB linker

166362} P-cadhenn antibodies (8 mg/ml} were modified with M-succimioudyl 4-(2-
pyridyldithiobutanoate (SPDB, 4.0-4 1-fold molar excess} for 120 minates at 25 °C m 60
mht EPPS buffer (pH 8.5) containing 50 mM potassiom phosphate, 50 mM NaCl, 2 mM
EDTA, and 5% DMA. The modified Ab without purification was subsequently conjugated to
D4 (1.5 fold molar excess over the unbound linker} at a final modified antibody
concentration of 4 mg/mL in 60 mM EPPS buffer (pH 8.5) containing 50 mM potassium
phosphate. 50 mM NaCl, 2 mM EDTA, and 5% DMA for 18 hours at 25 °C. The
conjugation reaction mixture was purified using a SEPHADEX™ (325 column equilibrated

and eluted with 10 mM sacemate, 250 mM glveine, 0.5% socrose, 0.01% Tween 20, pH 3.5,
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Table 9. Properties of DM4-conjugated antibodies

Clone name Linker MAR | Monomer | Yield | Free drug
SXCess (%) {%) (%)

2P10 40 318 1956 93 <{.5%

1G12 4.1 360 1968 93 <0.5%

3D21 4.0 342 1970 96 <0.5%

Preparation of ADCs with the CX1-1 linker Antibody NEGO067 (5.0 mg/mL) was mixed with
DM (7 4fold molar excess relative to the amount of antibody} and then with CX1-1 {5 7-fold
excess relative to the amount of antibody). The reaction was performed at 25°C in 50 mM
EPPS [4-(2-Hydroxyethyl)-1-piperazinepropanesulfonic acid] buffer (pH 8.0) containing 2
mM EDTA and 5% DMA for approximately 16 hours. The reaction mixture was then
purified using a SEPHADEX™ (25 column equilibrated and eluted in 10 mM succinate, 250

mM glyeine, 0.5% sucrose, 0.01% Tween 20, pH 5.5

Table 10. Properties of CX1-1/DM1 conjugated NEGO067

Clone name Linker MAR | Monomer | Yield | Free drug
oxcess (%) (%) (%6}
NEGO067 57 347 1994 79 0.7

Example 4: Affinity of P-cadberin Antibodies and ADCs to P-cadberin

{03631 The affinity of various antibodies and antibody drug conjugates (in Ab-MCC-
DM format) to P-cadherin and ifs species orthologues was determined using SPR
technology using a Biacore® T100 instrument {GE Healthcare, Pittsburgh, PA) ora
Biacore® 2000 instrument (GE Healthcare, Pittsburgh, PA) using CM3 sensor chips.
{00364} Briefly, HBS-P7(0.01 M HEPES, pH 7.4, 0.15 M Na(l, 0.05% Surfactant
P20} supplemented with 2% Gdyssey® blocking buffer (Li-Cor Biosciences, Lincoln, NE)
was used as the runming buffer for all the experiments on the Biacore® T100 instrument.
HEBS-P (0.01 M HEPES, pH 7.4, 0.15 M Na(Cl, 0.005% Surfactant P20) supplemented with

2% Odyssev® blocking buffer was used as the running buffer for all the experiments on the
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Biacore® 2000 instrument. The immobilization level and analvie interactions were measured
by response unit (RU}. Pilot experiments were performed to test and confirm the feastbility of
the immobilization of Protein A (GE Healthcare, Pittsburgh, PA) and the capture of the test
antibodies.

[B0365] For kinetic measurements, experiments were performed in which the
antibodics were captured to the sensor chip surface via the immobilized Protein A and the
ability of the P-cadberin protems to bind 1o free solution was determined. Briefly, 28 ug/ml of
Protein A at pH 4.5 was immobilized on a CMS sensor chip through amine coupling at flow
rate of 10 ul/minute on two flow cells to reach 2300-3300 RUs. 0.01-0.25 pg/ml of test
antthodies was then mnjected at 5 ul/min for 3 nunute. Captured levels of the antibodics were
generally kept below 400 RUs. Subsequently, 6.25 -100 nM of P-cadherin ECD was diluted
i a 2-fold series and injected at a flow rate of 40 pl/min for 2-4 min over both reference and
test flow cells. Table 11 of tested ECDs 15 listed below. Dissociation of the binding was
followed for 5 mmn. After each injection cycle, the chip surface was regenerated with PBS/6
M Guanidine HC, pH 7.4 at 100 pl/mim for 45 seconds. All expeniments were performed at
25 °C and the response data were globally fitted with a simple 1.1 interaction model using
Biacore T100 Evaluation Software version 2.0.3 (GE Healthcare) to obtain estimates of on
rate (ky), off-rate (kq) and affinity (Kp) on the Biacore® T100 instrument. Experiments that
were ran on the Biacore® 2000 mstrument were globally fitted with a simple 111 interaction
mode! using Scrubber 2 ® software version 2.0b {BioLogic Software} to obtain estimates of

on rate (k,), off-rate (kg) and affinity (Ko}

Table 11: P-cadherin ECD isotype and source used in Affinity Assay

ECD Isotype Tag Source

C-terminal 6x His
Human NVS
{(SEQ ID NG: 130}

C-terminal 6x His
Cyno 1 NVS
{(SEQ ID NG: 130}

C-terminal 6x His
Cyno 2 NVS
{SEQ ID NG: 130)

C-terminal 6x His o
Mouse NVS
(SEQ ID NO: 130)

Rat C-terminal 6x His NVS
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(SEQ ID NO: 130)

[00366]

disclosed in Table 1.

PCT/IB2015/058801

Table 12 lists the domain binding and affinity of various P-cadherin antibodies

As shown in the Table, the antibodies NOVI6ON31(Q, NEG(012,

NEGO013, NEGO0O16, NEGG064, and NEGO067 all reacted with the human P-cadherin at the

nanomolar level, and have similar affinities for those tested against cynomolgus monkey P-

cadherin ECD. All the antibodies cross reacted with the rat except NOVISIN3 1.

Table 12. Affimity estimates of anti-P-cadherin antibodies and ADCs obtained against human

P-cadherin and species orthologues

Affinity estimate {Kp)
Cyno 1 | Cyno 2
Antibody 1D Human Pead |- p ot | pecaa | T
{nM) {(nM)
(nM) {nM)
MNOVIEYNIIQ | Naked 333 368 445 No Binding
ADC 27 275 471 ND
NEGO012 Naked 44 8 30.2 23 445
ADC 313 39 371 ND
NEGO013 Naked 373 21 17.2 37
ADC 36 ND ND ND
NEGO0i6 Naked 60 269 336 60.1
ADC 54 ND ND ND
NEGO064 Naked 3.66 3.46 2.9 4.99
ADC 4.4 ) 6.4 133
NEGO067 Naked 321 327 3.53 10.3
ADC 6 ND ND ND

N = Not Beternined

Example 5: NOVIGONITO-MCC-DMU/NOVI69N31( selectivity in biochemical assays

[00367)

To examine the potential for off-target cross-reactivity of NOV169N31(Q)-

MCC-DM1T, NOVI6YN31Q was evaluated for binding to two closely related classical

cadherin family members with the highest degree of amuno acid sequence identity in their

corresponding ECDs: E-cadherin (CDH1) or N-cadherin {CDH2).
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[00368] To assess specificity of binding to P-cadherin vs E-cadhenn and N-cadherin,
Maxisorp 384-well plates were o/n at 4°C with recombinant human E-cadberin or N-cadherin
ECD and Fab fragments were assaved using an enzyme-hinked immunosorbent assay
(ELISA) format. After washing, plates were blocked for 2 h with 5% skim milk wn [xPBST.
Fab-containing E. coli lysates were added and binding allowed for 1 h at room temperatare
{(RT}. To detect bound Fab fragments, plates were washed 5« with TBST and AP-anti human
1gG F(ab")2 was added n a 1/2500 diution. Aficr 1h at RT, plates were washed 5x with
TBST and AttoPhos substrate was added according 1o the manufacturers specifications.
Plates were read in an ELISA reader 5 minutes after adding the substrate.

{80369] Utilizing ELISA methodology, no significant binding to buman E-cadherin or

N-cadherin was detected for the anti-P-cadherin antibody candidate NOVI6SN3 Q.

Example 6; NOVIEINIIO-MCC-BMI/NOVI6EINIIO selectivity in biochemical assavs
{60378 To examine the potential for off-target cross-reactivity of NOVI16IN31(3-
MCC-DMIE, NOVISON31Q was evaluated for binding to two closely related classical

cadhern family members with the highest degrec of amino acid sequence identity in their
corresponding ECDs: E-cadberin (CDHU) or N-cadherin (CDH2).

{80371} To assess specificity of binding to P-cadherin vs E-cadherin and N-cadherin,
Maxisorp 384-well plates were o/n at 4°C with recomabinant human E-cadberin or N-cadherin
ECD and Fab fragments were assaved using an enzyme-linked immunosorbent assay
(ELISA) format. After washing, plates were blocked for 2 b with 5% skim milk i IxPBST.
Fab-containing £. coli lvsates were added and binding aliowed for 1 h at room {erperature
(RT}. To detect bound Fab fragments, plates were washed 5x with TBST and AP-antt buman
IgG Flab', was added n a 172300 diution. After Th at RT, plates were washed 5x with
TBEST and AttoPhos substrate was added according to the manufacturers specifications.
Plates were read in an ELISA reader 5 minutes after adding the substrate.

{03721 Utihizing ELISA methodology, no significant binding to human E-cadherin or

N-cadherin was detected for the anti-P-cadherin antibody candidate NOVI69N314).

Example 7: Assessment of NOVIGONI1IQ impact on P-cadberin function

[86373] A study was performed to assess the ability of anti-P-cadherin antibody
NOVI6OON31Q (a component of the anttbody drug conjugate NOV16ON31Q-MCC-DM1) to

cxert a functional effect on P-cadberin m a cellular assay. P-cadhenn is a homotypic cell
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adhesion molecule expressed on the cell surtace of cancer cells, thus a spheroid mtegrity
assay using P-cadherin positive HCT116 cells and P-cadhenn negative HT-29 cells was
cemploved to assess potential antagonistic properties of the antibody. The read-out of this
assay 1s shape and tightness of the spheroid, as deternmined by brightfield microscopy and 7-
AAD fluorescence detection of cellular DNA.

{00374 HCT116 cells {(P-cadherin positive) or HI29 cells (P-cadherin negative} were
seeded at a density of 6,000 cells per well in 96-well round bottom ultra-low attachment
plates (Commg Cat.# 7007), with or without human IgG1 1sotype control Ab (10 pgimb) or
NOVIEON3I1Q (10 pg/mLl). Cells were placed on an orbital shaker (60 rpm) at 37° C, 5%
C02. 7-Aminoactinomycin D (7-AAD; BD Phamungen, Cat. # 559923) was added 116
hours after cells were plated to label cellular DNA. 7-AAD mmaging was performed on a GE
IN Cell Analvzer 2000 using the Texas Red filter 132 hours afier cells were plated. 7-9 %27
image stacks were taken of each well and the image stacks were collapsed using the IN (el
Developer Toolbox 1.8 program.

[086375] In Figure 7, NOV169N31Q showed a small, but discernable effect on P-
cadherin-mediated cellular adhesion in P-cadherin expressing HCT116 cells, but not in P-
cadherin negative HT29 cells, as evidenced by bright field microscopy and spheroid density
analysis determined by 7-AAD (DNA-based) imaging. In contrast, a non-specific control
human IgG1 antibody had no tmpact on the integrity of multicellular sphevoids. Thas,

NOV169N310Q may be a partial antagonist of P-cadherin function in vifro and/or in vivo.

Example 8: NOVISONIIO-MUC-BMI inhibition of cell proliferation and survival
{68376} The ability of NOVIGON3IQ-MCC-BM] to inhibit cell proliferation and

survival was assessed using the Cell TiterGlo®™ proliferation assay.
[06377] The cell Iines were cultured 1n media that is optimal for their growth at 5%
CO,, 37°C in a tissue culture meabator. Prior to secding for the proliferation assay, the cells
were sphit at least 2 days before the assay to ensure optimal growth density. On the day of
seeding, cells were lifted off tissue culture flasks using 0.25% trypsin. Cell viability and cell
density were determined using a cell counter (Vi-Cell XR Cell Viability Analvzer, Beckman
Coulter). Cells with higher than 859 viability were seeded in black-walled ¢lear bottom 96-
well plates (Comuing cat # 3904) at a density of 2,500 cells per well in 30 ul. of standard
growth media. Wells bordenng the edge of plates were filled with PBS in order to minimize
the effects of evaporation on well volames. Plates were mncubated at 37°C overnight in a
tissue culture incubator. The next day, free maytansine (L-DM1-Me), NOVIGON31Q-MCC-
124



WO 2016/075670 PCT/IB2015/058801

DM and the non-targeting ADC control (IgG1-SMCUCC-DM1) were prepared at 2X in
standard growth media. The prepared drug treatments were then added to the cells resulting
mn final concentrations ranging from 0 — 100 nM and a final volume of 100 ul. per well. Each
drug concentration was tested in triphicate. Plates were mcubated at 37°C overnight or for §
days in a tissue culture imcobator, after which cell viability was assessed through the addition
of 100 uL of CellTiter Glo® (Promega, caté G7573), a reagent which lyses cells and
mcasures total adenosine trphosphate (ATP) content. The plates were incubated 1n the dark
at room temperature on an orbital shaker at a speed that provides adequate nuxing for 3
minutes to induce cell lvsis. Plates were incubated at room temperature for 10 mimiutes to
stabilize lominescent signals prior to reading using a Juminescence counter (Wallac 1430
MicroBeta TriLux, Perkin Elmer). Lumunescent counts of untreated cells were taken the day
after seeding (Day 0 readings), and after 5 days of drug exposure (Bay 5 readings). As an
assay spectfication, the Day 5 readings of the untreated cells were compared to the Bay 0
readings. Assays with at least one cell doubling during the incubation period were considered
valid. To evaluate the effect of the drug treatments, luminescent counts from wells containing
untreated cells (100% viability) were used to normalize treated samples. [Cs values were
calculated using Graph Pad Prism 6 software. Fach cell hine was evaluated at least 3 times
and representative {C50 values are shown,

[B0378] NOVIGON3TQ-MCC-DMI has a target average of 3.8 molecules of DM
bound to cach antibody (Prug to Antibody Ratio, or BAR, of 3.8). The dose-response curves
of 3 representative cell lines are shown (Figure 8). The concentrations of treatment required
to whibit 50% of cell growth or survival (1Cs6) were calculated, with representative 1Cs
values of the cell lines tested summarized in Table 13,

{60379 The unconjugated antibody NOV169N31( was demonstrated to be neither
cviotoxic nor prohiferative, while NOVI6ON3 IQ-MCC-DM1 potently inhibited prohiferation
and survival in P-cadherin-expressing cell lines. Netther molecule was active in the P-
cadherin negative cell kne HT29 (Figure 8). In contrast, NOVI6IN31(-MCC-DM1 potently
mhibited growth of two breast cancer cell lines HCC1954 and HCC70. Table 13 summarizes
the activity of NOVI169N31Q-MCC-DM]1 in a panel of cell lines. Compared with the 1sotype
matched non-targeting control ADC (IgG1-MCC-DM1), NOVI16ON31Q-MCC-DM1 often
showed cviotoxic activities toward ccll lines that express more than >350,000 cell surface
copies of P-cadherin per cell. These studies mndicate that the cviotoxic effect of

NOVIEON3IG-MCC-DMI is due to the internalized maytansine component of the ADC and
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that NOV 169N31Q-MCC-DM1 specifically targets cclls overexpressing P-cadherm.

PCT/IB2015/058801

Table 13: P-cadherin expression and NOVISON3 IQ-MCC-DM1 activity in a pancl of human
cancer cell bnes. 1Cs (nM) values of NOVI6ON31Q-MCC-DMI 1n comparison with tree
maytansine (L-DMI1-Me} and isotype control ADC (IgG1-MCC-DM1}) in the pancl of cell
tnes. The maximum cell kill values for NOV169N31Q-MCC-BDM]I are reported. The values

reported here are values trom individual assays which are representative of multiple

replicates.
IC50 (M) Maximum
celf kili (%6}

Cell Line | Origin Antigen | NOVIGON3IQ | L-DMI-Me | IgGl- NOVI6ON3I
Density | -MCC-DM1 MCC-DMI | Q-MCC-DMI
{(x1000)

scaBER Bladder 63 4.06 6.07 2777 89

HCC1954 | Breast ]0 2.28 017 26.68 g8

HCC33 Breast 95 5.29 .09 3510 81

HCC70 Breast 86 323 (.23 92.58 69

HCC1806 | Breast 68 11.45 6.07 10.54 84

BICRS Headand |70 9.62 0.16 2534 71

Neck
Ad31 Skin g1 21.76 (.06 2728 83
HT129 Colon 0.2 62.94 0.06 6432 %9

Example 9: In vitrg assessment of NOVISONIIO and NOVIGINIIO-MOC-DM]

induced ADCC activity

[00380]

In addition to its impact on proliferation, NOVI6OSN31(Q and NOVI16SN31{)-

MCC-DM!I were also evaleated for their ability to mediate antibody dependent cellular

cyvtotoxicity (ADCC).

[00351]

Effector cells were untouched human natural killer (NK) cells obtamed from

AliCells, LLC (catalog # PB0O12: Fresh/Untouched Normal PB CD36+ NK Cells). Target

celis were obtamed from American Tvpe Culture Collection {(P-cadherin positive HCC1954,

P-cadherin negative HT-29) via Novartis Cell Services (NCS). HCC1954 and HT-29 target

cells were hifted from tissue culture vessels using a trypsm-free cell dissociation buffer (*Cell

Dissociation Buffer” from Gibeo, Cat. # 13151-014), washed 2-3 times with PBS, and
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resuspended m culture medium. Cells were counted manually or using an automated cell
counter. Cells at >90% viability were suspended at 1x10° cells/mL in culture medium.
Human NK cells were washed and counted in same manner as target cell lines. Effecior cells
were then suspended at 1-2 x10° cells/mL in cell culture medium.

[60382] Treatments mclude NOV169IN31Q antibody, matched isotvpe control
antibody {lgG1 control), as well as antibody drug conjugates NOVI6ONIIQ-MCC-DM1 and
1gG1-SMCC-DM1L. 3000 target cells m 50ul, of media were sceded in 96-well tlat bottom
plates {Comimg #3603). Test and contro! antibodies were then added at 4X final
concentration (final concentration range 50 ~ 8.0001pg/mL, in addition to no treatment
controls) in 25ul. media for 20 minutes at 37°C. Effector cclis were then added at an effector
to target cell ratio (E:T) of 5:1 1n 25ul. of media (e.g., 25000 effector cells per well tor 5:1
rano}. Treatments and controls {(target cells only, effector cells only, no cells) were run in
triplicate. Plates were then spun at 560 RPM (with no brake) in a centrifuge to concentrate
cells at the bottom of plate. Plates were then incubated vnder normal cell culture conditions
{37°C, 3% COy) for 24 hrs.

[66383] After the incubation period, media was removed from plates and wells were
washed with PBS 2-3 times to remove non-adherent effector cells. 100ul. of Cell Tier Glo
{Promega Cat# G7570) was added to cach well, plates were shielded from light and placed on
an orbital shaker for 2 minutes. Plates were then read on a huminescence counter {Wallac
Trilux MicroBeta 1450}, The signal detected by the luminescence counter is directly
proportional to the amount of ATP or number of cells remaining in the wells. Using the
control wells as a baseline, the viable cell number for each treatment can be determined as a
percent of unireated control.

{00384 NOVIEON3TQ-MCC-DMI and NOV169N3 1Q both demonstrated an ability
to mediate ADCC activity against P-cadhernin overexpressing cells in the presence of human
natural killer (NK) cells in vifre in a dose-dependent manner (Figure 93, This activity was
found to be P-cadherin specific as a matched isotype control for both the antibody and ABC
demonsirated no significant cell killing. Neither NOVI69N31Q nor NOVI6IN31Q-MCC-
DM show any mduction of ADCC on the P-cadherin negative cell line HT-29, also
mdicating a specific offect of the antibody and antibody drug conjugate. Thus, in addition to
the delivery of cytotoxic pavload to tumor cells, ADCC represents another potential

mechanism of NOVI6ONZ1Q-MCC-DMI action for kalling tumor cells in vivo,
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Example 10: In vivo on-tarset pharmacodvonamic marker modulation by anti-P-
cadherin ADCs

{00385 A study was conducted to assess the ability of the P-cadherin ADC
NOVI6YN3IQ-MCC-DM] to modulate a pharmacodynamic marker of G2/M arrest

laccumulation of cells with phospho-histone H3 (pHH3}] in vive. The goal was to evaluate
the degree and duration of G2/M cell cycle arrest in tumors from mice treated with
NOVI16ON31Q-MCC-DMI, an 1sotvpe control ADC or vehicle alone.

[066386] To measure the accunmulation of pHH3 positive nuclel, as assessed by
inmunohistochennstry, a rabbit polyvelonal antibody produced by immunizing animals with a
synthetic phosphopeptide corresponding to residues surrounding phosphorviated Serl( of
human histone H3 (pHH3) was obtained from Cell Signaling Technology (Danvers, MA,
Cat# 9701}, Briefly, the THC protocol mcloded heat and standard exposure to Ventana Cell
Conditicning #1 antigen retrieval reagent. The primary antibody was difuted to 1:50 and
mcubated for 60 minutes at room temperature. Subsequently, incubation with Jackson
ImmunoResearch Laboratories goat anti-rabbit biotinylated secondary antibody (Cat# 111-
065-144, West Grove, PA) was performed for 32 mimses.

{60387 To assess anti-P-cadherin ADC induced PD marker changes in the HCC70
triple negative breast cancer mode! in a subcutancous tumor xenograft model, female SCID-
beige mice were implanted subcutaneously with 10x10° cells in a suspension containing 50%
Matrigel™ (BD Biosciencesy m Hank’s balanced salt sohution.

{00388] The total injection volume containing cells in suspension was 200 ul. Mice
were randomly assigned to receive a single intravenous {(FV) dose of either NOV169N31(}-
MCC-DMI (10 mg/kg), non-specific IgG1-MCC-DM] isotype control (10 mg/kg) or empty
vehicle control (20 mM histidine, 8.22% sucrose, 0.02% PS-20, pH 5.6) once tumors
averaged ~130 mm’ (n=3/group). Tumors were collected at time points up to 21 days post-
dose. As a measure of PD} response, a gualitative assessment of phospho-histone H3 {(pHH3)
levels was conducted by immunohistochemical staining described above.

[00389] In Figure 10, consistent with the expected mechanism of action of the
mayvtansinoid payvioad, while some baseline phospho-histone H? mmmunostaining staining
was detected in the vehicle treated tumors, these levels were elevated following
NOVISON3IIQ-MCC-DM1 treatment, particularly between days 2-7 post-dose. These data
demonstrate that NOVIGIN3TQ-MCC-DMI 1s capable of ¢liciting a robust cellular PD
response i tumor xenografts, consistent with the mechanism of action of the maytansinoid
pavicad.
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Example 11: In vivo efficacy of anti-P-cadherin ADCs asainst the HCC70 trinle

nesative breast cancer {TNBC) model in mice (ADC efficacy screening)

0396 In breast cancers, P-cadherin is frequently highly expressed, which was
excmplified by the HCCT0 cell line with approximately 66,000 receptors on the surface of
sach cell. A representative photo of P-cadherin immunostaining on HCC70 tumors 15 shown
to visualize the staining pattern in this xenograft model (Figure 11A). THC was performed
using a Ventana Discovery XT autostainer.  Sections of formalin fixed, paraffin embedded
tumors were deparaffinized, treated with the Ventana Cell Conditioning #1 (CCIS) antigen
retrigval reagent and then incubated for 60 munutes at room temperature in the primary
anfibody [mouse monocional anti-human P-cad antibody from BD Transduction Lab
(Cat#610228, Lot 09934}] at a concentration of 10sg/ml. This was followed by mcubation
with a bictinvlated goat anti-mouse {Jackson Laboratorics, cat#115-066-072, Lot# 63620)
used at working concentration of 1:250 was performed. Detection was performed using DAB
Map Kit (Ventana Medical, cat#760-124). A non-specific mouse IgG antibody (Vector
Laboratories Cat# 1-2000, Lot# V0610) was ased as a control to ensure that staining observed
with the P-cadberin antibody was specific.

{0391 When tumors reached ~215 mm’, mice were randomized according to tumor
volume mto treatment groaps (n= 8/group) and dosed with a single IV administration of
vehicle or 7 mg/kg of ADC. The 7 mg/ke dose level was selected as it was expected to
provide a window to discem difference among ADC candidates in this model. Doses were
adjusted to individual mouse body weights. The 1V dose volume was 8 mikg.

{68392} The mean tumor volumes in NEGO012-MCC-DM1 and NOVI6ON31Q-MCC-
DM treated groups were significantly different from the isotype-matched hulgG1-MCC-
DM control group on day 42 {(One way ANOVA; Dunn’s Method, p <0.05). The other
groups treated with ADC candidates did not show statistically different tumor volumes
compared to the controls (Figure 118). This singled out NEGO012-MCC-DM1 and
NOVIGEON31Q-MCC-DMI1 as lead ADC candidates.  No significant body weight loss was

observed in any group.

Example 12: Dose dependent in vive efficacy of NOVISSNIIO-MUCC-DMI acainst the

HOC78 triple negative breast cancer {TNBC model in mice

j00383] The HCCT0 cell line with approximately 66,000 receptors on the surface of
sach cell, was shown to be sensitive to NOVI69N3I-MCC-DMI m vitre. To demonstrate
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targeted anti-tumor activity by NOVI6ON31Q-MCC-DMI in the HCC70 model, a single IV
treatment of 2.5, 5, 10 and 15 meg/kg or 10 mg/kg of NOVI6ON31Q-MCC-DM1 or non-
specitic isotype control IgG1-MCC-DM1T was administered. HCCT0 tumors were established
in female SCID mice by subcutancous injection of 10 x 10° cells into the right flank of cach
mouse. When tumors reached ~143 mm”, mice were randomized according to tumor volume
wto treatment groups (n= 9). All test agents were administered at the dose levels and
schedules indicated, and doses were adjusted individual mouse body weights. The 1V dose
volume was 5 mi/kg.

[66394] NOVISYNITQ-MOC-DM1 treatment resulied in dose proportional anti-tamor
cfficacy, with %AT/AC values of 48% (2.5 mg/kg), 1% (8 mg/kg), while doses of 10 and 15
mg/kg resulted i mean regression of 64% and 61%, respectively. Maximal efficacy was
achieved at 10 mg/kg. The 5, 10 and 15 mg/kg groups tested statistically different from
vehicle treatment (P<0.05, ANOVA on Ranks /Dune’s Method, day 59). Dosc levels of 16
and 15 mg/kg clicited durable tumor regressions in mice that lasted up to 86 days post-
treatment, when the study was terminated.

[86395] All test agents were tolerated on study and no overt clinical symptoms of
toxicitics were observed in any of the treatment groups, as expected for an ADC that does not
bind mouse P-cadherin. Tn all groups, body weight gain was observed compared to the mean
body weights at randomization, and was similar to that of vehicle-treated mice, as expected

for an ADC that dogs not bind mouse P-cadherin (Figure 12 and Table 14},
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Table i4: NOVI169N31Q-MCC-DM1 dose response efficacy in HCC70 breast cancer
xenograft model on Dav 59, The effect of the treatment on tumor volumes and body weights
arc presented as means = SEM. The experiment was evaluated on treatment day 59, ¥p<0.001
versus vehicle (Kruskal-Wallis One Way ANOVA on Ranks /Dunn’s Method). % AT/AC =
100 AT/AC where: AT = mean tumor volume of the drug-treated group on Day 21 of
study — mean tumor volume of the drug-treated group on initial day of dosing, AC =
mean tumor volume of the control group on Day 21 of study — mean tumor volume of
the control group on initial day of dosing. % Regression = (1 — Tanat/ Tinitia) X 100

Tumor response Host response
Dose, o oy ] Regres- A body weight Survival
Compound | pequte | ATACO0 1 Gt 90 %) (alive/total)
Vehicle _one 100 - H1£16 9/9
Single Dose
IsG1-MCC- 10 mg/kg, . i .
1o - 0o+ 17 9/9
DM Single Dose
NOVIeON31Q-1 2.5 mg/kg, . o
MCC-DM 1 Single Dose 48 - 102425 9/
AT ORI 2 5 KO
NOVISONIIQ- ) > mg/ke, # - 120+24 8/9
MCC-DMI Single Dose
NOVI6SN31Q-| 10 mglke. ] -
o o - ~G4* G9+23 a9/9
MCC-DMI Single Dose
NOVI6ON31Q-| 15 megikg, L 0/¢
g v - - 38+ 1.9 9
MCC-DMI | Single Dose ot Bea 1S i

Example 13: In vive efficacy of NOVIESNIIO-MOCC-DM1 acainst the HOCC1954 breast

cancer model in mice
{00396}
MCC-DMI activity was evaluated m the HCC1934 basal-like (Her2+) breast cancer

To demonstrate cfficacy in an additional breast cancer model, NOVISON31(-

xenograft model in SCID-beige nmuce. The HCC1954 model was selected based on P-cadherin
expression (84, 000 receptors/cell) and sensitivity to NOVI69N313-MUC-DMI 1 virro.
Immunochistochenustry was performed to confirm the tumor P-cadherin protein levels in
HCC70 tumors as described previously (Figure 13A),

[66397] When tumors reached ~150 mm’, mice were randomized according to tumor
volume tnto treatment groups (n= 9/group) and dosed with a single IV administration of
vehicle or 10 mg/kg of either IgG [-MCC-DMT or NOVI6ON31Q-MCC-DM1. Doses were

adjusted to individual mouse body weights. The IV dose volume was 3 ml/kg.
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[06398] NOVISUNIIQ-MCC-DM]1 treatment resulted m a 56% regression of
H{CC1954 temors, which was durable to day 35 (versus vehicle or gG1-MCC-DMI | p<0.05,
Kruskal-Wallis One Way ANOVA on Ranks /Dunn’s Method). The efficacy of IgG1-MCC-
DM was %AT/AC of 75% and was not significantly different from vehicle (p>0.03). All
test agents were tolerated on study and no overt clinical symptoms of toxicities were

cbserved 1a any of the treatment groups {(Figure 13B and Table 134},

Table 15A: NOVIOUN3IIQ-MCC-DM1 efficacy i the HCC1954 breast cancer xenograft
model on Day 31, The effect of the treatment on tamor volumes and body weights are
presented as means £ SEM. The experiment was evaluated on treatment day 31, #p<0.001

versus vehicle (Kruskal-Wallis One Way ANOVA on Ranks /Dunn’s Method).

Tumor response Host response
Test agent Dose, AT/AC | Regres- i};ﬁ;ﬁgi Abody weight | Sarvival
vt agent schedule (%o} sion (%) '3 (%) {(alive/total)
(mny')
Vehicle None, 100 280+49 {41x16 9/9
Single Dose -
1eG1-MCC- 10 mg/ke, 75 218+36 143=x15 9/9
DM Single Dose )
NOVI6ON3IIQ- | 10 mg/ke, - -55.8% -82 + 10 48£17 9/9
MCC-DMI Single Dose
[66399] In another example, NOVI69N31Q-MCC-DMI1 activity was evaluated in the

HCC1954 basal-like (Her2+) breast cancer xenograft model m SCID mice. The HCC1934
mode] was selected based on P-cadherin expression {84,000 receptors/cell} and sensitivity to
NOVI169N31Q-MCC-DM1 in vifro. When tumors reached ~190 mm” . mice were randomized
according to tumor volume nto treatment groups (n= Sgroup) and dosed with two (given on
Day 0 and Day 7) 1V administration of vchicle. 15mg/kg of NOV169N31( or 15 mg/kg of
NOVIGON31G-MCC-DMI. Doses were adjusied to mdividual mouse body weights, The IV
dose volume was 10 mlkg. NOV16ON31Q-MCC-DMI treatment resulted m a 100%
regression of HCC 1954 tumors, which was durable to the end of the study on day 56 (versus
vehicle, p<<0.03, Kruskal-Wallis One Way ANOVA on Ranks /Dunn’s Method, Figure 13C).
The efficacy of NOV169N31{} was %AT/AC of 121.4% and was not significantly different
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from vehicle (p=>0.05). All test agents were tolerated on study and no overt clinucal
symptoms of toxicities were observed m any of the treatment groups (Figure 13D and Table

158).

TABLE 15B: NOVI6SN31Q-MCC-DMI cfficacy in the HCC1954 breast cancer xenograft model on
Day 56. The effect of the treatment on tumor volumes and body weights are prosented as
means = SEM. The experiment was evaluated on treatment day 56, *p<0.05 versus vehicle

{lruskal-Wallis One Way ANOVA on Ranks /Dunn’s Method).

Tumor response Host response
; . . ATumor -
Test agent Dose, AT/AC | Regres- volume Abody weight S)uwlw al
R schedule (%) sion (%) () (%) {alive/total)

Vehicle None, 100 925 + 147 4+140 575

Day 0 and 7 -
NOVI6ON31Q | 15 mg/ke, 1214 1123 £ 134 99+17 575

Day Oand 7 -
NOVI6ON31Q- | 153 mg/ke, -20.8 -100* -192 49 0.0+07 5/
MCC-DMI Day Oand 7

Example 14: In vivo efficacy of NOVIGONITO-MOC-DM1 asainst the BICRG head and

neck {(bvpopharvnx sguamous cell carcinomal cancer model in mice

{00406 An efficacy evaluation of NOV I69N31Q-MCC-DM1 was conducted in the

BICRSG cell line based on its P-cadhernn expression of 70,000 receptors/cell and sensitivity to
NOVI6ON3 I-MCC-DM1 i virro. Immunohistochemistry was performed to confirm the
tomor P-cadherin levels in BICRSG tumors as desenbed previcusly, where 82% of the tumor
cells stain at least 2+ for P-cadherin (Figure 144A).

00481 ] BICRS tumors were established in female SCID-beige nuce by subcutancous
engraftment of 3 x 10° tumor cells into the right flank of cach mouse. When tumors reached
~130 mm’, mice were randomized according to tumor volume into treatment groups (n=
10/group) and dosed with an TV adnmunistration of vehicle or 10 mg/kg of cither IgG1-MCC-
DML or NOVISON31Q-MUC-DMI given over a g7d schedule (q7dx2). Doses were
adjusted to individual mouse body weights. The IV dose volume was 5 ml/kg.

[06402] NOVI6ON31Q-MCC-DM1 treatment resulted in a maximal 37% tumor

regression {on day 26 of study}. Overall, a tamor response of stasis was durable with

i3

2
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NOVIEON3IQ-MCC-DM!I {AT/AC 1%, p < 0.05, Kruskal-Wallis One Way ANOVA on
Ranks /Tukey’s Fest) for up to 42 days post-dosing. All test agents were tolerated on study
and no overt clinical svmpioms of toxicities were observed in any of the treatment groups

(Figure 14B and Table 16).

Table 16: NOVI16ONZ1Q-MCC-DMI efficacy in the BICRS human squamous cell carcinoma
of the hypopharynx thead and neck) xenograft model on Day 42. The effect of the treatment
on tumor volumes and body weights are presented as means + SEM. The experiment was
evaluated on treatment day 42, *p<0.05 versus vehicle {Kruskal-Wallis One Way ANOVA

on Ranks /Tukey’s Test).

Tumor response Host response
ost agent Dose, AT/AC | Regres- ffliﬁzr i\}z?;}: ; Survival
C8t ag N ) 6/ . o, £ b e .
schedule Yo} sion (%) (mm’) %) {alive/total)
Vehicle None, QZW | 100 386+ 90 76+14 10/10
x2 -
I2G1-MCC- 10 mgkg, |136 526 496 8o+1.1 §10/10
DMt QZW x 2 -
NOVI6ON31Q- | 10 mg/kg, | 1¥ - S+20 74+23 | 1/10
MCC-DMI QIWx2

Example 15: In vivo efficacy of NOVIGON31O-MCC-DMI asainst the scaBER bladder

cancer model in mice

[004063]

The anti-tumor activity of the NOV1I69N31Q-MCC-DM1 was cvaluated in a

scaBER urimary bladder cancer xenograft model, selected based on its P-cadherin expression

of 63,000 receptors/cell and sensitivity to NOV169N31Q-MCC-DM1 in vifro.

Immunchistochemistry was performed to confirm the tumor P-cadherin levels in scaBER

fumors, showing approximately 52% tumor cells stained at least 2+. (Figure 15A}).

[00404]

scaBER tumors were established in female SCID-beige mice by subcutancous

engraftment of tumor fragments nto the night flank of each mouse. When tumors reached

. 3 . . . .
~130 mm, mice were randomized according to tumor volume into treatment groups (n=

10/group) and dosed with an IV administration of vehicle or 10 mg/kg of cither IgG1-MCC-
DM or NOVI6ON31Q-MCC-DM I given twice, two weeks apart (Q2W x 2}, Doses were

adjusted to individual mouse body weights. The 1V dose volume was 5 mlkg.
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[80445] NOVISUNIIQ-MCC-DM] treatment resulted m AT/AC of 18 % (versus
vehicle or IgG1-MCC-DM1, p<0.05, ANOVA/Tukey’s Test, day 353, The efficacy of IgG1-
MCC-DM1 was AT/AC of 86% and was not significantly different from vehicle (p>0.05). All
test agents were tolerated on study and no overt clinical symptoms of toxicities were

chserved 1 any of the treatment groups (Figure 13B and Table 17).

Table 17: NOV169N31Q-MCC-DMI efficacy in the scaBER human urinary bladder
squamous carcinoma xenograft model on Day 42, The effect of the treatment on tumor
volumes and body weights arc presented as means &+ SEM. The experiment was evaluated on
treatment day 42. *p<0.001 versus vehicle (Kruskal-Wallis One Way ANOVA on Ranks
/Mukey’s Test).

Tumor response Huost response

Roares- ATFumor | Abody Survival
Test agent Dose, schedule AT/AC (%) | . 5 o | volume | weight (alive/total

sion {%) 3 o

(mm’) | (%) )

Vehicle None, Q2W x 2 100 ) 2719+ 67 1 56+19 | 10/10
1eG1-MCC- | 10 mg/kg, Q2W x | 86 239456 149+ 18 | 1O/10
DML 2 )
NOVIEON3 | 10 mg/hkg, Q2W x | 18% - 3015 j214£15 {10/10
1Q3-MCC- 2
DMt

Example 16: In vive efficacy of NOV169N31QO-MCC-DMI acainst the HuPrime®

ES2267 esophageal cancer model in mice

[86486] The anti-tumor activity of NOV69N31Q-MCC-DMI was evaluated in the P-

cadherin expressing ES2267 esophageal cancer xenograft model. Female BALB/c nude
mice were implanted subcutancously with tumor fragments in the right flank of each mouse.
When tumors reached ~154 mm’, mice were randomized according into treatment groups (n=
5). NOVISON3IQ-MCC-DMU or the humamzed non-specific isotype control 3207-MOC-
DM dosed at 10 mg/kg were administered [V on Days O and 13 post randomization. Doses
were adjusted to mdividual mouse bodv weights. The 1V dose volume was 10 mlkg.

[86467] Treatment with NOVI6IN31(Q-MCC-DMI at 10 mg/kg resulted in anti-tumor
cfficacy when compared with the vehicle with a 58% miean regression at Day 21. Moreover,

no significant anti-tumor efficacy was observed after treatment with the non-specific isotype

U
2
(]
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control 1gG I-MCC-DM1 at 10 mg/kg. On Day 21, and on the last day of the study (Day 533),
NOVIOON31Q-MCC-DM1 tested statistically different from the vehicle and isotype control
1GI-MCC-DM1 treated groups (P<0.05, ANOVA/Holm-Sidak Mcothod, Day 21}, All test
agents were well tolerated and no body weight loss was observed in any of the treatment
groups, as expected for an ADC that does not bind mouse P-cadherin (Figure 16 and Table
18).

Table 18: NOVI6IN31Q-MCC-DM1 officacy in the HuPrime™ ES2267 esophageal cancer
xenograft model on day 21 {(maximal tumor regression post-dose). The effect of the
treatment on tumor volumes and body weights are presented as means £ SEM. The
experiment was evaluated on treatment day 21, when NOVI169N3 1Q-MCC-DM Humors
reached their maximum regression post-treatment. *p = 0.014 versus vehicle {One-Way

ANOVA on Ranks/Holm-8Sidak Method).

. Host
Tumor response
FESponse
Tomor Size ey : .
R AT/ AC | Regres- Survival
Compound Dose, route, schedule {mny’ +/~ PPN <o (0 live/total
SEM) (%) sion (%) | (alive/total)
i O mg/kg, TV, gt g - oz
Vehicle Days 0 and 13 361 4+ 48 100 5/5
NOVI6ON31Q- 10 mg/kg, IV, Days 0 5 - 0w .
4 g > J ) § 3 ’lq
MCC-DMI and 13 06 24 4" o8 o
b e/ [ Davs o -
1oG1-MCC-DM1 ;jj (;‘“gkg* V. DaysO o0y 54 55 - 5/5

Example 17: Efficacy comparison of NEGO067 conjusated to DM using two linkers
(MO and CX1-1) in the HOCCT70 breast cancer xenosraft model

[60408] The HCC70 breast cancer xenograft model was use to compare the anti-tumor
efficacy of an anti-P-cadherin antibody NEGO067 conjugated to DM using the MCC versus
CX-1-1 linkers. When tumors reached ~215 mnt’, mice were randomized according to
tumor volume into treatment groups (o= 8/group) and dosed with a single IV administration
of vehicle or 7 mg/kg of ADC. Doses were adjusted to individual mouse body weights. The
1V dose volume was & mlkg.

34091 The mean tumor volume n the NEGG06T7-CX1-1-DMI group was
significantly different than the control IgG1-CX1-1-DM1 group {(One way ANOVA; Dunn’s
Method, p < 0.03), while NEGO067-MCC-DM1 was not statistically different from Ig(Gl-

136
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MCC-DM1T. However, there was a trend towards mcreased activity m the [gG1-CXi-1-

DM treated group compared with the holgGE-MCC-DM1 treated group (Figure 17).

Example 18: Efficacy assessment of murine hvbridoma-derived anti-P-cadherin ADCs

coniueated usine the SPDB-DM4 Lnker-pavicad {cleavable Bnker) in the HCC70 breast

cancer xenosralt model

{60410} The HCC70 breast cancer xenogratt model was use to compare the anti~tumor
efficacy of 3 murine hybridoma-derived ADCs using the SBDB-DM4 linker-pavicad. When
tumors reached ~150mm’, mice were randomized according to tumor volume info treatment
groups {n= 10/group} and doscd with a single IV administration of vehicle or 53 mg/kg of
ADC. Doses were adjusted to individual mouse body weights.

{00411} A single 5 mg/kg dose of all three SPDE-DM4 linked ADCs significantly
mduced durable tumor regressions {p < 0.05), with some tumor regrowth in the 2P19-5PDB-
DM4 treated group. Tumors remained fully regressed in groups treated with 1G12-SPDB-
DM4 or 3D21-SPDB-DM4 (Figure 18).

Example 19: ADBC Formulation

(6412} The clinical service form (CSF) of the ADC NOV1I6ON31Q-MCC-DMl is a

vophilisate v vial contaming 50 mg NOVIOSNIIQ-MCC-DMI1, After reconstitution of the
Ivophilizate with 5 m1 water for injection, a solution containing 10 mg/mL NOVIGON31 Q-
MOC-DME, 20 mM L-histidine/L-Histidine hvdrochlonde monohydrate, 240 mM sucrose and
(.02 % polvsorbate 20 at a pH of 5.3 is obtamed.

[06413] For subsequent intravenous administration, the obtained solution wil usually be
further diluted nto a carrier solution o the ready-to~-use ADC selution for infusion.

64144 For the CSF, an ADC conceniration of 10 mg/ml. was chosen. A sucrose
concentration of 240 mM was selected in order to create an isotonic formulation, (o mamtamn an
amorphous lvophilizate cake structure, and to afford protein stabilization,

[66415]) Important stability-indicating analytical methods to select the most stable
formulation encompassed, amongst others, size-exclusion chromatography to determine
aggregation levels, subvisible particulate matter testing, free Toxin determination and potency
testing. The pre-screening study showed that polysorbate 20 at & concentration of 0.02 %
provides sufficient stabilization agamst mechanical stress. The hquid and lyophilized stability

studies at real-time and accelerated stability conditions (25°C and 40°C) demonstrated that a
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histidine-based formulation at a pH-value between 5.0 and 5.5 provides the overall best
storage stability. Notably in this range the balances of all tested formulations between
aggregation and rclease of the free Toxin could be met. A two-month stability study at 25°C
and 40°C demonstrated very low levels of aggregation and degradation products.

68416 It 15 understood that the examples and embodiments described herein are for
ilhustrative purposes only and that vanous modifications or changes i hght thercof will be
suggested to persons skilled m the art and are to be mcluded within the spirit and purview of this

application and the scope of the appended claims.
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We claim

I

6.

~

An antibody or antigen binding fragment thereof that binds to human P-cadherin
protein at one or more residues selected from the anuno acids at positions 124, 125,
154, 153, 134, 155, 136, 159, 160, 164, 162, 163, 165, 170, 171, and 172 of SEQ ID
NG:126.

The antibody of claim 1, wherein the antibody binds to human P-cadherin protein at
the amino acids at positions 124, 125, 151, 153, 154, 155, 156, 159, 160, 161, 162,
163, 168, 170, 171, and 172 of SEQ ID NO:126.

The antibody of claim 1, wherein the antibody compnises a heavy chain variable
region that binds to human P-cadhernin at one or more amino acid residues selected

from positions 124, 151, 153-156, and 172 of SEQ 1D NO:126.

The antibody of claim 3, wherein the heavy chain variable region binding paratope for
human P-cadherin protein comprises one or more aming acid residues selected from

posttions 52, 34, 56, 60, 65, 105, or 167 of SEQ 1D NO:128.

The antibody of claim 1, wherem the antibody comprises a light chaim variable region
that binds to human P-cadherin at one or more amino acid residues selected from

posttions 124, 125, 155, 156, 159-163, 168, 170, and 171 of SEQ ID NO:126.

The antibody of claim 3, wherein the light chain vanable region binding paratope for
human P-cadherin protein comprises one or more aming acid residues selected from

positions 1, 2, 27, 28, 30, 68, 92, 93, or 94 of SEQ ID NO:129.

An antibody or antigen binding fragment thereof comprising a heavy chain region of

claim 3 and the light chain variable region of claim 3.
An antibody or antigen binding fragment thereof that binds P-cadherin comprising:

a. aheavy chain variable region that comprises a VH CDRI1 of SEQIDNG: 1 a
VH CDR2 of SEQ ID NO: 2, and a VH CDR3 of SEQ 1D NQO: 3, wherein the
CDR is defined in accordance with the Kabat definition; and a light chain
variable region that comprises a VL CDRI of SEQ 1D NG: 11, a VL CDR2 of
SEQIDNG: 12, and a VL CBR3 of SEQ ID NO: 13, whergin the CDR s

defined in accordance with the kabat definition;
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d.

a heavy chain vanable region that comprnises a VH CDR1 of SEQ 1D NO: 21,
a VHCDRZ of SEQ D NG: 22, and a VH CDR3 of SEQ 1D NG: 23, wherein
the CDR s defined in accordance with the Kabat definition; and a light chain
variable region that comprises a VL CDRI of SEQ ID NO: 31, a VL CBR2 of
SEQID NQO: 32, and a VL CDR3 of SEQ ID NO: 33, wherein the CDR 15

defined in accordance with the Kabat definition;

a heavy chain vanable region that compnses a VH CDR1 of SEG ID NG:41, a2
VH CDR2 of SEQ ID NG:42, and a VH CDR3 of SEQ 1D NO:43, wherein the
CDR 1is defined 10 accordance with the Kabat definition; and a light cham
variable region that comprises a VL CDR1 of SEQ ID NQG:51, a VL CDRZ of
SEQ ID NO:32, and a VL CDR3 of SEQ ID NO:53, wherein the CDR is

defined 1n accordance with the Kabat definition;

a heavy chain variable region that comprses a VH CDRI of SEQ ID NO:61, 2
VH CDR2 of SEQ ID NO:62, and a VH CDR3 of SEQ 1D NO:63, wherein the
CDR 1s defined in accordance with the Kabat definition; and a Light chain
variable region that comprises a VL CDR1 of SEQ ID NG:7, a VL CBRZ of
SEQ ID NG:72, and a VL CDR3 of SEQ ID NO:73, wherein the CDR is

defined 1 accordance with the Kabat defimition;

a heavy chain variable region that comprses a VH CDRI of SEQ ID NG:E], a
VH CBR2 of SEQ ID NO:R2, and a VH UDR3 of SEQ 1D NO:83, wherein the
CDR is defined in accordance with the Kabat definition; and a light chain
variable region that comprises a VL CDR1 of SEQ 1D NGO:91, 2 VL CDRZ of
SEQ ID NG:92, and a VL CDR3 of SEQ 1D N3:93, wherein the CDR 1

defined in accordance with the Kabat definition; or

a heavy chain variable region that comprises a VH CDRI of SEQ 1D NG: 101,
a VH CDR2 of SEQ ID NG 102, and a VH CDR3 of SEQ 1D NO: 103,
wherein the CDR is defined in accordance with the Kabat definttion; and a
light chain variable region that comprises a VL CDRI of SEQ ID NO: 111, a
YL CBR2 of SEQID NOG:112, and a VL CDBR3 of SEQ ID NO:113, wherein
the CDR s defined in accordance with the Kabat definition.

$.  An antibody or antigen binding fragment thereof that binds P-cadhenn comprising:

140



WO 2016/075670 PCT/IB2015/058801

a. A heavy chain vanable region (VH) comprnising the ammno acid sequence of
SEQ 1 NG:7, and a light chain variable region (VL) comprising the amino

acid sequence of SEQ 1D NO-17;

b. A heavy chain vanable region {VH) comprising the amino acid sequence of
SEQ D NG:27, and a hight chain vanable region (VL) comprising the amino
acid sequence of SEQ 1D NO:37;

¢. A heavy chain vanable region (VH) compnsing the amino acid sequence of
SEQ ID NO:47, and a light chain vanable region (VL) compnising the amino
acid sequence of SEQ 1D NO:57:

d. A heavy chain vartable region (VH) comprising the amino acid sequence of
SEQ 1D NG:67, and a hight chain vanable region (VL) comprising the amino

acid sequence of SEQ 1D NO:77;

¢. A heavy chain vanable region (VH) comprising the amino acid sequence of
SEQ 1D NO:87, and a hight chain vaniable region (VL) comprising the ammo

acid sequence of SEQ ID NG:97; or

f. A heavy chain vanable region (VH) comprising the aming acid sequence of
SEQ ID NG 107, and a light chain vanable region (VL) comprising the amino
acid sequence of SEQ 1D NG 117,

10. An antibody or antigen binding fragment thereot that binds P-cadherin comprising:

a. A heavy chain comprising the amino acid sequence of SEQ ID NG9, and a

tight chain comprising the amino acid sequence of SEQ 1D NG:19;

b. A heavv chain comprising the amino acid sequence of SEQ I NG:29, and a

hight chamn compnsing the amino acid sequence of SEQ 1D NO:39;

¢. A heavy chain comprising the amino acid sequence of SEQ D N(O:49, and a

light chain comprising the amimno acid sequence of SEQ 1D NO:39;

d. A heavy chain comprismg the anuno acid sequence of SEQ ID NG:69, and a

light chain comprising the amino acid sequence of SEQ 1D NO:79;
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¢. A heavy chain comprising the amino acid sequence of SEQ [ NO:89, and a

light chain compnsing the aminc acid sequence of SEQ ID NG99,

f. A heavy chain comprising the amino acid sequence of SEQ ID NG: 109, and a

light chain comprising the amino acid sequence of SEQ 1D NO:119.

11, An antibody that binds to the same epitope of human P-cadherin as the antibody
claimed in any one of claims 8-10, or competes with the antibody claimed in any one

of claims 8-10 for binding to human P-cadhenn.

12. Ap antibody drug conjugate comprising the formula
[‘Xb “““ (L “““ (D}“\);;

or a pharmaceutically acceptable salt thereof, wheremn

Ab is an antibody or antigen binding antigen binding fragment thereof according to any one
of claims 1 1o 11;

L 1s a binker;

D s a drug motety;

m is an integer from | to §; and

n 18 an integer from 1 to 10
13. The antibody drug conjugate of claim 12, wherein said mis 1
14, The antibody drug conjugate of any one of claims 11 or 12, wherein said nis 3 or 4.

15. The antibody dmug conjugate of any one of claims 12-14, whercin the antibody or antigen
binding region comprises a YH region comprising the amino acid sequence of SEQ 1D NG

and a VL region comprising the amino acid sequence of SEQ ING:17,

16. The antibody drug conjugate of any one of claims 12-14, wherein the antibody or antigen
binding region comprises a VH region comprising the amino acid sequence of SEQ D

NG:27 and a VL region comprising the amino acid sequence of SEGQ D NG:37.

17. The antibody drug conjugate of anv one of ¢laims 12-14, wherein said antibody or
antigen binding fragment thercof comprises a VH region that comprises: (a) a VH CDR1 of

SEQ ID NO: 1. (b) a VH CDR2 of SEQ ID NO: 2, (¢) a VH CDR3 of SEQ ID NO: 3, and a
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VL region that comprises (d) a VL CDRI of SEQID NG: 11, (¢} a VL CDRZ of SEQ ID
NG: 12, and () a VL CDR3 of SEQ 1D NO: 13, wherein the CDR is defined 1n accordance

with the Kabat definttion.

18, The antibody drug conjugate of any one of claims 12-14, wherein said antibody or
antigen binding fragment thereof comprises a VH region that comprises:. (a) a VH CDR1 of
SEGIDNO: 21, (b) a VHCDR2 of SEQ IDNO: 22, (¢} a VH CDR3 of SEQ ID NO: 23, and
a VL region that comprises (d) a VL CDRI of SEQ ID NO: 31 (e} a VL CDR2 of SEQ ID
NO: 32, and (f) a VL CDR3 of SEQ 1D NG 33, wherein the CDR is defined i accordance

with the Kabat definttion

19. The antibody drug conjugate of anv one of claims 12-14, whercin said antibody or
antigen binding fragment thereof comprises a heavy chain of SEQ 1D NO: © and a light chain
of SEQ ID NG: 19

20. The antibody drug conjugate of any one of claims 12-14, wherein said antibody

comprises a beavy chain of SEQ 1D NO: 29 and a light chain of SEQ ID NG: 36,

21. The antibody drug conjugate of any one of claims 12-20, wherein said antibody s a

monoclonal antibody.

22. The antibody drug conjugate of any one of claims 12-21, whercin said linker is selected
from the group consisting of a cleavable linker, a non-cleavable linker, a hvdrophilic linker, a

procharged linker and a dicarboxylic acid based linker,

23, The antibody drug conjugate of claim 22, wherein the linker is dernived from a cross-
linking reagent selected from the group consisting of N-succinimidyl-3-(2-
pyridyldithio}propionate {(SPDP), N-succinimmidyl 4-{2-pyridyldithicipentanocate (§PP), N-
succuimidyl 4-(2-pyndvidithio)butanoate (SPDB), N-succinimidyl-4-(2-pyridyldithio)-2-
sulfo-butanocate (sulfo-SPDB), N-succinimidyi iodoacetate (S1A), N-succimmudyl{4~
iwxdoacetyllaminobenzoaie (SIAB), maleimide PEG NHS, Nesuccinimidyl 4-
{maleinidomethvi) cyclohexanccarboxylate (SMCC), N- sulfosuccinimidyl 4-
(malecimidomethyl) cyclohexanecarboxylate (sulto-SMCC), and 2, 5-dioxopyrrolidin-1-y1 17~
(2,5-dioxe-2, S-dihydro-1H-pyrrol-1-y1}-5 8 11, 14-tetraoxo-4,7 10, 1 3-tetraazaheptadecan-1-
oate (CX1-1).
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24. The antibody drug conjugate of claim 23, wherein said linker is denved from cross-
linking reagents selected from the group consisting of N-succinimidvl 4-{(maleimidomethyl}
cvelohexanecarboxylate (SMCC), N-succinimidy! 4-(2-pyridvidithio)butancate (SPDB), and
2, 5-dioxopyrrohdin-i-vl 17-(2,5-dioxo-2,5-dihydro- 1 H-pyrrol-1-y1)-5 8 11, l4-tetraoxo-
4,710, 13-tetraazaheptadecan-1-oate (CX1-1).

25. The antibody drug conjugate of anv one of clavns 12-24, wherein said drug moiety i1s
selected from a group consisting of a V-ATPase inhibitor, a pro-apoptotic agent, a Bel2
inhibitor, an MCL1 inhubitor, a HSP90 inhibitor, an TAP inhibitor, an miTor mlubitor, a
microtubule stabilizer, a microtubule destabilizer, an aunstatin, a dolastatin, a mayvtansinoid,
a MetAP (methionine aminopeptidase), an mhibitor of nuclear export of proteins CRM1, a
DPPLV inhibitor, proteasome inhibitors, inhibitors of phosphoryl transfer reactions in
mitochondria, a protein synthesis inhibttor, a kinase inhibitor, a CDK?2 mhibitor, a CDK9
mhibitor, a kinesin inhibitor, an HDAC mhibitor, a DNA damaging agent, a DNA alkylating

agent, a DNA mntercalator, a DNA minor groove binder and a DHFR inhibitor.
26. The antibody drug conjugate of claim 25, wherein the cvictoxic agent is 8 mayvtansinotd.

27. The antibody drug conjugate of claim 26, wherem the mayvtansinoid is N(2')- deacetyi-
N¢2Y-(3-mercapto-l-osopropyl)-maytansine {BM1} or N{2"}-deacetvl-N2-{4- mercapto-4-

methyl- 1 ~oxopentyi)-mavtansine (DM4).
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28. The antibody drug conjugate of claim 12 having the following formula:

fa"“

OMe

wherein Ab i1s an antibody or antigen binding fragment thereof comprising a heavy chain
CDRI1 of SEQ 1D NO: 1, a heavy chain CDRZ of SEQ 13 NO: 2, a heavy cham CDR3 of
SEQ D NO: 3, and a hight chain CDRI of SEQ ID NG: 11, a light chain CDR2 of SEQ ID
NO: 12, a light chain CDR3 of SEQ ID NO: 13, wherein the CDR is defined in accordance

with the Kabat definition; and n is 1 to 10; or a pharmaceutically acceptable salt thereof.

29. A pharmaceutical composition comprising the antibody, or antigen binding fragment

thereof, of any one of claims 1-11 and a pharmaceutically acceptable carrier.

30. A pharmaceutical composition comprising the antibody drug conjugate of any one of

claims 12-28 and a pharmaccutically acceptable carrier.

31. The pharmaceutical composition of claim 29 or 30 wherein said composition is prepared

as a lyophilisate.

32. The pharmaceutical composition of claim 31 wherein said lvophilisate comprises the
antibody of any one of claims 1-11 or the antibody dmg comgugate of any one of claims 12-

28, histiding, sucrose, and polysorbate 20.

33. The phanmaceutical composition of claim 32 wherem the composition comprises about
10mg/mb of the antibody drug conjugate of claim 28, 20mM histidine, 240mM sucrose, and

0.02% polvsorbate 20.
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34. A method of treating cancer in a patient in need thereot, comprising adminisiering to said
patient the antibody drug conjugate of any one of claims 12-28, or the pharmaceutical

coraposttion of any one of claims 29-33.

35. The method of claim 34, wherein the antibody drug conjugate or pharmaceutical
composition arc administered to the patient in combination with one or more additional

therapeutic compounds.

36. The antibody drug conjugate of any one of claims 12-28, or the pharmaceutical

composition of any one of claims 29-33 for use as a medicament.

37. The antibody drug conjugate of any one of claims 12-28, or the pharmaceutical
3

composition of any of claims 29-33, for use in the treatment of cancer in a patient in need

thereof.

3% Use of the antibody of any one of claims 1-11, the antibody drug conjugate of any one of
claims 12-28, or the pharmaceutical composition of any one of claims 29-33 to treat cancer in

a patient in need thereof,

39, Use of the antibody of any one of claims 1-11 or the antibody drug conmjugate of any one

of claims 12-28 in the manufacture of a medicament for the treatment of cancer.

40 . The method of clamms 34 or 35, the antibody drug comugate of claims 36 or 37, or the uses
o ga) Ut ot}

of claims 38 or 39, wherein the cancer expresses P-cadherin.

41. The method, antibody drag conjogate, or uses of claim 40, wherein the cancer is selected
from the group consisting of adrenoccortical carcinoma, bladder cancer, bong cancer, breast
cancer, central nervous svstem atypical teratoid/rhabdoid tumors, colon cancer, colorectal
cancer, embryvonal tumors, endometrial cancer, esophageal cancer, gastric cancer, head and
neck cancer, hepatocellular cancer, Kaposi sarcoma, Hiver cancer, lung cancer, including
small cell lung cancer and non-small cell lung cancer, ovarian cancer, rectal cancer,
rhabdomyosarcomasmall infestine cancer, soft issue sarcoma, squamous cell carcinoma,
squamous neck cancer, stomach cancer, uterine cancer, vaginal cancer, and vulvar
canceradrenocortical carcinoma, bladder cancer, bone cancer, breast cancer, central nervous
system atypical teratoid/rhabdoid tumors, colon cancer, colorectal cancer, embryonal tumors,

endometnal cancer, esophageal cancer, gastric cancer, head and neck cancer, hepatocellular
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cancer, Kapost sarcoma, liver cancer, lung cancer, includmg small cell lung cancer and non-
small cell lung cancer, ovarian cancer, rectal cancer, rhabdomyosarcomasmall intesting
cancer, soft tissue sarcoma, squamous ccll carcinoma, squamous neck cancer, stomach cancer,

uterine cancer, vaginal cancer, and vulvar cancer

42. The method, antihody dug conjugate, or uses of claim 38, whercin the cancer is selected
from the group consisting of bladder, breast, colon, colorectal, endometnal, esophageal,

gastric, head and neck, lung, and ovanan cancers.

43, The antibody or antigen binding fragment of any of claims 1-11, wherein said antibody is
a human or humanized antibody.

44, The antibody or antigen binding fragment of any of claims 1-11 and 43, wherein said

antihody is a monoclonal antibody.

45. The antibody or antigen binding fragment of any of claims 1-11, 43 or 44, wherein said

antibodv or antigen binding fragment is a single cham antibody (sckv).

46. A nucleic acid that encodes the antibody or antigen binding fragment of any one of claims

1-11, 43, 44, or 45.

47. The nucleic acid of claim 46, wherein the nucleic acid comprises the nucleotide sequence
of SEQ TD NOs: 8, 28, 48, 68, 88, 108,18, 38, 58, 78, 98, 118, 10, 30, 50, 70, 90, 110, 20, 40,
60, 80, 100, and 120.

48. A vector comprising the nucleic acid of claim 46 or 47.

49. A host cell comprising the vector according to claim 48 or the nucleic acid according to

claim 46 or 47.

50. A process for producing an antibody or antigen binding fragment comprising cultivating

the host cell of claim 49 and recovering the antibody from the culiure.
51. A process for producing an anti-P-cadherin antibody drug conjugate comprising:

{a} chenncally inking SMCC to a drug moiety DM-1

{b) conjugating said linker-drug to the antibody recovered from the cell culture of claim 47,
and
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{¢) purifying the antibody drug conjugate.
52.A process for producing an anti-P-cadhenn antibody drug conjugate comprising:
{a} chemically linking SMCC to a drug moicty DM-1;

(b} conjugating said linker-drug to the antibody as clatmed 1n anv one of claims 1-11, 43, or

44 and
{2} purifying the antibody drug conjugate.

53 The antibody drug conjugate made according to claim 51 or 52 having an average DAR,

measured with a UV spectrophotometer, of about 3.8,

54. A diagnostic reagent comprising the antibody or antigen binding fragment thercof of any

ong of claims 1-11, 43, 44, or 45.

55. The diagnostic reagent of claim 54, wherein the antibody or antigen binding fragment
thereof is labeled with a radiclabel, a flucrophore, a chromophore, an imaging agent, ora

metal ion.
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