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ANTI-CCR7 ANTIBODY DRUG CONJUGATES

CROSS-REFERENCE TO RELATEDAPPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.
62/454,476 filed February 3, 2017, the content of which ishereby incorporated by reference

in its entirety.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference inits entirety. Said
ASCII copy, created on January 10, 2018, is named PAT057594-WO-PCT_SL .txt andis
387,054 bytesin size.

FIELD OF THE INVENTION

[0003] The present invention generally relates to anti-CCR7 antibodies, antibody
fragments, and immunoconjugates thereof, and their uses for the treatment or prevention of

cancer.

BACKGROUNDOF THE INVENTION

[0004] CC-chemokine receptor 7 (CCR7) was first identified in 1993 as a
lymphocyte specific receptor (see, e.g., Birkenbach et al., JVirol. 1993 Apr;67(4):2209-20).
Its expression isrestricted to subsets of immune cells, such as naive T cells, central memory
T cells (Tcm), regulatory T cells (Treg), naive B cells, NK cells and mature antigen-
presenting dendritic cells (DCs). CCRY regulates homing of immune cells to and within
lymphoid organs and thus plays akey role in balancing immunity and tolerance (see, e.g.,
Forster et al, Nat Rev Immunol. 2008 May;8(5):362-71).

[0005] CCRY7 isaclass A, rhodopsin-like G-protein coupled receptor (GPCR), with
two ligands, CCL21 and CCL19. The CCRY7 structure has not been fully solved, however,
certain motifs have been found essentia for receptor activity (see, e.g., Legler etal, IntJ
Biochem Cell Biol. 2014 Jul 1).
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CCR7 and Cancer

[0006] CCRY7 (aso referred to as EBI1, BLR2, CC-CKR-7, CMKBR?7, CD197 and
CDwl97) isaso known to be overexpressed in anumber of malignant tumors, including B
cell malignancies (e.g., CLL, MCL, Burkitt's lymphoma), T cell malignancies (e.g., ATLL),
HNSCC, ESCC, gastric carcinoma, NSCLC, colorectal carcinoma, pancreatic cancer, thyroid
cancer, breast cancer, and cervical cancer, among others. The overexpression of CCRY in,
e.g., colorectal carcinoma, ESCC, pancreatic cancer, HNSCC, and gastric cancer was
associated with advanced tumor stage, lymph node metastasis and poor survival (see, e.g.,
Malietzis et al, Journal of Surgica Oncology 2015;112:86-92; Irino et al, BMC Cancer
2014, 14:291; Guo etal, Oncology Letters 5: 1572-1578, 2013; Xia etal, Ora Dis. 2015
Jan;21(1):123-31; Du et al., Gastric Cancer. 2016 Mar 16).

[0007] In addition, CCR7 expression in, e.g., HNSCC has been shown to play arole
in resistance to chemotherapy (see, e.qg., Wang et al, JNCI J Natl Cancer Inst (2008) 100 (7):
502-512.). In certain cancer types, such as pancreatic cancer and nasopharyngeal carcinoma
(NPC), CCRY7 isknown to promote cancer stem-like cell metastasis and sphere formation
(see, 0., Zhang etal, PLOS ONE 11 (8); Lun etal, PLOS ONE 7(12)). CCR7's rolein
cell migration, invasiveness and EMT (epithelial-mesenchymal transition) is described in
various cancer types, such as breast and pancreatic cancer in vitro and in vivo (see, e.g., Pang
etal, Oncogene (2015), 1-13); Sperveslage et al, Int. J. Cancer: 131, E371-E381 (2012)).
Key pathways that have been described to be essential for CCR7 signaling include b-Arrestin
mediated p38/ERKI/2 and Rho signaling (see, e.g., Noor et al, J Neuroinflammation 2012
Apr 25; 9:77).

[0008] Numerous cancer-related processes are known to induce CCR7 expression. In
HNSCC, CCR7 expression is shown to be induced by NF-kB and API transcription factors
via direct binding to sites in the CCR7 promoter (Mburu et al, J. Biol. Chem. 2012,
287:3581-3590). In particular, CCR7 expression is regulated by various factors in the tumor
microenvironment. In this context, it isknown that CCR7 expression isinduced viathe b-
Defensin 3/NF-kB pathway in HNSCC (see, e.g., Mburu et al, Carcinogenesis vol.32 no.2
pp. 168-174, 2010) and Endothelin Receptor A and Hypoxia-inducible factor-1 in breast
tumor cells (see, e.g., Wilson et al, Cancer Res 2006;66:11802-11807).

Antibody Drug Conjugates

[0009] Antibody drug conjugates ("ADCs') have been used for the local delivery of

cytotoxic agents in the treatment of cancer (see, e.g., Lambert, Curr. Opinion In
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Pharmacology 5:543-549, 2005). ADCs alow targeted delivery of the drug moiety where
maximum efficacy with minimal toxicity may be achieved. ADCs include an antibody
selected for its ability to bind to acell targeted for therapeutic intervention, linked to adrug
selected for its cytostatic or cytotoxic activity. Binding of the antibody to the targeted cell
thereby delivers the drug to the site where its therapeutic effect is needed.

[0010] Many antibodies that recognize and selectively bind to targeted cells, e.g.,
cancer cells, have been disclosed for use in ADCs. In spite of the extensive work on ADCs,
antibody binding to aparticular target of interest is not sufficient to predict successin ADC
applications. Examples of factors that can effect therapeutic effectiveness of ADCs (besides
target-intrinsic features) include various aspects that need customized fine-tuning, such asthe
optimal antibody affinity as a balance between target-mediated disposition (TMDD) and
efficacy-driving exposure, evaluation of Fc-mediated functions (antibody-dependent cell-
mediated cytotoxicity, ADCC), method of conjugation (site-specific or not), the ratio of the
drug/payload molecules that conjugate to each antibody ("DAR" or "drug antibody ratio"),
the cleavahility or stability of the linker, stability of the ADC, and the tendency of an ADC to
aggregate.

[0011] There remains a need for antibodies, attachment methods, and cytotoxic
payloads with improved properties for use as effective ADC therapeutic compositions and

methods.

SUMMARY OF THE INVENTION

[0012] The present application discloses an antibody or antigen binding fragment
thereof that binds to human CCR7 protein, wherein the antibody or antigen binding fragment
thereof has reduced or no significant effector function as compared to awild-type antibody of
the same isotype. In one embodiment, the antibody or antigen binding fragment thereof has
areduced or no significant level of antibody-dependent cell-mediated cytotoxicity (ADCC)
activity. IN one embodiment, the antibody or antigen binding fragment thereof comprises a
silenced Fc region. In some embodiments, the antibody comprises amutation in the Fc
region selected from: D265A; P329A; P329G; N297A; D265A and P329A; D265A and
N297A; L234 and L235A; P329A, L234A and L235A; and P329G, L234A and L235A. In
one embodiment, the antibody or antigen binding fragment thereof has no significant cell
killing activity. In one embodiment, the antibody or antigen binding fragment thereof binds

with greater affinity to cells expressing higher levels of CCR7 than cells expressing lower
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levels of CCR7. In some embodidments, the antibody or antigen binding fragment thereof

binds with greater affinity to cancer cells that express higher levels of CCR7 than normal

cells that express lower levels of CCR7. In some embodiments, the antibody or antigen

binding fragment thereof does not significantly deplete normal hematopoietic cells that

express CCRY.

[0013]

In one embodiment, the present application discloses an antibody or antigen

binding fragment thereof that binds CCR7 comprising:

a.

aheavy chain variable region that comprises an HCDR1 (Heavy Chain
Complementarity Determining Region 1) of SEQ ID NO:l, an HCDR2
(Heavy Chain Complementarity Determining Region 2) of SEQ ID NO:2, and
an HCDR3 (Heavy Chain Complementarity Determining Region 3) of SEQ ID
NO: 3; and alight chain variable region that comprises an LCDR1 (Light
Chain Complementarity Determining Region 1) of SEQ ID NO: 17, an LCDR2
(Light Chain Complementarity Determining Region 2) of SEQ ID NO: 18, and
an LCDRS3 (Light Chain Complementarity Determining Region 3) of SEQ ID
NO:19;

aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:4, an
HCDR2 of SEQ ID NO:5, and an HCDR3 of SEQ ID NO:6; and alight chain
variable region that comprises an LCDR1 of SEQ ID NO:20, an LCDR2 of
SEQ ID NO:21, and an LCDR3 of SEQ ID NO:22;

aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:7, an
HCDR2 of SEQ ID NO:8, and an HCDR3 of SEQ ID NO:9; and alight chain
variable region that comprises an LCDR1 of SEQ ID NO:23, an LCDR2 of
SEQ ID NO:24, and an LCDR3 of SEQ ID NO:25;

. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO: 10, an

HCDR2 of SEQ ID NO: 11, and an HCDR3 of SEQ ID NO: 12; and alight
chain variable region that comprises an LCDR1 of SEQ ID NO:26, an LCDR2
of SEQ ID NO:27, and an LCDRS3 of SEQ ID NO:28;

aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:33, an
HCDR2 of SEQ ID NO:34, and an HCDR3 of SEQ ID NO:35; and alight
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chain variable region that comprises an LCDRI of SEQ ID NO:49, an LCDR2
of SEQ ID NO:50, and an LCDRS3 of SEQ ID NO:51;

f. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO: 36, an
HCDR2 of SEQ ID NO:37, and an HCDR3 of SEQ ID NO:38; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:52, an LCDR2
of SEQ ID NO:53, and an LCDRS3 of SEQ ID NO:54;

g. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:39, an
HCDR2 of SEQ ID NO:40, and an HCDR3 of SEQ ID NO:41; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:55, an LCDR2
of SEQ ID NO:56, and an LCDRS3 of SEQ ID NO:57;

h. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:42, an
HCDR2 of SEQ ID NO:43, and an HCDR3 of SEQ ID NO:44; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:58, an LCDR2
of SEQ ID NO:59, and an LCDRS3 of SEQ ID NO:60;

i. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:65, an
HCDR2 of SEQ ID NO:66, and an HCDR3 of SEQ ID NO:67; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:81, an LCDR2
of SEQ ID NO:82, and an LCDRS3 of SEQ ID NO:83;

j. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:68, an
HCDR2 of SEQ ID NO:69, and an HCDR3 of SEQ ID NO:70; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:84, an LCDR2
of SEQ ID NO:85, and an LCDR3 of SEQ ID NO:86;

k. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:71, an
HCDR2 of SEQ ID NO:72, and an HCDR3 of SEQ ID NO:73; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:87, an LCDR2
of SEQ ID NO:88, and an LCDR3 of SEQ ID NO:89;

1 aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:74, an
HCDR2 of SEQ ID NO:75, and an HCDR3 of SEQ ID NO:76; and alight
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[0014]

chain variable region that comprises an LCDRI of SEQ ID NO:90, an LCDR2
of SEQ ID NO:91, and an LCDRS3 of SEQ ID NO:92;

. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:596,

an HCDR2 of SEQ ID NO:597, and an HCDR3 of SEQ ID NO:598; and a
light chain variable region that comprises an LCDRI of SEQ ID NO:612, an
LCDR2 of SEQ ID NO:613, and an LCDRS3 of SEQ ID NO:614;

aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:599,
an HCDR2 of SEQ ID NO:600, and an HCDR3 of SEQ ID NO:601; and a
light chain variable region that comprises an LCDRI of SEQ ID NO:615, an
LCDR2 of SEQ ID NO:616, and an LCDR3 of SEQ ID NO:617;

aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:602,
an HCDR2 of SEQ ID NO:603, and an HCDR3 of SEQ ID NO:604; and a
light chain variable region that comprises an LCDRI of SEQ ID NO:618, an
LCDR2 of SEQ ID NO:619, and an LCDR3 of SEQ ID NO:620; or

aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:605,
an HCDR2 of SEQ ID NO:606, and an HCDR3 of SEQ ID NO:607; and a
light chain variable region that comprises an LCDRI of SEQ ID NO:621, an
LCDR2 of SEQ ID NO:622, and an LCDR3 of SEQ ID NO:623.

An antibody or antigen binding fragment thereof that binds CCR7 of the

present application may also comprise:

a. A heavy chain variable region (VH) comprising the amino acid sequence of

b.

C.

SEQ ID NO: 13, and alight chain variable region (VL) comprising the amino
acid sequence of SEQ ID NO:29;

A heavy chain variable region (VH) comprising the amino acid sequence of
SEQ ID NO:45, and alight chain variable region (VL) comprising the amino
acid sequence of SEQ ID NO:61;

A heavy chain variable region (VH) comprising the amino acid sequence of
SEQ ID NO:77, and alight chain variable region (VL) comprising the amino
acid sequence of SEQ ID NO:93; or

6
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d. A heavy chain variable region (VH) comprising the amino acid sequence of
SEQ ID NO:608, and alight chain variable region (VL) comprising the amino
acid sequence of SEQ ID NO:624.

[0015] In another embodiment, the antibody or antigen binding fragment thereof that
binds CCR7 comprises:

a. A heavy chain comprising the amino acid sequence of SEQ ID NO: 15, and a
light chain comprising the amino acid sequence of SEQ ID NO:31;

b. A heavy chain comprising the amino acid sequence of SEQ ID NO:47, and a
light chain comprising the amino acid sequence of SEQ ID NO:63;

c. A heavy chain comprising the amino acid sequence of SEQ ID NO:79, and a
light chain comprising the amino acid sequence of SEQ ID NO:95; or

d. A heavy chain comprising the amino acid sequence of SEQ ID NO:610, and a
light chain comprising the amino acid sequence of SEQ ID NO:626.

[0016] The antibody or antigen binding fragment thereof as described herein may
comprise one or more cysteine substitutions. |n one embodiment, the antibody or antigen
binding fragment thereof comprises one or more cysteine substitutions selected from S152C,
S375C, or both S152C and S375C of the heavy chain of the antibody or antigen binding
fragment thereof, wherein the position is numbered according to the EU system. An antibody

as disclosed herein can be amonoclonal antibody.

[0017] The present application discloses an antibody drug conjugate comprising the

formula:
Ab—(L—(D),n

or apharmaceutically acceptable salt thereof; wherein

Abis an antibody or antigen binding antigen binding fragment thereof as disclosed
herein;

L isalinker;

D isadrug moiety;

m is an integer from 1to 8; and
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nisaninteger from 1to 12.

In some embodidments, mis 1. In one embodiment, nis about 3 to about 4. In one
embodiment, the linker is selected from the group consisting of a cleavable linker, a non-
cleavable linker, ahydrophilic linker, aprocharged linker, and a dicarboxylic acid based

linker.

[0018] In one embodidment, the linker is derived from across-linking reagent
selected from the group consisting of N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP),
N-succinimidyl 4-(2-pyridyldithio)pentanoate (SPP), N-succinimidyl 4-(2-
pyridyldithio)butanoate (SPDB), N-succinimidyl-4-(2-pyridyldithio)-2-sulfo-butanoate
(sulfo-SPDB), N-succinimidyl iodoacetate (SIA), N-succinimidyl(4-
iodoacetyl)aminobenzoate (SIAB), maleimide PEG NHS, N-succinimidyl 4-
(maleimidomethyl) cyclohexanecarboxylate (SMCC), N- sulfosuccinimidyl 4-
(maleimidomethyl) cyclohexanecarboxylate (sulfo-SMCC), and 2,5-dioxopyrrolidin-l-yl 17-
(2,5-dioxo-2,5-dihydro-IH-pyrrol-1-y1)-5,8,11,14-tetraoxo-4,7,10,13-tetraazaheptadecan-| -

oate (CXI-1).

[0019] In other embodiments, the linker has the following Formula (11A):
: ;:;’ o) .
P
/
N—L-X-L2-S
S (I1A);

wherein * islinked to the thiol functionality on the antibody, and ** is linked to the thiol
functionality of adrug moiety; and wherein;

L1is aCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2is aCi-6akylene or is- (CH,CH,Q)y-CH,-CH»- wherein y is 1to 11;

X is-C(0)-NH-, -NHC(O)- or atriazole; and alkylene islinear or branched.

[0020] In another embodiment, the linker has the following Formula:
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N -
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whereiny is 1to 11; * islinked to the thiol functionality on the antibody, and ** is linked

to the thiol functionality of the drug moiety.
[0021] In one embodiment, the drug moiety is selected from a group consisting of a
V-ATPase inhibitor, apro-apoptotic agent, aBcl2 inhibitor, an MCL1 inhibitor, a HSP90
inhibitor, an IAP inhibitor, an mTor inhibitor, a microtubule stabilizer, a microtubule
destahilizer, an auristatin, an amanitin, a pyrrolobenzodiazepine, an RNA polymerase
inhibitor, a dolastatin, amaytansinoid, a MetAP (methionine aminopeptidase), an inhibitor of
nuclear export of proteins CRM1, aDPPIV inhibitor, proteasome inhibitors, inhibitors of
phosphoryl transfer reactions in mitochondria, aprotein synthesis inhibitor, akinase inhibitor,
aCDK2 inhibitor, aCDK?9 inhibitor, akinesin inhibitor, an HDAC inhibitor, aDNA
damaging agent, aDNA akylating agent, aDNA intercalator, a DNA minor groove bhinder
and aDHFR inhibitor. In some embodiments, the cytotoxic agent isamaytansinoid,
wherein the maytansinoid is N(2')- deacetyl-N(2")-(3-mercapto-I-oxopropyl)-maytansine
(DM1), N(2')-deacetyl-N(2")-(4-mercapto-I-oxopentyl)-maytansine  (DM3) or N(2)-
deacetyl-N2-(4- mercapto-4-methyl- 1 -oxopentyl)-maytansine (DM4).
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[0022] In one embodiment, the antibody drug conjugates disclosed herein comprise

the following formula (VI11):

4 : L L
Nk/xs\s/ 2\X, 1\N |- Ab
MeO . |

Ab-Maleimido linker-DM4 ~_J/ n
(Vi

wherein L1is aCi-6alkylene wherein one of the methylene groups may be replaced with
oxygen;

L2is aCi-6alkylene or is—(CH>CH»0),-CH»-CH»- wherein y is 1to 11;

X is-C(0)-NH-, -NHC(O)- or atriazole; and alkylene islinear or branched; and wherein niis
about 3 to about 4; or a pharmaceutically acceptable salt thereof

[0023] In one embodiment, the antibody drug conjugates disclosed hereing have the

\
Q
s N N
\S/\/ \n/\/
0 (@]

following formula:

/

Ab

MeO.

Ab-MPET-DM4

10
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wherein nisabout 3to about 4, and Ab is an antibody comprising aheavy chain
comprising the amino acid sequence of SEQ ID NO:47, and alight chain comprising the
amino acid sequence of SEQ ID NO:63; or apharmaceutically acceptable salt thereof.

[0024] The present application also discloses pharmaceutical composition
comprising the antibodies, or antigen binding fragments thereof, disclosed herein and a
pharmaceutically acceptable carrier. The present application also discloses pharmaceutical

composition comprising the antibody drug conjugates as disclosed herein.

[0025] The present application also discloses methods of treating or preventing cancer
in apatient in need thereof, comprising administering to said patient the antibody drug
conjugates or the pharmaceutical compositions disclosed herein, wherein the cancer

expresses CCRY.

[0026] In some embodiments of the methods of treatment or preventing cancer, the
antibody drug conjugate or pharmaceutical composition are administered to the patient in
combination with one or more additional therapeutic compounds. In one embodiment, the
one or more additional therapeutic compounds is selected from a standard of care
chemotherapeutic, acostimulatory molecule, or acheckpoint inhibitor. In one embodiment,
the costimulatory molecule is selected from an agonist of OX40, CD2, CD27, CDS, ICAM-1,
LFA-1 (CDIla/CD18), ICOS (CD278), 4-1BB (CD137), GITR, CD30, CD40, BAFFR,
HVEM, CD7, LIGHT, NKG2C, SLAMF7, NKp80, CD160, B7-H3, STING, or CD83 ligand.
In another embodiment, the checkpoint inhibitor is selected from an inhibitor of PD-1, PD-
LI, PD-L2, CTLA4, TIM3, LAGS, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and/or
TGFR beta.

[0027] The present application also discloses the antibody drug conjugates or the
pharmaceutical compositions disclosed herein, for use as amedicament. In one embodiment,
the antibody drug conjugates or the pharmaceutical compositions disclosed herein, are for use

in the treatment or prevention of a CCR7 expressing cancer in apatient in need thereof.

[0028] In one embodiment, the application discloses use of the antibodies or antigen
binding fragments thereof, the antibody drug conjugates, or the pharmaceutical composition

as disclosed herein, to treat or prevent a CCR7 expressing cancer in apatient in need thereof.
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[0029] In one embodiment, the application discloses use of the antibodies or antigen
binding fragments thereof, the antibody drug conjugates, or the pharmaceutical compositions

as disclosed herein, in the manufacture of a medicament.

[0030] In one embodiment, the cancer is selected from the group consisting of
chronic lymphocytic leukemia (CLL), peripheral T cell lymphomas (PTCL) such as adult T-
cell leukemia/lymphoma (ATLL) and anaplastic large-cell lymphoma (ALCL), Non-
Hodgkin's lymphoma (NHL) such as mantle cell lymphoma (MCL), Burkitt' slymphoma and
diffuse large B-cell lymphoma (DLBCL), gastric carcinoma, non-small cell lung cancer,
small cell lung cancer, head and neck cancer, nasopharyngeal carcinoma (NPC), esophageal
cancer, colorectal carcinoma, pancreatic cancer, thyroid cancer, breast cancer, renal cell
cancer, and cervical cancer. |n specific embodiments, the cancer is selected from the group
consisting of chronic lymphocytic leukemia (CLL), peripheral T cell lymphomas (PTCL)
such as adult T-cell leukemia/lymphoma (ATLL) and anaplastic large-cell lymphoma
(ALCL), Non-Hodgkin's lymphoma (NHL) such as mantle cell lymphoma (MCL), Burkitt's

lymphoma and diffuse large B-cell lymphoma (DLBCL), and non-small cell lung cancer.

[0031] The present application also discloses nucleic acids that encodes the antibodies
or antigen binding fragments as disclosed herein. In one embodiment, the nucleic acid
comprises the nucleotide sequence of SEQ ID NOs. 14, 16, 30, 32, 46, 48, 62, 64, 78, 80, 94,
96, 481, 483, 497, or 499. This application also discloses vectors comprising the nucleic
acids, and host cells comprising the vectors or nucleic acids. This application also discloses a
process for producing the antibodies or antigen binding fragments disclosed herein
comprising cultivating the host cell and recovering the antibody from cell culture. Inone

embodiment, the process of recovering the antibody from cell culture comprises the steps of:
a) removing cells and filtering the culture;
b) purifying the culture by affinity chromatography ;

c) inactivating any viruses in the culture by adjusting the pH to 3.4-3.6, then
readjusting the pH to 5.8-6.2 and filtering the culture;

d) purifying the culture by cation exchange chromatography and performing on-

column reduction of the culture;
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e) performing anion exchange chromatography on the culture;
f) removing viruses by nanofiltration;

g) filtering the culture containing the antibody; and

h) obtaining purified antibody.

[0032] In yet another embodiment, disclosed herein is aprocess for producing an

anti-CCR7 antibody drug conjugate comprising:
(a) pre-forming alinker-drug moiety of the following Formula:
0]

S, _X. _-N )
drug moiety-g L2 L9
o)

wherein:

the drug moiety isDM1, DM3 or DM4 and the drug moiety is attached to the linker via its
thiol functionality;

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2isaCi-6akylene or is—(CH2CH»0),-CH»-CHa- wherein y is 1to 11;

X is-C(0)-NH-, -NHC(O)- or atriazole; and alkyleneislinear or branched;

(b) conjugating said linker-drug moiety to the antibody recovered from the cell

culture disclosed herein to produce an antibody drug conjugate; and
(c) purifying the antibody drug conjugate.
In one embodiment, the process comprises:

(@ pre-forming alinker-drug moiety of the following Formula:

13



WO 2018/142322 PCT/IB2018/050639

0]
s N N
\S/\/\n/\/
0 0]

MeO

and

(b) conjugating said linker-drug moiety to the antibody recovered from the cell

culture disclosed herein to produce an antibody drug conjugate; and
(c) purifying the antibody drug conjugate.

In another embodiment, the process for producing an anti-CCR7 antibody drug conjugate

comprises.

(a) pre-forming alinker-drug moiety of the following Formula:

S . /Q
drug moiety-g SR
o)

wherein:

the drug moiety isDM1, DM3 or DM4 and the drug moiety is attached to the linker via its
thiol functionality;

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2isaCi-6akylene or is—(CH2CH>0),-CH»-CH- wherein y is 1to 11;

X is-C(0)-NH-, -NHC(O)- or atriazole; and alkyleneislinear or branched;

(b) conjugating said linker-drug moiety to an antibody as disclosed herein to produce
an antibody drug conjugate; and

(c) purifying the antibody drug conjugate.

In another embodiment, the process for producing an anti-CCR7 antibody drug conjugate

comprises:
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(@) pre-forming alinker-drug moiety of the following Formula:

0]
s N N
\S/\/\ﬂ/\/
o) (0]

MeO

(b) conjugating said linker-drug moiety to an antibody or antigen binding fragment

thereof asdisclosed herein, to produce an antibody drug conjugate; and

(c) purifying the antibody drug conjugate.

In another embodiment, the step of pre-forming said linker-drug moiety comprises:

a) Reacting adrug moiety viaits thiol functionality with:

2
rer g I Ns

|/.

to form:

RG,
drug moiety-g S\sz

b) Reacting the formed

_RG,

S\L2

drug moiety-g
with:

\

i)

N
RGZ\L.]/
O .

]

to form the linker-drug moiety:
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O

S X _~N )
drug moiety-g L g
o)

]

wherein:;

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2 isaCi-6akylene or is-(CH2CH20) ,-CH2-CH2- wherein y is 1to 11; and

X is-C(0)-NH-, -NHC(O)- or atriazole;

wherein the alkylene islinear or branched; and

RG1 and RG2 are 2 reactive groups forming group X.

In another embodiment, the step of pre-forming said linker-drug moiety comprises:

a) Reacting the drug moiety viaits thiol functionality with:

| = .

]

to form:

N)K/7<s\s/\/NH2
MeO |

MeO

with:
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to form the linker-drug moiety:

MeO

In some embodiment, an antibody drug conjugate made according to above processes has an

average DAR, measured with aUV spectrophotometer, of about 3 to about 4.

[0033] In another embodiment, this application discloses aprocess for producing an

anti-CCR7 antibody drug conjugate comprising:

(a) chemically linking SMCC or MPET to adrug moiety DM-1 or DM-4 to form a

linker-drug;

(b) conjugating said linker-drug to an antibody or antigen binding fragment thereof as

disclosed herein; and
(c) purifying the antibody drug conjugate.

In one embodiment, the antibody drug conjugate made according this process has an average

DAR, measured with aUV spectrophotometer, of about 3 to about 4.

[0034] The present application also discloses a diagnostic reagent comprising an
antibody or antigen binding fragment thereof as disclosed herein. In some embodiments, the
antibody or antigen binding fragment thereof islabeled with aradiolabel, afluorophore, a

chromophore, an imaging agent, or ametal ion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Figure 1 depicts experimental data on in vitro ADCC activity of non-
humanized and humanized anti-CCR7 antibodies in CysMab format using a surrogate ADCC

reporter assay.
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[0036] Figure 2 depicts experimental data on in vitro ADCC activity of DAPA Fc-
mutated versions of non-humanized anti-CCR7 antibodies using a surrogate ADCC reporter
assay.

[0037] Figure 3 depicts experimental data on binding to recombinant hCCR7 by anti-
CCRY antibodies in CysMab.DAPA format using an ELISA-based assay.

[0038] Figure 4A-C depicts experimental data on functionality of parental anti-CCR7

antibodies using a B-Arrestin assay in agonistic mode (Figure 4A) and antagonist mode
(Figure 4B, Figure 4C).

[0039] Figure 5 depicts experimental data on competition with the CCR7 ligand by
anti-CCR7 antibodies in CysMab.DAPA format using a FACS assay.

[0040] Figure 6 depicts experimental data on epitope mapping of parental anti-CCR7
antibodies using mutated CCR7 proteins.

[0041] Figure 7A-B depicts experimental data on piggyback ADC (pgADC) assays of
parental anti-CCR7 antibodies complexed with apayload-conjugated secondary antibody
fragment.

[0042] Figure 8 depicts experimental data on piggyback ADC (pgADC) killing assay

of cytotoxic effects of 121G12 parental Ab complexed with a payload-conjugated secondary
antibody fragment using target negative cell lines.

[0043] Figure 9 depicts graphs illustrating CD4+ and CD8a+ T cell depletion with a
mouse CCRY cross-reactive 121G12 parental Ab in a CysMab wild type Fc format, either as
an antibody alone or conjugated to an auristatin cytotoxin, the effects of which are rescued by
switching to aDAPA silenced Fc format.

[0044] Figure 10 depicts agraph illustrating dose response efficacy of antibody drug
conjugates 121G12.CysMab.DAPA.MPET.DM4 and 121G12.DAPA.sSPDB.DM4 in a KE97
multiple myeloma xenograft model.

[0045] Figure 11 depicts agraph illustrating activity of antibody drug
conjugates|21G12.CysMab.DAPA.MPET.DM4 and 121G12.sSPDB.DM4 in a KE97
multiple myeloma model with dosing initiated at alarger starting tumor burden than Fig. 10.
[0046] Figure 12 depicts agraph illustrating in vivo activity of
conjugatel21G12.CysMab.DAPA.MPET.DM4 in aprimary non-small cell lung tumor model
HLUX1934.

[0047] Figure 13 depicts agraph illustrating activity of conjugated parental
684E12.SMCC.DM1 in a KE97 multiple myeloma xenograft model.
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[0048] Figure 14A-B depicts phospho-Histone H3 IHC images (Figure 14A) and
quantified phospho-Histone H3 signal (Figure 14B) across KE97 tumors at 48hr post
treatment of single dose of either 121G12.CysMab.DAPA.MPET.DM4 at 2, 5, or 10 mg/kg
or isotype control 1gGl.CysMab.DAPA.MPET.DM4 at 10 mg/kg, demonstrating induction
of mitotic arrest (phospho-histone H3) after treatment with anti-CCR7 ADC.

[0049] Figure 15 depicts agraph illustrating dose response efficacy of
121G12.CysMab.DAPA.MPET.DM4 against OCI-LY3 ABC-DLBCL xenograft model.
[0050] Figure 16 depicts agraph illustrating dose response efficacy of
121G12.CysMab.DAPA.MPET.DM4 against Toledo GCB-DLBCL xenograft model.
[0051] Figure 17 depicts agraph illustrating efficacy of
121G12.CysMab.DAPA.MPET.DM4 against DEL ALCL xenograft model.

[0052] Figure 18 depicts agraph illustrating dose response efficacy of

121G12.CysMab.DAPA.MPET.DM4 against HLUX 1787 NSCLC patient derived xenograft
model.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
[0053] Unless stated otherwise, the following terms and phrases as used herein are
intended to have the following meanings:
[0054] The term "akyl" refers to amonovalent saturated hydrocarbon chain having
the specified number of carbon atoms. For example, Cigalkyl refers to an alkyl group
having from 1to 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 limited to, methyl, ethyl, propyl (n-propyl and isopropyl), butyl (n-butyl, isobutyl,
sec-butyl, and t-butyl), pentyl (n-pentyl, isopentyl, and neopentyl), and hexyl. The term
"akylene" isthe bivalent form of "akyl".
[0055] The term "antibody" as used herein refers to apolypeptide of the
immunoglobulin family that is capable of binding a corresponding antigen non-covalently,
reversibly, and in a specific manner. For example, anaturally occurring 1gG antibody isa
tetramer comprising at least two heavy (H) chains and two light (L) chains inter-connected by
disulfide bonds. Each heavy chain iscomprised of aheavy chain variable region
(abbreviated herein as VH) and aheavy chain constant region. The heavy chain constant

region is comprised of three domains, CHI , CH2 and CH3. Each light chain is comprised of
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alight chain variable region (abbreviated herein as VL) and alight 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 hypervariability, termed complementarity determining
regions (CDR), interspersed with regions that are more conserved, termed framework regions
(FR). Each VH and VL is composed of three CDRs and four FRs arranged from amino-
terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3,
and FR4. The variable regions of the heavy and light chains contain a binding domain that
interacts with an antigen. The constant regions of the antibodies may mediate the binding of
the immunoglobulin to host tissues or factors, including various cells of the immune system
(e.g., effector cells) and the first component (Clq) of the classical complement system.

[0056] The term "antibody" includes, but is not limited to, monoclonal antibodies,
human antibodies, humanized antibodies, chimeric antibodies, and anti-idiotypic (anti-1d)
antibodies (including, e.g., anti-Id antibodies to antibodies of the invention). The antibodies
can be of any isotype/class (e.g., I1gG, IgE, IgM, IgD, IgA and IgY), or subclass (e.g., IgGl,
19G2, 1gG3, 1gG4, IgAl and IgA2).

[0057] "Complementarity-determining domains® or "complementary-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, numbered sequentially from the N-
terminus) in each 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, exhibit less variation in amino acid sequence (Kuby, Immunology,
4th ed., Chapter 4. W.H. Freeman & Co., New Y ork, 2000).

[0058] The positions of the CDRs and framework regions can be determined using
various well known definitions in the art, e.g., Kabat, Chothia, international
ImMunoGeneTics database (IMGT) (on the worldwide web at www.imgt.org/), and AbM
(see, e.g., Johnson et al, Nucleic Acids Res., 29:205-206 (2001); Chothia and Lesk, J. Mal.
Biol., 196:901-917 (1987); Chothia et al, Nature, 342:877-883 (1989); Chothia etal, J. Mol.
Biol., 227:799-817 (1992); Al-Lazikani €tal, JMol.Biol, 273:927-748 (1997)). Definitions
of antigen combining sites are also described in the following: Ruiz et al. , Nucleic Acids
Res., 28:219-221 (2000); and Lefranc, M.P., Nucleic Acids Res., 29:207-209 (2001);
MacCallum et al, J. Mol. Biol., 262:732-745 (1996); and Martin et al, Proc. Natl. Acad. Sci.
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USA, 86:9268-9272 (1989); Martin etal, Methods Enzymol., 203:121-153 (1991); and
Rees et al., In Sternberg M .J.E. (ed.), Protein Structure Prediction, Oxford University Press,
Oxford, 141-172 (1996).

[0059] Both the light and heavy chains are divided into regions of structural and
functional homology. The terms "constant” and "variable" are used functionally. In this
regard, it will be appreciated that the variable domains of both the light (VL) and heavy (VH)
chain portions determine antigen recognition and specificity. Conversely, the constant
domains of the light chain (CL) and the heavy chain (CHI, CH2 or CH3) confer important
biological properties such as secretion, transplacental mobility, Fc receptor binding,
complement binding, and the like. By convention, the numbering 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 avariable region and at the C-terminus isa
constant region; the CH3 and CL domains actually comprise the carboxy-terminal domains of
the heavy and light chain, respectively.

[0060] The term "antigen binding fragment", asused herein, refers to one or more
portions of an antibody that retain the ability to specifically interact with (e.g., by binding,
steric hindrance, stabilizing/destabilizing, spatial distribution) an epitope of an antigen.
Examples of binding fragments include, but are not limited to, single-chain Fvs (scFv),
camelid antibodies, disulfide-linked Fvs (sdFv), Fab fragments, F(ab") fragments, a
monovalent fragment consisting of the VL, VH, CL and CHI domains; aF(ab)2 fragment, a
bivalent fragment comprising two Fab fragments linked by adisulfide bridge at the hinge
region; a Fd fragment consisting of the VH and CHI domains; a Fv fragment consisting of
the VL and VH domains of asingle arm of an antibody; adAb fragment (Ward et al., Nature
341:544-546, 1989), which consists of a VH domain; and an isolated complementarity
determining region (CDR), or other epitope-binding fragments of an antibody.

[0061] Furthermore, athough the two domains of the Fv fragment, VL and VH, are
coded for by separate genes, they can bejoined, using recombinant methods, by a synthetic
linker that enables them to be made as a single protein chain in which the VL and VH regions
pair to form monovaent molecules (known as single chain Fv ("scFv"); see, e.g., Bird et al.,
Science 242:423-426, 1988; and Huston etal, Proc. Natl. Acad. Sci. 85:5879-5883, 1988).
Such single chain antibodies are also intended to be encompassed within the term "antigen

binding fragment." These antigen binding fragments are obtained using conventional
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techniques known to those of skill in the art, and the fragments are screened for utility in the
same manner as are intact antibodies.

[0062] Antigen binding fragments can aso be incorporated into single domain
antibodies, maxibodies, minibodies, single domain antibodies, intrabodies, diabodies,
triabodies, tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger and Hudson, Nature
Biotechnology 23:1126-1 136, 2005). Antigen binding fragments can be grafted into
scaffolds based on polypeptides such as fibronectin type 11 (Fn3) (see U.S. Pat. No.
6,703,199, which describes fibronectin polypeptide monaobodies).

[0063] Antigen binding fragments can be incorporated into single chain molecules
comprising apair of tandem Fv segments (VH-CH1-VH-CH1) which, together with
complementary light chain polypeptides, form apair of antigen binding regions (Zapata et al. ,
Protein Eng. 8:1057-1062, 1995; and U.S. Pat. No. 5,641,870).

[0064] The term "monoclonal antibody" or "monoclona antibody composition” as
used herein refers to polypeptides, including antibodies and antigen binding fragments that
have substantially identical amino acid sequence or are derived from the same genetic source.
This term aso includes preparations of antibody molecules of single molecular composition.
A monoclonal antibody composition displays a single binding specificity and affinity for a
particular epitope.

[0065] The term "human antibody"”, asused herein, includes antibodies having
variable regions in which both the framework and CDR regions are derived from sequences
of human origin. Furthermore, if the antibody contains a constant region, the constant region
also is derived from such human sequences, e.g., human germline sequences, or mutated
versions of human germline sequences or antibody containing consensus framework
sequences derived from human framework sequences analysis, for example, as described in
Knappik et al., J. Moal. Biol. 296:57-86, 2000). Also included are antibodies derived from
human sequences wherein one or more CDRs has been mutated for affinity maturation or for
manufacturing/payload conjugation purposes. See Kilpatrick et al, "Rapid development of
affinity matured monoclonal antibodies using RIMMS," Hybridoma. 1997 Aug;16(4):381-9.
[0066] The human antibodies of the invention may include amino acid residues not
encoded by human sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo, or aconservative substitution to promote

stability or manufacturing).
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[0067] The term "recognize" as used herein refers to an antibody or antigen binding
fragment thereof that finds and interacts (e.g., binds) with its epitope, whether that epitopeis
linear or conformational. The term "epitope" refers to a site on an antigen to which an
antibody or antigen binding fragment of the invention specifically binds. Epitopes can be
formed both from contiguous amino acids or noncontiguous amino acidsjuxtaposed by
tertiary folding of aprotein. Epitopes formed from contiguous amino acids are typically
retained on exposure to denaturing solvents, whereas epitopes formed by tertiary folding are
typically lost on treatment with denaturing solvents. An epitope typically includes at least 3,
4,5,6,7,8,9, 10, 11, 12, 13, 14 or 15 amino acids in aunigque spatial conformation.
Methods of determining spatial conformation of epitopes include techniques in the art, for
example, x-ray crystallography and 2-dimensional nuclear magnetic resonance (see, e.g.,
Epitope Mapping Protocols in Methods in Molecular Biology, Val. 66, G. E. Morris, Ed.
(1996)).

[0068] The term "affinity" asused herein refers to the strength of interaction between
antibody and antigen at single antigenic sites. Within each 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.

[0069] The term "isolated antibody" refers to an antibody that is substantially free of
other antibodies having different antigenic specificities. Anisolated antibody that
specifically binds to one antigen may, however, have cross-reactivity to other antigens.
Moreover, an isolated antibody may be substantialy free of other cellular material and/or
chemicals.

[0070] The term "corresponding human germline sequence” refers to the nucleic acid
seguence encoding a human variable region amino acid sequence or subsequence that shares
the highest determined amino acid sequence identity with areference variable region amino
acid sequence or subsequence in comparison to al other al other known variable region
amino acid sequences encoded by human germline immunoglobulin variable region
sequences. The corresponding human germline sequence can also refer to the human variable
region amino acid sequence or subsequence with the highest amino acid sequence identity
with areference variable region amino acid sequence or subsequence in comparison to all
other evaluated variable region amino acid sequences. The corresponding human germline
seguence can be framework regions only, complementarity determining regions only,

framework and complementarity determining regions, avariable segment (as defined above),
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or other combinations of sequences or subsequences that comprise avariable region.
Seguence 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 nucleic acid or amino acid sequence can have at
least about 90%, 91, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity with the reference variable 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).

[0071] The phrase "specifically binds' or "selectively binds,” when used in the
context of describing the interaction between an antigen (e.g., aprotein) and an antibody,
antibody fragment, or antibody-derived binding agent, refers to abinding reaction that is
determinative of the presence of the antigen in a heterogeneous population of proteins and
other biologies, e.g., in abiological sample, e.g., ablood, serum, plasma or tissue sample.
Thus, under certain designated immunoassay conditions, the antibodies or binding agents
with aparticular binding specificity bind to aparticular 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 aparticular binding specificity binds to aparticular antigen at least ten
(210) times the background and does not substantially bind in a significant amount to other
antigens present in 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 for a
particular protein. Asdesired or appropriate, this selection 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.

[0072] A variety of immunoassay formats may be used to select antibodies
specifically immunoreactive with aparticular protein. For example, solid-phase ELISA
immunoassays are routinely used to select antibodies specifically immunoreactive with a
protein (see, e.g., Harlow & Lane, Using Antibodies, A Laboratory Manual (1998), for a
description of immunoassay formats and conditions that can be used to determine specific

immunoreactivity). Typically a specific or selective binding reaction will produce asignal at
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least twice over the background signal and more typically at least 10 to 100 times over the
background.

[0073] The term "equilibrium dissociation constant (KD, M)" refers to the
dissociation rate constant (kd, time-1) divided by the association rate constant (ka, time-1, M-
1). Equilibrium dissociation constants can be measured using any known method in the art.
The antibodies of the present invention generally will have an equilibrium dissociation
constant of less than about 107 or 108 M, for example, less than about 10° M or 1010 M, in
some embodiments, less than about 107! M, 102 M or 103 M.

[0074] The term "bioavailability" refers to the systemic availability (i.e.,
blood/plasma levels) of agiven amount of drug administered to apatient. Bioavailability is
an absolute term that indicates measurement of both the time (rate) and total amount (extent)
of drug that reaches the general circulation from an administered dosage form.

[0075] Asused herein, the phrase "consisting essentially of refers to the genera or
species of active pharmaceutical agents included in amethod or composition, aswell as any
excipients inactive for the intended purpose of the methods or compositions. In some
embodiments, the phrase "consisting essentially of expressly excludes the inclusion of one
or more additional active agents other than an antibody drug conjugate of the invention. In
some embodiments, the phrase "consisting essentially of expressly excludes the inclusion of
one or more additional active agents other than an antibody drug conjugate of the invention
and a second co-administered agent.

[0076] The term "amino acid" refers to naturally occurring, synthetic, and unnatural
amino acids, as well as amino acid analogs and amino 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, aswell as those amino acids that are later modified, e.g.,
hydroxyproline, y-carboxyglutamate, and O-phosphoserine. Amino acid analogs refer to
compounds that have the same basic chemical structure as a naturally occurring amino acid,
i.e.,, an a-carbon that is bound to ahydrogen, acarboxyl group, an amino group, and an R
group, e.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 chemica structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure that is different from the general
chemical structure of an amino acid, but that functions in amanner similar to a naturally

occurring amino acid.
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[0077] The term "conservatively modified variant” applies 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 identical or essentially identical
amino acid sequences, or where the nucleic acid does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy of the genetic code, alarge
number of functionally identical nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amino acid alanine. Thus, at every
position where an alanine is specified by acodon, the codon can be altered to any of the
corresponding codons described without altering the encoded polypeptide. Such nucleic acid
variations are "silent variations," which are one species of conservatively modified
variations. Every nucleic acid sequence herein which encodes a polypeptide also describes
every possible silent variation of the nucleic acid. One of skill will recognize that each codon
in anucleic acid (except AUG, which isordinarily the only codon for methionine, and TGG,
which is ordinarily the only codon for tryptophan) can be modified to yield afunctionally
identical molecule. Accordingly, each silent variation of anucleic acid that encodes a
polypeptide isimplicit in each described sequence.

[0078] For polypeptide sequences, "conservatively modified variants" include
individual substitutions, deletions or additions to apolypeptide sequence which result in the
substitution of an amino acid with achemically similar amino acid. Conservative substitution
tables providing functionally similar amino acids are well known in the art. Such
conservatively modified variants are in addition to and do not exclude polymorphic variants,
interspecies homologs, and aleles of the invention. The following eight groups contain
amino acids that are conservative substitutions for one another: 1) Alanine (A), Glycine (G);
2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R),
Lysine (K); 5) Isoleucine (1), Leucine (L), Methionine (M), Vaine (V); 6) Phenylaanine (F),
Tyrosine (Y), Tryptophan (W); 7) Serine (S), Threonine (T); and 8) Cysteine (C), Methionine
(M) (see, eg., Creighton, Proteins (1984)). In some embodiments, the term "conservative
sequence modifications” are used to refer to amino acid modifications that do not
significantly affect or alter the binding characteristics of the antibody containing the amino
acid sequence.

[0079] The term "optimized" as used herein refers to a nucleotide sequence that has
been altered to encode an amino acid sequence using codons that are preferred in the

production cell or organism, generally aeukaryotic cell, for example, ayeast cell, aPichia
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cell, afungal cell, a Trichoderma cell, a Chinese Hamster Ovary cell (CHO) or ahuman cell.
The optimized nuclectide sequence is engineered to retain completely or as much as possible
the amino acid sequence originally encoded by the starting nucleotide sequence, which is aso
known asthe "parental” sequence.

[0080] 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” if 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.e., 60% identity, optionally 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 99% identity 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
identity exists over aregion that isat least about 30 nucleotides (or 10 amino acids) in length,
or more preferably over aregion that is 100 to 500 or 1000 or more nucleotides (or 20, 50,
200 or more amino acids) in length.

[0081] For sequence comparison, typically one sequence acts as areference sequence,
to which test sequences are compared. When using a sequence comparison algorithm, test
and reference sequences are entered into a computer, subsegquence coordinates are designated,
if necessary, and sequence agorithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence
comparison algorithm then calculates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program parameters.

[0082] A "comparison window", as used herein, includes 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 50 to about 200, more usually about 100 to about 150 in which a
sequence may be compared to areference sequence of the same number of contiguous
positions after the two sequences are optimally aligned. Methods of alignment of sequences
for comparison are well known in the art. Optimal alignment of sequences for comparison
can be conducted, e.g., by the local homology algorithm of Smith and Waterman, Adv. Appl.
Math. 2:482c (1970), by the homology alignment algorithm of Needleman and Wunsch, J.
Mol. Biol. 48:443 (1970), by the search for similarity 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,
Genetics Computer Group, 575 Science Dr., Madison, WI), or by manual alignment and
visual inspection (see, e.g., Brent et al., Current Protocols in Molecular Biology, 2003).
[0083] Two examples of algorithms that are suitable for determining percent
sequence identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which
are described in Altschul et al., Nuc. Acids Res. 25:3389-3402, 1977; and Altschul et al., J.
Moal. 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 positive-valued
threshold score T when aligned with aword of the same length in a database sequence. T is
referred to as the neighborhood word score threshold (Altschul et al., supra). These initial
neighborhood word hits act as seeds for initiating searches to find longer HSPs containing
them. The word hits are extended in both directions along each sequence for as far asthe
cumulative alignment score can be increased. Cumulative scores are calculated using, for
nucleotide sequences, the parameters M (reward score for apair of matching residues; always
> 0) and N (penalty score for mismatching residues; always < 0). For amino acid sequences,
a scoring matrix isused to calculate the cumulative score. Extension of the word hits in each
direction are halted when: the cumulative alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring residue alignments; or the end of either
sequence isreached. The BLAST algorithm parameters W, T, and X determine the
sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences)
uses as defaults aword length (W) of 11, an expectation (E) or 10, M=5, N=-4 and a
comparison of both strands. For amino acid sequences, the BLASTP program uses as
defaults aword length of 3, and expectation (E) of 10, and the BLOSUM®62 scoring matrix
(see Henikoff and Henikoff, (1989) Proc. Natl. Acad. Sci. USA 89:10915) alignments (B) of
50, expectation (E) of 10, M=5, N=-4, and acomparison of both strands.

[0084] The BLAST algorithm also performs a statistical analysis of the similarity
between two sequences (see, e.g., Karlin and Altschul, Proc. Natl. Acad. Sci. USA 90:5873-
5787, 1993). One measure of similarity provided by the BLAST algorithm isthe smallest
sum probability (P(N)), which provides an indication of the probability by which amatch
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between two nucleotide or amino acid sequences would occur by chance. For example, a
nucleic acid is considered similar to areference sequence if the smallest sum probability in a
comparison of the test nucleic acid to the reference nucleic acid isless than about 0.2, more
preferably less than about 0.01, and most preferably less than about 0.001.

[0085] The percent identity between two amino 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 aPAM120
weight residue table, agap length penalty of 12 and agap penalty of 4. In addition, the
percent identity between two amino acid sequences can be determined using the Needleman
and Wunsch, J. Mol. Biol. 48:444-453 (1970) agorithm which has been incorporated into the
GAP program in the GCG software package (available at www.gcg.com), using either a
BLOSUM®62 matrix or aPAM250 matrix, and agap weight of 16, 14, 12, 10, 8, 6,0r 4 and a
length weight of 1, 2, 3, 4, 5, or 6.

[0086] Other than percentage of sequence identity noted above, another indication
that two nucleic acid sequences or polypeptides are substantially identical is that the
polypeptide encoded by the first nucleic acid isimmunologically cross reactive with the
antibodies raised against the polypeptide encoded by the second nucleic acid, as described
below. Thus, apolypeptide istypically substantially identical to a second polypeptide, for
example, where the two peptides differ only by conservative substitutions. Another
indication that two nucleic acid sequences are substantially identical is that the two molecules
or their complements hybridize to each other under stringent conditions, as described below.
Y et another indication that two nucleic acid sequences are substantially identical isthat the
same primers can be used to amplify the sequence.

[0087] The term "nucleic acid” is used herein interchangeably with the term
"polynucleotide” and refers to deoxyribonucleotides or ribonucleotides and polymers thereof
in either single- or double-stranded form. The term encompasses nucleic acids containing
known nucleotide analogs or modified backbone residues or linkages, which are synthetic,
naturally occurring, and non-naturally occurring, which have similar binding properties as the
reference nucleic acid, and which are metabolized in amanner similar to the reference
nucleotides. Examples of such analogs include, without limitation, phosphorothioates,
phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-O-methyl

ribonucleotides, peptide-nucleic acids (PNAS).
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[0088] Unless otherwise indicated, aparticular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof (e.g., degenerate codon substitutions)
and complementary sequences, aswell as the sequence explicitly indicated. Specificaly, as
detailed below, degenerate codon substitutions may 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 deoxyinosine residues (Batzer et al., (1991) Nucleic Acid Res. 19:5081; Ohtsuka
et al, (1985) J. Biol. Chem. 260:2605-2608; and Rossolini €tal, (1994) Mol. Cell. Probes
8:91-98).

[0089] The term "operably linked" in the context of nucleic acids refersto a
functional relationship between two or more polynuclectide (e.g., DNA) segments.
Typically, it refers to the functional relationship of atranscriptional regulatory sequence to a
transcribed sequence. For example, a promoter or enhancer sequence is 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, promoter transcriptional
regulatory sequences that are operably linked to atranscribed sequence are physically
contiguous to the transcribed sequence, i.e., they are cis-acting. However, some
transcriptional regulatory sequences, such asenhancers, need not be physically contiguous or
located in close proximity to the coding sequences whose transcription they enhance.

[0090] The terms "polypeptide” and "protein” are used interchangeably herein to
refer to apolymer of amino acid residues. The terms apply to amino acid polymers in which
one or more amino acid residue is an artificial chemical mimetic of acorresponding naturally
occurring amino acid, aswell asto naturally occurring amino acid polymers and non-
naturally occurring amino acid polymer. Unless otherwise indicated, aparticular polypeptide
sequence also implicitly encompasses conservatively modified variants thereof.

[0091] The term "antibody drug conjugate” or "immunoconjugate’ as used herein
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 like. The linkage can be covalent bonds, or non-covalent interactions such as
through electrostatic forces. Various linkers, known in the art, can be employed in order to
form the antibody drug conjugate. Additionally, the antibody drug conjugate can be provided
in the form of afusion protein that may be expressed from a polynucleotide encoding the
immunoconjugate. Asused herein, "fusion protein” refers to proteins created through the

joining of two or more genes or gene fragments which originally coded for separate proteins
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(including peptides and polypeptides). Transglation of the fusion gene results in asingle
protein with functional properties derived from each of the original proteins.

[0092] 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
primates, sheep, dog, cow, chickens, amphibians, and reptiles. Except when noted, the terms
"patient” or "subject” are used herein interchangeably.

[0093] The term "cytotoxin”, or "cytotoxic agent” asused herein, refers to any agent
that is detrimental to the growth and proliferation of cells and may act to reduce, inhibit, or
destroy acell or malignancy.

[0094] The term "anti-cancer agent" asused herein refers to any agent that can be
used to treat or prevent acell proliferative disorder such as cancer, including but not limited
to, cytotoxic agents, chemotherapeutic agents, radiotherapy and radiotherapeutic agents,
targeted anti-cancer agents, and immunotherapeutic agents.

[0095] The term "drug moiety" or "payload" asused herein refers to a chemical
moiety that isconjugated to an antibody or antigen binding fragment of the invention, and
can include any therapeutic or diagnostic agent, for example, an anti-cancer, anti-
inflammatory, anti-infective (e.g., anti-fungal, antibacterial, anti-parasitic, anti-viral), or an
anesthetic agent. For example, the drug moiety can be an anti-cancer agent, such asa
cytotoxin. In certain embodiments, adrug moiety is selected from aV-ATPase inhibitor, a
HSP90 inhibitor, an IAP inhibitor, an mTor inhibitor, a microtubule stabilizer, a microtubule
destabilizer, an auristatin, a dolastatin, a maytansinoid, a MetAP (methionine
aminopeptidase), an RNA polymerase inhibitor, apyrrolobenzodiazepine (PBD), an
amanitin, an inhibitor of nuclear export of proteins CRMI, aDPPIV inhibitor, an inhibitor of
phosphoryl transfer reactions in mitochondria, aprotein synthesis inhibitor, akinase inhibitor,
aCDKZ2 inhibitor, a CDK9 inhibitor, a proteasome inhibitor, akinesin inhibitor, an HDAC
inhibitor, a DNA damaging agent, a DNA akylating agent, aDNA intercalator, a DNA minor
groove binder and a DHFR inhibitor. Methods for attaching each of these to alinker
compatible with the antibodies and method of the invention are known in the art. See, e.g.,
Singh et al., (2009) Therapeutic Antibodies: Methods and Protocols, vol. 525, 445-457. In
addition, apayload can be abiophysical probe, afluorophore, aspin label, an infrared probe,
an affinity probe, achelator, a spectroscopic probe, aradioactive probe, alipid molecule, a

polyethylene glycol, apolymer, aspin label, DNA, RNA, aprotein, apeptide, asurface, an
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antibody, an antibody fragment, a nanoparticle, a quantum dot, aliposome, a PLGA particle,
a saccharide or apolysaccharide.

[0096] The term "maytansinoid drug moiety" means the substructure of an antibody-
drug conjugate that has the structure of amaytansinoid 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, such as
maytansinol and C-3 maytansinol esters (U.S. Pat. No. 4,151,042). Synthetic maytansinol
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; 4,294,757; 4,307,016; 4,308,268; 4,308,269; 4,309,428;
4,313,946; 4,315,929; 4,317,821; 4,322,348; 4,331,598; 4,361,650; 4,364,866; 4,424,219;
4,450,254; 4,362,663; and 4,371,533, and Kawai €tal, (1984) Chem. Pharm. Bull. 3441-
3451), each of which are expressly incorporated by reference. Examples of specific
maytansinoids useful for conjugation include DM1, DM3 and DMA4.

[0097] "Tumor" refers to neoplastic cell growth and proliferation, whether malignant
or benign, and all pre-cancerous and cancerous cells and tissues.

[0098] The term "anti-tumor activity" means areduction in the rate of tumor cell
proliferation, viability, or metastatic activity. For example, anti-tumor activity can be shown
by adecline in growth rate of abnormal cells that arises 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 vitro or in vivo tumor models, including but not
limited to xenograft models, allograft models, MMTV models, and other known models
known in the art to investigate anti-tumor activity.

[0099] The term "malignancy" refers to a non-benign tumor or a cancer. Asused
herein, the term "cancer" includes a malignancy characterized by deregulated or uncontrolled
cell growth. Exemplary cancers include: carcinomas, sarcomas, leukemias, and lymphomas.
[00100] The term "cancer" includes primary malignant tumors {e.g., those whose cells
have not migrated to sites in the subject's body other than the site of the original tumor) and
secondary malignant tumors {e.g., those arising from metastasis, the migration of tumor cells
to secondary sites that are different from the site of the original tumor).

[00101] The term "CCR7" (aso known as BLR2, CC-CKR-7, CCR-7, CD197,
CDhwl97, CMKBRY7, EBI1, or C-C motif chemokine receptor 7) refers to amember of the G
protein-coupled receptor family. The nucleic acid and amino acid sequence of human CCR7

have been published in GenBank with the following Accession Nos.. NP_001829,

32



WO 2018/142322 PCT/IB2018/050639

NP_001288643, NP_001288645, NP_001288646, NP_001288647 (amino acid sequences),
and NM_001838, NM_001301714, NM_001301716, NM_001301717, NM_001301718
(nucleotide sequences). Asused herein, the term "CCR7" isused to refer collectively to all
naturally occurring isoforms of CCR7 protein, or avariant thereof.

[00102] The term "variant" refers to a polypeptide that has a substantially identical
amino acid sequence to areference polypeptide, or is encoded by a substantially identical
nucleotide sequence, and is capable of having one or more activities of the reference
polypeptide. For example, avariant can have about 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or higher sequence identity to areference polypeptide, while retain one
or more activities of the reference polypeptide.

[00103] Asused herein, the terms "treat," "treating," or "treatment" of any disease or
disorder refers in one embodiment, to ameliorating the disease or disorder (i.e., slowing or
arresting or reducing the development of the disease or at least one of the clinical symptoms
thereof). In another embodiment, "treat," "treating," or "treatment" refers to aleviating or
ameliorating at least one physical parameter including those which may not be discernible by
the patient. In yet another embodiment, "treat," "treating,” or "treatment” refers to
modulating the disease or disorder, either physically, (e.g., stabilization of adiscernible
symptom), physiologicaly, (e.g., stabilization of aphysical parameter), or both.

[00104] Asused herein, the term "prevent”, "preventing” or "prevention” of any
disease or disorder refers to the prophylactic treatment of the disease or disorder; or delaying
the onset or progression of the disease or disorder

[00105] The term "therapeutically acceptable amount” or "therapeutically effective
dose" interchangeably refers to an amount sufficient to effect the desired result (i.e., a
reduction in tumor size, inhibition of tumor growth, prevention of metastasis, inhibition or
prevention of viral, bacterial, fungal or parasitic infection). In some embodiments, a
therapeutically acceptable amount does not induce or cause undesirable side effects. In some
embodiments, atherapeutically acceptable amount induces or causes side effects but only
those that are acceptable by the healthcare providers in view of apatient's condition. A
therapeutically acceptable amount can be determined by first administering alow dose, and
then incrementally increasing that dose until 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, disease symptoms, including symptoms associated with cancer.
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[00106] The term "co-administer” refers to the presence of two active agents in the
blood of anindividual. Active agents that are co-administered can be concurrently or

sequentially delivered.

[00107] The present invention provides antibodies, antibody fragments (e.g., antigen
binding fragments), and drug conjugates thereof, i.e., antibody drug conjugates or ADCs, that
bind to CCRY7. In particular, the present invention provides antibodies and antibody
fragments (e.g., antigen binding fragments) that bind to CCR7, and internalize upon such
binding. The antibodies and antibody fragments (e.g., antigen binding fragments) of the
present invention can be used for producing antibody drug conjugates. Furthermore, the
present invention provides antibody drug conjugates that have desirable pharmacokinetic
characteristics and other desirable attributes, and thus can be used for treating or preventing a
cancer expressing CCR7. 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 or prevention of

cancer.

Antibody Drug Conjugates

[00108] The present invention provides antibody drug conjugates also referred to as

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

that specifically binds to CCR7 islinked to adrug moiety. In one aspect, the antibodies,

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

covalent attachment by alinker, to adrug moiety that is an anti-cancer agent. The antibody

drug conjugates of the invention can deliver an effective dose of an anti-cancer agent (e.g., a

cytotoxic agent) to tumor tissues expressing CCR7, whereby greater selectivity (and lower

efficacious dose) may be achieved.

[00109] In one aspect, the invention provides an immunoconjugate of Formula (1):
Ab—(L—(D) e

Wherein Ab represents CCR7 binding antibody described herein;

L isalinker;

D isadrug moiety;

m is an integer from 1to 8; and
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nisaninteger from 1-20. In one embodiment, nis an integer from 1to 10, 2t0 8, or 2t0 5.
In a specific embodiment, nis2, 3, or 4. In some embodiments, mis 1; in other
embodiments mis2, 3 or 4.

[00110] While the drug to antibody ratio has an exact value for a specific conjugate
molecule (e.g., n multiplied by min Formula (1)), it isunderstood that the value will often be
an average value when used to describe a sample containing many molecules, due to some
degree of heterogeneity, typically associated with the conjugation step. The average loading
for a sample of an immunoconjugate isreferred to herein as the drug to antibody ratio, or
"DAR." In some embodiments, when the drug isa maytansinoid, it isreferred to as"MAR."
In some embodiments, the DAR is between about 2 and about 6, and typically is about 3, 3.5,
4,45,5,55, 6,6.5, 7.0, 7.5, 8.0. In some embodiments, at least 50% of a sample by weight
iscompound 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
immunoconjugates wherein the DAR is about 3.5, 3.6, 3.7, 3.8 or 3.9. In some embodiments,
aDAR of 'about n' means the measured value for DAR iswithin 20% of n.

[00111] The present invention is also directed to immunoconjugates comprising the
antibodies, antibody fragments (e.g., antigen binding fragments) and their functional
equivalents as disclosed herein, linked or conjugated to adrug moiety. In one embodiment,

the drug moiety D is a maytansinoid drug moiety, including those having the structure:
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where the wavy line indicates the covalent attachment of the sulfur atom of the maytansinoid
to alinker of an antibody drug conjugate. R at each occurrence is independently H or aCi-Ce
alkyl. The akylene chain attaching the amide group to the sulfur atom may be methanyl,
ethanyl, or propyl, i.e, ris 1, 2,or 3. (U.S. Pat. No. 633,410, U.S. Pat. No. 5,208,020, Chad
etal. (1992) Cancer Res. 52;127-131, Lui etal. (1996) Proc. Natl. Acad. Sci. 93:8618-8623).
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[00112] All stereocisomers of the maytansinoid drug moiety are contemplated for the
immunoconjugates of the invention, i.e. any combination of R and S configurations at the
chiral carbons of the maytansinoid. In one embodiment the maytansinoid drug moiety has

the following stereochemistry.

[00113] In one embodiment, the maytansinoid drug moiety is N2 -deacetyl-N2-"-
mercapto-1-oxopropyl)-maytansine (also known asDM1). DM1 isrepresented by the

following structural formula.

:

[00114] In another embodiment the maytansinoid drug moiety is N2 -deacetyl-N2'-(4-
mercapto-l-oxopentyl)-maytansine (also known as DM3). DM3 isrepresented by the

following structural formula.
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DM3

[00115] In another embodiment the maytansinoid drug moiety is N2 -deacetyl-N2'-(4-
methyl-4-mercapto-l-oxopentyl)-maytansine (also known as DM4). DM4 isrepresented by

the following structural formula.

[00116] The drug moiety D can be linked to the antibody Ab through linker L. L is
any chemical moiety capable of linking the drug moiety to the antibody through covalent
bonds. A cross-linking reagent isabifunctional or multifunctional reagent that can be used
to link adrug moiety and an antibody to form antibody drug conjugates. Antibody drug
conjugates can be prepared using a cross-linking reagent having areactive functionality
capable of binding to both the drug moiety and the antibody. For example, acysteine, thiol

or an amine, e.g. N-terminus or an amino acid side chain, such as lysine of the antibody, can
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form abond with afunctional group of across-linking reagent. Alternatively, the Antibody
drug conjugates can be prepared by pre-forming alinker-drug moiety (or drug-linker moiety,
both terms being used interchangeably), and reacting the linker-drug moiety with the
antibody. In some instant, the linker moiety is built onto the drug stepwise using several
linking moieties until obtaining the desired linker-drug moiety.

[00117] In one embodiment, L isacleavable linker. In another embodiment, L isa
non-cleavable linker. In some embodiments, L is an acid-labile linker, photo-labile linker,
peptidase cleavable linker, esterase cleavable linker, adisulfide bond cleavable linker, a
hydrophilic linker, aprocharged linker, a glycosidase cleavable linker, a phosphodiesterase
cleavable linker, aphosphatase cleavable linker, or adicarboxylic acid based linker.

[00118] Suitable cross-linking reagents that form anon-cleavable linker between the
drug moiety, for example maytansinoid, and the antibody are well known in the art, and can
form non-cleavable linkers that comprise 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 moiety, for example maytansinoid, and the antibody comprise a maleimido-
or haloacetyl-based moiety. According to the present invention, such non-cleavable linkers
are said to be derived from maleimido- or hal oacetyl-based moieties.

[00119] Cross-linking reagents comprising a maleimido-based moiety include but not
limited to, N-succinimidyl-4-(maleimidomethyl)cyclohexanecarboxylate (SMCC),
sulfosuccinimidyl 4-(N-maleimidomethyl) cyclohexane-l-carboxylate (sulfo-SMCC), N-
succinimidyl-4-(maleimidomethyl)cyclohexane-I-carboxy-(6-arnidocaproate), whichisa
"long chain" analog of SMCC (LC-SMCC), k-maleimidoundeconoic acid N-succinimidyl
ester (KMUA), y-maleimidobutyric acid N-succinimidyl ester (GMBS), e-maleimidocaproic
acid N-succinimidyl ester (EMCS), m-maleimidobenzoyl-N-hydroxysuccinimide ester
(MBS), N-(a-maleimidoacetoxy)-succinimide ester (AMSA), succinimidyl-6-(B-

mal eimidopropionamido)hexanoate (SMPH), N-succinimidyl-4-(p-maleimidophenyl)-
butyrate (SMPB), N-(-p-maleomidophenyl)isocyanate (PMIP) and maleimido-based cross-
linking reagents containing a polyethythene glycol spacer, such as MAL-PEG-NHS. These
cross-linking reagents form non-cleavable linkers derived from maleimido-based moieties.

Representative structures of maleimido-based cross-linking reagents are shown below.
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[00120] In another embodiment, the linker L isderived from N-succinimidyl-4-

(maleimidomethyl)cyclohexanecarboxylate (SMCC), sulfosuccinimidyl 4-(N-
maleimidomethyl) cyclohexane-l-carboxylate (sulfo-SMCC) or MAL-PEG-NHS.

[00121] Cross-linking reagents comprising a haloacetyle-based moiety include N-
succinimidyl iodoacetate (SIA), N-succinimidyl(4-iodoacetyl)aminobenzoate (SIAB), N-
succinimidyl bromoacetate (SBA) and N-succinimidyl 3-(bromoacetamido)propionate
(SBAP). These cross-linking reagents form anon-cleavable linker derived from hal oacetyl-

based moieties. Representative structures of haloacetyl-based cross-linking reagents are

shown below.
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[00122] In one embodiment, the linker L is derived from N-succinimidyl iodoacetate

(SIA) or N-succinimidyl (4-iodoacetyl)aminobenzoate (SIAB).

[00123] Suitable cross-linking reagents that form acleavable linker between the drug
moiety, for example maytansinoid, 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 moieties. Suitable disulfide cross-linking reagents
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include N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP), N-succinimidyl-4-(2-
pyridyldithio)pentanoate (SPP), N-succinimidyl-4-(2-pyridyldithio)butanoate (SPDB) and N-
succinimidyl-4-(2-pyridyldithio)-2-sulfo-butanoate (sulfo-SPDB), the structures of which are
shown below. These disulfide cross-linking reagents form acleavable linker derived from
disulfide-based moieties.

O
0]
N\O)J\/\S’S | N
o) =

N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP),

0O
N. S<
0

N-succinimidyl-4-(2-pyridyldithio)pentanoate (SPP),
0
N\OJ]\/\/S\S \
0

N-succinimidyl-4-(2-pyridyldithio)butanoate (SPDB) and

SOH O
lN\ S\S/\)\H/O-N
yZ 05

N -succinimidyl-4-(2-pyridyldithio)-2-sulfo-butanoate (sulfo-SPDB).

[00124] In one embodiment, the linker L is derived from N-succinimidyl-4-(2-
pyridyldithio) butanoate (SPDB).
[00125] Suitable cross-linking reagents that form acharged linker between the drug

moiety, for example maytansinoid, and the antibody are known as procharged cross-linking
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reagents. In one embodiment, the linker L isderived from the procharged cross-linking

reagent CXI-1. The structure of CXI-1 isbelow.
0
\/\)oL H\)?\ N {
| N N N O.
YN T Y b
ol o] 0 0 o

2,5-dioxopyrrolidin-I-yl  17-(2,5-dioxo-2,5-dihydro-IH-pyrrol-1-y1)-5,8,11,14-tetraoxo-
4,7,10, 13-tetraazaheptadecan- 1-oate (CX 1-1)
[00126] Each of the cross-linking reagents depicted above contains, at one end of the
cross-linking reagent, a NHS-ester which reacts with aprimary amine of the antibody to form
an amide bond and, at the other end, a maleimide group or pyridinyldisulfide group which
reacts with the sulfhydryl of the maytansionoid drug moiety to form a thioether or disulfide
bond.

[00127] In another embodiment, suitable cross-linking moieties that form acleavable
linker between the drug moiety (for example maytansinoid) and the antibody are represented

by the following formula (I1):

o)
| N—-L-X—L2-SH

O (In;
wherein:
L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2isaCi-6akylene or is-(CH2CH20) y-CH2-CH2- wherein y is 1to 11; and
X is-C(0)-NH-, -NHC(O)- or atriazole;

wherein the alkylene islinear or branched.

In one aspect of this embodiment y is5, 7, 9 or 11. In another aspect of this embodiment y is

less than 5.

In yet another embodiment, suitable cross-linking moieties according to formula | are

selected from the group consisting of:
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N ﬁo
\ 0
© N/—/«/N\/\/\SH © L(\l,\l SH
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MaleimidoMethylITriazoleButaneThiol (MMTBT)

0 0
/ H\)\ 4 H
0 \/\g/ ’ o V\[(])/ >

MPPT: MaleimidoPropionamidoPropaneThio MPBT: maleimidoPropionamidoButy(Thio

0 5 0 0
4 | _/_/<
N HN
q\/\o/\)l\N/\/SH | _\—SH - and
' 0

O H
MEPET: MaleimidoEthoxyPropionamidoEthylThio MPET: MaleimidoPropionamidoEthyIThio

0O
NH
=2
O
O SH
MBT: MaleimidoEthylButanamidoThio

whereiny is 1to 11

[00128] For the cross-linking moieties depicted above (i.e. MBT, MPET, MEPET;
MMTBT, MPPT, MPBT), the maleimide group allows for reaction with the sulfhydryl (or
thiol) of a Cysteine in an antibody thereby forming athioether bond; and the thiol
functionality of the cross-linking moiety is connected to the thiol of the maytansinoid drug
moiety to form acleavable disulfide bond. In view of the cross-reactional nature of the
linking moiety of Formula (1) (thiol and maleimide could cross react), one of ordinary skill in
the art would appreciate that the linking moiety has to be built stepwise onto the drug moiety
as depicted in Scheme 1.

[00129] According to the above embodiment, the linkers resulting from the cross
linking moieties (i.e. MBT, MPET, MEPET) can be depicted as follow:
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};f o) e o
N—L-x—12-5”
O (IIA);

wherein * islinked to the thiol functionality on the antibody, and ** islinked to the thiol
functionality of adrug moiety (e.g. maytansinoid drug moiety DM 1, DM3 or DM4).

[00130] According to the above embodiment, the linkers resulting from the cross
linking moieties (i.e. MBT, MPET, MEPET) can be depicted as follows:

N=

N
1 Hk
0] /’ﬁ\/N\/\/\S?‘Z ﬁ\/\;o

N= y
& o *:‘s‘ 0
/ H\/L *% ¢
N N % H% -
S N N %
: 0 0 0
P ﬂ P /N
N HN_\—s;r,J | N o/>_\—\ ang
0] h O S-g—m
S0 o
g\/\o/\)\,\j/\/sj\
0

whereiny is 1to 11; * islinked to the thiol functionality on the antibody, and ** islinked to
the thiol functionality of the drug moiety (e.g. maytansinoid drug DM1, DM3 or DM4).

[00131] In apreferred embodiment, the linker has the following formula:
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* \f 7 2

wherein * islinked to the thiol functionality on the antibody, and ** islinked to the thiol
functionality of the maytansinoid drug (DM1, DM3 or DM4)

[00132] In one embodiment, the invention relates to the linker-drug moiety of Formula:

0]
\
drug moiety-g 2 1
o :wherein

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2isaCi-6akylene or is- (CH,CH>O)y-CH,-CH,- wherein y is 1to 11; and
X is-C(0)-NH-, -NHC(O)- or atriazole;

wherein the alkylene islinear or branched.

[00133] In another embodiment, the invention pertains to the stepwise formation of the

above linker-drug conjugate as disclosed in Scheme 1herein.

[00134] In one embodiment, the invention relates to the linker-drug moiety compounds

having one of the following Formulae (l11), (1V) and (V):
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Maleimido Linker_DM1

iy

Maleimido Linker-DM3

(V)
= O Q
X Lo~ Ly
MeO |

M)

Maleimido linker-DM4

wherein L1is aCi-6alkylene wherein one of the methylene groups may be replaced with
oxygen;

L2isaCi-6akylene or is-(CH2C¥0) ,-CH2-CH2- whereiny is 1to 11; and

X is-C(0)-NH-, -NHC(O)- or atriazole;

Wherein the alkyleneislinear or branched.

[00135] In one embodiment, the invention relates to the linker-drug moiety compounds

which are selected from the following formulae:
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[00136] In another embodiment, the invention relates to the linker-drug moiety

compounds which are selected from the following formulae:

= 0] (0]
: s § o
N \S/\/ \n/\/ \/\N
MeO | o) /
(0]
MEPET-DM4

0]
0 \
S/S\/\NJ\/\O/\/D
H o)

MEPET-DM1
= O
OY:\ We H 0
N AN oL~
| s—s b N
\ o Q¢ : o /
0 o o
(o}
— N MEPET-DM3
y HO
T
[00137] In another embodiment, the linker-drug of the present invention is represented

by any one of the following formulae:
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;whereinyis

1to 11, preferably 1to 5.

[00138] In one embodiment, the linker-drug of the present invention is represented by

any one of the following structural formulae:
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[00139] In one embodiment, the conjugate of the present invention is represented by

any one of the following structural formulae:
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Ab-MCC-DM1

Ab-sSPDB-DM4
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Ab-CX1-1-DM 1

wherein:

Ab is an antibody or antigen binding fragment thereof that specifically binds CCRY7,;

n, which indicates the number of linker-drug (L-D-) groups attached to the Ab through the
formation of an amide bond with aprimary amine of the Ab, is aninteger from 1t020. In

one embodiment, nisan integer from 1to 10, 2to 8or 2t0 5. In a specific embodiment, nis
3or4.

[00140] In another embodiment, the conjugate of the present invention is represented

by any of the following Formulae (V1), (VII) and (VI1II):
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L—-Ab

Y}

(Vi)

4 : Lo~y L
NJK/XS\S/ 2\X, 1\N - Ab
MeO . |

\_ Ab-Maleimido linker-DM4 _J/ n

(Vi) .
wherein:
L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2 isaCi-6akylene or is-(CH2CH20) ,-CH2-CH2- wherein y is 1to 11; and
X is-C(0)-NH-, -NHC(O)- or atriazole;
wherein the alkylene islinear or branched; and

Abis an antibody or antigen binding fragment thereof;
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n, which indicates the number of linker-drug (L-D-) groups attached to the Ab through the
formation of an amide bond with a primary amine of the Ab, is aninteger from 1t020. In
one embodiment, nisan integer from 1to 10, 2to 8or 2to 5. In a specific embodiment, nis
3 or 4. In some embodiments, the antibody or antigen binding fragment thereof binds to an
antigen that is expressed on tumor cells. 1n one embodiment, the antibody or antigen binding
fragment thereof specifically binds CCR?7. In other embodiments, the antibody or antigen
binding fragment thereof specifically binds P-cadherin, Cadherin 6, FGFR2, or FGFRA4.

[00141] In another embodiment, the conjugate of the present invention has the Formula

(VIA) or (VIB) corresponding to the open forms of the succinimide of the conjugate of

Formula (V1):
0 N
4 | Ab
o)
\_ ALUNIVIN
\
L Ab
o)
n (VIB)
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wherein:

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;

L2 isaCi-6akylene or is-(CH2CH20) ,-CH2-CH2- wherein y is 1to 11; and

X is-C(0)-NH-, -NHC(O)- or atriazole;

wherein the alkylene islinear or branched; and

Abis an antibody or antigen binding fragment;

n, which indicates the number of linker-drug (L-D-) groups attached to the Ab through the
formation of an amide bond with aprimary amine of the Ab, is an integer from 1t020. In
one embodiment, nisan integer from 1to 10, 2to 8or 2to 5. In a specific embodiment, nis
3 or 4. In some embodiments, the antibody or antigen binding fragment thereof binds to an
antigen that is expressed on tumor cells. I1n one embodiment, the antibody or antigen binding
fragment thereof specifically binds CCR7. In other embodiments, the antibody or antigen
binding fragment thereof specifically binds P-cadherin, Cadherin 6, FGFR2, or FGFRA4.

[00142] In another embodiment, the conjugate of the present invention has the Formula

(VHA) or (VIIB) corresponding to the open forms of the succinimide of the conjugate of
Formula (VI1I):
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(VIIA)
\_ S
f N Ab
O
(VIIB)
g " ;
wherein:

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;

L2 isaCi-6akylene or is-(CH2CH20) ,-CH2-CH2- wherein y is 1to 11; and

X is-C(0)-NH-, -NHC(O)- or atriazole;

wherein the alkylene islinear or branched; and

Abis an antibody or antigen binding fragment thereof;

n, which indicates the number of linker-drug (L-D) groups attached to the Ab through the
formation of an amide bond with aprimary amine of the Ab, is an integer from 1t020. In
one embodiment, nisaninteger from 1to 10, 2to 8or 2to 5. In a specific embodiment, nis
3 or 4. In some embodiments, the antibody or antigen binding fragment thereof binds to an
antigen that is expressed on tumor cells. 1n one embodiment, the antibody or antigen binding
fragment thereof specifically binds CCR7. In other embodiments, the antibody or antigen
binding fragment thereof specifically binds P-cadherin, Cadherin 6, FGFR2, or FGFRA4.
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[00143] In another embodiment, the conjugate of the present invention has the Formula
(VIIA), (VIIIB) corresponding to the open forms of the succinimide of the conjugate of
Formula (VI1I1):

0O
4 N
- Ab
MeO
N\ Jn
(VIIIA)
/
MeO
N\
(VIIB) .
wherein:

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2isaCi-6akylene or is- (CH,CH,O)y-CH,-CH»- wherein y is 1to 11; and

X is-C(0)-NH-, -NHC(O)- or atriazole;

wherein the alkylene is linear or branched; and

Ab is an antibody or antigen binding fragment thereof;

n, which indicates the number of linker-drug (L-D-) groups attached to the Ab through the
formation of an amide bond with aprimary amine of the Ab, is an integer from 1t020. In
one embodiment, nisan integer from 1to 10, 2to 8or 2to 5. In a specific embodiment, nis
3 or 4. In some embodiments, the antibody or antigen binding fragment thereof binds to an

antigen that is expressed on tumor cells. 1n one embodiment, the antibody or antigen binding
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fragment thereof specifically binds CCR?7. In other embodiments, the antibody or antigen
binding fragment thereof specifically binds P-cadherin, Cadherin 6, FGFR2, or FGFRA4.
[00144] In one embodimemt, each antibody drug conjugate disclosed herein wherein the
linker-drug moiety is attached to the antibody via a succimide, can also exist asthe open forms
of the succinimide as generaly depicted in Formulae (VIA), (VIB), (VIIA), (VIIB), (VIIIA)
and (VIIIB).

[00145] In yet another embodiment, the conjugate of the present invention is

represented by any one of the following structural formulae:

e ™
Ab

MeO

\_ Ab-MPET-DM4 _J

MeO. HO™ "o
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Ab

~

Ab-MPET-DM1
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MeO
™~Ab

Ab-MBT-DM4

~ /
wherein:
Ab is an antibody or antigen binding fragment thereof;
n, which indicates the number of D-L groups attached to the Ab through the formation of a
thioester bond with asulfhydryl of the Ab, isaninteger from 1to 12, or 1to 8, or preferably
1to 4. In aspecific embodiment, nis 3 or 4. In some embodiments, the antibody or antigen
binding fragment thereof binds to an antigen that is expressed on tumor cells. In one
embodiment, the antibody or antigen binding fragment thereof specifically binds CCR7. In
other embodiments, the antibody or antigen binding fragment thereof specifically binds P-
cadherin, Cadherin 6, FGFR2, or FGFRA4.

[00146] In another embodiment, the conjugate of the present invention is represented

by any one of the following structural formulae:
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Ab-MEPET-DM4

Ab.MEPET.DM3

-
as well as the corresponding open forms of the succinimide;
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wherein:

Abis an antibody or antigen binding fragment thereof;

n, which indicates the number of D-L groups attached to the Ab through the formation of a
thioester bond with asulfhydryl of the Ab, isaninteger from 1to 12, or 1to 8, or preferably
1to 4. In aspecific embodiment, nis 3 or 4. In some embodiments, the antibody or antigen
binding fragment thereof binds to an antigen that is expressed on tumor cells. In one
embodiment, the antibody or antigen binding fragment thereof specifically binds CCR7. In
other embodiments, the antibody or antigen binding fragment thereof specifically binds P-
cadherin, Cadherin 6, FGFR2, or FGFRA4.

[00147] In another embodiment; the conjugate of the present invention is represented

by any one of the following structural formulae:
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aswell asthe corresponding open forms of the succinimide;

wherein:

yis 1to 11, preferably 1to 5;

Ab is an antibody or antigen binding fragment thereof;

n, which indicates the number of D-L groups attached to the Ab through the formation of a
thioester bond with asulfhydryl of the Ab, isaninteger from 1to 12, or 1to 8, or preferably
1to 4. In aspecific embodiment, nis 3 or 4. In some embodiments, the antibody or antigen
binding fragment thereof binds to an antigen that is expressed on tumor cells. In one
embodiment, the antibody or antigen binding fragment thereof specifically binds CCR7. In
other embodiments, the antibody or antigen binding fragment thereof specifically binds P-
cadherin, Cadherin 6, FGFR2, or FGFRA4.
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[00148] In yet another embodiment; the conjugate of the present invention is

represented by the following Formulae:

\
4 - Ab

aswell as the corresponding open forms of the succinimide;
wherein:

Abis an antibody or antigen binding fragment thereof;
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n, which indicates the number of D-L groups attached to the Ab through the formation of a
thioester bond with asulfhydryl of the Ab, isaninteger from 1to 12, or 1to 8, or preferably
1to 4. In aspecific embodiment, nis 3 or 4. In some embodiments, the antibody or antigen
binding fragment thereof binds to an antigen that is expressed on tumor cells. In one
embodiment, the antibody or antigen binding fragment thereof specifically binds CCR7. In
other embodiments, the antibody or antigen binding fragment thereof specifically binds P-
cadherin, Cadherin 6, FGFR2, or FGFRA4.

[00149] In apreferred embodiment, the conjugate of the present invention is

represented by the following Formula:

4 N

O,
S H N
~g TN \n/\/
o 0

_Ab

MeO

°

Ab-MPET-DM4

- J

wherein:

Ab is an antibody or antigen binding fragment thereof;

n, which indicates the number of D-L groups attached to the Ab through the formation of a
thioester bond with a sulfhydryl of the Ab, is aninteger from 1to 20. In some embodiments,
nisaninteger from 1to 12. In some embodiments, nis an integer from 1to 8. In some
embodiments, nisan integer from 1to 4. In aspecific embodiment, nis3or 4. In another
embodiment, the average n value is about 3 to about 4. In some embodiments, the antibody or
antigen binding fragment thereof binds to an antigen that is expressed on tumor cells. In one

embodiment, the antibody or antigen binding fragment thereof specifically binds CCR7. In
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other embodiments, the antibody or antigen binding fragment thereof specifically binds P-
cadherin, Cadherin 6, FGFR2, or FGFRA4.

[00150] In one embodiment, the average molar ratio of drug (eg. , DM1, DM3 or
DM4) to the antibody in the conjugate (i.e, average nvalue, aso known as Maytansinoid
Antibody Ratio (MAR)) isabout 1to about 10, about 2 to about 8 (e.g. , 1.9, 2.0, 2.1, 2.2, 2.3,
24,25,26,27,28,29, 30, 3.1,3.2, 33,34, 35,36, 3.7,38,39,4.0,4.1,4.2, 4.3, 4.4,
45,46, 4.7,4.8,4.9,5.0,5.1,5.2, 53, 54, 5.5, 5.6, 5.7, 5.8, 5.9, 6.0, 6.1, 6.2, 6.3, 6.4, 6.5,
6.6, 6.7, 6.8,6.9,7.0,7.1,7.2,7.3,7.4,75,7.6, 7.7, 7.8, 7.9, 8.0, or 8.1), about 2.5 to about
7, about 3 to about 5, about 2.5 to about 4.5 (eg. , about 2.5, about 2.6, about 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 to 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 5.3, about 5.4, or about 5.5).
[00151] In an aspect of the invention, the conjugate of the present invention has
substantially high purity and has one or more of the following features: (@) greater than about
90% (e.g. , greater than or equal to about 9 1%, 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 is 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 linker), (c)
less than 10% of conjugate species are crosslinked (e.g. , less than or equal to about 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, or 0%), (d) free drug (e.g. , DM1, DM3 or DM4) level inthe
conjugate preparation isless than about 2% (e.g. , less than or equal 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%, 0.2%, 0.1%, or 0%)
(mol/moal relative to total cytotoxic agent) and/or (e) no substantial increase in the level of
free drug (eg. , DM1, DM3 or DM4) occurs upon storage (e.g. , after about 1week, about 2
weeks, about 3 weeks, about 1 month, about 2 months, about 3 months, about 4 months,
about 5 months, about 6 months, about 1year, about 2 years, about 3 years, about 4 years, or
about 5 years). "Substantial increase" in the level of free drug (eg. , DM1, DM3 or DM4)
means that after certain storage time (e.g. , about 1week, about 2 weeks, about 3 weeks, about
1 month, about 2 months, about 3 months, about 4 months, about 5 months, about 6 months,
about 1year, about 2 years, about 3 years, about 4 years, or about 5 years), the increase in the
level of free drug (eg. , DM1, DM3 or DM4) isless than about 0.1%, about 0.2%, about
0.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%, about 0.9%, about
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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 1.9%, about 2.0%, about 2.2%, about 2.5%, about 2.7%, about
3.0%, about 3.2%, about 3.5%, about 3.7%, or about 4.0%.

[00152] Asused herein, the term "unconjugated linker" refers to the antibody that is
covaently linked with alinker derived from across-linking reagent (e.g., SMCC, Sulfo-
SMCC, SPDB, Sulfo-SPDB or CXI-1), wherein the antibody is not covalently coupled to the
drug (e.g., DM1, DM3 or DM4) through alinker (i.e., the "unconjugated linker" can be
represented by Ab-MCC, Ab-SPDB, or Ab-CXI-1).

1. Drug Moiety

[00153] The present invention provides immunoconjugates that specifically bind to
CCR7. The antibody drug conjugates of the invention comprise anti-CCR7 antibodies,
antibody fragments (e.g., antigen binding fragments) or functional equivalents that are
conjugated to adrug moiety, e.g., an anti-cancer agent, an autoimmune treatment agent, an
anti-inflammatory 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 functional equivalents of the invention can be conjugated to several
identical or different drug moieties using any methods known in the art.

[00154] In certain embodiments, the drug moiety of the immunoconjugates of the
present invention is selected from agroup consisting of aV-ATPase inhibitor, apro-apoptotic
agent, a Bcl2 inhibitor, an MCL1 inhibitor, aHSP90 inhibitor, an IAP inhibitor, an mTor
inhibitor, a microtubule stabilizer, a microtubule destabilizer, an RNA polymerase inhibitor,
an amanitin, apyrrolobenzodiazepine, an auristatin, adolastatin, a maytansinoid, a MetAP
(methionine aminopeptidase), an inhibitor of nuclear export of proteins CRM1, a DPPIV
inhibitor, an Eg5 inhibitor, proteasome inhibitors, aninhibitor of phosphoryl transfer
reactions in mitochondria, aprotein synthesis inhibitor, akinase inhibitor, a CDK2 inhibitor,
a CDK@9 inhibitor, akinesin inhibitor, an HDAC inhibitor, a DNA damaging agent, a DNA
alkylating agent, aDNA intercalator, aDNA minor groove binder and a DHFR inhibitor.

[00155] In certain embodiment, the drug moiety of the immunoconjugates of the

present invention is an auristatin disclosed in PCT Publication Numbers: WO 2015/095301
and WO20 15/189791, both applications are hereby incorporated by reference. Non-limiting
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examples of auristatin drug moiety-linker constructs are:

O H O
N N
\ N/\/O\/\[( ) EAN%N H 0
i O N e N
(o] 0]

OMe 0

(which is AURIX2 as disclosed in instant application); and
o)

N, |
H N '4{0
Uﬁﬁéw%wkw’ W
H H
\© (which is

AURIXT1 as disclosed in instant application).
[00156] In one embodiment, the drug moiety of the immunoconjugates of the present

invention is amaytansinoid drug moiety, such as but not limited to, DM1, DM3 or DM4.
[00157] Further, the antibodies, antibody fragments (e.g., antigen binding fragments)
or functional equivalents of the present invention may be conjugated to a drug moiety that
modifies agiven biological response. Drug moieties are not to be construed as limited to
classical chemical therapeutic agents. For example, the drug moiety may be aprotein,
peptide, or polypeptide possessing adesired biological activity. Such proteins may include,
for example, atoxin such as abrin, ricin A, pseudomonas exotoxin, cholera toxin, or
diphtheria toxin, aprotein such as tumor necrosis factor, a-interferon, p-interferon, nerve
growth factor, platelet derived growth factor, tissue plasminogen activator, a cytokine, an
apoptotic agent, an anti-angiogenic agent, or, abiological response modifier such as, for
example, alymphokine.

[00158] In one embodiment, the antibodies, antibody fragments (e.g., antigen binding
fragments) or functional equivalents of the present invention are conjugated to a drug moiety,
such as acytotoxin, adrug (e.g., an immunosuppressant) or aradiotoxin. Examples of
cytotoxins include but are not limited to, taxanes (see, e.g., International (PCT) Patent
Application Nos. WO 01/383 18 and PCT/US03/02675), DNA-akylating agents (e.g., CC-
1065 analogs), anthracyclines, tubulysin analogs, duocarmycin analogs, auristatin E,
auristatin F, maytansinoids, and cytotoxic agents comprising areactive polyethylene glycol
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moiety {see, 0., Sasse et al., J. Antibiot. (Tokyo), 53, 879-85 (2000), Suzawa et al., Bioorg.
Med. Chem., 8, 2175-84 (2000), Ichimura et al., J. Antibiot. (Tokyo), 44, 1045-53 (1991),
Francisco et al., Blood (2003) (electronic publication prior to print publication), U.S. Pat.
Nos. 5,475,092, 6,340,701, 6,372,738, and 6,436,931, U.S. Patent Application Publication
No. 2001/0036923 Al, Pending U.S. patent application Ser. Nos. 10/024,290 and
10/116,053, and International (PCT) Patent Application No. WO 01/49698), taxon,
cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide,
vincristine, vinblastine, t. colchicin, doxorubicin, daunorubicin, dihydroxy anthracin dione,
mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine,
tetracaine, lidocaine, propranolol, and puromycin and analogs or homologs thereof.
Therapeutic agents also include, for example, anti-metabolites {e.g., methotrexate, 6-
mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil decarbazine), ablating agents {e.g.,
mechlorethamine, thiotepa chlorambucil, meiphalan, carmustine (BSNU) and lomustine
(CCNU), cyclophosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, and
cis-dichlorodiamine platinum (II) (DDP) cisplatin, anthracyclines {e.g., daunorubicin
(formerly daunomycin) and doxorubicin), antibiotics {e.g., dactinomycin (formerly
actinomycin), bleomycin, mithramycin, and anthramycin (AMC)), and anti-mitotic agents
{e.g., vincristine and vinblastine). (See e.g., Seattle Genetics US20090304721).

[00159] Other examples of cytotoxins that can be conjugated to the antibodies,
antibody fragments (antigen binding fragments) or functional equivalents of the invention
include duocarmycins, calicheamicins, maytansines and auristatins, and derivatives thereof.
[00160] Various types of cytotoxins, linkers and methods for conjugating therapeutic
agents to antibodies are known in the art, see, e.g., Saito et al., (2003) Adv. Drug Deliv. Rev.
55:199-215; Trail etal, (2003) Cancer Immunol. Immunother. 52:328-337; Payne, (2003)
Cancer Cell 3:207-212; Allen, (2002) Nat. Rev. Cancer 2:750-763; Pastan and Kreitman,
(2002) Curr. Opin. Investig. Drugs 3:1089-1091; Senter and Springer, (2001) Adv. Drug
Deliv. Rev. 53:247-264.

[00161] The antibodies, antibody fragments {e.g., antigen binding fragments) or
functional equivalents of the present invention can also be conjugated to aradioactive isotope
to generate cytotoxic radiopharmaceuticals, referred to as radioimmunoconjugates. Examples
of radioactive isotopes that can be conjugated to antibodies for use diagnostically or
therapeutically include, but are not limited to, iodine-131, indium-IIl, yttrium-90, and
lutetium-177. Methods for preparing radioimmunoconjugates are established in the art.
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Examples of radioimmunoconjugates are commercialy available, including Zevalin™ (DEC
Pharmaceuticals) and Bexxar™ (Corixa Pharmaceuticals), and similar methods can be used
to prepare radioimmunoconjugates using the antibodies of the invention. In certain
embodiments, the macrocyclic chelator is 1,4,7,10-tetraazacyclododecane-N,N',N",N"'-
tetraacetic acid (DOTA) which can be attached to the antibody via alinker molecule. Such
linker molecules are commonly known in the art and described in Denardo et al., (1998) Clin
Cancer Res. 4(10):2483-90; Peterson et al., (1999) Bioconjug. Chem. 10(4):553-7; and
Zimmerman et al., (1999) Nucl. Med. Biol. 26(8):943-50, each incorporated by reference in
their entireties.

[00162] 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
least 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
comprising an antibody fragment {e.g., antigen binding fragment) described herein {e.g., a
Fab fragment, Fd fragment, Fv fragment, F(ab)2 fragment, aVH domain, aVH CDR, aVL
domain or aVL CDR) and aheterologous protein, polypeptide, or peptide.

[00163] Additional fusion proteins may be generated through the techniques of gene-
shuffling, motif-shuffling, exon-shuffling, and/or codon-shuffling (collectively referred to as
"DNA shuffling”). DNA shuffling may be employed to alter the activities of antibodies of
the invention or fragments thereof {e.g., antibodies or fragments thereof with higher affinities
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 et al, (1997) Curr. Opinion Biotechnol. 8:724-
33; Harayama, (1998) Trends Biotechnol. 16(2):76-82; Hansson et al., (1999) J. Mol. Biol.
287:265-76; and Lorenzo and Blasco, (1998) Biotechniques 24(2):308- 313 (each of these
patents and publications are hereby incorporated by reference in its entirety). Antibodies 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 thereof
that specifically binds to an antigen may be recombined with one or more components,
motifs, sections, parts, domains, fragments, etc. of one or more heterologous molecules.
[00164] Moreover, the antibodies, antibody fragments {e.g., antigen binding

fragments) or functional equivalents of the present invention can be conjugated to marker
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sequences, such as apeptide, to facilitate purification. In preferred embodiments, the marker
amino acid sequence is ahexa-histidine peptide (SEQ ID NO: 628), such as the tag provided
in apQE vector (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311), among others,
many of which are commercially available. Asdescribed in Gentz et al., (1989) Proc. Natl.
Acad. Sci. USA 86:821-824, for instance, hexa-histidine (SEQ ID NO: 628) provides for
convenient purification of the fusion protein. Other peptide tags useful for purification
include, but are not limited to, the hemagglutinin ("HA™) tag, which corresponds to an
epitope derived from the influenza hemagglutinin protein (Wilson et al., (1984) Cell 37:767),
and the "FLAG" tag (A. Einhauer €tal, J. Biochem. Biophys. Methods 49: 455-465, 2001).
According to the present invention, antibodies or antigen binding fragments can aso be
conjugated to tumor-penetrating peptides in order to enhance their efficacy.

[00165] In other embodiments, the antibodies, antibody fragments (e.g., antigen
binding fragments) or functional equivalents of the present invention are conjugated to a
diagnostic or detectable agent. Such immunoconjugates can be useful for monitoring or
prognosing the onset, development, progression and/or severity of adisease or disorder as
part of aclinical testing procedure, such as determining the efficacy of aparticular 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 limited 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 500, Alexa Fluor 514, Alexa Fluor 532, Alexa Fluor 546,
Alexa Fluor 555, Alexa Fluor 568, Alexa Fluor 594, Alexa Fluor 610, Alexa Fluor 633,
Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, Alexa Fluor 700, Alexa Fluor 750,
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine
fluorescein, dansyl chloride or phycoerythrin; luminescent materials, such as, but not limited
to, luminol; bioluminescent materials, such as but not limited to, luciferase, luciferin, and
aequorin; radioactive materials, such as, but not limited to, iodine (11, 2251, 23|, and 211)),
carbon (#C), sulfur (33S), tritium (°H), indium (*5In, 1BIn, 12|n, and 1!In,), technetium
("Tc), thallium (2°1Ti), gallium (®®Ga, 67Ga), palladium (13Pd), molybdenum (*Mo), xenon
(33X e), fluorine (BF), 153Sm, 177Lu, 59Gd, “9Pm, 10| g, 175Yh, 166Hp, 90Y , 47Sc, B6Re, 18R,
142py 105RN, 97Ru, 8Ge, 57Co, 65Zn, 855, 32P, 153Gd, 169Y b, 51Cr, 54Mn, 75Se, 64Cu, 183Sn, and
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1175n; and positron emitting metals using various positron emission tomographies, and non-
radioactive paramagnetic metal ions.

[00166] The antibodies, antibody fragments (e.g., antigen binding fragments) or
functional equivaents of the invention may also be attached to solid supports, which are
particularly useful for immunoassays or purification of the target antigen. Such solid
supports include, but are not limited to, glass, cellulose, polyacrylamide, nylon, polystyrene,

polyvinyl chloride or polypropylene.
2. Linker

[00167] Asused herein, a"linker" isany chemical moiety that is capable of linking an
antibody, antibody fragment (e.g., antigen binding fragments) or functional equivalent to
another moiety, such as adrug moiety. Linkers can be susceptible to cleavage (cleavable
linker), such as, acid-induced cleavage, photo-induced cleavage, peptidase-induced cleavage,
esterase-induced cleavage, glycosidase induced cleavage, phosphodiesterase induced
cleavage, phosphatase induced cleavage and disulfide bond cleavage, at conditions under
which the compound or the antibody remains active. Alternatively, linkers can be
substantially resistant to cleavage (e.g., stable linker or noncleavable linker). In some
aspects, the linker isaprocharged linker, ahydrophilic linker, or adicarboxylic acid based
linker.

[00168] In one aspect, the linker used in the present invention is derived from a
crosslinking reagent such as N-succinimidyl-3-(2-pyridyldithio)propionate  (SPDP), N-
succinimidyl 4-(2-pyridyldithio)pentanoate (SPP), N-succinimidyl 4-(2-
pyridyldithio)butanoate (SPDB), N-succinimidyl-4-(2-pyridyldithio)-2-sulfo-butanoate
(sulfo-SPDB), N-succinimidyl iodoacetate (SIA), N-succinimidyl(4-
iodoacetyl)aminobenzoate (SIAB), maleimide PEG NHS, N-succinimidyl 4-
(maleimidomethyl) cyclohexanecarboxylate (SMCC), N-sulfosuccinimidyl 4-
(maleimidomethyl) cyclohexanecarboxylate (sulfo-SMCC) or 2,5-dioxopyrrolidin-l-yl  17-
(2,5-dioxo-2,5-dihydro-IH-pyrrol-1-yl)-5,8,1,14-tetraoxo-4,7,10,13-tetraazaheptadecan-1-

oate (CXI-1).

[00169] Non-cleavable linkers are any chemical moiety capable of linking adrug, such
as amaytansinoid, to an antibody in a stable, covalent manner and does not fall under the
categories listed above for cleavable linkers. Thus, non-cleavable linkers are substantially
resistant to acid-induced cleavage, photo-induced cleavage, peptidase-induced cleavage,

esterase-induced cleavage and disulfide bond cleavage. Furthermore, non-cleavable refers to
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the ability of the chemical bond inthe linker or adjoining to the linker to withstand cleavage
induced by an acid, photolabile-cleaving agent, apeptidase, an esterase, or achemica or
physiological compound that cleaves adisulfide bond, at conditions under which the drug,
such as maytansionoid or the antibody does not lose its activity.

[00170] Acid-labile linkers are linkers cleavable at acidic pH. For example, certain
intracellular compartments, such as endosomes and lysosomes, have an acidic pH (pH 4-5),
and provide conditions suitable to cleave acid-labile linkers.

[00171] Photo-labile linkers are linkers that are useful at the body surface and in many
body cavities that are accessible to light. Furthermore, infrared light can penetrate tissue.
[00172] Some linkers can be cleaved by peptidases, i.e., peptidase cleavable linkers.
Only certain peptides are readily cleaved inside 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 of a-amino acids and peptidic bonds, which chemically
are amide bonds between the carboxylate of one amino acid and the amino group of a second
amino acid. Other amide bonds, such as the bond between a carboxylate and the e-amino
group of lysine, are understood not to be peptidic bonds and are considered non-cleavable.
[00173] Some linkers can be cleaved by esterases, i.e., 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 carboxylic acid and an alcohol. Simple esters are
esters produced with simple alcohols, such as aiphatic alcohols, and small cyclic and small
aromatic alcohols.

[00174] Procharged linkers are derived from charged cross-linking reagents that retain
their charge after incorporation into an antibody drug conjugate. Examples of procharged
linkers can be found in US 2009/0274713.

3. Conjugation and Preparation of ADCs

[00175] Numerous methods of conjugating linker-payloads to antigen binding moiety
are known in the art (reviewed in for example: Antibody-Drug Conjugate, Methods in
Molecular Biology, Vol. 1045, Editor L. Ducry, Humana Press (2013)). Traditionally, drugs
are conjugated to native lysine or native cysteine residues of the antibody. The resulting
preparations are complex mixtures. More recently, site-specific conjugation methods are
being employed to improve the therapeutic index and homogeneity of ADC preparations (For
review: Panowski, S.; Bhakta, S.; Raab, H.; Polakis, P.; Junutula, J. R. mAbs 2014, 6, 34).
Besides glycoengineering, (Zhou, Q. et a. Bioconjugate chemistry 2014, 25, 510; Zhu, Z. et
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al. mAbs 2014, 6, 1190); some of the more common methods of preparing site-specific ADCs
are based on the incorporation of engineered cysteines, (Junutula, J. R. et a., Nature
biotechnology 2008, 26, 925; Shinmi, D. et a., Bioconjugate chemistry 2016, 27, 1324), non-
canonical amino acids (Tian, F. et a., Proceedings National Academy d Sciences USA 2014,
111, 1766; Axup, J. Y. et al., Proceedings National Academy d Sciences USA 2012, 109,
16101) or short peptide sequences into the antibody backbone (Drake, P. M . et al.,
Bioconjugate chemistry 2014, 25, 1331; Strop, P. et a., Chemistry & biology 2013, 20, 161;
Beerli, R. R. et d., PloSone 2015, 10, e0131177; Grunewald, J. et d., Bioconjugate
chemistry 2015, 26, 2554). These methods provide control over stoichiometry and attachment
site of the cytotoxin resulting in better pharmacokinetic (PK), safety, and efficacy profiles of
the conjugates relative to traditionally prepared ADCs.

[00176] The conjugates of the present invention can be prepared by any methods
known in the art, such as those described in US Patent Nos. 7,811,572, 6,411,163, 7,368,565,
and 8,163,888, US application publications 2011/0003969, 2011/0166319, 2012/0253021 and
2012/0259100, and PCT publications W02014/124316 and WO2015/138615. The entire
teachings of these patents and patent application publications are herein incorporated by

reference.

Process For Conjugation to Engineered Cysteine Antibody Residues

[00177] Conjugates of the invention can be prepared using cysteine residues
engineered into an antibody by, for example, site-directed mutagenesis. Such site-specific
conjugates are homogenous and have improved properties (Junutula JR, Raab H, Clark S,
Bhakta S, Leipold DD, Weir S, Chen Y, Simpson M, Tsai SP, Dennis MS, Lu Y, Meng YG,
Ng C, Yang J, Lee CC, Duenas E, Gorrell J, KattaV, Kim A, McDorman K, Flagella K,
Venook R, Ross S, Spencer SD, Lee Wong W, Lowman HB, Vandlen R, Sliwkowski MX,
Scheller RH, Polakis P, Mallet W. (2008) Nature Biotechnology 26:925-932.)

[00178] Because engineered cysteines in antibodies expressed in mammalian cells are
modified by adducts (disulfides) such as glutathione (GSH) and/or cysteine during their
biosynthesis (Chen et al. 2009), the engineered cysteine residues in the product asinitially
expressed are unreactive to thiol reactive reagents such as maleimido or bromo-or iodo-
acetamide groups. To conjugate payload to an engineered cysteine after expression,
glutathione or cysteine adducts need to be removed by reducing these disulfide adducts,

which generally entails aso reducing native disulfides in the expressed protein. Deprotection
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of adducted engineered cysteines can be accomplished by first exposing antibody to a
reducing agent, e.g., dithiothreitol (DTT), TCEP, or reduced cysteine, followed by a
procedure that allows for re-oxidation of all native disulfide bonds of an antibody to restore
and/or stabilize the functional antibody structure.

[00179] Several methods can be employed to reduce and re-oxidize antibodies with
engineered Cys residues for preparation of antibody drug conjugates. Attempts to follow re-
oxidation protocols previously described in the literature using high concentration of CuSO ,
resulted in protein precipitation (Junutula JR, Raab H, Clark S, Bhakta S, Leipold DD, Weir
S, Chen Y, Simpson M, Tsai SP, DennisMS, Lu Y, Meng YG, NgC, Yang J, Lee CC,
Duenas E, Gorrdll J, KattaV, Kim A, McDorman K, Flagella K, Venook R, Ross S, Spencer
SD, Lee Wong W, Lowman HB, Vandlen R, Sliwkowski MX, Scheller RH, Polakis P, Mallet
W. (2008) Nature Biotechnology 26:925). We have successfully prepared and obtained
antibody drug conjugates with several different methods for reduction and antibody re-
oxidation.

[00180] In one example, freshly prepared DTT is added to purified Cys mutant
antibodies to afinal concentration of 10 mM. After incubation with DTT at room
temperature for 1 hour, mixture isdialyzed at 4°C against PBS for three days with daily
buffer exchange to remove DTT and re-oxidize native disulfide bonds of the antibody. An
alternative method is to remove reducing reagents through a desalting column such as
Sephadex G-25, equilibrated with PBS. Once protein isfully reduced, 1mM oxidized
ascorbate (dehydro-ascorbic acid) is optionally added to desalted samples and re-oxidation
incubations are carried out for 20-24 hours.

[00181] In another exemplary method, deprotection of engineered Cys residuesis
accomplished by adding fully reduced cysteine at 20 mM concentration to antibodies bound
to protein A-Sepharose resin. Reduction of the Cys adducts is achieved by incubation for
approximately 30-60 minutes at room temperature, then reductant israpidly removed by
washing resin with 50 beds of PBS. Re-oxidation of the reduced antibody is achieved by
incubating washed slurry at room temperature with or without addition of 50-2000 nM CuCk
as an accelerant. With the exception of use of copper sulfate, examples herein use each of the
protocols described herein with similar results. Reoxidation restores intra-chain disulfides,
while dialysis, desalting or protein A chromatography removes reducing agent as well as
cysteines and glutathiones initially connected to engineered cysteing(s) of the antibody.
HPL C reverse phase chromatography istypically used to monitor the reoxidation process:
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Antibodies are loaded onto aPLRP-S column (4000 A, 50 mm x 2.1 mm, Agilent) heated to
80° C and eluted using alinear gradient of 30-45% CH3CN in water containing 0.1% TFA at
1.5 mL/min. and peak detection at 215, 254, and 280 nm.

[00182] After re-oxidation, the antibody is conjugated to apre-formed linker-drug
moiety. By way of example, the pre-formed linker-drug moiety (such asfor example
MMTBT-DM4; MPET-DM4; MBT-DM4; MEPET-DM4, MPBT-DM1; and other linker-
drug moieties as described herein) , are added to re-oxidized Cys mutant antibody at 10
molar equivalents relative to antibody in PBS buffer (pH 7.2). Incubations are carried out for
1hour. The conjugation process ismonitored by reverse-phase HPLC, which is able to
separate conjugated antibodies from non-conjugated ones. Conjugation reaction mixtures are
analyzed on a PRLP-S column (4000 A, 50 mm x 2.1 mm, Agilent) heated to 80°C and
elution of the column are carried out by alinear gradient of 30-60% acetonitrile in water
containing 0.1% TFA at aflow rate of 1.5 ml/min. Elution of proteins from the column is
monitored at 280 nm, 254 nm and 215 nm.

[00183] In one embodiment, examples of linker-drug moiety for cysteine conjugation

can be prepared according to Schemes 1to 3:

G / \ /
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drug moiety—g drug moiety-g
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RGZ\L/N \
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drug moiety-g 2 1
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Scheme 1

wherein:

the drug moiety is attached to the linker via athiol functionality;

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2isaCi-6akylene or is- (CH,CH,O)y-CH,-CH,- wherein y is 1to 11; and

X is-C(0)-NH-, -NHC(O)- or atriazole;

wherein the alkylene islinear or branched; and

RG1 and RG2 are 2 reactive groups forming group X.
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Reacting groups which form an amide or atriazole are well known in the art.
One example of pre-forming the linker-drug moiety isrepresented in Scheme 2 wherein the
drug moiety isDM4; RGI isan amino group and RG2 is an activated acid, resulting in the

formation of the amide bond (X):

cl | OT\NWSH cl
MeO. " | MeO.
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H (0]
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S |
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L H
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Q O
T
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Scheme 2.
Another example of pre-forming the linker-drug moiety is represented in Scheme 3
wherein the drug moiety is DM4; RGI is an azide group and RG2 is an akyne group,

resulting in the formation of the tetrazole (X):

MeO
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Scheme 3
[00184] Conjugation efficiency of various drug moieties having alinked maleimide to
a Cys mutant antibody vary depending on the solubility of the drug moieties used, however,
many reactions result in more than 90% conjugate. To evaluate aggregation state, resulting
conjugates are analyzed in a size exclusion chromatography column (GE, Superdex200,
3.2/30) at aflow rate of 0.1 ml/min in PBS. All conjugates are mainly monomeric. The
majority of conjugates contain less than 3% dimeric and oligomeric material, indicating that
conjugation of drug moiety having alinked maleimide to Cys mutant antibody does not cause
aggregation.
[00185] Immunoconjugates are also characterized in terms of average loading of a
drug moiety to antibody binding moiety, generaly referred to as drug-to-antibody ratio
(DAR). The DAR value is extrapolated, for example, from LC-MS data for reduced and
deglycosylated samples. LC/MS allows quantitation of the average number of molecules of
payload (drug moiety) attached to an antibody in an ADC. HPLC separates an antibody into
light and heavy chains, and also separates heavy chain (HC) and light chain (LC) according
to the number of Linker-Payload groups per chain. Mass spectral data enables identification
of the component species in the mixture, e.g., LC, LC+1, LC+2, HC, HC+1, HC+2, etc.
From average loading of LC and HC chains, the average DAR can be calculated for an ADC.
The DAR for agiven immunoconjugate sample represents the average number of drug
(payload) molecules attached to atetrameric antibody containing two light chains and two

heavy chains.

Process For Conjugation To Native Cysteine Antibody Residues

[00186] linker-drug moieties as described herein can also be conjugated to native
cysteine residues of non-engineered antibodies using aprocedure that involves partial
reduction of the antibodies (Doronina, S. O., Toki, B. E., Torgov, M. Y., Mendelsohn, B. A.,
Cerveny, C. G,, Chace, D. F.,, DeBlanc, R. L., Gearing,R. P., Bovee, T. D., Siegall, C. B.,
Francisco, J. A., Wahl, A. F., Meyer, D. L., and Senter, P. D. (2003) Development of potent
monoclonal antibody auristatin conjugates for cancer therapy. Nat. Biotechnol. 21, 778-784).
The following protocal is anon-limiting example how such conjugates can be prepared:
Inter- and intra-chain disulfides bonds of the antibody (at a concentration of typically 5to 10
mg/ml) are first partially reduced in PBS containing 2 mM EDTA by adding TCEP to afina
concentration of 10 mM and incubating the mixture at 37°C for Lhour. After desalting and
addition of 1% w/v PS-20 detergent, the partialy reduced antibodies (1-2 mg/ml) is reacted
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overnight at 4°C with 0.5 to 1 mg of amaleimide containing linker payload compound per 10
mg antibody. Resulting conjugates are purified by Protein A chromatography by standard
methods and buffer exchanged to PBS, and are profiled typically by mass-spectrometry (MS),
analytical size-exclusion chromatography (AnSEC), and analytical hydrophobic interaction
chromatography (AnHIC) for their drug-to-antibody-ratio, aggregation propensity, and
hydrophobicity aswell as by activity assays.

One-Sep Process for cross-linking to lysine antibody residues

[00187] In one embodiment, the conjugates of the present invention can be prepared by
aone-step process for cross-linking the drug to lysine residues on the antibody. The process
comprises combining the antibody, drug and cross-linking agent in a substantially agueous
medium, optionally containing one or more co-solvents, at a suitable pH. In one
embodiment, the process comprises the step of contacting the antibody of the present
invention with adrug (e.g., DM1 or DM4) to form afirst mixture comprising the antibody
and the drug, and then contacting the first mixture comprising the antibody and the drug with
across-linking agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CXI-1) in asolution
having apH of about 4 to about 9 to provide a mixture comprising (i) the conjugate (e.g., Ab-
MCC-DM1, Ab-SPDB-DM4, or Ab-CXI-I-DMI), (ii) free drug (e.g., DM1 or DM4), and
(iii) reaction by-products.

[00188] 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 CXI-1) inasolution having apH 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 to
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 drug (DM1
or DM4) and then the cross-linking agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or
CXI-1) inasolution having apH 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 inventive process comprises contacting a cell-binding

agent with the drug (e.g., DM1 or DM4) and then the cross-linking agent (e.g., SMCC, Sulfo-
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SMCC, SPDB, Sulfo-SPDB or CXI-1) inasolution having apH of about 7.8 {e.g., apH of
7.6t08.0or apH of 7.7 to 7.9).

[00189] The one-step process (i.e., 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
CXI-1) can be carried out at any suitable temperature known in the art. For example, the
one-step process can occur at about 20°C or less {e.g., about -10°C (provided that the solution
isprevented from freezing, e.g., by the presence of organic solvent used to dissolve the
cytotoxic 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 elevated temperature {e.g., about 30°C to about 37°C). In
one embodiment, the one-step process occurs at atemperature 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
carried out at atemperature of about 15°C or less {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,

SPDB, Sulfo-SPDB or CXI-1) at atemperature 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 isprevented from freezing, e.g., by the presence of organic
solvent(s) used to dissolve the cross-linking agent {e.g., SMCC, Sulfo-SMCC, Sulfo-SPDB
SPDB, or CXI-1). In one embodiment, 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,
SPDB, Sulfo-SPDB or CXI-1) at atemperature 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 15°C, or about 5°C to about 10°C. In another embodiment, 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, SPDB, Sulfo-SPDB or CXI-1) at atemperature of
about 10°C {e.g., atemperature of 8°C to 12°C or atemperature of 9°C to 11°C).

[00190] In one embodiment, the contacting described above iseffected by providing
the antibody, then contacting the antibody with the drug {e.g., DM1 or DM4) to form afirst
mixture comprising the antibody and the drug {e.g., DM1 or DM4), and then contacting the
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first mixture comprising the antibody and the drug (e.g., DM1 or DM4) with the cross-linking
agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CXI-1). For example, in one
embodiment, the antibody isprovided in areaction vessdl, the drug (e.g., DM1 or DM4) is
added to the reaction vessel (thereby contacting the antibody), and then the cross-linking
agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CXI-1) is added to the mixture
comprising the antibody and the drug (e.g., DM1 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., DM1 or DM4) is added to the reaction vessel immediately
following providing the antibody to the vessdl. In another embodiment, the antibody is
provided in areaction vessel, and the drug (e.g., DM1 or DM4) is added to the reaction vessel
after atime interval following providing the antibody to the vessel (e.g., about 5 minutes,
about 10 minutes, about 20 minutes, about 30 minutes, about 40 minutes, about 50 minutes,
about 1 hour, about 1day or longer after providing the cell-binding agent to the space). The
drug (e.g., DM1 or DM4) can be added quickly (i.e., within ashort time interval, such as
about 5 minutes, about 10 minutes) or slowly (such as by using a pump).

[00191] The mixture comprising the antibody and the drug (e.g., DM1 or DM4) can
then be contacted with the cross-linking agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-
SPDB or CXI-1) either immediately after contacting the antibody with the drug (e.g., DM1
or DM4) or at some later point (e.g., about 5 minutes to about 8 hours or longer) after
contacting the antibody with the drug (e.g., DM1 or DM4). For example, in one
embodiment, the cross-linking agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or
CXI-1) isadded to the mixture comprising the antibody and the drug (e.g., DM1 or DM4)
immediately after the addition of the drug (e.g., DM1 or DM4) to the reaction vessel
comprising the antibody. Alternatively, the mixture comprising the antibody and the drug
(e.g., DM1 or DM4) can be contacted with the cross-linking agent (e.g., SMCC, Sulfo-
SMCC, SPDB, Sulfo-SPDB or CXI-1) at about 5 minutes, about 10 minutes, about 20
minutes, about 30 minutes, about 1 hour, about 2 hours, about 3 hours, about 4 hours, about 5
hours, about 6 hours, about 7 hours, about 8 hours, or longer after contacting the antibody
with the drug (e.g., DM1 or DM4).

[00192] After the mixture comprising the antibody and the drug (e.g., DM1 or DM4) is
contacted with the cross-linking agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or
CXI-1) thereaction isallowed to proceed for about 1hour, about 2 hours, about 3 hours,
about 4 hours, about 5 hours, about 6 hours, about 7 hours, about 8 hours, about 9 hours,
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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).

[00193] In one embodiment, the one-step process further comprises a quenching step
to quench any unreacted drug (e.g., DM1 or DM4) and/or unreacted cross-linking agent (e.g.,
SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CXI-1). The quenching step istypically
performed prior to purification of the conjugate. In one embodiment, the mixture is quenched
by contacting the mixture with a quenching reagent. Asused herein, the "quenching reagent"
refers to areagent that reacts with the free drug (e.g., DM1 or DM4) and/or cross-linking
agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CXI-1). In one embodiment,
maleimide or haloacetamide quenching reagents, such as 4-maleimidobutyric acid, 3-
maleimidopropionic acid, N-ethylmaleimide, iodoacetamide, or iodoacetamidopropionic acid,
can be used to ensure that any unreacted group (such asthiol) in the drug (e.g., DM1 or
DM4) is guenched. The quenching step can help prevent the dimerization of the drug (e.g.,
DM1). The dimerized DM1 can be difficult to remove. Upon quenching with polar, charged
thiol-quenching reagents (such as 4- maleimidobutyric acid or 3-maleimidopropionic acid),
the excess, unreacted DM1 isconverted into apolar, 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. In one
embodiment, the mixture is guenched by contacting the mixture with a quenching reagent
that reacts with the unreacted cross-linking agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-
SPDB or CXI-1). For example, nucleophiles can be added to the mixture in order to quench
any unreacted SMCC. The nucleophile preferably is an amino group containing nucleophile,
such aslysine, taurine and hydroxylamine.

[00194] In apreferred embodiment, the reaction (i.e., contacting the antibody with the
drug (e.g., DM1 or DM4) and then cross-linking agent (e.g., SMCC, Sulfo-SMCC, SPDB,
Sulfo-SPDB or CXI-1)) isallowed to proceed to completion prior to contacting the mixture
with aquenching reagent. In thisregard, 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 hours, about
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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.g. , DM1 or DM4) is contacted with the
cross-linking agent (eg. , SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CXI-1).

[00195] Alternatively, the mixture is quenched by lowering the pH of the mixture to
about 5.0 (eg. , 4.8, 4.9, 5.0, 5.10r 5.2). In another embodiment, the mixture is quenched by
lowering 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 (eg. , 3.8,
3.9,4.0, 4.10r 4.2) to about 6.0 (eg. , 5.8, 5.9, 6.0, 6.1 0r 6.2), about 4.0 to about 5.0, about
45 (eg. , 4.3, 4.4, 4.5, 4.6 or 4.7) to about 5.0. In one embodiment, the mixture is quenched
by lowering the pH of the mixture to 4.8. In another embodiment, the mixture is quenched by
lowering the pH of the mixture to 5.5.

[00196] In one embodiment, the one-step process further comprises aholding 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 step and the quenching step, or after the quenching step). For example, the process
comprises (a) contacting the antibody with the drug (e.g. , DM1, DM3 or DM4) toform a
mixture comprising the antibody and the drug (e.g. , DM1, DM3 or DM4); and then
contacting the mixture comprising the antibody and drug (e.g. , DM1, DM3 or DM4) with the
cross-linking agent (eg. , SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CXI-1), in asolution
having apH of about 4 to about 9 to provide a mixture comprising (i) the conjugate (e.g. , Ab-
MCC-DM1, Ab-SPDB-DM4 or Ab-CXI-I-DMI), (i) free drug (eg. , DM1, DM3 or DM4),
and (iii) reaction by-products, (b) holding the mixture prepared in step (a) to release the
unstably bound linkers from the cell-binding agent, and (c) purifying the mixture to provide a
purified conjugate.

[00197] In another embodiment, the process comprises (a) contacting the antibody
with the drug (eg. , DM1, DM3 or DM4) to form a mixture comprising the antibody and the
drug (eg. , DM1, DM3 or DM4); and then contacting the mixture comprising the antibody
and the drug (e.g. , DM1, DM3 or DM4) with the cross-linking agent (e.g. , SMCC, Sulfo-
SMCC, SPDB, Sulfo-SPDB or CXI-1), in asolution having apH of about 4 to about 9 to
provide amixture comprising (i) the conjugate, (ii) free drug (eg. , DM1, DM3 or DM4), and
(iii) reaction by-products, (b) quenching the mixture prepared in step (a) to quench any
unreacted drug (eg. , DM1, DM3 or DM4) and/or unreacted cross-linking agent (eg. , SMCC,
Sulfo-SMCC, SPDB, Sulfo-SPDB or CXI-1), (c) holding the mixture prepared in step (b) to
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release the unstably bound linkers from the cell-binding agent, and (d) purifying the mixture
to provide apurified conjugate (e.g., Ab-MCC-DMI, Ab-SPDB-DM4 or Ab-CXI-I-DMI).
[00198] Alternatively, the holding step can be performed after purification of the
conjugate, followed by an additional purification step.

[00199] In apreferred embodiment, the reaction isalowed to proceed to completion
prior to the holding step. In this regard, the holding step can be performed about 1hour 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 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., DM1, DM3 or DM4) is contacted with the cross-linking
agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or CXI-1).

[00200] The holding step comprises maintaining the solution at a suitable temperature
(e.g., about 0°C to about 37°C) for a suitable period of time (e.g., about 1hour to about 1
week, about 1 hour to about 24 hours, about 1hour to about 8 hours, or about 1hour to about
4 hours) to release the unstably bound linkers from the antibody while not substantially
releasing the stably bound linkers from the antibody. In one embodiment, the holding step
comprises 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.g., 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). In one
embodiment, the holding step comprises maintaining the solution at atemperature 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 atemperature 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 embodiment, the
holding step comprises maintaining the solution at atemperature 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).

[00201] The duration of the holding step depends on the temperature and the pH at
which the holding step isperformed. For example, the duration of the holding step can be
substantially reduced by performing the holding step at elevated temperature, with the
maximum temperature limited by the stability of the cell-binding agent-cytotoxic agent
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conjugate. The holding step can comprise maintaining the solution for about 1 hour to about
lday (e.g., about 1hour, 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 to about 24 hours, about 18 hours to about 24 hours, about 20 hours
to about 24 hours, about 5 hours to about 1week, about 20 hours to about 1 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 days, about 4 days, about 5 days, about 6 days, or about 7 days), or
about 1 day to about 1 week.

[00202] In one embodiment, the holding step comprises maintaining the solution at a
temperature of about 2 °C to about 8 °C for aperiod of at least about 12 hours for up to a
week. In another embodiment, the holding step comprises maintaining the solution at a
temperature of about 2 °C to about 8 °C overnight (e.g., about 12 to about 24 hours,
preferably about 20 hours).

[00203] The pH value for the holding step preferably is about 4 to about 10. In one
embodiment, the pH value for the holding step is about 4 or more, but less than about 6 (e.g.,
410 5.9) or about 5 or more, but less than about 6 (e.g., 5t0 5.9). In another embodiment, the
pH values for the holding step range from about 6 to about 10 (e.g., about 6.5 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 8.5, about 9, about 9.5, or about 10.

[00204] In specific embodiments, the holding step can comprise incubating the mixture
at 25°C at apH of about 6-7.5 for about 12 hours to about 1week, incubating the mixture at
4°C at apH of about 4.5-5.9 for about 5 hours to about 5 days, or incubating the mixture at
25°C at apH of about 4.5-5.9 for about 5 hours to about 1 day.

[00205] The one-step process may optionally include the addition of sucrose to the
reaction step to increase solubility and recovery of the conjugates. Desirably, sucroseis
added at a concentration of about 0.1% (w/v) to about 20% (w/v) (e.g., about 0.1% (w/v), 1%
(W/v), 5% (w/v), 10% (w/v), 15% (w/v), or 20% (w/v)). Preferably, sucrose is added at a
concentration of about 1% (w/v) to about 10% (w/v) (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% (w/v), 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 abuffering agent.
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Any suitable buffering agent known in the art can be used. Suitable buffering agents include,
for example, acitrate buffer, an acetate buffer, a succinate buffer, and aphosphate buffer. In
one embodiment, the buffering agent is selected from the group consisting of HEPPSO (N-(2-
hydroxyethyl)piperazine-N'-(2-hydroxypropanesulfonic acid)), POPSO (piperazine-l,4-bis-
(2-hydroxy-propane-sulfonic acid) dehydrate), HEPES (4-(2-hydroxyethyl)piperazine-I-
ethanesulfonic acid), HEPPS (EPPS) (4-(2-hydroxyethyl)piperazine-l-propanesulfonic acid),
TES (N-[tris(hydroxymethyl)methyl]-2-aminoethanesulfonic acid), and a combination
thereof.

[00206] In one embodiment, the one-step process can further comprise the step of
purifying the mixture to provide purified conjugate (e.g., Ab-MCC-DMI, Ab-SPDB-DM4 or
Ab-CXI-I-DMI).  Any purification methods known in the art can be used to purify the
conjugates of the present invention. In one embodiment, the conjugates of the present
invention using tangential flow filtration (TFF), non-adsorptive chromatography, adsorptive
chromatography, adsorptive filtration, selective precipitation, or any other suitable
purification process, aswell as combinations thereof. In another embodiment, prior to
subjecting the conjugates to purification process described above, the conjugates are first
filtered through one or more PVDF membranes. Alternatively, the conjugates are filtered
through one or more PV DF membranes after subjecting the conjugates to the purification
process described above. For example, in one embodiment, the conjugates are filtered
through one or more PV DF membranes and then purified using tangential flow filtration.
Alternatively, the conjugates are purified using tangential flow filtration and then filtered
through one or more PV DF membranes.

[00207] Any suitable TFF systems may be utilized for purification, including a
Pellicon type system (Millipore, Billerica, MA), a Sartocon Cassette system (Sartorius AG,
Edgewood, NY), and a Centrasette type system (Pall Corp., East Hills, NY).

[00208] Any suitable adsorptive chromatography resin may be utilized for purification.
Preferred adsorptive chromatography resins include hydroxyapatite chromatography,
hydrophobic charge induction chromatography (HCIC), hydrophobic interaction
chromatography (HIC), ion exchange chromatography, mixed mode ion exchange
chromatography, immobilized metal affinity chromatography (IMAC), dye ligand
chromatography, affinity chromatography, reversed phase chromatography, and combinations
thereof. Examples of suitable hydroxyapatite resins include ceramic hydroxyapatite (CHT
Type | and Type I, Bio-Rad Laboratories, Hercules, CA), HA Ultrogel hydroxyapatite (Pall
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Corp., East Hills, NY), and ceramic fluoroapatite (CFT Type | and Type |, Bio-Rad
Laboratories, Hercules, CA). An example 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 resins (all from GE Healthcare,
Piscataway, NJ), as well as Macro-prep Methyl and Macro-Prep t-Butyl resins (Biorad
Laboratories, Hercules, CA). Examples of suitable ion exchange resins include SP-
Sepharose, CM-Sepharose, and Q-Sepharose resins (al from GE Healthcare, Piscataway,
NJ), and Unosphere Sresin (Bio-Rad Laboratories, Hercules, CA). Examples of suitable
mixed mode ion exchangers include Bakerbond ABX resin (JT Baker, Phillipsburg NJ).
Examples of suitable IMAC resins include Chelating Sepharose resin (GE Healthcare,
Piscataway, NJ) and Profinity IMAC resin (Bio-Rad Laboratories, Hercules, CA). Examples
of suitable dye ligand resins include Blue Sepharose resin (GE Healthcare, Piscataway, NJ)
and Affi-gel Blueresin (Bio-Rad Laboratories, Hercules, CA). Examples of suitable affinity
resins include Protein A Sepharose resin (e.g., MabSelect, GE Healthcare, Piscataway, NJ)
and lectin affinity resins, e.g. Lentil Lectin Sepharose resin (GE Healthcare, Piscataway, NJ),
where the antibody bears appropriate lectin binding sites. Examples of suitable reversed
phase resins include C4, C8, and Cl 8resins (Grace Vydac, Hesperia, CA).

[00209] Any suitable non-adsorptive chromatography resin may be utilized for
purification. Examples of suitable non-adsorptive chromatography resins include, but are not
limited to, SEPHADEX™ G-25, G-50, G-100, SEPHACRYL™ resins (e.g., S-200 and S-
300), SUPERDEX™ resins (e.g., SUPERDEX™ 75 and SUPERDEX™ 200), BIO-GEL®
resins (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-Sep Process and One-Pot Process for cross-linking to lysine antibody residues

[00210] 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
invention with the cross-linking agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or
CXI-1) to covaently attach the linker (i.e., Ab-SMCC, Ab-SPDB or Ab-CXI-1) to the
antibody and thereby prepare afirst mixture comprising the antibody having the linker bound
thereto; (b) optionally subjecting the first mixture to a purification process to prepare a
purified first mixture of the antibody having the linker bound thereto; (c) conjugating the
drug (e.g., DM1, DM3, or DM4) to the antibody having the linker bound thereto in the first
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mixture by reacting the antibody having the linker bound thereto with the drug (e.g., DM1,
DM3, or DM4) in a solution having apH of about 4 to about 9 to prepare a second mixture
comprising (i) conjugate (e.g., Ab-MCC-DMI, Ab-SPDB-DM4 or Ab-CXI-I-DMI), (ii) free
drug (e.g., DM1, DM3 or DM4); and (iii) reaction by-products; and (d) subjecting the second
mixture to apurification process to purify the conjugate from the other components of the
second mixture. Alternatively, the purification step (b) can be omitted. Any purification
methods described herein can be used for steps (b) and (d). In one embodiment, TFF is used
for both steps (b) and (d). In another embodiment, TFF is used for step (b) and absorptive
chromatography (e.g., CHT) isused for step (d).

One-Sep Reagent and In-situ Process for cross-linking to lysine antibody residues

[00211] In one embodiment, the conjugates of the present invention can be prepared by
conjugating pre-formed linker-drug compound (e.g., SMCC-DM1, Sulfo-SMCC-DMI,
SPDB-DM4 or CXI-I-DMI) to the antibody of the present invention, as described in U.S.
Patent 6,441,163 and U.S. Patent Application Publication Nos. 2011/0003969 and
2008/0145374, followed by apurification step. Any purification methods described herein
can beused. The linker-drug compound is prepared by reacting the drug (e.g., DM1, DM3,
or DM4) with the cross-linking agent (e.g., SMCC, Sulfo-SMCC, SPDB, Sulfo-SPDB or
CXI-1). The linker-drug compound (e.g., SMCC-DM1, Sulfo-SMCC-DMI, SPDB-DM4 or
CXI-I-DMI) isoptionally subjected to purification before being conjugated to the antibody.

Anti-CCR7 Antibodies

[00212] The present invention provides antibodies or antibody fragments (e.g., antigen
binding fragments) that specifically bind to CCR7. Antibodies or antibody fragments (e.g.,
antigen binding fragments) of the invention include, but are not limited to, the human
monoclonal antibodies or fragments thereof, isolated as described in the Examples.

[00213] The present invention in certain embodiments provides antibodies or antibody
fragments (e.g., antigen binding fragments) that specifically bind CCR7, said antibodies or
antibody fragments (e.g., antigen binding fragments) comprise a VH domain having an amino
acid sequence of SEQ ID NO: 13, 45, 77 or 608. The present invention in certain
embodiments also provides antibodies or antibody fragments (e.g., antigen binding
fragments) that specifically bind to CCR7, said antibodies or antibody fragments (e.g.,
antigen binding fragments) comprise aVH CDR having an amino acid sequence of any one

of the VH CDRs listed in Tables 1and 4, infra. In particular embodiments, the invention

&8



WO 2018/142322 PCT/IB2018/050639

provides antibodies or antibody fragments (e.g., antigen binding fragments) that specifically
bind to CCR7, said antibodies comprising (or alternatively, consist of) one, two, three, four,
five or more VH CDRs having an amino acid sequence of any of the VH CDRs listed in
Tables 1and 4, infra.

[00214] The present invention provides antibodies or antibody fragments (e.g., antigen
binding fragments) that specifically bind to CCR7, said antibodies or antibody fragments
(e.g., antigen binding fragments) comprise aVL domain having an amino acid sequence of
SEQ ID NO: 29, 61, 93 or 624. The present invention also provides antibodies or antibody
fragments (e.g., antigen binding fragments) that specifically bind to CCR7, said antibodies or
antibody fragments (e.g., antigen binding fragments) comprise aVL CDR having an amino
acid sequence of any one of the VL CDRs listed in Tables 1and 4, infra. In particular, the
invention provides antibodies or antibody fragments (e.g., antigen binding fragments) that
specifically bind to CCR7, said antibodies or antibody fragments (e.g., antigen binding
fragments) comprise (or alternatively, consist of) one, two, three or more VL CDRs having
an amino acid sequence of any of the VL CDRslisted in Tables 1and 4, infra.

[00215] Other antibodies or antibody fragments (e.g., antigen binding fragments) of
the invention include amino acids that have been mutated, yet have at least 60, 70, 80, 90 or
95 percent identity inthe CDR regions with the CDR regions depicted in the sequences
described in Tables 1and 4. 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 in the
CDR regions when compared with the CDR regions depicted in the sequence described in
Tables 1and 4.

[00216] The present invention also provides nucleic acid sequences that encode the
VH, VL, the full length heavy chain, and the full length light chain of the antibodies that
specifically bind to CCR7. Such nucleic acid sequences can be optimized for expression in
mammalian cells.

[00217] Throughout the text of this application, should there be a discrepancy between
the text of the specification and the sequence listing, the text of the specification shall prevail.

Table 1. Examples of Anti-CCR7 Antibodies of the Present Invention

506E15 (Humanized
CysMab PAPA)
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SEQ ID NO: 1 HCDR1 GFTFSSYAMS
(Combined)
SEQ ID NO: 2 HCDR2 TISSGGSFTYYPDSVKG
(Combined)
SEQ ID NO: 3 HCDR3 RASTVVGTDFDV
(Combined)
SEQ ID NO: 4 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 5 HCDR2 TISSGGSFTYYPDSVKG
(Kabat)
SEQ ID NO: 6 HCDR3 RASTVVGTDFDV
(Kabat)
SEQ ID NO: 7 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 8 HCDR2 SSGGSF
(Chothia)
SEQ ID NO: 9 HCDR3 RASTVVGTDFDV
(Chothia)
SEQ ID NO: 10 HCDR1 GFTFSSYA
(IMGT)
SEQ ID NO: 11 HCDR2 ISSGGSFT
(IMGT)
SEQ ID NO: 12 HCDR3 ARRASTVVGTDFDV
(IMGT)
SEQ ID NO: 13 VH EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYAMSWI RQ
APGKGLEWVATISSGGSFTYYPDSVKG RFTISRDNAKNSL
YLQM NSLRAEDTAVYYCARRASTVVGT DFDVW GQGTT
VTVSS
SEQ ID NO: 14 DNA VH GAAGTGCAGCTGGTGGAATCTGGCGGCGGACTGGTCA
AGCCTGGCGGCTCCCTGAGACTGTCTTGCGCCGCCTCC
GGCTTCACCTTCTCCAGCTACGCCATGTCCTGGATCCG
GCAGGCCCCTGGCAAGGGACTGGAGTGGGTGGCCAC
CATCTCCTCCGGCGGCAGCTTCACCTACTACCCCGACTC
CGTGAAGGGCCGGTTCACCATCTCCCGGGACAACGCC
AAG AACTCCCTGTACCTGCAGATGAACTCCCTGCGGGC
CGAGGACACCGCCGTGTACTACTGTGCCAGACGGGCC
TCCACCGTCGTGGGCACCGATTTCGATGTGTGGGGCCA
GGGCACAACCGTGACCGTGTCCTCC
SEQ ID NO: 15 Heavy EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYAMSWI RQ
Chain APGKGLEWVATISSGGSFTYYPDSVKG RFTISRDNAKNSL
(DAPA, YLQM NSLRAEDTAVYYCARRASTVVGT DFDVW GQGTT
CysMab VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPCP
mutations VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
underlined) GTQTYICNVNH KPSNTKVDKRVEPKSCDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLM ISRTPEVTCVVVAVSHEDPE
VKFNWYVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLH
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QDWLNGKEYKCKVSN KALAAPI EKTISKAKGQPREPQVY
TLPPSREEMTKNQVSLTCLVKGFYPCDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
M HEALHNHYTQKSLSLSPGK

SEQ ID NO: 16

DNA Heavy
Chain

GAAGTGCAGCTGGTGGAATCTGGCGGCGGACTGGTCA
AGCCTGGCGGCTCCCTGAGACTGTCTTGCGCCGCCTCC
GGCTTCACCTTCTCCAGCTACGCCATGTCCTGGATCCG
GCAGGCCCCTGGCAAGGGACTGGAGTGGGTGGCCAC
CATCTCCTCCGGCGGCAGCTTCACCTACTACCCCGACTC
CGTGAAGGGCCGGTTCACCATCTCCCGGGACAACGCC
AAG AACTCCCTGTACCTG CAGATGAACTCCCTGCGGGC
CGAGGACACCGCCGTGTACTACTGTGCCAGACGGGCC
TCCACCGTCGTGGGCACCGATTTCGATGTGTGGGGCCA
GGGCACAACCGTGACCGTGTCCTCCGCCTCCACCAAGG
GACCCTCCGTGTTCCCTCTGGCCCCTTCCAGCAAGTCCA
CCTCTGGCGGCACCGCCGCTCTGGGCTGCCTGGTCAAG
GACTACTTCCCCTGCCCTGTGACAGTGTCCTGGAACTC
CGGCGCTCTGACCTCCGGCGTGCACACCTTCCCTGCCG
TGCTGCAGTCCTCCGGCCTGTACTCCCTGTCCTCCGTCG
TGACCGTGCCTTCCTCCAGCCTGGGCACCCAGACCTAC
ATCTGCAACGTGAACCACAAGCCCTCCAACACCAAAGT
GGACAAGCGGGTGGAACCCAAGTCCTGCGACAAGACC
CACACCTGTCCTCCCTGCCCTGCCCCTGAGCTGCTGGG
AGGCCCTTCCGTGTTCCTGTTCCCTCCAAAGCCCAAGG
ACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGC
GTGGTGGTGGCCGTGTCCCACGAGGATCCCGAAGTGA
AGTTCAATTG GTACGTG GACGGCGTGGAAGTG CACAA
TGCCAAGACCAAGCCCAGAGAGGAACAGTACAACTCC
ACCTACCGGGTGGTGTCCGTGCTGACCGTGCTGCACCA
GGACTGGCTGAACGG CAAAGAGTAC AAGTG CAAAGT
GTCCAACAAGGCCCTGGCCGCTCCCATCGAAAAGACC
ATCTCCAAGGCCAAGGGCCAGCCCAGAGAGCCCCAAG
TGTACACACTGCCTCCCAGCCGGGAAGAGATGACCAA
GAACCAAGTGTCCCTGACCTGCCTCGTGAAGGGCTTCT
ACCCCTGCGATATCGCCGTGGAGTGGGAGTCCAACGG
CCAGCCCGAGAACAACTACAAGACCACCCCTCCCGTGC
TGGACAGCGACGGCTCATTCTTCCTGTACTCCAAGCTG
ACCGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGT
TCTCCTGCTCCGTGATG CACGAGGCCCTGCACAACCAC
TACACCCAGAAGTCCCTGTCCCTGAGCCCCGGCAAG

SEQ ID NO: 17

LCDR1
(Combined)

RASQDIGSSLN

SEQ ID NO: 18

LCDR2
(Combined)

ATSSLDS

SEQ ID NO: 19

LCDR3
(Combined)

LQYASSPPT
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SEQ ID NO: 20 LCDR1 RASQDIGSSLN
(Kabat)

SEQ ID NO: 21 LCDR2 ATSSLDS
(Kabat)

SEQ ID NO: 22 LCDR3 LQYASSPPT
(Kabat)

SEQ ID NO: 23 LCDR1 SQDIGSS
(Chothia)

SEQ ID NO: 24 LCDR2 ATS
(Chothia)

SEQ ID NO: 25 LCDR3 YASSPP
(Chothia)

SEQ ID NO: 26 LCDR1 QDIGSS
(IMGT)

SEQ ID NO: 27 LCDR2 ATS
(IMGT)

SEQ ID NO: 28 LCDR3 LQYASSPPT
(IMGT)

SEQ ID NO: 29 VL DIQMTQSPSSLSASVGDRVTLTCRASQDIGSSLNWLQQK

PGKAI KRLIYATSSLDSGVPSRFSGSRSGTDYTLTISSLQPE
DFVVYYCLQYASSPPTFGGGTKLEIK

SEQ ID NO: 30 DNA VL GACATCCAGATGACCCAGAGCCCCTCCAGCCTGTCCGC
CTCCGTGGGCGATAGAGTGACCCTGACCTGCCGGGCC
TCCCAGGACATCGGCTCCTCCCTGAACTGGCTGCAGCA
GAAG CCCGGCAAGGCCATCAAG CGGCTGATCTACGCC
ACCTCCTCCCTGGACTCCGGCGTGCCCTCCCGGTTCTCT
GGCTCCAGATCCGGCACCGACTACACCCTGACCATCTC
CAGCCTGCAGCCCGAGGACTTCGTGGTGTACTACTG CcC
TGCAGTACGCCTCCAGCCCTCCCACCTTCGGCGGAGGC
ACCAAGCTGGAAATCAAG

SEQ ID NO: 31 Light Chain | DIQMTQSPSSLSASVGDRVTLTCRASQDIGSSLNWLQQK
PGKAI KRLIYATSSLDSGVPSRFSGSRSGTDYTLTISSLQPE
DFVVYYCLQYASSPPTFGGGTKLEI KRTVAAPSVFI FPPSD
EQLKSGTASVVCLLN NFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL
SSPVTKSFN RGEC

SEQ ID NO: 32 DNA Light GACATCCAGATGACCCAGAGCCCCTCCAGCCTGTCCGC
Chain CTCCGTGGGCGATAGAGTGACCCTGACCTGCCGGGCC
TCCCAGGACATCGGCTCCTCCCTGAACTGGCTGCAGCA
GAAG CCCGGCAAGGCCATCAAG CGGCTGATCTACGCC
ACCTCCTCCCTGGACTCCGGCGTGCCCTCCCGGTTCTCT
GGCTCCAGATCCGGCACCGACTACACCCTGACCATCTC
CAGCCTGCAGCCCGAGGACTTCGTGGTGTACTACTG cC
TGCAGTACGCCTCCAGCCCTCCCACCTTCGGCGGAGGC
ACCAAGCTGGAAATCAAGCGTACGGTGGCCGCTCCCA
GCGTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAG
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AGCGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACT
TCTACCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGA
CAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTC
ACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGA
GCAGCACCCTGACCCTGAGCAAGGCCGACTACGAGAA
GCATAAG GTGTACGCCTGCGAGGTGACCCACCAGGGC
CTGTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCG
AGTGC

121G12 (Humanized
CysMab, DAPA)

SEQ ID NO: 33 HCDR1 GFTFSTYAMS
(Combined)

SEQ ID NO: 34 HCDR2 TISDAGSYSYYPDNVKG
(Combined)

SEQ ID NO: 35 HCDR3 RGSRYEEYYVMDY
(Combined)

SEQ ID NO: 36 HCDR1 TYAMS
(Kabat)

SEQ ID NO: 37 HCDR2 TISDAGSYSYYPDNVKG
(Kabat)

SEQ ID NO: 38 HCDR3 RGSRYEEYYVMDY
(Kabat)

SEQ ID NO: 39 HCDR1 GFTFSTY
(Chothia)

SEQ ID NO: 40 HCDR2 SDAGSY
(Chothia)

SEQ ID NO: 41 HCDR3 RGSRYEEYYVMDY
(Chothia)

SEQ ID NO: 42 HCDR1 GFTFSTYA
(IMGT)

SEQ ID NO: 43 HCDR2 ISDAGSYS
(IMGT)

SEQ ID NO: 44 HCDR3 ARRGSRYEEYYVMDY
(IMGT)

SEQ ID NO: 45 VH EVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQ

APGKGLEWVATISDAGSYSYYPDNVKGRFTISRDNAKNSL
YLQM NSLRAEDTAVYYCARRGSRYEEYYVMDYWGQGT
TVTVSS
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SEQ ID NO: 46

DNA VH

GAAGTGCAGCTGGTGGAATCTGGCGGCGGACTGGTCA
AGCCTGGCGGCTCCCTGAGACTGTCTTGCGCCGCCTCC
GGCTTCACCTTCTCCACCTACGCCATGTCCTGGGTCCGA
CAGGCCCCTG GAAAG GGCCTGGAGTGGGTGGCCACCA
TCTCCGACGCCGGCTCCTACTCCTACTACCCCGACAAC
GTGAAGGGCCGGTTCACCATCTCCCGGGACAACGCCA
AGAACTCCCTGTACCTGCAGATGAACTCCCTGCGGGCC
GAGGACACCGCCGTGTACTACTGCGCCAGACGGGGCT
CCAGATACGAAGAGTACTACGTGATGGACTACTGGGG
CCAGGGCACAACCGTGACCGTGTCCTCC

SEQ ID NO: 47

Heavy
Chain
(DAPA,
CysMab
mutations
underlined)

EVOQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQ
APGKGLEWVATISDAGSYSYYPDNVKGRFTISRDNAKNSL
YLQM NSLRAEDTAVYYCARRGSRYEEYYVMDYWGQGT
TVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPC
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNH KPSNTKVDKRVEPKSCDKTHTCPPCPA
PELLGGPSVFLFPPKPKDTLM ISRTPEVTCVVVAVSHEDPE
VKFNWYVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSN KALAAPI EKTISKAKGQPREPQVY
TLPPSREEMTKNQVSLTCLVKGFYPCDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
M HEALHNHYTQKSLSLSPGK
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SEQ ID NO: 48

DNA Heavy
Chain

GAAGTGCAGCTGGTGGAATCTGGCGGCGGACTGGTCA
AGCCTGGCGGCTCCCTGAGACTGTCTTGCGCCGCCTCC
GGCTTCACCTTCTCCACCTACGCCATGTCCTGGGTCCGA
CAGGCCCCTG GAAAG GGCCTGGAGTGGGTGGCCACCA
TCTCCGACGCCGGCTCCTACTCCTACTACCCCGACAAC
GTGAAGGGCCGGTTCACCATCTCCCGGGACAACGCCA
AGAACTCCCTGTACCTG CAGATGAACTCCCTGCGGGCC
GAGGACACCGCCGTGTACTACTG CGCCAGACGG GGCT
CCAGATACGAAGAGTACTACGTGATGGACTACTGGGG
CCAGGGCACAACCGTGACCGTGTCCTCCGCCTCCACCA
AGGGACCCTCCGTGTTCCCTCTGGCCCCTTCCAGCAAG
TCCACCTCTG GCGGCACCGCCGCTCTGGG CTGCCTGGT
CAAGGACTACTTCCCCTGCCCTGTGACAGTGTCCTG GA
ACTCCGGCGCTCTGACCTCCGGCGTGCACACCTTCCCT
GCCGTGCTGCAGTCCTCCGGCCTGTACTCCCTGTCCTCC
GTCGTGACCGTGCCTTCCTCCAGCCTGGGCACCCAGAC
CTACATCTGCAACGTGAACCACAAGCCCTCCAACACCA
AAGTGGACAAGCGGGTGGAACCCAAGTCCTGCGACAA
GACCCACACCTGTCCTCCCTGCCCTGCCCCTGAGCTGCT
GGGAGGCCCTTCCGTGTTCCTGTTCCCTCCAAAGCCCA
AGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACC
TGCGTGGTGGTGGCCGTGTCCCACGAGGATCCCGAAG
TGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCA
CAATGCCAAGACCAAGCCCAGAGAGGAACAGTACAAC
TCCACCTACCGGGTGGTGTCCGTGCTGACCGTGCTGCA
CCAGGACTGGCTGAACG GCAAAGAGTACAAGTG CAAA
GTGTCCAACAAGGCCCTGGCCGCTCCCATCGAAAAGA
CCATCTCCAAGGCCAAGGGCCAGCCCAGAGAGCCCCA
AGTGTACACACTGCCTCCCAGCCGGGAAGAGATGACC
AAGAACCAAGTGTCCCTGACCTGCCTCGTGAAGGGCTT
CTACCCCTGCGATATCGCCGTGGAGTGGGAGTCCAAC
GGCCAGCCCGAGAACAACTACAAGACCACCCCTCCCGT
GCTGGACTCCGACGGCTCATTCTTCCTGT ACTCCAAG CT
GACCGTGGACAAGTCCCGGTGGCAGCAGGGCAACGT
GTTCTCCTGCTCCGTGATG CACGAGGCCCTGCACAACC
ACTACACCCAGAAGTCCCTGTCCCTG AGCCCCGGCAAG

SEQ ID NO: 49

LCDR1
(Combined)

RASQSISN NLH

SEQ ID NO: 50

LCDR2
(Combined)

YASQSIS

SEQ ID NO: 51

LCDR3
(Combined)

QQSSSWLT

SEQ ID NO: 52

LCDR1
(Kabat)

RASQSISN NLH

SEQ ID NO: 53

LCDR2
(Kabat)

YASQSIS
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SEQ ID NO: 54 LCDR3 QQSSSWLT
(Kabat)
SEQ ID NO: 55 LCDR1 SQSISN N
(Chothia)
SEQ ID NO: 56 LCDR2 YAS
(Chothia)
SEQ ID NO: 57 LCDR3 SSSWL
(Chothia)
SEQ ID NO: 58 LCDR1 QSISNN
(IMGT)
SEQ ID NO: 59 LCDR2 YAS
(IMGT)
SEQ ID NO: 60 LCDR3 QQSSSWLT
(IMGT)
SEQID NO: 61 VL EIVLTQSPATLSVSPGERVTLSCRASQSISNN LHWYQQKP
GQAPRLUKYASQSISGIPARFSGSGSGTDFTLTISSVEPED
FGVYFCQQSSSWLTFGQGTKLEIK
SEQ ID NO: 62 DNA VL GAGATCGTGCTGACACAGTCCCCTGCCACCCTGTCTGT
GTCTCCCGGCGAGAGAGTGACCCTGTCCTGCCGGGCC
TCCCAGTCCATCTCCAACAACCTGCACTGGTATCAGCA
GAAGCCCGGCCAGGCCCCTCGGCTGCTGATTAAGTAC
GCCTCCCAGAGCATCTCCGGCATCCCTGCCAGATTCTC
CGGCTCCGGCAGCGGCACCGACTTCACCCTGACCATCT
CCAGCGTGGAACCCGAGGACTTCGGCGTGTACTTCTGC
CAGCAGTCCTCCTCCTGGCTGACCTTCGGCCAGGGCAC
CAAGCTGGAAATCAAG
SEQ ID NO: 63 Light Chain EIVLTQSPATLSVSPGERVTLSCRASQSISNNLHWYQQKP
GQAPRLLIKYASQSISGIPARFSGSGSGTDFTLTISSVEPED
FGVYFCQQSSSWLTFGQGTKLEIKRTVAAPSVFI FPPSDE
QLKSGTASVVCLLNN FYPREAKVQWKVDNALQSGNSQE
SVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFN RG EC
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SEQ ID NO: 64 DNA Light GAGATCGTGCTGACACAGTCCCCTGCCACCCTGTCTGT
Chain GTCTCCCGGCGAGAGAGTGACCCTGTCCTGCCGGGCC
TCCCAGTCCATCTCCAACAACCTGCACTGGTATCAGCA
GAAGCCCGGCCAGGCCCCTCGGCTGCTGATTAAGTAC
GCCTCCCAGAGCATCTCCGGCATCCCTGCCAGATTCTC
CGGCTCCGGCAGCGGCACCGACTTCACCCTGACCATCT
CCAGCGTGGAACCCGAGGACTTCGGCGTGTACTTCTGC
CAGCAGTCCTCCTCCTGGCTGACCTTCGGCCAGGGCAC
CAAGCTGGAAATCAAGCGTACGGTG GCCGCTCCCAGC
GTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAG
CGGCACCGCCAGCGTGGTGTGCCTG CTGAACAACTTCT
ACCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACA
ACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCAC
CGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGC
AGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGC
ATAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCT
GTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAG
TGC
674313 (Humanized,
CysMab DAPA)
SEQ ID NO: 65 HCDR1 GYSITSGYSWH
(Combined)
SEQ ID NO: 66 HCDR2 HIHSSGSTNYNPSLKS
(Combined)
SEQ ID NO: 67 HCDR3 GGVQAFAY
(Combined)
SEQ ID NO: 68 HCDR1 SGYSWH
(Kabat)
SEQ ID NO: 69 HCDR2 HIHSSGSTNYN PSLKS
(Kabat)
SEQ ID NO: 70 HCDR3 GGVQAFAY
(Kabat)
SEQ ID NO: 71 HCDR1 GYSITSGY
(Chothia)
SEQ ID NO: 72 HCDR2 HSSGS
(Chothia)
SEQ ID NO: 73 HCDR3 GGVQAFAY
(Chothia)
SEQ ID NO: 74 HCDR1 GYSITSGYS
(IMGT)
SEQ ID NO: 75 HCDR2 IHSSGST
(IMGT)
SEQ ID NO: 76 HCDR3 ARGGVQAFAY
(IMGT)
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SEQ ID NO: 77 VH DVQLQESGPGLVKPSQTLSLTCTVSGYSITSGYSWHWIR
QHPGKGLEWMAH IHSSGSTNYN PSLKSRITISRDTSKNQ
FSLKLSSVTAADTAVYYCARGGVQAFAYWGQGTLVTVSS

SEQ ID NO: 78 DNA VH GACGTGCAGCTGCAGGAATCTGGCCCTGGCCTGGTCA
AGCCCTCCCAGACCCTGTCCCTGACCTGCACCGTGTCC
GGCTACTCTATCACCTCCGG CTACAGCTG GCACTG GAT
CCGGCAGCACCCCGGCAAGGGCCTGGAATGGATGGCC
CACATCCACTCCTCCGGCTCCACCAACTACAACCCCAGC
CTGAAGTCCCGGATCACCATCTCCCGGGACACCTCCAA
GAACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCCG
CTGACACCGCCGTGTACTACTGTGCCAGAGGCGGCGT
GCAGGCCTTCGCTTATTGGGGCCAGGGAACCCTGGTC

ACCGTGTCCTCC

SEQ ID NO: 79 Heavy DVQLQESG PG LVKPSQTLSLTCTVSGYSITSGYSW HW IR
Chain QHPGKGLEWMAH IHSSGSTNYN PSLKSRITISRDTSKNQ
(DAPA, FSLKLSSVTAADTAVYYCARGGVQAFAYWGQGTLVTVSS
CysMab ASTKG PSVFPLAPSSKSTSGGTAALGC LVKDYFPCPVTVS
mutations WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQT

underlined) YICNVN HKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVAVSH EDPEVKFNW
YVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSN KALAAPI EKTISKAKGQPREPQVYTLPPSRE
EMTKNQVSLTCLVKGFYPCDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM HEALH
NHYTQKSLSLSPGK
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SEQ ID NO: 80

DNA Heavy
Chain

GACGTGCAGCTGCAGGAATCTGGCCCTGGCCTGGTCA
AGCCCTCCCAGACCCTGTCCCTGACCTGCACCGTGTCC
GGCTACTCTATCACCTCCGGCTACAGCTGGCACTGGAT
CCGGCAGCACCCCGGCAAGGGCCTGGAATGGATGGCC
CACATCCACTCCTCCGGCTCCACCAACTACAACCCCAGC
CTGAAGTCCCGGATCACCATCTCCCGGGACACCTCCAA
GAACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCCG
CTGACACCGCCGTGTACTACTGTGCCAGAGGCGGCGT
GCAGGCCTTCGCTTATTGGGGCCAGGGAACCCTGGTC
ACCGTGTCCTCCGCCAGCACCAAGGGACCCTCCGTGTT
CCCTCTGGCCCCTTCCAGCAAGTCCACCTCTGGCGGCA
CCGCCGCTCTGGGCTGCCTCGTGAAGGACTACTTCCCC
TGCCCCGTGACCGTGTCCTGGAACTCCGGCGCTCTGAC
CTCCGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCT
CCGGCCTGTACTCCCTGTCCAGCGTCGTGACCGTGCCC
TCCAGCTCTCTGGGCACCCAGACCTACATCTGCAACGT
GAACCACAAGCCCTCCAACACCAAAGTGGACAAGCGG
GTGGAACCCAAGTCCTGCGACAAGACCCACACCTGTCC
TCCCTGCCCTGCCCCTGAGCTGCTGGGAGGCCCTTCCG
TGTTCCTGTTCCCTCCAAAG CCCAAG GACACCCTGATG
ATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGG
CCGTGTCCCACGAGGATCCCGAAGTGAAGTTCAATTG
GTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACC
AAGCCCAGAGAGGAACAGTACAACTCCACCTACCGGG
TGGTGTCCGTGCTGACCGTGCTGCACCAGGACTGGCT
GAACG GCAAAGAGTACAAGTG CAAAGTGTCCAACAAG
GCCCTGGCCGCTCCCATCGAAAAGACCATCTCCAAGGC
CAAGGGCCAGCCCAGAGAGCCCCAAGTGTACACACTG
CCTCCCAGCCGGGAAGAGATGACCAAGAATCAAGTGT
CCCTGACCTGTCTGGTCAAGGGCTTCTACCCCTGCGAT
ATCGCCGTGGAGTGGGAGTCCAACGGCCAGCCCGAGA
ACAACTACAAGACCACCCCTCCCGTGCTGGACTCCGAC
GGCTCATTCTTCCTGTACTCCAAGCTGACCGTGGACAA
GTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGCTCCG
TGATGCACGAGGCCCTGCACAACCACTACACCCAGAA
GTCCCTGAGCCTGTCCCCTGGCAAG

SEQ ID NO: 81

LCDR1
(Combined)

SASSSVIYMH

SEQ ID NO: 82

LCDR2
(Combined)

DTSKLAS

SEQ ID NO: 83

LCDR3
(Combined)

QQWSSN PLT

SEQ ID NO: 84

LCDR1
(Kabat)

SASSSVIYMH

SEQ ID NO: 85

LCDR2
(Kabat)

DTSKLAS
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SEQ ID NO: 86 LCDR3 QQWSSN PLT
(Kabat)
SEQ ID NO: 87 LCDR1 SSSVIY
(Chothia)
SEQ ID NO: 88 LCDR2 DTS
(Chothia)
SEQ ID NO: 89 LCDR3 WSSN PL
(Chothia)
SEQ ID NO: 90 LCDR1 SSVIY
(IMGT)
SEQ ID NO: 91 LCDR2 DTS
(IMGT)
SEQ ID NO: 92 LCDR3 QQWSSN PLT
(IMGT)
SEQ ID NO: 93 VL EIVLTQSPATLSASPGERVTMSCSASSSVIYM HWYQQKP
GQAPRRWIYDTSKLASGVPARFSGSGSGTDYTLTISSM EP
EDAAVYYCQQWSSN PLTFGQGTKLEIK
SEQ ID NO: 94 DNA VL GAGATCGTGCTGACACAGTCCCCTGCCACCCTGTCCGC
CTCTCCAGGCGAGCGCGTGACAATGTCCTGCTCCGCCT
CCTCCTCCGTGATCTACATGCACTGGTATCAGCAGAAG
CCCGGCCAGGCCCCTCGGCGGTGGATCTACGATACCTC
CAAGCTGGCCTCCGGCGTGCCCGCCAGATTCTCCGGCT
CTGGCTCTGGCACCGACTACACCCTGACCATCTCCAGC
ATGGAACCCGAGGACGCCGCCGTGTACTACTGCCAGC
AGTG GTCCTCCAACCCTCTGACCTTCGGCCAGGGCACC
AAGCTGGAAATCAAG
SEQ ID NO: 95 Light Chain EIVLTQSPATLSASPGERVTMSCSASSSVIYM HWYQQKP
GQAPRRWIYDTSKLASGVPARFSGSGSGTDYTLTISSM EP
EDAAVYYCQQWSSN PLTFGQGTKLEIKRTVAAPSVFIFPP
SDEQLKSGTASVVCLLN NFYPREAKVQWKVDNALQSGN
SQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFN RGEC
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SEQ ID NO: 96 DNA Light GAGATCGTGCTGACACAGTCCCCTGCCACCCTGTCCGC
Chain CTCTCCAGGCGAGCGCGTGACAATGTCCTGCTCCGCCT
CCTCCTCCGTGATCTACATGCACTGGTATCAGCAGAAG
CCCGGCCAGGCCCCTCGGCGGTGGATCTACGATACCTC
CAAGCTGGCCTCCGGCGTGCCCGCCAGATTCTCCGGCT
CTGGCTCTGGCACCGACTACACCCTGACCATCTCCAGC
ATGGAACCCGAGGACGCCGCCGTGTACTACTGCCAGC
AGTG GTCCTCCAACCCTCTGACCTTCGGCCAGGGCACC
AAG CTGGAAATCAAG CGTACGGTGGCCGCTCCCAGCG
TGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAGC
GGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTA
CCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACAA
CGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACC
GAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCA
GCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCA
TAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCTG
TCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGT
GC

[00218] Other antibodies of the invention include those where the amino acids or nucleic
acids encoding the amino acids have been mutated, yet have at least 60, 70, 80, 90 or 95 percent
identity to the sequences described in Tables 1and 4. In some embodiments, 1, 2, 3,4 0r 5
amino acids have been mutated in the variable regions when compared with the variable regions
depicted in the sequence described in Tables 1 and 4, while retaining substantially the same
therapeutic activity asthe antibodies listed in Tables 1 and 4.

[00219] Since each of these antibodies can bind to CCR7, the VH, VL, full length light
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 CCR7-binding
antibodies of the invention. Such "mixed and matched" CCR7-binding antibodies can be tested
using the binding assays known in the art (e.g., ELISAS, and other assays described in the
Example section). When these chains are mixed and matched, aVVH sequence from a particular
VH/VL pairing should be replaced with a structuraly similar VH sequence. Likewise afull
length heavy chain sequence from aparticular full length heavy chain/ full length light chain
pairing should be replaced with a structurally similar full length heavy chain sequence. Likewise,
aVL sequence from aparticular VH/VL pairing should be replaced with a structurally similar VL
sequence. Likewise afull length light chain sequence from aparticular full length heavy chain /
full length light chain pairing should be replaced with a structurally similar full length light chain
sequence. Accordingly, in one aspect, the invention provides an isolated monoclonal antibody or

antigen binding region thereof having: aheavy chain variable region comprising an amino acid
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sequence selected from the group consisting of SEQ ID NOs: 13, 45, 77 and 608; and alight
chain variable region comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs: 29, 61, 93 and 624; wherein the antibody specifically binds to CCRY.

[00220] In another aspect, the invention provides (i) an isolated monoclonal antibody
having: afull length heavy chain comprising an amino acid sequence that has been optimized for
expression in the cell of amammalian expression system selected from the group consisting of
SEQ ID NOs: 15, 47, 79 and 610; and afull length light chain comprising an amino acid
sequence that has been optimized for expression in the cell of amammalian selected from the
group consisting of SEQ ID NOs: 31, 63, 95 and 626; or (ii) afunctional protein comprising an
antigen binding portion thereof.

[00221] In another aspect, the present invention provides CCR7-binding antibodies that
comprise the heavy chain and light chain CDRIs, CDR2s and CDRS3s as described in Tables 1
and 4, or combinations thereof. The amino acid sequences of the VH CDRIs of the antibodies
are shown, for example, in SEQ ID NOs: 1, 4, 7, 10, 33, 36, 39, 42, 65, 68, 71 and 74. The amino
acid segquences of the VH CDR2s of the antibodies and are shown, for example, in SEQ ID NOs:
2,5,8, 11, 34, 37, 40, 43, 66, 69, 72 and 75. The amino acid sequences of the VH CDRS3s of the
antibodies are shown, for example, in SEQ ID NOs:. 3, 6, 9, 12, 35, 38, 41, 44, 67, 70, 73 and 76.
The amino acid sequences of the VL CDRIs of the antibodies are shown, for example, in SEQ ID
NOs. 17, 20, 23, 26, 49, 52, 55, 58, 81, 84, 87 and 90. The amino acid sequences of the VL
CDR2s of the antibodies are shown, for example, in SEQ ID Nos. 18, 21, 24, 27, 50, 53, 56, 59,
82, 85, 88 and 91. The amino acid segquences of the VL CDR3s of the antibodies are shown, for
example, in SEQ ID NOs: 19, 22, 25, 28, 51, 54, 57, 60, 83, 86, 89 and 92.

[00222] Given that each of these antibodies can bind to CCR7 and that antigen-binding
specificity is provided primarily by the CDR1, 2 and 3 regions, the VH CDR1, CDR2 and CDR3
sequences and VL CDR1, CDR2 and CDR3 sequences can be "mixed and matched" (i.e, CDRs
from different antibodies can be mixed and matched. Such "mixed and matched" CCR7-binding
antibodies can be tested using the binding assays known in the art and those described in the
Examples (eg., ELISAS). When VH CDR sequences are mixed and matched, the CDR1, CDR2
and/or CDR3 sequence from aparticular VH sequence should be replaced with a structurally
similar CDR sequence(s). Likewise, when VL CDR seguences are mixed and matched, the
CDR1, CDR2 and/or CDR3 sequence from aparticular VL segquence 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 sequences can be created by substituting one or more VH and/or VL CDR
region sequences with structurally similar sequences from the CDR sequences shown herein for

monoclonal antibodies of the present invention.

102



WO 2018/142322 PCT/IB2018/050639

[00223] Accordingly, in some embodiments, the present invention provides an isolated
monoclonal antibody or antigen binding region thereof comprising aheavy chain CDRI
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 1, 4, 7,
10, 33, 36, 39, 42, 65, 68, 71, 74, 596, 599, 602 and 605; aheavy chain CDR2 comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs:. 2,5, 8, 11, 34, 37, 40,
43, 66, 69, 72, 75, 597, 600, 603 and 606; a heavy chain CDR3 comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 3, 6, 9, 12, 35, 38, 41, 44, 67, 70,
73, 76, 598, 601, 604 and 607; alight chain CDRI comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 17, 20, 23, 26, 49, 52, 55, 58, 81, 84, 87, 90, 612, 615,
618 and 621 ; alight chain CDR2 comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs. 18, 21, 24, 27, 50, 53, 56, 59, 82, 85, 88, 91, 613, 616, 619 and 622;
and alight chain CDR3 comprising an amino acid sequence selected from the group consisting of
SEQ ID NOs:. 19, 22, 25, 28, 51, 54, 57, 60, 83, 86, 89, 92, 614, 617, 620 and 623; wherein the
antibody specifically binds CCRY.

[00224] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:1, a
heavy chain CDR2 of SEQ ID NO:2; aheavy chain CDR3 of SEQ ID NO:3; alight chain CDRI
of SEQ ID NO: 17; alight chain CDR2 of SEQ ID NO: 18; and alight chain CDR3 of SEQ ID
NO: 19.

[00225] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:4, a
heavy chain CDR2 of SEQ ID NO:5; aheavy chain CDR3 of SEQ ID NO:6; alight chain CDRI
of SEQ ID NO:20; alight chain CDR2 of SEQ ID NO:21; and alight chain CDR3 of SEQ ID
NO:22.

[00226] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:7, a
heavy chain CDR2 of SEQ ID NO:8; aheavy chain CDR3 of SEQ ID NO:9; alight chain CDRI
of SEQ ID NO:23; alight chain CDR2 of SEQ ID NO:24; and alight chain CDR3 of SEQ ID
NO:25.

[00227] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO: 10, a
heavy chain CDR2 of SEQ ID NO: 11; aheavy chain CDR3 of SEQ ID NO: 12; alight chain
CDRI of SEQ ID NO:26; alight chain CDR2 of SEQ ID NO:27; and alight chain CDR3 of SEQ
ID NO:28.
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[00228] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:33, a
heavy chain CDR2 of SEQ ID NO:34; aheavy chain CDR3 of SEQ ID NO:35; alight chain
CDRI of SEQ ID NO:49; alight chain CDR2 of SEQ ID NO:50; and alight chain CDR3 of SEQ
ID NO:51

[00229] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:36, a
heavy chain CDR2 of SEQ ID NO:37; aheavy chain CDR3 of SEQ ID NO:38; alight chain
CDRI of SEQ ID NO:52; alight chain CDR2 of SEQ ID NO:53; and alight chain CDR3 of SEQ
ID NO:54.

[00230] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:39, a
heavy chain CDR2 of SEQ ID NO:40; aheavy chain CDR3 of SEQ ID NO:41; alight chain
CDRI of SEQ ID NO:55; alight chain CDR2 of SEQ ID NO:56; and alight chain CDR3 of SEQ
ID NO:57.

[00231] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:42, a
heavy chain CDR2 of SEQ ID NO:43; aheavy chain CDR3 of SEQ ID NO:44; alight chain
CDRI of SEQ ID NO:58; alight chain CDR2 of SEQ ID NO:59; and alight chain CDR3 of SEQ
ID NO:60.

[00232] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:65, a
heavy chain CDR2 of SEQ ID NO:66; aheavy chain CDR3 of SEQ ID NO:67; alight chain
CDRI of SEQ ID NO:81; alight chain CDR2 of SEQ ID NO:82; and alight chain CDR3 of SEQ
ID NO:83.

[00233] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:68, a
heavy chain CDR2 of SEQ ID NO:69; aheavy chain CDR3 of SEQ ID NO:70; alight chain
CDRI of SEQ ID NO:84; alight chain CDR2 of SEQ ID NO:85; and alight chain CDR3 of SEQ
ID NO: 86.

[00234] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:71, a
heavy chain CDR2 of SEQ ID NO:72; aheavy chain CDR3 of SEQ ID NO:73; alight chain
CDRI of SEQ ID NO:87; alight chain CDR2 of SEQ ID NO:88; and alight chain CDR3 of SEQ
ID NO: 89.
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[00235] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain CDRI of SEQ ID NO:74, a
heavy chain CDR2 of SEQ ID NO:75; aheavy chain CDR3 of SEQ ID NO:76; alight chain
CDRI of SEQ ID NO:90; alight chain CDR2 of SEQ ID NO:91 ; and alight chain CDR3 of SEQ
ID NO:92.

[00236] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain variable region that
comprises an HCDR1 of SEQ ID NO:596, an HCDR2 of SEQ ID NO:597, and an HCDRS3 of
SEQ ID NO:598; and alight chain variable region that comprises an LCDR1 of SEQ ID NO:612,
an LCDR2 of SEQ ID NO:613, and an LCDR3 of SEQ ID NO:614.

[00237] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain variable region that
comprises an HCDR1 of SEQ ID NO:599, an HCDR2 of SEQ ID NO:600, and an HCDRS3 of
SEQ ID NO:601 ; and alight chain variable region that comprises an LCDR1 of SEQ ID NO:615,
an LCDR2 of SEQ ID NO:616, and an LCDR3 of SEQ ID NO:617.

[00238] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain variable region that
comprises an HCDR1 of SEQ ID NO: 602, an HCDR2 of SEQ ID NO: 603, and an HCDRS3 of
SEQ ID NO:604; and alight chain variable region that comprises an LCDR1 of SEQ ID NO:618,
an LCDR2 of SEQ ID NO: 619, and an LCDR3 of SEQ ID NO: 620.

[00239] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain variable region that
comprises an HCDR1 of SEQ ID NO:605, an HCDR2 of SEQ ID NO:606, and an HCDRS3 of
SEQ ID NO:607; and alight chain variable region that comprises an LCDR1 of SEQ ID NO:621,
an LCDR2 of SEQ ID NO:622, and an LCDR3 of SEQ ID NO:623.

[00240] In a specific embodiment, an antibody or antibody fragment (e.g., antigen
binding fragments) that specifically binds to CCR7 comprises aheavy chain variable region (VH)
comprising the amino acid sequence of SEQ ID NO: 13, and alight chain variable region (VL)
comprising the amino acid sequence of SEQ ID NO:29.

[00241] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain variable region (VH)
comprising the amino acid sequence of SEQ ID NO:45, and alight chain variable region (VL)
comprising the amino acid sequence of SEQ ID NO:61.

[00242] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain variable region (VH)
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comprising the amino acid sequence of SEQ ID NO:77, and alight chain variable region (VL)
comprising the amino acid sequence of SEQ ID NO:93.

[00243] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain variable region (VH)
comprising the amino acid sequence of SEQ ID NO: 608, and alight chain variable region (VL)
comprising the amino acid sequence of SEQ ID NO: 624.

[00244] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain comprising the amino acid
sequence of SEQ ID NO: 15, and alight chain comprising the amino acid sequence of SEQ ID
NO:31.

[00245] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain comprising the amino acid
sequence of SEQ ID NO:47, and alight chain comprising the amino acid sequence of SEQ ID
NO:63.

[00246] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain comprising the amino acid
sequence of SEQ ID NO:79, and alight chain comprising the amino acid sequence of SEQ ID
NO:95.

[00247] In a specific embodiment, an antibody or antibody fragment (e.g., antigen binding
fragments) that specifically binds to CCR7 comprises aheavy chain comprising the amino acid
sequence of SEQ ID NO:610, and alight chain comprising the amino acid sequence of SEQ ID
NO: 626

[00248] In certain embodiments, an antibody that specifically binds to CCR7 is an
antibody or antibody fragment (e.g., antigen binding fragment) that is described in Tables 1 and
4.

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

[00249] The present invention also provides antibodies and antibody fragments (e.g.,
antigen binding fragments) that specifically bind to the same epitope as the anti-CCR7 antibodies
described in Tables 1 and 4, or cross compete with the antibodies described in Tables 1 and 4.
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 inhibit the binding of, in
astatisticaly significant manner) with other antibodies of the invention in CCR7 binding assays,
for example, via BIACORE or assays known to persons skilled in the art for measuring binding.
The ability of atest antibody to inhibit the binding of antibodies and antibody fragments (e.g.,
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antigen binding fragments) of the present invention to a CCR7 (e.g., human CCR7) demonstrates
that the test antibody can compete with that antibody or antibody fragment (e.g., antigen binding
fragments) for binding to CCR7; such an antibody may, according to non-limiting theory, bind to
the same or arelated (eg., astructuraly similar or spatially proximal or overlapping) epitope on
the CCRY protein as the antibody or antibody fragment (e.g., antigen binding fragments) with
which it competes. In certain embodiments, the antibodies that bind to the same epitope on
CCRY7 asthe antibodies or antibody fragments (e.g., antigen binding fragments) described in
Tables 1 and 4 are human or humanized monoclonal antibodies. Such human or humanized

monoclonal antibodies can be prepared and isolated as described herein.

2. Further Alteration of the Framework of Fc Region

[00250] The immunoconjugates of the invention may comprise modified antibodies or
antigen binding fragments thereof that further comprise modifications to framework residues
within VH and/or VL, eg. toimprove the properties of the antibody. In some embodiments, the
framework modifications are made to decrease the immunogenicity of the antibody. For
example, one approach isto "back-mutate” one or more framework residues to the corresponding
germline sequence. More specifically, an antibody that has undergone somatic mutation may
contain framework residues that differ from the germline sequence from which the antibody is
derived. Such residues can be identified by comparing the antibody framework sequences to the
germline sequences from which the antibody is derived. To return 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 aso intended to be encompassed by the invention.

[00251] Another type of framework modification involves mutating one or more residues
within the framework region, or even within one or more CDR regions, to remove T-cell epitopes
to thereby reduce the potential immunogenicity of the antibody. This approach is aso referred to
as "deimmunization" and is described in further detail in U.S. Patent Publication No.
20030153043 by Carr et al.

[00252] In addition or in the aternative to modifications made within the framework or
CDR regions, antibodies of the invention may be engineered to include modifications within the
Fc region, typically to ater one or more functional properties of the antibody, such as serum half-
life, complement fixation, Fc receptor binding, and/or antigen-dependent cellular cytotoxicity
(ADCC). Furthermore, an antibody of the invention may be chemically modified (e.g., one or

more chemical moieties can be attached to the antibody) or be modified to alter its glycosylation,
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again to alter one or more functional properties of the antibody. Each of these embodimentsis
described in further detail below.

[00253] In one embodiment, the hinge region of CHI is modified such that the number of
cysteine residues in the hinge region is altered, e.g., increased or decreased. This approachis
described further in U.S. Patent No. 5,677,425 by Bodmer et al. The number of cysteine residues
in the hinge region of CHI is altered to, for example, facilitate assembly of the light and heavy
chains or to increase or decrease the stability of the antibody.

[00254] In some embodiments, the antibody or antibody fragment disclosed herein
include modified or engineered amino acid residues, e.g., one or more cysteine residues, as
sites for conjugation to adrug moiety (Junutula JR, et al., Nat Biotechnol 2008, 26:925-932).
In one embodiment, the invention provides a modified antibody or antibody fragment
comprising a substitution of one or more amino acids with cysteine at the positions described
herein. Sites for cysteine substitution are in the constant regions of the antibody or antibody
fragment and are thus applicable to avariety of antibody or antibody fragment, and the sites
are selected to provide stable and homogeneous conjugates. A modified antibody or
fragment can have one, two or more cysteine substitutions, and these substitutions can be
used in combination with other modification and conjugation methods as described herein.
Methods for inserting cysteine at specific locations of an antibody are known in the art, see,
eg., Lyons et al , (1990) Protein Eng., 3:703-708, WO 201 1/005481, W02014/124316, WO
2015/138615. In certain embodiments, amodified antibody comprises a substitution of one
or more amino acids with cysteine on its constant region selected from positions 117, 119,
121, 124, 139, 152, 153, 155, 157, 164, 169, 171, 174, 189, 191, 195, 197, 205, 207, 246,
258, 269, 274, 286, 288, 290, 292, 293, 320, 322, 326, 333, 334, 335, 337, 344, 355, 360,
375, 382, 390, 392, 398, 400 and 422 of aheavy chain of the antibody, and wherein the
positions are numbered according to the EU system. In some embodiments amodified
antibody or antibody fragment comprises a substitution of one or more amino acids with
cysteine on its constant region selected from positions 107, 108, 109, 114, 129, 142, 143,
145, 152, 154, 156, 159, 161, 165, 168, 169, 170, 182, 183, 197, 199, and 203 of alight chain
of the antibody or antibody fragment, wherein the positions are numbered according to the
EU system, and wherein the light chain is ahuman kappa light chain. In certain
embodiments a modified antibody or antibody fragment thereof comprises a combination of
substitution of two or more amino acids with cysteine on its constant regions wherein the

combinations comprise substitutions at positions 375 of an antibody heavy chain, position
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152 of an antibody heavy chain, position 360 of an antibody heavy chain, or position 107 of
an antibody light chain and wherein the positions are numbered according to the EU system.
In certain embodiments a modified antibody or antibody fragment thereof comprises a
substitution of one amino acid with cysteine on its constant regions wherein the substitution
isposition 375 of an antibody heavy chain, position 152 of an antibody heavy chain, position
360 of an antibody heavy chain, position 107 of an antibody light chain, position 165 of an
antibody light chain or position 159 of an antibody light chain and wherein the positions are
numbered according to the EU system, and wherein the light chain isakappa chain. In
particular embodiments a modified antibody or antibody fragment thereof comprises a
combination of substitution of two amino acids with cysteine on its constant regions wherein
the combinations comprise substitutions at positions 375 of an antibody heavy chain and
position 152 of an antibody heavy chain, wherein the positions are numbered according to the
EU system. In particular embodiments amodified antibody or antibody fragment thereof
comprises asubstitution of one amino acid with cysteine at position 360 of an antibody heavy
chain, wherein the positions are numbered according to the EU system. In other particular
embodiments amodified antibody or antibody fragment thereof comprises a substitution of
one amino acid with cysteine at position 107 of an antibody light chain and wherein the
positions are numbered according to the EU system, and wherein the light chain is akappa
chain.

[00255] In additional embodiments antibodies or antibody fragments (e.g., antigen
binding fragment) useful in immunoconjugates of the invention include modified or
engineered antibodies, such as an antibody modified to introduce one or more other reactive
amino acid (other than cysteine), including Pel, pyrrolysine, peptide tags (such as S6, Al and
ybbR tags), and non-natural amino acids, in place of at least one amino acid of the native
sequence, thus providing areactive site on the antibody or antigen binding fragment for
conjugation to adrug moiety or alinker-drug moiety with complementary reactivity. For
example, the antibodies or antibody fragments can be modified to incorporate Pel or
pyrrolysine (W. Ou, et al., (2011) PNAS 108 (26), 10437-10442; W02014124258) or
unnatural amino acids (J.Y. Axup, et al, Proc Natl Acad Sci U SA, 109 (2012), pp. 16101—
16106; for review, see C.C. Liu and P.G. Schultz (2010) Annu Rev Biochem 79, 413-444,;
C.H. Kim, etal, (2013) Curr Opin Chem Biol. 17, 412-419) as sites for conjugation to a
drug. Similarly, peptide tags for enzymatic conjugation methods can be introduced into an

antibody (Strop P., et al, Chem Biol. 2013, 20(2): 161-7; Rabuka D., Curr Opin Chem Bial.
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2010 Dec;14(6):790-6; Rabuka D, etal, Nat Protoc. 2012, 7(6): 1052-67). One other
example isthe use of 4'-phosphopantetheinyl transferases (PPTase) for the conjugation of
Co-enzyme A analogs (W02013184514), and (GrQnewald et al., (2015) Bioconjugate Chem.
26 (12), 2554-62). Methods for conjugating such modified or engineered antibodies with

payloads or linker-payload combinations are known in the art.

[00256] In another embodiment, the Fc hinge region of an antibody is mutated to
decrease the biological half-life of the antibody. More specifically, one or more amino acid
mutations are introduced into the CH2-CH3 domain interface region of the Fc-hinge fragment
such that the antibody has impaired Staphylococcyl protein A (SpA) binding relative to
native Fc-hinge domain SpA binding. This approach is described in further detail in U.S.
Patent No. 6,165,745 by Ward et al.

[00257] In yet other embodiments, the Fc region is altered by replacing at least one
amino acid residue with adifferent amino acid residue to alter the effector functions of the
antibody. For example, one or more amino acids can be replaced with adifferent amino acid
residue such that the antibody has an altered affinity for an effector ligand but retains the
antigen-binding ability of the parent antibody. The effector ligand to which affinity is altered
can be, for example, an Fc receptor or the Cl component of complement. This approach is
described in, e.g., U.S. Patent Nos. 5,624,821 and 5,648,260, both by Winter et al.

[00258] 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 abolished complement dependent cytotoxicity (CDC). This
approach is described in, e.g., U.S. Patent Nos. 6,194,551 by ldusogie €t al.

[00259] In another embodiment, one or more amino acid residues are altered to thereby
ater the ability of the antibody to fix complement. This approach is described in, e.g., the
PCT Publication WO 94/29351 by Bodmer etal. Allotypic amino acid residues include, but
are not limited to, constant region of aheavy chain of the IgGl, 1gG2, and 1gG3 subclasses as
well as constant region of alight chain of the kappa isotype as described by Jefferis et al. ,
MAbs. 1:332-338 (2009).

[00260] Antibody fusion protein complexes containing such mutations mediate reduced or
no antibody-dependent cellular cytotoxicity (ADCC) or complement-dependent cytotoxicity
(CDC). In some embodiments, amino acid residues L234 and L235 of the IgGl constant
region are substituted to A234 and A235. In some embodiments, amino acid residue N267 of

the 1IgGI constant region is substituted to A267. In some embodiments, amino acid residues
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D265 and P329 of the IgGl constant region are substituted to A265 and A329. In certain
embodiments an immunoglobulin heavy chain optionally comprises amutation or
combination of mutations conferring reduced effector function selected from any of D265A,
P329A, P329G, N297A, D265A/P329A, D265A/N297A, L234/L235A,
P329A/L234A/L235A, and P329G/L234A/L235A. In particular embodiments, an
immunoconjugate comprises an immunoglobulin heavy chain comprising amutation or
combination of mutations conferring reduced effector function selected from any of D265A,
P329A, P329G, N297A, D265A/P329A, D265A/N297A, L234/L235A,
P329A/L234A/L235A, and P329G/L234A/L235A

[00261] In another embodiment, one or more amino acid residues are altered to thereby
ater the ability of the antibody to fix complement. This approach is described in, e.g., the
PCT Publication WO 94/2935 1 by Bodmer et al. In a specific embodiment, one or more
amino acids of an antibody or antigen binding fragment thereof of the present invention are
replaced by one or more allotypic amino acid residues. Allotypic amino acid residues also
include, but are not limited to, the constant region of the heavy chain of the IgGl, 1gG2, and
1gG3 subclasses as well as the constant region of the light chain of the kappa isotype as
described by Jefferis et al, MAbs. 1:332-338 (2009).

[00262] In still another embodiment, the glycosylation of an antibody is modified. For
example, an aglycosylated antibody can be made {i.e., the antibody lacks glycosylation).
Glycosylation can be altered to, for example, increase the affinity of the antibody for
"antigen.” Such carbohydrate modifications can be accomplished by, for example, altering
one or more sites of glycosylation within the antibody sequence. For example, one or more
amino acid substitutions can be made that result in elimination of one or more variable region
framework glycosylation sites to thereby eliminate glycosylation at that site. Such
aglycosylation may increase the affinity of the antibody for antigen. Such an approach is
described in, e.g., U.S. Patent Nos. 5,714,350 and 6,350,861 by Co et al.

[00263] In another embodiment, the antibody is modified to increase its biological
half-life. Various approaches are possible. For example, one or more of the following
mutations can be introduced: T252L, T254S, T256F, as described in U.S. Patent No.
6,277,375 toWard. Alternatively, to increase the biological half-life, the antibody can be
altered within the CHI or CL region to contain a salvage receptor binding epitope taken from
two loops of a CH2 domain of an Fc region of an IgG, as described in U.S. Patent Nos.
5,869,046 and 6,121,022 by Presta et al.
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3. Production of the CCR7 Antibodies

[00264] Anti-CCR7 antibodies and antibody fragments (e.g., antigen binding
fragments) thereof can be produced by any means known in the art, including but not limited
to, recombinant expression, chemical synthesis, and enzymatic 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
known in the art, for example, mammalian host cells, bacterial host cells, yeast host cells,
insect host cells, etc.

[00265] The invention further provides polynucleotides encoding the antibodies
described herein, e.g., polynucleotides encoding heavy or light chain variable regions or
segments comprising the complementarity determining regions as described herein. In some
embodiments, the polynucleotide encoding the heavy chain variable regions has at least 85%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% nucleic acid
sequence identity with apolynuclectide selected from the group consisting of SEQ ID NOs:
14, 46, 78 and 609. In some embodiments, the polynucleotide encoding the light chain
variable regions has at least 85%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% nucleic acid sequence identity with apolynucleotide selected from the group
consisting of SEQ ID NOs:. 30, 62, 94 and 625.

[00266] 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 identity with apolynucleotide of SEQ ID NO: 16, 48, 80 or 611. In some
embodiments, the polynucleotide encoding the light chain has at least 85%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% nucleic acid sequence identity with a
polynuclectide of SEQ ID NO: 32, 64, 96 or 627.

[00267] The polynucleotides of the invention can encode only the variable region
sequence of an anti-CCR7 antibody. They can also encode both a variable region and a
constant region of the antibody. Some of the polynucleotide sequences encode a polypeptide
that comprises variable regions of both the heavy chain and the light chain of one of the
exemplified mouse anti-CCR7 antibody. Some other polynucleotides encode two
polypeptide segments that respectively are substantially identical to the variable regions of
the heavy chain and the light chain of one of the mouse antibodies.

[00268] The polynucleotide sequences can be produced by de novo solid-phase DNA

synthesis or by PCR mutagenesis of an existing sequence (e.g., sequences as described in the
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Examples below) encoding an anti-CCR7 antibody or its binding fragment. Direct chemical
synthesis of nucleic acids can be accomplished by methods known in the art, such asthe
phosphotriester method of Narang et al., Meth. Enzymol. 68:90, 1979; the phosphodiester
method of Brown et al., Meth. Enzymol. 68:109, 1979; the diethylphosphoramidite method
of Beaucage et al., Tetra. Lett., 22:1859, 1981; and the solid support method of U.S. Patent
No. 4,458,066. Introducing mutations to a polynucleotide sequence by PCR can be
performed as described in, e.g., PCR Technology: Principles and Applications for DNA
Amplification, H.A. Erlich (Ed.), Freeman Press, NY, NY, 1992; PCR Protocols: A Guide to
Methods and Applications, Inniset al. (Ed.), Academic Press, San Diego, CA, 1990; Mattila
et al., Nucleic Acids Res. 19:967, 1991; and Eckert et al., PCR Methods and Applications
1:17, 1991

[00269] Also provided in the invention are expression vectors and host cells for
producing the anti-CCR7 antibodies described above. Various expression vectors can be
employed to express the polynucleotides encoding the anti-CCR7 antibody chains or binding
fragments. Both viral-based and nonviral expression vectors can be used to produce the
antibodies in amammalian host cell. Nonviral vectors and systems include plasmids,
episomal vectors, typically with an expression cassette for expressing aprotein or RNA, and
human artificial chromosomes {see, e.g., Harrington et al., Nat Genet 15:345, 1997). For
example, nonviral vectors useful for expression of the anti-CCR7 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), MPSV vectors, and
numerous other vectors known in the art for expressing other proteins. Useful viral vectors
include vectors based on retroviruses, adenoviruses, adenoassociated viruses, herpes viruses,
vectors based on SV 40, papilloma virus, HBP Epstein Barr virus, vaccinia virus vectors and
Semliki Forest virus (SFV). See Brent et al., supra; Smith, Annu. Rev. Microbiol. 49:807,
1995; and Rosenfeld et al, Cell 68:143, 1992.

[00270] The choice of expression vector depends on the intended host cells in which
the vector isto be expressed. Typicaly, the expression vectors contain apromoter and other
regulatory sequences {e.g., enhancers) that are operably linked to the polynucleotides
encoding an anti-CCR7 antibody chain or fragment. In some embodiments, an inducible
promoter is employed to prevent expression of inserted sequences except under inducing
conditions. Inducible promoters include, e.g., arabinose, lacZ, metallothionein promoter or a

heat shock promoter. Cultures of transformed organisms can be expanded under noninducing
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conditions without biasing the population for coding sequences whose expression products
are better tolerated by the host cells. In addition to promoters, other regulatory elements may
also berequired or desired for efficient expression of an anti-CCR7 antibody chain or
fragment. These elements typically include an ATG initiation codon and adjacent ribosome
binding site or other sequences. In addition, the efficiency of expression may be enhanced by
the inclusion of enhancers appropriate to the cell system in use (see, e.g., Scharf et al.,
Results Probl. Cell Differ. 20:125, 1994; and Bittner et al, Meth. Enzymol., 153:516, 1987).
For example, the SV40 enhancer or CMV enhancer may be used to increase expression in
mammalian host cells.

[00271] The expression vectors may aso provide a secretion signal sequence position
to form afusion protein with polypeptides encoded by inserted anti-CCR7 antibody
sequences. More often, the inserted anti-CCR7 antibody sequences are linked to a signal
sequences before inclusion in the vector. Vectors to be used to receive sequences encoding
anti-CCR7 antibody light and heavy chain variable domains sometimes aso encode constant
regions or parts thereof. Such vectors allow expression of the variable regions asfusion
proteins with the constant regions thereby leading to production of intact antibodies or
fragments thereof. Typically, such constant regions are human.

[00272] The host cells for harboring and expressing the anti-CCR7 antibody chains can
be either prokaryotic or eukaryotic. E. coli is one prokaryotic host useful for cloning and
expressing the polynucleotides of the present invention. Other microbial hosts suitable for
use include bacilli, such as Bacillus subtilis, and other enterobacteriaceae, such as
Salmonella, Serratia, and various Pseudomonas 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 origin of replication). In addition, any number of a
variety of well-known promoters will be present, such as the lactose promoter system, a
tryptophan (trp) promoter system, a beta-lactamase promoter system, or apromoter system
from phage lambda. The promoters typically control expression, optionally with an operator
sequence, and have ribosome binding site sequences and the like, for initiating and
completing transcription and trandation. Other microbes, such as yeast, can also be
employed to express anti-CCR7 polypeptides of the invention. Insect cells in combination
with baculovirus vectors can also be used.

[00273] In some preferred embodiments, mammalian host cells are used to express and

produce the anti-CCR7 polypeptides of the present invention. For example, they can be
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either ahybridoma cell line expressing endogenous immunoglobulin genes (e.g., the
myeloma hybridoma clones as described in the Examples) or amammalian cell line
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 human
cell. For example, anumber of suitable host cell lines capable of secreting intact
immunoglobulins have been developed, including the CHO cell lines, various Cos cell lines,
Hel a cells, myeloma cell lines, transformed B-cells and hybridomas. The use of mammalian
tissue cell culture to express polypeptides isdiscussed generdly in, e.g., Winnacker, From
Genes to Clones, VCH Publishers, N.Y., N.Y., 1987. Expression vectors for mammalian host
cells can include expression control sequences, such as an origin of replication, apromoter,
and an enhancer (see, e.g., Queen et al., Immunol. Rev. 89:49-68, 1986), and necessary
processing information sites, such as ribosome binding sites, RNA splice sites,
polyadenylation sites, and transcriptional terminator sequences. These expression vectors
usually contain promoters derived from mammalian genes or from mammalian viruses.
Suitable promoters may be constitutive, cell type-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-inducible
MMTV promoter, the SV40 promoter, the MRP pollll promoter, the constitutive MPSV
promoter, the tetracycline-inducible CMV promoter (such as the human immediate-early
CMV promoter), the constitutive CMV promoter, and promoter-enhancer combinations
known in the art.

[00274] Methods for introducing expression vectors containing the polynucleotide
sequences of interest vary depending on the type of cellular host. For example, calcium
chloride transfection is commonly utilized for prokaryotic cells, whereas calcium phosphate
treatment or electroporation may be used for other cellular hosts (see generally Sambrook et
al., Molecular Cloning: A Laboratory Manual, 4" ed.). Other methods include, e.g.,
electroporation, calcium phosphate treatment, liposome-mediated transformation, injection
and microinjection, ballistic methods, virosomes, immunoliposomes, polycation: nucleic acid
conjugates, naked DNA, artificial virions, fusion to the herpes virus structural protein VP22
(Elliot and O'Hare, Cell 88:223, 1997), agent-enhanced uptake of DNA, and ex vivo
transduction. For long-term, high-yield production of recombinant proteins, stable
expression will often be desired. For example, cell lines which stably express anti-CCR7

antibody chains or binding fragments can be prepared using expression vectors of the
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invention which contain viral origins of replication or endogenous expression elements and a
selectable marker gene. Following introduction of the vector, cells may be allowed to grow
for 1-2 days in an enriched media before they are switched 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 introduced sequences in selective media. Resistant,
stably transfected cells can be proliferated using tissue culture techniques appropriate to the
cell type.

Therapeutic Uses

[00275] The antibodies, antibody fragments (e.g., antigen binding fragments), and
antibody drug conjugates of the invention are useful in avariety of applications including, but
not limited to, treatment or prevention of cancer, such as solid cancers or heme malignancies.
In certain embodiments, the antibodies, antibody fragments (e.g., antigen binding fragments),
and antibody drug conjugates of the invention are useful for inhibiting tumor growth,
inducing differentiation, reducing tumor volume, and/or reducing the tumorigenicity of a
tumor. The methods of use can be in vitro, ex vivo, or in vivo methods.

[00276] In one aspect, the antibodies, antibody fragments (e.g., antigen binding
fragments), and antibody drug conjugates of the invention are useful for detecting the
presence of CCRY7 inahiological sample. The term "detecting” as used herein encompasses
guantitative or qualitative detection. In certain embodiments, abiological sample comprises
acdl or tissue. In certain embodiments, such tissues include normal and/or cancerous tissues
that express CCRY at higher levelsrelative to other tissues.

[00277] In one aspect, the invention provides a method of detecting the presence of
CCRY inabiological sample. In certain embodiments, the method comprises contacting the
biological sample with an anti-CCR7 antibody under conditions permissive for binding of the
antibody to the antigen, and detecting whether a complex isformed between the antibody and
the antigen.

[00278] In one aspect, the invention provides a method of diagnosing a disorder
associated with increased expression of CCR7. |n certain embodiments, the method
comprises contacting atest cell with an anti-CCR7 antibody; determining the level of
expression (either quantitatively or qualitatively) of CCR7 on the test cell by detecting
binding of the anti-CCR7 antibody to the CCR7 antigen; and comparing the level of
expression of CCR7 in the test cell with the level of expression of CCR7 on acontrol cell

(e.g., anormal cell of the same tissue origin asthe test cell or acell that expresses CCR7 at
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levels comparable to such anormal cell), wherein ahigher level of expression of CCR7 on
the test cell as compared to the control cell indicates the presence of adisorder associated
with increased expression of CCR7. |n certain embodiments, the test cell is obtained from an
individual suspected of having a disorder associated with increased expression of CCR7. In
certain embodiments, the disorder is acell proliferative disorder, such as acancer or atumor.
In certain embodiments, the method comprises measuring the copy number of the CCR7 gene
inatest cell.

[00279] In certain embodiments, a method of diagnosis or detection, such asthose
described above, comprises detecting binding of an anti-CCR7 antibody to CCR7 expressed
on the surface of acell or in amembrane preparation obtained from a cell expressing CCR7
on its surface. An exemplary assay for detecting binding of an anti-CCR7 antibody to CCR7
expressed on the surface of acell isa"FACS" assay.

[00280] Certain other methods can be used to detect binding of anti-CCR7 antibodies
to CCR7. Such methods include, but are not limited to, antigen-binding assays that are well
known in the art, such asWestern blots, radioimmunoassays, ELISA (enzyme linked
immunosorbent assay), "sandwich" immunoassays, immunoprecipitation assays, fluorescent
immunoassays, protein A immunoassays, and immunohistochemistry (IHC).

[00281] In certain embodiments, anti-CCR7 antibodies are labeled. Labels include,
but are not limited to, labels or moieties that are detected directly (such as fluorescent,
chromophoric, electron-dense, chemiluminescent, and radioactive labels), aswell as moieties,
such as enzymes or ligands, that are detected indirectly, e.g., through an enzymatic reaction
or molecular interaction.

[00282] In certain embodiments, anti-CCR7 antibodies are immobilized on an
insoluble matrix. Immobilization entails separating the anti-CCR7 antibody from any CCR7
protein that remains free in solution. This conventionally is accomplished by either
insolubilizing the anti-CCR7 antibody before the assay procedure, as by adsorption to a
water-insoluble matrix or surface (Bennich et al, U.S. Patent No. 3,720,760), or by covalent
coupling (for example, using glutaraldehyde cross-linking), or by insolubilizing the anti-
CCRY7 antibody after formation of a complex between the anti-CCR7 antibody and CCR7
protein, e.g., by immunoprecipitation.

[00283] Any of the above embodiments of diagnosis or detection can be carried out
using an immunoconjugate of the invention in place of or in addition to an anti-CCR7

antibody.
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[00284] In one embodiment, the invention provides a method of treating or preventinga
disease comprising administering the antibodies, antibody fragments (e.g., antigen binding
fragments), or antibody drug conjugates of the invention to apatient. The invention aso
provides use of the antibodies, antibody fragments (e.g., antigen binding fragments), or
antibody drug conjugates of the invention to treat or prevent disease in apatient. In some
embodiments, the invention provides antibodies, antibody fragments (e.g., antigen binding
fragments), or antibody drug conjugates of the invention for use in the treatment or
prevention of disease in apatient. In further embodiments, the invention provides use of the
antibodies, antibody fragments (e.g., antigen binding fragments), or antibody drug conjugates
of the invention in the manufacture of a medicament for treatment or prevention of disease in
apatient.

[00285] In certain embodiments, the disease treated with the antibodies, antibody
fragments (e.g., antigen binding fragments), and antibody drug conjugates of the invention is
acancer. In certain embodiments, the cancer is characterized by CCR7 expressing cells to
which the antibodies, antibody fragments (e.g., antigen binding fragments), and antibody
drug conjugates of the invention binds. In certain embodiments, the cancer is characterized
by an increase in expression of CCRY relative to ahedthy patient. 1n some embodiments, the
expression of CCR7 may be measured by an increase in CCR7 RNA. In other embodiments,
the cancer is characterized by an increase in DNA copy number of CCR7. Other methods of
measuring or determining levels of CCR7 expression are known to persons skilled in the art.
Examples of diseases which can be treated and/or prevented include, but are not limited to,
chronic lymphocytic leukemia (CLL), peripheral T cell lymphomas (PTCL) such as adult T-cell
leukemia/lymphoma (ATLL) and anaplastic large-cell lymphoma (ALCL), Non-Hodgkin's
lymphoma (NHL) such as mantle cell lymphoma (MCL), Burkitt's lymphoma and diffuse large
B-cell lymphoma (DLBCL), gastric carcinoma, non-small cell lung cancer, small cell lung
cancer, head and neck cancer, nasopharyngeal carcinoma (NPC), esophageal cancer, colorectal
carcinoma, pancreatic cancer, thyroid cancer, breast cancer, renal cell cancer, and cervical cancer.
[00286] The present invention provides for methods of treating or preventing cancer
comprising administering atherapeuticaly effective amount of the antibodies, antibody
fragments (e.g., antigen binding fragments), or antibody drug conjugates of the invention. In
certain embodiments, the cancer isasolid cancer. In certain embodiments, the subject isa

human. In certain embodiments, the cancer isaresistant cancer and/or relapsed cancer. In
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certain aspects, for example, the resistant cancer is resistant to tyrosine kinase inhibitors,
EGFR inhibitors, Her2 inhibitors, Her3 inhibitors, IGFR inhibitors and Met inhibitors.
[00287] In certain embodiments, the invention provides for methods of inhibiting
tumor growth comprising administering to a subject atherapeutically effective amount of the
antibodies, antibody fragments (e.g., antigen binding fragments), or antibody drug conjugates
of the invention. In certain embodiments, the subject is ahuman. In certain embodiments,
the subject has atumor or has had atumor removed. In certain embodiments, the tumor is
resistant to other tyrosine kinase inhibitors, including but not limited to, EGFR inhibitors,
Her2 inhibitors, Her3 inhibitors, IGFR inhibitors and Met inhibitors.

[00288] In certain embodiments, the tumor expresses the CCR7 to which the anti-
CCRY antibody binds. In certain embodiments, the tumor overexpresses the human CCRY.
In certain embodiments, the tumor has an increase copy number of the CCR7 gene.

[00289] The present invention 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 administering atherapeutically effective amount
of said antibodies, antibody fragments (e.g., antigen binding fragments), or antibody drug
conjugates. In certain aspects the method comprises selecting patients with atyrosine kinase
inhibitor resistant cancer. In certain aspectsit is contemplated that the tyrosine kinase
inhibitor resistant cancer isresistant to EGFR inhibitors, Her2 inhibitors, Her3 inhibitors,
IGFR inhibitors and/or Met inhibitors. In certain aspects it iscontemplated that the resistant
cancer isaHer2 resistant cancer. In certain aspects it is contemplated that the cancer isade
novo resistant cancer, and in still other aspects it is contemplated that the cancer is arelapsed
cancer. In certain aspects of the invention the methods comprise selecting a patient with ade
novo resistant or relapsed cancer and measuring for expression of CCR7. It is contemplated
that in certain aspects the relapsed cancer or tumor was not initially a CCR7 expressing
cancer or tumor, but becomes a CCR7 positive cancer that is atyrosine kinase resistant or
relapsed cancer or tumor after treatment with tyrosine kinase inhibitors.

[00290] For the treatment or prevention of the disease, the appropriate dosage of the
antibodies, antibody fragments (e.g., antigen binding fragments), or antibody drug conjugates
of the present invention depends on various factors, such as the type of disease to be treated,
the severity and course of the disease, the responsiveness of the disease, previous therapy,
patient's clinical history, and so on. The antibody or agent can be administered one time or

over aseries of treatments lasting from several days to several months, or until acureis
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effected or adiminution of the disease state is achieved (e.g., reduction in tumor size).
Optimal dosing schedules can be calculated from measurements of drug accumulation in 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 antibody drug conjugates. The
treating physician can estimate repetition rates for dosing based on measured residence times

and concentrations of the drug in bodily fluids or tissues.

Combination Therapy

[00291] In certain instances, an antibody, antibody fragment (e.g., antigen binding
fragment), or antibody drug conjugate of the present invention is combined with other
therapeutic agents, such as other anti-cancer agents, anti-allergic agents, anti-nausea agents
(or anti-emetics), pain relievers, cytoprotective agents, and combinations thereof.

[00292] In one embodiment, an antibody, antibody fragment (e.g., antigen binding
fragment), or antibody drug conjugate of the present invention is combined in a
pharmaceutical combination 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 immunoconjugate of the combination such that they do not
adversely affect each 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 limited to, a chemotherapeutic agent, atyrosine kinase inhibitor, a
CCRY downstream signaling pathway inhibitor, IAP inhibitors, Bcl2 inhibitors, Mcll
inhibitors, and other CCR7 inhibitors.

[00293] The term "pharmaceutical combination" as used herein refers to either afixed
combination in one dosage unit form, or non-fixed combination or akit of parts for the
combined administration where two or more therapeutic agents may be administered
independently at the same time or separately within time intervals, especially where these
time intervals allow that the combination partners show a cooperative, e.g., synergistic effect.
[00294] The term "combination therapy" refers to the administration of two or more
therapeutic agents to treat or prevent atherapeutic condition or disorder described in the
present disclosure. Such administration encompasses co-administration of these therapeutic
agents in a substantially simultaneous manner, such asin asingle capsule having afixed ratio
of active ingredients. Alternatively, such administration encompasses co-administration in

multiple, or in separate containers (e.g., capsules, powders, and liquids) for each active
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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 type of
therapeutic agent in a sequential manner, either at approximately the same time or at different
times. In either case, the treatment regimen will provide beneficial effects of the drug
combination in treating or preventing the conditions or disorders described herein.

[00295] The combination therapy can provide "synergy” and prove "synergistic”, i.e.,
the effect achieved when the active ingredients used together is greater than the sum of the
effects that results from using the compounds separately. A synergistic effect can be attained
when the active ingredients are: (1) co-formulated and administered or delivered
simultaneoudly in acombined, unit dosage formulation; (2) delivered by alternation or in
parallel as separate formulations; or (3) by some other regimen. When delivered in
aternation therapy, a synergistic effect can be attained when the compounds are administered
or delivered sequentialy, e.g., by different injections in separate syringes. In general, during
aternation therapy, an effective dosage of each active ingredient is administered sequentialy,
i.e., serialy, whereas in combination therapy, effective dosages of two or more active
ingredients are administered together.

[00296] General Chemotherapeutic agents considered for use in combination therapies
include anastrozole (Arimidex®), bicalutamide (Casodex®), bleomycin sulfate
(Blenoxane®), busulfan (Myleran®), busulfan injection (Busulfex®), capecitabine
(Xeloda®), N4-pentoxycarbonyl-5-deoxy-5-fluorocytidine, carboplatin (Paraplatin®),
carmustine (BiCNU®), chlorambucil (Leukeran®), cisplatin (Platinol®), cladribine
(Leustatin®), cyclophosphamide (Cytoxan® or Neosar®), cytarabine, cytosine arabinoside
(Cytosar-U®), cytarabine liposome injection (DepoCyt®), dacarbazine (DTIC-Dome®),
dactinomycin (Actinomycin D, Cosmegan), daunorubicin hydrochloride (Cerubidine®),
daunorubicin citrate liposome injection (DaunoXome®), dexamethasone, docetaxel
(Taxotere®), doxorubicin hydrochloride (Adriamycin®, Rubex®), etoposide (Vepesid®),
fludarabine phosphate (Fludara®), 5-fluorouracil (Adrucil®, Efudex®), flutamide
(Eulexin®), tezacitibine, Gemcitabine (difluorodeoxycitidine), hydroxyurea (Hydrea®),
Idarubicin (Idamycin®), ifosfamide (IFEX®), irinotecan (Camptosar®), L-asparaginase
(ELSPAR®), leucovorin calcium, melphalan (Alkeran®), 6-mercaptopurine (Purinethol®),

methotrexate (Folex®), mitoxantrone (Novantrone®), mylotarg, paclitaxel (Taxol®),
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phoenix (Yttrium90/MX-DTPA), pentostatin, polifeprosan 20 with carmustine implant
(Gliadel®), tamoxifen citrate (Nolvadex®), teniposide (Vumon®), 6-thioguanine, thiotepa,
tirapazamine (Tirazone®), topotecan hydrochloride for injection (Hycamptin®), vinblastine

(Velban®), vincristine (Oncovin®), and vinorelbine (Navelbine®), and pemetrexed.

[00297] In one aspect, the present invention provides a method of treating or
preventing cancer by administering to a subject in need thereof an antibody drug conjugate of
the present invention in combination with one or more tyrosine kinase inhibitors, including
but not limited to, BTK inhibitors, EGFR inhibitors, Her2 inhibitors, Her3 inhibitors, |IGFR
inhibitors, and Met inhibitors.

[00298] For example, tyrosine kinase inhibitors include but are not limited to, Ibrutinib
(PCI-32765); Erlotinib hydrochloride (Tarceva®); Linifanib (N-[4-(3-amino-IH-indazol-4-
yl)phenyl]-N'-(2-fluoro-5-methylphenyl)urea, also known as ABT 869, available from
Genentech); Sunitinib malate (Sutent®); Bosutinib (4-[(2,4-dichloro-5-

methoxy phenyl)amino]-6-methoxy-7-[ 3-(4-methyl piperazin-1-yl)propoxy] quinoline-3-
carbonitrile, also known as SK1-606, and described in US Patent No. 6,780,996); Dasatinib
(Sprycel®); Pazopanib (Votrient®); Sorafenib (Nexavar®); Zactima (ZD6474); and
Imatinib or Imatinib mesylate (Gilvec® and Gleevec®).

[00299] Epidermal growth factor receptor (EGFR) inhibitors include but are not
limited to, Erlotinib hydrochloride (Tarceva®), Gefitinib (Iressa®); N-[4-[(3-Chloro-4-
fluorophenyl)amino]-7-[[(3"S")-tetrahydro-3-furanyl]oxy]-6-quinazolinyl]-
4(dimethylamino)-2-butenamide, Tovok®); Vandetanib (Caprelsa®); Lapatinib (Tykerb®);
(3R,4R)-4- Amino- 1-((4-((3-methoxyphenyl)amino)pyrrolo[ 2, 1-f][1,2,4]triazin-5-
y)methyl)piperidin-3-ol (BMS690514); Canertinib dihydrochloride (CI-1033); 6-[4-[(4-
Ethyl- 1-piperaziny l)methy1 phenyl] -N-[( 1R)- 1-phenylethyl] - 7H-Pyrrolo[2,3-d]pyrimidin-4-
amine (AEE788, CAS 497839-62-0); Mubritinib (TAK165); Pelitinib (EKB569); Afatinib
(BIBW2992); Neratinib (HKI1-272); N-[4-[[I-[(3-Fluorophenyl)methyl]-IH-indazol-5-
yllamino]-5-memylpyrrolo[ 2,1-f][l,2,4]triazin-6-yl]-carbarnic  acid, (35)-3-
morpholinylmethyl ester (BMS599626); N-(3,4-Dichloro-2-fluorophenyl)-6-methoxy-7-
[[(3aa,5p ,6a8)-octahydro-2-methyl cyclopenta c] pyrrol-5-ylmethoxy]-  4-quinazolinamine
(XL647, CAS 781613-23-8); and 4-[4-[[(IR)-I-Phenylethyl]amino]-7H-pyrrolo[2,3-
d]pyrimidin-6-yl]-phenol (PK1166, CAS 187724-61-4).

[00300] EGFR antibodies include but are not limited to, Cetuximab (Erbitux®);
Panitumumab (Vectibix®); Matuzumab (EMD-72000); ; Nimotuzumab (hR3);
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Zalutumumab; TheraCIM h-R3; MDX0447 (CAS 339151-96-1); and ch806 (mAb-806,
CAS 946414-09-1).

[00301] Human Epidermal Growth Factor Receptor 2 (Her2 receptor) (also known as
Neu, ErbB-2, CD340, or pi 85) inhibitors include but are not limited to, Trastuzumab
(Herceptin®); Pertuzumab (Omnitarg®); trastuzumab emtansine (Kadcyla®); Neratinib
(HKI1-272, (2E)-N-[4-[[3-chloro-4-[ (pyridin-2-yl)methoxy] phenyl]amino]-3-cyano-7-
ethoxyquinolin-6-yl]-4-(dimethylamino)but-2-enamide, and described PCT Publication No.
WO 05/028443); Lapatinib or Lapatinib ditosylate (Tykerb®); (3R,4R)-4-amino-I-((4-((3-
methoxyphenyl)amino)pyrrolo[2, 1-f] [1,2,4]triazin-5-yl)methyl)piperidin-3-ol (BMS6905 14);
(2E)-N-[4-[(3-Chloro-4-fluorophenyl)amino]-7-[[ (3S)-tetrahydro-3-furanyl] oxy]-6-
quinazolinyl]-4-(dimethylamino)-2-butenamide (BIBW-2992, CAS 850140-72-6); N-[4-[[I-
[ (3-Fluorophenyl)methyl]-1H-indazol-5-ylJamino]-5-methylpyrrolo[2, I-f] [I ,2,4]triazin-6-yl]-
carbamic acid, (3S)-3-morpholinylmethyl ester (BMS 599626, CAS 714971-09-2);
Canertinib dihydrochloride (PD183805 or CI-1033); and N-(3,4-Dichloro-2-fluorophenyl)-6-
methoxy-7-[[(3aa 50 ,6aa)-octahydro-2-methylcyclopenta[ c] pyrrol-5-yl]methoxy]-  4-
quinazolinamine (XL647, CAS 781613-23-8).

[00302] Her3 inhibitors include but are not limited to, LIM716, MM-121, AMG-888,
RG71 16, REGN- 1400, AV-203, MP-RM-1, MM-1 11, and MEHD-7945A.
[00303] MET inhibitors include but are not limited to, Cabozantinib (XL 184, CAS

849217-68-1); Foretinib (GSK 1363089, formerly XL880, CAS 849217-64-7); Tivantinib
(ARQ197, CAS 1000873-98-2); |-(2-Hydroxy-2-methylpropyl )-N -(5-(7-methoxyquinolin-4-
yloxy)pyridin-2-yl)-5-methyl-3-oxo-2-phenyl-2,3-dihydro-1 H -pyrazole-4-carboxamide
(AMG 458); Cryzotinib (Xalkori®, PF-02341066); (3Z)-5-(2,3-Dihydro-IH-indol- |-
ylsulfonyl)-3-({3,5-dimethyl-4- [ (4-methylpiperazin- 1-yl)carbonyl] - 1H-pyrrol-2-

yI} methylene)-l ,3-dihydro-2H-indol-2-one (SU11271); (3Z)-N-(3-Chlorophenyl)-3-({ 3,5-
dimethyl-4- [(4-methylpiperazin- 1-yl)carbonyl] - IH-pyrrol-2-yl }methylene)-N-methyl-2-
oxoindoline-5-sulfonamide (SU11274); (3Z)-N-(3-Chlorophenyl)-3- {[3,5-dimethyl-4-(3-
morpholin-4-ylpropyl)-1H-pyrrol-2-ylJmethylene} -N-methyl-2-oxoindoline-5-sulfonamide
(SU11606); 6-[Difluoro[6-(I-methyl-IH-pyrazol-4-yl)-1 ,2,4-triazol o[ 4,3-b]pyridazin-3-

yl] methyl] -quinoline (JNJ38877605, CAS 943540-75-8); 2-[4-[I-(Quinolin-6-ylmethyl)-IH-
[1,2,3]triazol o[ 4,5-b] pyrazin-6-yl]-IH-pyrazol-I-yl]ethanol ~ (PF04217903, CAS 956905-27-
4); N-((2R)-1 ,4-Dioxan-2-ylmethyl)-N-methyl-N'-[3-(I-methyl- |H-pyrazol-4-yl)-5-oxo-5H-
benzo[4,5]cyclohepta[l ,2-b]pyridin-7-yl]sulfamide (MK2461, CAS 917879-39-1); 6-[[6-(I-
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Methyl4 H"yrazol-4-yl)- 1,2,4-triazolo[4,3-¥4pyridazin-3-yl]thio]-quinoline  (SGX523, CAS
1022150-57-7); and (3Z)-5-[[(2,6-Dichlorophenyl)methyl]sulfonyl]-3-[[3,5-dimethyl-4-
[[(2R)-2-(1-pyrrolidinylmethyl)- 1-pyrrolidinyl]carbonyl] -1H -pyrrol-2-yl] methylene] -1,3-
dihydro-2H -indol-2-one (PHA 665752, CAS 477575-56-7).

[00304] IGFI1R inhibitors include but are not limited to, BMS-754807, XL-228, OSl-
906, GSK0904529A, A-928605, AXL1717, KW-2450, MK0646, AMG479, IMCA12,
MEDI-573, and BI836845. Seeeg., Yee JNCI, 104; 975 (2012) for review.

[00305] In another aspect, the present invention provides a method of treating or
preventing cancer by administering to a subject in need thereof an antibody drug conjugate of
the present invention in combination with one or more CCR7 downstream signaling pathway
inhibitors, including but not limited to, B-arrestin inhibitors, GRK inhibitors, MAPK
inhibitors, PI3K inhibitors, JAK inhibitors, etc.

[00306] For example, phosphoinositide 3-kinase (PI3K) inhibitors include but are not
limited to, ldelalisib (Zydelig, GS-1101, Cal-101), 4-[2-(IH-Indazol-4-yl)-6-[[4-
(memylsulfonyl)piperazin-I-yl]methyl]thieno[ 3,2-d] pyrimidin-4-yllmo  rpholine (also known
as GDC 0941 and described in PCT Publication Nos. WO 09/036082 and W O 09/055730);
2-Methyl-2-[4-[3-methyl-2-0x0-8-(quinolin-3-yl)-2,3-dihydroimidazo[4,5-c]quinolin-I-

yl] phenyl] propionitrile (also known as BEZ 235 or NVP-BEZ 235, and described in PCT
Publication No. WO 06/122806); 4-(trifluoromethyl)-5-(2,6-dimo rpholinopyrimidin-4-
ylDpyridin-2-amine  (also known asBKM120 or NVP-BKM120, and described in PCT
Publication No. WO2007/084786); Tozasertib (VX680 or MK-0457, CAS 639089-54-6);
(52)-5-[[4-(4-Pyridinyl)-6-quinolinyl]methylene]-2,4-thiazolidinedione  (GSK 1059615, CAS
958852-01-2); (IE,4S,4aR,5R,6aS,9aR)-5-(Acetyloxy)-I-[(di-2-propenylamino)methylene] -
4,4a,5,6,63,8,9,9a-octahydro-l  |-hydroxy-4-(methoxymethyl)-4a,6a-dimethyl-
cyclopenta[5,6]naphtho[l ,2-c]pyran-2,7, 10(IH)-trione (PX866, CAS 502632-66-8); and 8-
Phenyl-2-(mo ¢ holin-4-yl)-chromen-4-one (LY 294002, CAS 154447-36-6).

[00307] In yet another aspect, the present invention provides amethod of treating or
preventing cancer by administering to a subject in need thereof an antibody drug conjugate of
the present invention in combination with one or more pro-apoptosis, including but not
limited to, IAP inhibitors, Bcl2 inhibitors, MCIl inhibitors, Trail agents, Chk inhibitors.
[00308] For examples, 1AP inhibitors include but are not limited to, LCL161, GDC-
0917, AEG-35156, AT406, and TL3271 1. Other examples of IAP inhibitors include but are
not limited to those disclosed in WO04/005284, W O 04/007529, WO05/097791 , WO
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05/069894, W O 05/069888, W O 05/094818, US2006/0014700, US2006/0025347, WO
06/069063, WO 06/010118, WO 06/017295, and WO08/134679, all of which are
incorporated herein by reference.

[00309] BCL-2 inhibitors include but are not limited to, Venetoclax (also known as
GDC-0199, ABT-199, RG7601); 4-[4-[[2-(4-Chlorophenyl)-5,5-dimethyl-I-cyclohexen-1-

yl] methyl] - 1-piperazinyl] -N-[[4- [[(IR)-3-(4" o@nOinv1)-1-

[(phenylthio)methyl]propyl] amino] -3-[(trifluoromethyl)sulfonyl]phenyl] sulfonyl] benzamide
(also known as ABT-263 and described in PCT Publication No. WO 09/155386);
Tetrocarcin A; Antimycin; Gossypol ((-)BL-193); Obatoclax; Ethyl-2-amino-6-
cyclopentyl-4-(I-cyano-2-ethoxy-2-oxoethyl)-4Hchromone-3-carboxylate  (HA14 - 1);
Oblimersen (G3139, Genasense®); Bak BH3 peptide; (-)-Gossypol acetic acid (AT-101);
4-[4-[(4-Chlorq[ 1,1-biphenyl]-2-yl)methyl] - 1-piperazinyl] -N-[[4-[[ ( IR)-3-(dimethylamino)-
1-[(phenylthio)methyl]propyl]amino]-3-nitrophenyl]sulfonyl]-benzamide  (ABT-737, CAS
852808-04-9); and Navitoclax (ABT-263, CAS 923564-51-6).

[00310] Proapoptotic receptor agonists (PARAS) including DR4 (TRAILR1) and DR5
(TRAILR2), including but are not limited to, Dulanermin (AMG-951, RhApo2L/TRAIL);
Mapatumumab (HRS-ETR1, CAS 658052-09-6); Lexatumumab (HGS-ETR2, CAS 845816-
02-6); Apomab (Apomab®); Conatumumab (AMG655, CAS 896731-82-1); and
Tigatuzumab (CS1008, CAS 946415-34-5, available from Daiichi Sankyo).

[00311] Checkpoint Kinase (CHK) inhibitors include but are not limited to, 7-
Hydroxystaurosporine (UCN-01); 6-Bromo-3-(I-methyl-I H-pyrazol-4-yl)-5-(3R)-3-
piperidinyl-pyrazolo[l,5-fl]pyrimidin-7-amine  (SCH900776, CAS 891494-63-6); 5-(3-
Fluorophenyl)-3-ureidothi ophene-2-carboxylic  acid N-[(S)-piperidin-3-yl]amide (AZD7762,
CAS 860352-01-8); 4-[((39)-1-Azabicyclo[2.2.2] oct-3-yl)amino]-3-(IH-benzimidazol-2-yl)-
6-chloroquinalin-2(IH)-one (CHIR 124, CAS 405168-58-3); 7-Aminodactinomycin (7-
AAD), Isogranulatimide, debromohymenialdisine; N-[5-Bromo-4-methyl-2-[(2S9)-2-
morpholinylmethoxy]-phenyl]-N'-(5-methyl-2-pyrazinyl)urea (LY 2603618, CAS 911222-45-
2); Sulforaphane (CAS 4478-93-7, 4-Methylsulfinylbutyl isothiocyanate); 9,10,11,12-
Tetrahydro- 9,12-epoxy-|I H-diindolo[l,2,3-/g:3',2 ',1'-¥4pyrrolo[ 3,4 -{][|,6]benzodiazocine-
[,3(2H)-dione (SB-218078, CAS 135897-06-2); and TAT-S216A
(YGRKKRRQRRRLYRSPAMPENL (SEQ ID NO: 629)), and CBP501 ((d-Bpa)sws(d-Phe-
F5)(d-Cha)rrrqrr).
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[00312] In afurther embodiment, the present invention provides a method of treating
or preventing cancer by administering to a subject in need thereof an antibody drug conjugate
of the present invention in combination with one or more immunomodulators (e.g., one or
more of: an activator of a costimulatory molecule or an inhibitor of an immune checkpoint
molecule).

[00313] In certain embodiments, the immunomodulator is an activator of a
costimulatory molecule. 1n one embodiment, the agonist of the costimulatory molecule is
chosen from an agonist (e.g., an agonistic antibody or antigen-binding fragment thereof, or a
soluble fusion) of OX40, CD2, CD27, CDS, ICAM-1, LFA-1 (CDII&/CD18), ICOS
(CD278), 4-1BB (CD137), GITR, CD30, CD40, BAFFR, HVEM, CD7, LIGHT, NKG2C,
SLAMF7, NKp80, CD160, B7-H3, STING, or CD83 ligand.

[00314] In certain embodiments, the immunomodulator is an inhibitor of an immune
checkpoint molecule. In one embodiment, the immunomodulator is an inhibitor of PD-1, PD-
LI, PD-L2, CTLA4, TIM3, LAGS3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and/or
TGFR beta. 1n one embodiment, the inhibitor of an immune checkpoint molecule inhibits
PD-1, PD-LI, LAG-3, TIM-3 or CTLAA4, or any combination thereof. The term "inhibition"
or "inhibitor" includes areduction in a certain parameter, e.g., an activity, of agiven
molecule, e.g., an immune checkpoint inhibitor. For example, inhibition of an activity, eg., a
PD-1 or PD-LI activity, of at least 5%, 10%, 20%, 30%, 40%, 50% or more isincluded by
this term. Thus, inhibition need not be 100%.

[00315] Inhibition of an inhibitory molecule can be performed at the DNA, RNA or
protein level. In some embodiments, an inhibitory nucleic acid (e.g., adsRNA, siRNA or
shRNA), can be used to inhibit expression of an inhibitory molecule. 1n other embodiments,
the inhibitor of an inhibitory signal isapolypeptide e.g., a soluble ligand (e.g., PD-I-1g or
CTLA-4 Ig), or an antibody or antigen-binding fragment thereof, that binds to the inhibitory
molecule; eg., an antibody or fragment thereof (also referred to herein as "an antibody
molecule") that binds to PD-1, PD-LI, PD-L2, CTLA4, TIM3, LAGS3, VISTA, BTLA,
TIGIT, LAIR1, CD160, 2B4 and/or TGFR beta, or acombination thereof.

[00316] In one embodiment, the antibody molecule isafull antibody or fragment
thereof (e.g., aFab, F(ab")2, Fv, or asingle chain Fv fragment (scFv)). In yet other
embodiments, the antibody molecule has aheavy chain constant region (Fc) chosen from,
e.g., the heavy chain constant regions of 1gGI, 1gG2, 1gG3, 1gG4, IgM, IgAl, 1gA2, IgD, and
IgE; particularly, chosen from, e.g., the heavy chain constant regions of 1gGl, 1gG2, 1gG3,
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and 1gG4, more particularly, the heavy chain constant region of 1gGI or 1gG4 (e.g., human
IgGl or 1gG4). In one embodiment, the heavy chain constant region is human IgGl 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 increase or decrease one or more of: Fc receptor
binding, antibody glycosylation, the number of cysteine residues, effector cell function, or
complement function).

[00317] In certain embodiments, the antibody molecule isin the form of abispecific or
multispecific antibody molecule. In one embodiment, the bispecific antibody molecule has a
first binding specificity to PD-1 or PD-L1 and a second binding specificity, 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-L1 and LAG-3. In another embodiment, the
bispecific antibody molecule binds to PD-1 and PD-L1. In yet another embodiment, the
bispecific antibody molecule binds to PD-1and PD-L2. In another embodiment, the
bispecific antibody molecule binds to TIM-3 and LAG-3. Any combination of the aforesaid
molecules can be made in amultispecific antibody molecule, e.g., atrispecific antibody that
includes afirst binding specificity to PD-1 or PD-1, and a second and third binding
specificities to two or more of: TIM-3, LAG-3, or PD-L2.

[00318] In certain embodiments, the immunomodulator is an inhibitor of PD-1, eg.,
human PD-1. In another embodiment, the immunomodulator is an inhibitor of PD-L1, eg.,
human PD-L1. In one embodiment, the inhibitor of PD-1 or PD-L1 is an antibody molecule
to PD-1 or PD-L1. The PD-1 or PD-L1 inhibitor can be administered alone, or in
combination with other immunomodulators, e.g., in combination with an inhibitor of LAG-3,
TIM-3 or CTLAA4. In anexemplary embodiment, the inhibitor of PD-1 or PD-L1, eg., the
anti-PD-1 or PD-L1 antibody molecule, is administered in combination with aLAG-3
inhibitor, e.g., an anti-LAG-3 antibody molecule. In another embodiment, the inhibitor of
PD-1 or PD-L1, eg., the anti-PD-1 or PD-L1 antibody molecule, is administered in
combination with a TIM-3 inhibitor, e.g., an anti-TIM-3 antibody molecule. In yet other
embodiments, the inhibitor of PD-1 or PD-L1, e.g., the anti-PD-1 antibody molecule, is
administered in combination with aLAG-3 inhibitor, e.g., an anti-LAG-3 antibody molecule,
and aTIM-3 inhibitor, e.g., an anti-TIM-3 antibody molecule. Other combinations of
immunomodulators with aPD-1 inhibitor (e.g., one or more of PD-L2, CTLA4, TIMS3,
LAGS3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and/or TGFR) are also within the
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present invention. Any of the antibody molecules known in the art or disclosed herein can be
used in the aforesaid combinations of inhibitors of checkpoint molecule.

[00319] 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
isNivolumab. Alternative names for Nivolumab include MDX- 1106, MDX-1 106-04, ONO-
4538, or BMS-936558. In some embodiments, the anti-PD- 1 antibody is Nivolumab (CAS
Registry Number: 946414-94-4). Nivolumab isafully human IgG4 monoclona antibody
which specifically blocks PD1. Nivolumab (clone 5C4) and other human monoclonal
antibodies that specifically bind to PD1 are disclosed in US Pat No. 8,008,449 and PCT
Publication No. WO2006/121168.

[00320] In other embodiments, the anti-PD-1 antibody is Pembrolizumab.
Pembrolizumab (Trade name KEYTRUDA formerly Lambrolizumab,-also known as Merck
3745, MK-3475 or SCH-900475) is ahumanized 1gG4 monoclonal antibody that binds to
PD1. Pembrolizumab isdisclosed, e.g., in Hamid, O. et al. (2013) New England Journal d
Medicine 369 (2): 134-44, PCT Publication No. W02009/1 14335, and US Patent No.
8,354,509.

[00321] In some embodiments, the anti-PD-1 antibody is Pidilizumab. Pidilizumab
(CT-011; Cure Tech) isahumanized IgGlk monoclonal antibody that binds to PD1.
Pidilizumab and other humanized anti-PD-1 monoclonal antibodies are disclosed in PCT
Publication No. W0O2009/10161 1. Other anti-PD 1 antibodies are disclosed in US Patent No.
8,609,089, US Publication No. 2010028330, and/or US Publication No. 20120114649. Other
anti-PD 1 antibodies include AMP 514 (Amplimmune).

[00322] In some embodiments, the PD-1 inhibitor is PDR0O01 or any other anti-PD-1
antibody disclosed in WO2015/1 12900.
[00323] In some embodiments, the PD-1 inhibitor is an immunoadhesin {e.g., an

immunoadhesin comprising an extracellular or PD-1 binding portion of PD-L1 or PD-L2
fused to aconstant region {e.g., an Fcregion of an immunoglobulin segquence). In some
embodiments, the PD-1 inhibitor is AMP-224.

[00324] In some embodiments, the PD-L1 inhibitor isanti-PD-LI antibody. In some
embodiments, the anti-PD-LI inhibitor ischosen from YW243.55.570, MPDL3280A, MEDI-
4736, or MDX-1105M SB-0010718C (also referred to as A09-246-2) disclosed in, e.g., WO
2013/0179174, and having a sequence disclosed herein (or a sequence substantially identical
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or similar thereto, e.g., a sequence at least 85%, 90%, 95% identical or higher to the sequence
specified).

[00325] In one embodiment, the PD-L1 inhibitor is MDX-1105. MDX-1 105, also
known as BMS-936559, isan anti-PD-LI antibody described in PCT Publication No.
WQ02007/005874.

[00326] In one embodiment, the PD-L1 inhibitor is YW243.55.570. The
YW?243.55.S70 antibody isan anti-PD-LI described in PCT Publication No. WO
2010/077634 (heavy and light chain variable region sequences shown in SEQ ID Nos. 20 and
21, respectively).

[00327] In one embodiment, the PD-L1 inhibitor is MDPL3280A (Genentech / Roche).
MDPL3280A isahuman Fcoptimized 1gGI monoclonal antibody that binds to PD-L1.
MDPL3280A and other human monoclonal antibodies to PD-L1 are disclosed in U.S. Patent
No.: 7,943,743 and U.S Publication No.: 20120039906.

[00328] In other embodiments, the PD-L2 inhibitor isAMP-224. AMP-224 is a PD-
L2 Fc fusion soluble receptor that blocks the interaction between PDI and B7-H1 (B7-DClg;
Amplimmune; e.g., disclosed in PCT Publication Nos. W02010/027827 and

WO201 1/066342).

[00329] In one embodiment, the LAG-3 inhibitor is an anti-LAG-3 antibody molecule.
In one embodiment, the LAG-3 inhibitor is BMS-986016.

Pharmaceutical Compositions

[00330] To prepare pharmaceutical or sterile compositions including
immunoconjugates, the immunoconjugates 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 a CCR7
expressing cancer (including, but not limited to chronic lymphocytic leukemia (CLL),
peripheral T cell lymphomas (PTCL) such as adult T-cell leukemia/lymphoma (ATLL) and
anaplastic large-cell lymphoma (ALCL), Non-Hodgkin's lymphoma (NHL) such as mantle cell
lymphoma (MCL), Burkitt's lymphoma and diffuse large B-cell lymphoma (DLBCL), gastric
carcinoma, non-small cell lung cancer, small cell lung cancer, head and neck cancer,
nasopharyngeal carcinoma (NPC), esophageal cancer, colorectal carcinoma, pancreatic cancer,

thyroid cancer, breast cancer, renal cell cancer, and cervical cancer).

[00331] Formulations of therapeutic and diagnostic agents can be prepared by mixing
with physiologically acceptable carriers, excipients, or stabilizers in the form of, eg.,
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lyophilized powders, durries, agueous solutions, lotions, or suspensions {see, e.g., Hardman
et al., Goodman and Gilman's The Pharmacological Basis of Therapeutics, McGraw-Hill,
New York, N.Y., 2001; Gennaro, Remington: The Science and Practice of Pharmacy,
Lippincott, Williams, and Wilkins, New York, N.Y., 2000; Avis, et al. (eds.), Pharmaceutical
Dosage Forms. Parenteral Medications, Marcel Dekker, NY, 1993; Lieberman, et al. (eds.),
Pharmaceutical Dosage Forms: tablets, Marcel Dekker, NY, 1990; Lieberman, et al. (eds.)
Pharmaceutical Dosage Forms. Disperse Systems, Marcel Dekker, NY, 1990; Weiner and
Kotkoskie, Excipient Toxicity and Safety, Marcel Dekker, Inc., New York, N.Y., 2000).

[00332] Selecting an administration regimen for atherapeutic depends on several
factors, including the serum or tissue turnover rate of the entity, the level of symptoms, the
immunogenicity 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 patient consistent with an acceptable level 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 in selecting appropriate doses of antibodies, cytokines,

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.), Monoclona Antibodies and
Peptide Therapy in Autoimmune Diseases, Marcel Dekker, New York, N.Y., 1993; Baert et
al, New Engl. J. Med. 348:601-608, 2003; Milgrom et al, New Engl. J. Med. 341:1966-
1973, 1999; Slamon etal, New Engl. J. Med. 344:783-792, 2001; Beniaminovitz etal, New
Engl. J. Med. 342:613-619, 2000; Ghosh etal, New Engl. J. Med. 348:24-32, 2003; Lipsky
etal, New Engl. J. Med. 343:1594-1602, 2000).

[00333] Determination of the appropriate dose is made by the clinician, e.g., using
parameters or factors known or suspected in the art to affect treatment or prevention or
predicted to affect treatment or prevention. Generally, the dose begins with an amount
somewhat less than the optimum dose and it isincreased by small increments thereafter until
the desired or optimum effect is achieved relative to any negative side effects. Important
diagnostic measures include those of symptoms of, e.g., the inflammation or level of

inflammatory cytokines produced.

[00334] Actual dosage levels of the active ingredients in the pharmaceutical

compositions of the present invention may be varied so asto obtain an amount of the active
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ingredient which is effective to achieve the desired therapeutic response for a particular
patient, composition, and mode of administration, without being toxic to the patient. The
selected dosage level will depend upon avariety of pharmacokinetic factors including the
activity of the particular compositions of the present invention employed, or the ester, salt or
amide thereof, the route of administration, the time of administration, the rate of excretion of
the particular compound being employed, the duration of the treatment, other drugs,
compounds and/or materials used in combination with the particular compositions employed,
the age, sex, weight, condition, general health and prior medical history of the patient being
treated, and like factors known in the medical arts.

[00335] Compositions comprising antibodies or fragments thereof of the invention can
be provided by continuous infusion, or by doses at intervals 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
weeks. Doses may be provided intravenously, subcutaneously, topically, oraly, nasaly,
rectally, intramuscular, intracerebrally, or by inhalation. A specific dose protocol isone

involving the maximal dose or dose frequency that avoids significant undesirable side effects.

[00336] For the immunoconjugates of the invention, the dosage administered to a
patient may be 0.0001 mg/kg to 100 mg/kg of the patient's body weight. The dosage may be
between 0.0001 mg/kg and 30 mg/kg, 0.0001 mg/kg and 20 mg/kg, 0.0001 mg/kg and 10
mg/kg, 0.0001 mg/kg and 5 mg/kg, 0.0001 and 2 mg/kg, 0.0001 and 1 mg/kg, 0.0001 mg/kg
and 0.75 mg/kg, 0.0001 mg/kg and 0.5 mg/kg, 0.0001 mg/kg to 0.25 mg/kg, 0.0001 to 0.15
mg/kg, 0.0001 to 0.10 mg/kg, 0.001 to 0.5 mg/kg, 0.01 to 0.25 mg/kg or 0.01 to 0.10 mg/kg
of the patient's body weight. The dosage of the antibodies or fragments thereof of the
invention may be calculated using the patient's weight in kilograms (kg) multiplied by the
dose to be administered in mg/kg.

[00337] Doses of the immunoconjugates the invention may be repeated and the

administrations may be separated by less than 1day, at least 1day, 2 days, 3 days, 5 days, 10
days, 15 days, 30 days, 45 days, 2 months, 75 days, 3 months, 4 months, 5 months, or at least
6 months. 1n some embodiments, the immunoconjugates of the invention may be given twice
weekly, 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 invention

are repeated every 2 weeks.
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[00338] An effective amount for aparticular patient may vary depending on factors
such as the condition being treated, the overall health of the patient, the method, route and
dose of administration and the severity of side effects (see, e.g., Maynard et ah, A Handbook
of SOPs for Good Clinical Practice, Interpharm Press, Boca Raton, Fla., 1996; Dent, Good
Laboratory and Good Clinical Practice, Urch Publ., London, UK, 2001).

[00339] The route of administration may be by, e.g., topical or cutaneous application,
injection or infusion by subcutaneous, intravenous, intraperitoneal, intracerebral,
intramuscular, intraocular, intraarterial, intracerebrospinal, intralesional administration, or by
sustained release systems or an implant (see, e.g., Sidman et ah, Biopolymers 22:547-556,
1983; Langer etal, J.Biomed. Mater. Res. 15:167-277, 1981; Langer, Chem. Tech. 12:98-
105, 1982; Epstein etal, Proc. Natl. Acad. Sci. USA 82:3688-3692, 1985; Hwang etal,
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 aso include a solubilizing agent or alocal anesthetic
such aslidocaine to ease pain at the site of the injection, or both. In addition, pulmonary
administration can also be employed, e.g., by use of aninhaler or nebulizer, and formulation
with an aerosolizing agent. See, e.g., U.S. Pat. Nos. 6,019,968, 5,985,320, 5,985,309,
5,934,272, 5,874,064, 5,855,913, 5,290,540, and 4,880,078; and PCT Publication Nos. WO
92/19244, WO 97/32572, WO 97/44013, WO 98/31346, and WO 99/66903, each of which is

incorporated herein by reference their entirety.

[00340] A composition of the present invention may also be administered via one or
more routes of administration using one or more of avariety of methods known inthe art. As
will be appreciated by the skilled artisan, the route and/or mode of administration will vary
depending upon the desired results. Selected routes of administration for the
immunoconjugates of the invention include intravenous, intramuscular, intradermal,
intraperitoneal, subcutaneous, spinal or other parenteral routes of administration, for example
by injection or infusion. Parenteral administration may represent modes of administration
other than enteral and topical administration, usualy by injection, and includes, without
limitation, intravenous, intramuscular, intraarterial, intrathecal, intracapsular, intraorbital,
intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular,
intraarticular, subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and
infusion. Alternatively, acomposition of the invention can be administered via a non-
parenteral route, such as atopical, epidermal or mucosal route of administration, for example,

intranasally, orally, vaginaly, rectally, sublingually or topicaly. In one embodiment, the
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immunoconjugates of the invention is administered by infusion. In another embodiment, the

immunoconjugates of the invention is administered subcutaneously.

[00341] If the immunoconjugates of the invention are administered in a controlled
release or sustained release system, apump may be used to achieve controlled or sustained
release (see Langer, supra; Sefton, CRC Crit. Ref Biomed. Eng. 14:20, 1987; Buchwald et
al, Surgery 88:507, 1980; Saudek et al , N. Engl. J. Med. 321:574, 1989). Polymeric
materials can be used to achieve controlled or sustained release of the therapies of the
invention (see, e.g., Medical Applications of Controlled Release, Langer and Wise (eds.),
CRC Pres., Boca Raton, Fla., 1974; Controlled Drug Bioavailability, 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; see also Levy etal, Science 228:190,
1985; During et al, Ann. Neurol. 25:351, 1989; Howard et al, J. Neurosurg. 7 1:105, 1989;
U.S. Pat. No. 5,679,377; U.S. Pat. No. 5,916,597; U.S. Pat. No. 5,912,015; U.S. Pat. No.
5,989,463; U.S. Pat. No. 5,128,326; PCT Publication No. WO 99/15154; and PCT
Publication No. WO 99/20253. Examples of polymers used in sustained release formulations
include, but are not limited to, poly(2-hydroxy ethyl methacrylate), poly(methyl
methacrylate), poly(acrylic acid), poly(ethylene-co-vinyl acetate), poly(methacrylic acid),
polyglycolides (PLG), polyanhydrides, poly(N-vinyl pyrrolidone), poly(vinyl acohol),
poly aerylamide, poly(ethylene glycol), polylactides (PLA), poly(lactide-co-glycolides)
(PLGA), and polyorthoesters. In one embodiment, the polymer used in a sustained release
formulation isinert, free of leachable impurities, stable on storage, sterile, and biodegradable.
A controlled or sustained release system can be placed in proximity of the prophylactic or
therapeutic target, thus requiring only afraction of the systemic dose (see, e.g., Goodson, in
Medical Applications of Controlled Release, supra, vol. 2, pp. 115-138, 1984).

[00342] Controlled release systems are discussed in the review by Langer, Science
249:1527-1533, 1990). Any technigue known to one of skill in the art can be used to produce
sustained release formulations comprising one or more immunoconjugates of the invention.
See, eg., U.S. Pat. No. 4,526,938, PCT publication WO 91/05548, PCT publication WO
96/20698, Ning et al, Radiotherapy & Oncology 39:179-189, 1996; Song et al, PDA Journal
of Pharmaceutical Science & Technology 50:372-397, 1995; Cleek etal, Pro. Int'l. Symp.
Control. Rel. Bioact. Mater. 24:853-854, 1997; and Lam et al, Proc. Intl. Symp. Control Rel.
Bioact. Mater. 24:759-760, 1997, each of which isincorporated herein by reference in their
entirety.
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[00343] If the immunoconjugates of the invention are administered topically, they can
be formulated in the form of an ointment, cream, transdermal patch, lotion, gel, spray,
aerosol, solution, emulsion, or other form well-known to one of skill in the art. See, e.g.,
Remington's Pharmaceutical Sciences and Introduction to Pharmaceutical Dosage Forms,
19th ed., Mack Pub. Co., Easton, Pa. (1995). For non-sprayable topical dosage forms,
viscous to semi-solid or solid forms comprising a carrier or one or more excipients
compatible with topical application and having adynamic viscosity, in some instances,
greater than water are typically employed. Suitable formulations include, without limitation,
solutions, suspensions, emulsions, creams, ointments, powders, liniments, salves, and the
like, which are, if desired, sterilized or mixed 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 include sprayable aerosol
preparations wherein the active ingredient, in some instances, in combination with a solid or
liquid inert carrier, ispackaged in amixture with apressurized volatile (e.g., a gaseous
propellant, such as freon) or in a squeeze bottle. Moisturizers or humectants can also be
added to pharmaceutical compositions and dosage forms if desired. Examples of such

additional ingredients are well-known in the art.

[00344] If the compositions comprising the immunoconjugates are administered
intranasally, it can be formulated in an aerosol form, spray, mist or in the form of drops. In
particular, prophylactic or therapeutic agents for use according to the present invention can be
conveniently delivered in the form of an aerosol spray presentation from pressurized packs or
anebuliser, with the use of a suitable propellant (e.g., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas). In
the case of apressurized aerosol the dosage unit may be determined by providing avalve to
deliver ametered amount. Capsules and cartridges (composed of, e.g., gelatin) for use in an
inhaler or insufflator may be formulated containing a powder mix of the compound and a

suitable powder base such as lactose or starch.

[00345] Methods for co-administration or treatment with a second therapeutic agent,
e.g., acytokine, steroid, chemotherapeutic agent, antibiotic, or radiation, are known in the art
(see, e.g., Hardman et at, (eds.) (2001) Goodman and Gilman's The Pharmacological Basis
of Therapeutics, 101 ed., McGraw-Hill, New York, N.Y.; Poole and Peterson (eds.) (2001)
Pharmacotherapeutics for Advanced Practice: A Practical Approach, Lippincott, Williams &
Wilkins, Phila., Pa.; Chabner and Longo (eds.) (2001) Cancer Chemotherapy and Biotherapy,
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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 50%.

[00346] Additional therapies (e.g., prophylactic or therapeutic agents), which can be
administered in combination with the immunoconjugates of the invention may be
administered less than 5 minutes apart, less than 30 minutes apart, 1hour apart, at about 1
hour apart, at about 1to 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 5 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 to 48
hours apart, 48 hours 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 immunoconjugates of the invention. The two or more therapies may be

administered within one same patient visit.

[00347] In certain embodiments, the immunoconjugates of the invention can be
formulated to ensure proper distribution in vivo. For example, the blood-brain barrier (BBB)
excludes many highly hydrophilic compounds. To ensure that the therapeutic compounds of
the invention cross the BBB (if desired), they can be formulated, for example, in liposomes.
For methods of manufacturing liposomes, see, e.g., U.S. Pat. Nos. 4,522,811; 5,374,548; and
5,399,331. The liposomes may comprise one or more moieties which are selectively
transported into specific cells or organs, thus enhance targeted drug delivery (see, eg.,
Ranade, (1989) J. Clin. Pharmacol. 29:685). Exemplary targeting moieties include folate or
biotin (see, eg., U.S. Pat. No. 5,416,016 to Low et at); mannosides (Umezawa et al., (1988)
Biochem. Biophys. Res. Commun. 153:1038); antibodies (Bloeman et al., (1995) FEBS Lett.
357:140; Owais et a/., (1995) Antimicrob. Agents Chemother. 39:180); surfactant protein A
receptor (Briscoe et al, (1995) Am. J. Physiol. 1233:134); p 120 (Schreier et al., (1994) J.
Biol. Chem. 269:9090); see also K. Keinanen; M. L. Laukkanen (1994) FEBS Lett. 346:123;
J.J. Killion; 1. J. Fidler (1994) Immunomethods 4:273.

[00348] The invention provides protocols for the administration of pharmaceutical

composition comprising immunoconjugates of the invention alone or in combination with
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other therapies to a subject in need thereof. The therapies (e.g., prophylactic or therapeutic
agents) of the combination therapies of the present invention can be administered
concomitantly or sequentially to asubject. The therapy (e.g., prophylactic or therapeutic
agents) of the combination therapies of the present invention can also be cyclically
administered. Cycling therapy involves the administration of afirst therapy (e.g., afirst
prophylactic or therapeutic agent) for aperiod of time, followed by the administration of a
second therapy (e.g., a second prophylactic or therapeutic agent) for aperiod of time and
repeating this sequential administration, i.e., the cycle, 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 improve, the efficacy of the therapies.

[00349] The therapies (e.g., prophylactic or therapeutic agents) of the combination

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

[00350] The term "concurrently" isnot limited to the administration of therapies (e.g.,
prophylactic or therapeutic agents) at exactly the same time, but rather it ismeant that a
pharmaceutical composition comprising antibodies or fragments thereof the invention are
administered to a subject in a sequence and within atime interval such that the antibody drug
conjugates of the invention can act together with the other therapy(ies) to provide an
increased benefit than if they were administered otherwise. For example, each therapy may
be administered to a subject at the same time or sequentially in any order at different pointsin
time; however, if not administered at the same time, they should be administered sufficiently
close in time so asto provide the desired therapeutic or prophylactic effect. Each therapy can
be administered to a subject separately, in any appropriate form and by any suitable route. In
various embodiments, the therapies (e.g., prophylactic or therapeutic agents) are administered
to a subject less than 5 minutes apart, less than 15 minutes apart, less than 30 minutes apart,
less than 1hour apart, at about 1hour apart, at about 1 hour 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
5 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, 24 hours apart, 48 hours apart, 72 hours apart, or 1week apart. In other
embodiments, two or more therapies (e.g., prophylactic or therapeutic agents) are

administered to awithin the same patient visit.
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[00351] The prophylactic 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 administered

concurrently to asubject in separate pharmaceutical compositions. The prophylactic or

therapeutic agents may be administered to a subject by the same or different routes of

administration. The prophylactic 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 administered

concurrently to asubject in separate pharmaceutical compositions. The prophylactic or

therapeutic agents may be administered to a subject by the same or different routes of

administration.

EXAMPLES

Example 1: Generation of Anti-CCR7 Antibodies

Generation of expression constructs for human, rat, mouse and cvnomolgus monkey CCR7

[00352] Full length human, cyno and mouse CCR7 genes were synthesized based on

amino acid sequences from the GenBank or Uniprot databases (SEQ ID NO: 97, SEQ ID NO:
99, SEQ ID NO: 101). Therat CCR7 cDNA template was gene synthesized based on amino
acid sequence information generated using mRNA isolated from various rat tissues (SEQ 1D

NO: 103). All synthesized DNA fragments were cloned into appropriate expression vectors.

Table 2: Amino Acid and Nucleotide Sequence Information for CCR7

Human CCR7

SEQ ID NO: 97

MDLGKPMKSVLVVALLVIFQVCLCOQDEVTDDYIGDNTTVDYTLFESLCSKKDVRNFK
AWFLPIMYSIICFVGLLGNGLVVLTYIYFKRLKTMTDTYLLNLAVADILFLLTLPFWAYS
AAKSWVFGVHFCKLIFAIYKMSFFSGMLLLLCISIDRYVAIVOQAVSAHRHRARVLLISK
LSCVGIWILATVLSIPELLYSDLQRSSSEQAMRCSLITEHVEAFITIQVAQMVIGFLVPL
LAMSFCYLVIIRTLLQARNFERNKAIKVIIAVVVVFIVFQLPYNGVVLAQTVANFNITSS
TCELSKQLNIAYDVTYSLACVRCCVNPFLYAFIGVKFRNDLFKLFKDLGCLSQEQLRQ
WSSCRHIRRSSMSVEAETTTTFSP

SEQ ID NO: 98

ATGGACCTGGGGAAACCAATGAAAAGCGTGCTGGTGGTGGCTCTCCTTGTCATT
TTCCAGGTATGCCTGTGTCAAGATGAGGTCACGGACGATTACATCGGAGACAAC
ACCACAGTGGACTACACTTTGTTCGAGTCTTTGTGCTCCAAGAAGGACGTGCGG
AACTTTAAAGCCTGGTTCCTCCCTATCATGTACTCCATCATTTGTTTCGTGGGCCT
ACTGGGCAATGGGCTGGTCGTGTTGACCTATATCTATTTCAAGAGGCTCAAGAC
CATGACCGATACCTACCTGCTCAACCTGGCGGTGGCAGACATCCTCTTCCTCCTG
ACCCTTCCCTTCTGGGCCTACAGCGCGGCCAAGTCCTGGGTCTTCGGTGTCCACT
TTTGCAAGCTCATCTTTGCCATCTACAAGATGAGCTTCTTCAGTGGCATGCTCCTA
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CTTCTTTGCATCAGCATTGACCGCTACGTGGCCATCGTCCAGGCTGTCTCAGCTC
ACCGCCACCGTGCCCGCGTCCTTCTCATCAGCAAGCTGTCCTGTGTGGGCATCTG
GATACTAGCCACAGTGCTCTCCATCCCAGAGCTCCTGTACAGTGACCTCCAGAGG
AGCAGCAGTGAGCAAGCGATGCGATGCTCTCTCATCACAGAGCATGTGGAGGC
CTTTATCACCATCCAGGTGGCCCAGATGGTGATCGGCTTTCTGGTCCCCCTGCTG
GCCATGAGCTTCTGTTACCTTGTCATCATCCGCACCCTGCTCCAGGCACGCAACT
TTGAGCGCAACAAG GCCATCAAGGTGATCATCGCTGTG GTCGTGGTCTTCATAG
TCTTCCAGCTGCCCTACAATGGGGTGGTCCTGGCCCAGACGGTGGCCAACTTCA
ACATCACCAGTAGCACCTGTGAGCTCAGTAAGCAACTCAACATCGCCTACGACG
TCACCTACAGCCTGGCCTGCGTCCGCTGCTGCGTCAACCCTTTCTTGTACGCCTTC
ATCGGCGTCAAGTTCCGCAACGATCTCTTCAAGCTCTTCAAGGACCTGGGCTGCC
TCAGCCAGGAGCAGCTCCGGCAGTGGTCTTCCTGTCGGCACATCCGGCGCTCCT
CCATGAGTGTGGAGGCCGAGACCACCACCACCTTCTCCCCA

Cyno CCRY

SEQ ID NO: 99

M DLGKPM KSVLVVALLVI FQVCLCQDEVTDDYIGDNTTVDYTLFESLCSKKDVRN  FK
AWFLPIMYSI ICFVGLLGNGLVVLTYIYFKRLKTMTDTYLLN LAVADI LFLLTLPFWAYS
AAKSWVFGVH FCKLI FAIYKMSFFSGM LLLLCISIDRYVAIVQAVSAH RHRARVLLISK
LSCVGIWI LATVLSIPELLYSGLQRSSSEQAM RCSLITEHVEAFITIQVAQMVIGFLVPL
LAMSFCYLVI IRTLLQARN FERN KAI KVI IAVVVVFIVFQLPYNGVVLAQTVAN  FNITSS
TCELSKQLN IAYDVTYSLACVRCCVNPFLYAFIGVKFRN DLFKLFKDLGCLSQEQLRQ
WSSCRH IRRSSMSVEADb T IT1Fsp

SEQ ID NO: 100

ATGGACCTGGGGAAACCAATGAAAAGCGTGCTGGTGGTGGCTCTCCTTGTCATT
TTCCAGGTATGCCTGTGTCAAGATGAGGTCACGGACGATTACATCGGAGACAAC
ACCACAGTGGACTACACTTTGTTCGAGTCTTTGTGCTCCAAGAAGGACGTGCGG
AACTTTAAAGCCTGGTTCCTCCCTATCATGTACTCCATCATTTGTTTCGTGGGCCT
ACTG GGCAATG GGCTGGTCGTGTTG ACCTATATCT ATTTCAAGAGGCTCAAG AC
CATGACCGATACCTACCTGCTCAACCTGGCGGTGGCAGACATCCTCTTCCTCCTG
ACCCTTCCCTTCTGGGCCTACAGCGCGGCCAAGTCCTGGGTCTTCGGTGTCCACT
TTTGCAAGCTCATCTTTGCCATCTACAAGATGAGCTTCTTCAGTGGCATGCTCCTA
CTTCTTTGCATCAGCATTGACCGCTACGTGGCCATCGTCCAGGCTGTCTCAGCTC
ACCGCCACCGTGCCCGCGTCCTTCTCATCAGCAAGCTGTCCTGTGTGGGCATCTG
GATACTAGCCACAGTGCTCTCCATCCCAGAGCTCCTGTACAGTGGCCTCCAGAG
GAGCAGCAGTG AGCAAG CGATG CGATG CTCTCTCATCACAGAGCATGTG GAGG
CCTTTATCACCATCCAGGTGGCCCAGATGGTGATCGGCTTTCTGGTCCCCCTGCT
GGCCATGAGCTTCTGTTACCTTGTC ATCATCCGCACCCTGCTCCAGGCACG CAAC
TTTGAGCGCAACAAGG CCATCAAGGTGATCATCGCTGTGGTCGTG GTCTTCATA
GTCTTCCAGCTGCCCTACAATGGGGTGGTCCTGGCCCAGACGGTGGCCAACTTC
AACATCACCAGTAGCACCTGTGAGCTCAGTAAGCAACTCAACATCGCCTACGAC
GTCACCTACAGCCTGGCCTGCGTCCGCTGCTGCGTCAACCCTTTCTTGTACGCCTT
CATCGGCGTCAAGTTCCGCAACGATCTCTTCAAGCTCTTCAAGGACCTGGGCTGC
CTCAGCCAGGAGCAGCTCCGGCAGTGGTCTTCCTGTCGGCACATCCGGCGCTCC
TCCATGAGTGTGGAGGCCGAGACCACCACCACCTTCTCCCCA

Mouse CCR7

SEQ ID NO: 101

M DPGKPRKNVLVVALLVI FQVCFCQDEVTDDYIGENTTVDYTLYESVCFKKDVRN  FK
AWFLPLMYSVICFVGLLGNGLVI LTYIYFKRLKTMTDTYLLNLAVADILFLLI LPFWAYS
EAKSWI FGVYLCKGI FGIYKLSFFSGM LLLLCISIDRYVAIVQAVSAH RHRARVLLISKLS
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CVGIWMLALFLSI PELLYSGLQKNSGEDTLRCSLVSAQVEALITIQVAQMVFGFLVP
M LAMSFCYLII IRTLLQARNFERN KAI KVIIAVVVVFIVFQLPYNGVVLAQTVAN  ENIT
NSSCETSKQLN IAYDVTYSLASVRCCVN PFLYAFIGVKFRSDLFKLFKDLGCLSQERLR
HWSSCRHVRNASVSM EAE TITIFsp

SEQ ID NO: 102

ATGGACCCAGGGAAACCCAGGAAAAACGTGCTGGTGGTGGCTCTCCTTGTCATT
TTCCAGGTGTGCTTCTGCCAAGATGAGGTCACCGATGACTACATCGGCGAGAAT
ACCACGGTGGACTACACCCTGTACGAGTCGGTGTGCTTCAAGAAGGATGTGCGG
AACTTTAAGGCCTGGTTCCTGCCTCTCATGTATTCTGTCATCTGCTTCGTG GGCCT
GCTCGGCAACGGGCTGGTGATACTGACGTACATCTATTTCAAGAGGCTCAAGAC
CATGACGGATACCTACCTGCTCAACCTGGCCGTGGCAGACATCU "TIICCTCCTG
ATTCTTCCCTTCTGGGCCTACAGCGAAGCCAAGTCCTGGATCTTTGGCGTCTACC
TGTGTAAG GGCATCTTTGG CATCTATAAGTT AAG CTTCTTCAGCGG GATGCTGCT
GCTCCTATGCATCAGCATTGACCGCTACGTAGCCATCGTCCAGGCCGTGTCGGCT
CATCGCCACCGCGCCCGCGTGCTTCTCATCAGCAAGCTGTCCTGTGTGGGCATCT
GGATGCTGGCCCTCTTCCTCTCCATCCCGGAGCTGCTCTACAGCGGCCTCCAGAA
GAACAGCGGCGAGGACACGCTGAGATGCTCACTGGTCAGTGCCCAAGTGGAGG
CCTTGATCACCATCCAAGTGGCCCAGATGG TITTIGGGTTCCTAGTGCCTATGCT
GGCTATGAGTTTCTGCTACCTCATTATCATCCGTACCTTGCTCCAGGCACGCAACT
TTGAGCGGAACAAGGCCATCAAGGTGATCATTGCCGTGGTGGTAGTCTTCATAG
TCTTCCAGCTGCCCTACAATGGGGTGGTCCTGGCTCAGACGGTGGCCAACTTCA
ACATCACCAATAGCAGCTGCGAAACCAGCAAGCAGCTCAACATTGCCTATGACG
TCACCTACAGCCTGGCCTCCGTCCGCTGCTGCGTCAACCCTTTCTTGTATGCCTTC
ATCGGCGTCAAGTTCCGC AGCGACCTCTTCAAG CTCTTCAAGG ACTTGGGCTGTC
TCAGCCAGGAACGGCTCCGGCACTGGTCTTCCTGCCGGCATGTACGGAACGCGT
CGGTGAGCATGGAGGCGGAGACCACCACAACCTTCTCCCCG

Rat CCR7

SEQ ID NO: 103

M DLGKPTKNVLVVALLVI FQVCFCQDEVTDDYIGENTTVDYTLYESVCFKKDVRN FK
AWFLPLMYSVICFVGLLGNGLVVLTYIYFKRLKTMTDTYLLNLAVADI LFLM ILPFWA

YSEAKSWIFGAYLCKSI FGIYKLSFFSG MLLLLCISI DRYVAIVQAVSAH RHRARVLLISK
LSCIGIWTLAFFLSIPELLYSGLQKNSGEDTWRCSLVSAQVEALIAIQVAQMVVGFVL

PM LAMSFCYLVI IRTLLQARNFERN KAI KVI IAVVVVFVVFQLPYNGVVLAQTVAN  FN
ITNSSCEASKQLN IAYDVTYSLASVRCCVN PFLYAFIGVKFRSDLFKLFKDLGCLSQERL
RQWSSCRHVRHTSVSMEAb TTITIFsSp

SEQ ID NO: 104

ATGGACCTGGGGAAGCCCACGAAAAACGTGCTGGTGGTGGCTCTCCTGGTCATT
TTCCAGGTGTGCTTCTGCCAAGATGAGGTCACAGACGACTACATCGGCGAGAAC
ACCACCGTGGACTACACCCTGTATGAGTCGGTGTGCTTCAAGAAGGATGTGCGG
AACTTTAAGGCCTGGTTCCTCCCTCTCATGTACTC AGTCATTTGCTTCGTG GGCCT
GCTAGGCAATGGGCTGGTGGTGCTGACATACATCTATTTCAAGAGACTGAAGAC
CATGACGGATACCTACCTGCTCAACCTGGCCGTGGCAGACATCCTCTTCCTCATG
ATCCTTCCCTTCTGGGCCTACAGCGAAGCCAAGTCCTGGATCTTTGGTGCCTACC
TGTGTAAG AGCATCTTTG GCATCTACAAGTT AAGCTTCTTCAGCGGGATGTTG CT
GCTCCTGTGTATCAGCATTGACCGCTATGTG GCCATCGTCCAGGCCGTGTCAGCC
CACCGGCACCGCGCCCGCGTGCTTCTCATCAGCAAG CTGTCCTGTATAGGCATCT
GGACGCTGGCC TITTICCTTTCTATCCCTGAGCTGCTCTACAGCGGCCTCCAGAA
GAACAGCGGCGAGGACACGTGGAGATGCTCCCTGGTCAGTGCCCAAGTGGAGG
CCTTGATCGCCATCCAAGTGGCCCAGATGGTTGTTGGGTTTGTACTGCCTATGCT
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GGCTATGAGTTTCTGCTACCTGGTTATCATCCGCACTCTGCTCCAGGCGCGAAAC
TTCGAGCGGAACAAGGCCATCAAGGTGATCATCGCTGTGGTCGTAGTGTTCGTC
GTCTTCCAGCTGCCCTACAATGGGGTGGTCCTGGCCCAGACCGTGGCCAATTTC
AACATCACCAATAGCAGCTGCGAAG CCAGCAAGCAGCTCAACATTGCCTATGAC
GTCACCTACAGCCTGGCCTCCGTCCGCTGCTGTGTCAACCCTTTCTTGTATGCCTT
CATCGGCGTCAAGTTCCGCAGCGACCTCTTCAAGCTCTTCAAGGACTTGGGCTGC
CTCAGCCAGGAACGGCTCCGGCAGTGGTCTTCCTGCCGCCATGTACGGCACACG
ITCCGTGAGCATGGAGGCGGAGACTACCACCACCTTCTCCCCG

Generation of cell lines stably expressing CCR7

[00353] Stable CCR7-expressing cell lines were generated using retroviral
transduction. 293T cells were co-transfected with a CCRY retroviral expression vector and a
pCL-Eco or pCL-IOAIl packaging vector (Novus, USA, cat#NBP2-29540 or NBP2-2952)
using Fugene 6 transfection reagent (Promega, USA, cat# E2692) following manufacturer's
recommendation. Cells were incubated in a 37°C humidified CO2 incubator and viral
supernatant was collected 48 hours post-transfection. NIH/3T3 and 300.19 cells were grown
to near confluent monolayer. Growth media was removed from the cells and viral
supernatant was added in the presence of 8 ug polybrene/ml (final concentration) (EMD
Millipore, cat#TR-1003-G). Following incubation for 3-6 hours at 37°C, fresh media was
added. Cells were then cultured under appropriate selection conditions to produce stable

CCR7-expressing cell lines.

Generation, expression and purification of viral-like particles (VLPS)

[00354] HEK293T or NIH/3T3 cells were maintained in DMEM with 10% FBS. To
make VLPs, cells were exchanged into DMEM with 4% FBS, then co-transfected with a
CCRY expression plasmid and aretroviral Gag expression plasmid at apg ratio of 3:2. Forty-
eight hours post-transfection, cell supernatant was collected and clarified by centrifugation at
2500 x g for 5min in abenchtop centrifuge and kept onice. VLPs were purified by
ultracentrifugation in at 100,000 x g through a20% sucrose cushion in Beckman Ultra-Clear
38 ml centrifugation tubes (catalog # 344058) in aBeckman Coulter SW 32 Ti rotor in a
Sorvall RC 6+ ultracentrifuge. Resulting pellets were resuspended in 300 i of cold sterile
PBS and quantitated using aBCA Assay (Pierce catalog # 23225).

Structure derived generation of CCR7 immunogen scaffold

[00355] Members of the G coupled protein receptor family are membrane proteins that

contain seven transmembrane helixes (TM1...TM7) each connected by linking sequences of
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varying length. The amino terminus of the protein is on the ecto side of the cell surface

which indicates that 4 regions of the protein are potentially exposed on the surface of the cell,

the amino terminus (N-term) and 3 extracellular loop regions (ECI, EC2 and EC3). These

regions are thus available as antigens for antibodies.

[00356]

It was envisioned that a combination of one or more of these 4 entries could be

inserted into a soluble protein scaffold to structurally approximate the extracellularly exposed
region of CCRY.

[00357]

To determine the optimal extracellular regions of CCR7, amodel was built

using the crystal structure of the close homologue CXCR4 (Wu et al, "Structures of the

CXCR4 chemokine GPCR with small-molecule and cyclic peptide antagonists.”" (2010)
Science 330: 1066-1071) using acombination of CXCR4 structure with Protein Data bank
Entries (30DU, 30EOQ, 30E6, 30E8, 30E9) and modelling software. Amino acids that were

interstitial to the connecting transmembrane helices were inferred from the model to be

exposed on the surface of the protein. These regions are identified in Table 3 below.

Table 3: Amino Acid and Nucleotide Sequence Information for CCR7 Immunogen Scaffold

;EOQ ID Description Comments
MDLGKPMKSVLVVALLVIFQVCLCQDEVTDD | CCR7,
YIGDNTTVDYTLFESLCSKKDVRNFKAWFLPI | precursor.
MYSIICFVGLLGNGLVVLTYIYFKRLKTMTDTYL | Extracellular
LNLAVADILFLLTLPFWAYSAAKSWVFGVHFC | regions are

CCR7 KLIFAIYKMSFFSGMLLLLCISIDRYVAIVQAVSA highlighted
(NP_001829.1| C-C HRHRARVLLISKLSCVGIWILATVLSIPELLYSDL | in bold.
105 cher_nokine QRSSSEQAMRCSLITEHVEAFITIQVAQMVIG | Insert
receptor type 7) FLVPLLAMSFCYLVIIRTLLOARNFERNKAIKVII | regions or
AVVVVFIVFQLPYNGVVLAQTVANFNITSSTCE | derivatives
LSKQLNIAYDVTYSLACVRCCVNPFLYAFIGVKF | thereof are
RNDLFKLFKDLGCLSQEQLRQWSSCRHIRRSS | in bold and
MSVEAETTTTFSP underlined.
CCR7 N-
QDEVTDDYIGDNTTVDYTLFESLCSKKDVR terminal
106 N-term
extracellular
sequence
CCR7
107 EC1 KSWVFGVH Extracellular
loop 1
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SEQ ID I
Description Comments
NO:
CCR7
108 EC2 YSDLORSSSEQAMRCSLIT Extracellular
loop 2
CCR7
109 EC3 FNITSST Extracellular
loop 3
110 EC2_C24S YSDLQRSSSEQAMRSSLIT
EVQLVESGGGLVKPGGSLKLSCAASGFTFSDY
GM LWVRQAPEKGLEWIAYISSGSSTIYYADRV
KGRFTISRDNAKNTLFLQMTSLRSEDTAMYYC | Heavy chain
111 H_MGFTX1 STGTFAYWGQGTPVTVSSAKTTPPSVYPLAPG | of mouse
SAAQTNSMVTLGCLVKGYFPEPVTVTWNSGS | Fab scaffold
LSSGVHTFPAVLQSDLYTLSSSVTVPSSTWPSE
TVTCNVAH PASSTKVDKKIVPRDC
DVVMTQNPLSLPVSLGDQASISCRSSQSLIYNN
GNTYLHWYRQKPGQSPKLLIYKVSN RFSGVPD
RFSGSGSGTDFTLKISRVEAEDLGVYFCSQSTH . .
Light chain of
VPFTFGSGTKLEI KRADAAPTVSIFPPSSEQLTS
112 L_MGFTX1 mouse Fab
- GGASVVCFLNN FYPKDI NVKWKI DGSERQNG scaffold
VLNSWTDQDSKDSTYSMSSTLTLTKDEYERHN
SYTCEATHKTSTSPIVKSFNRNEC
QDEVTDDYIGDNTTVDYTLFESLCSKKDVREV .
Heavy chain
QLVESGGGLVKPGGSLKLSCAASGFTFSDYGM of Fab with
LWVRQAPEKGLEWIAYISSGSSTIYYADRVKGR Neterm  and
FTISRDNAKNTLFLQMTSLRSEDTAMYYCSTG EC2 inserted
113 H_FabCCR7MI TYSDLQRSSSEQAMRSSLITFAYWGQGTPVT Inserted '
VSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLV sequences
KGYFPEPVTVTWNSGSLSSGVHTFPAVLQSDL un?jerlined
YTLSSSVTVPSSTWPSETVTCNVAHPASSTKVD .
and in bold
KKIVPRDC
CAAGATGAGGTCACGGACGATTACATCGGA
GACAACACCACAGTGGACTACACTTTGTTCG
AGTCTTTGTGCTCCAAGAAGGACGTGCGGga DNA
tgcagctggtggagtctggtggtggtctggtcaagcect
——— L
ggagg g gagtigtgccg 999 HEabCCR7M
attctctgactacggaatgctgtgggtgaggcaggcacca 1 hea
114 H_FabCCR7MI gagaagggcctggaatggatcgcttatatttccagcggat chain W
ctagtactatctactatgcagacagggtcaagggccggtt Insert.ed
caccattagcagagataacgccaaaaataccctgtttctg .
sequence in
cagatgacatcactgaggtccgaggataccgctatgtatt UbDer case
attgctccacagggactTACAGTGACCTCCAGAGG PP
AGCAGCAGTGAGCAAG CGATGCGATCCTCT
CTCATCACAtttgcttactggggacaggggacacccgt
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SEQ ID

Description Comments
NO:

gaccgtcagctcagccaagaccaccccccccagegtgtac
cctetggeccectggetcetgecgeccagaccaacagceatgg
tgaccctgggctgectggtgaagggctacttccccgagec
cgtgaccgtgacctggaacagcggcagcctgagcagegg
cgtgcacaccttccecegecgtgctgcagagcgacctgtac
accctgagcagctctgtgaccgtgcccagcageacctgge
ccagcgagaccgtgacatgcaacgtggceccaccecgeca
gctccaccaaggtggacaagaaaatcgtgccccgggact

gc

atgtcgtgatgactcagaatccactgtccctgectgtgtee
ctgggcgatcaggcttccattagcetgtegttectctcagtee
ctgatctacaacaatggtaacacctacctgcactggtata
gacagaagcccggccagtcecctaagetgctgatctacaa
agtgagtaataggttctcaggagtcccagaccggttttccy
gcagcggatctgggaccgatttcacactgaaaatctctag
ggtggaggccgaagacctgggcegtctacttttgtagtcag
agcactcacgtccccttcaccttcggcagcggaacaaaac | DNA

115 L_MGFTX1 tggaaatcaagcgcgctgatgccgeccctaccgtgageat | sequence of
cttcccecccagcagegageagetgaccageggeggage | L MGFTX1
cagcgtggtgtgcttcctgaacaacttctaccccaaggac
atcaacgtgaagtggaagatcgacggcagcgageggea
gaacggcgtgctgaacagctggaccgaccaggacagca
aggactccacctacagcatgagcagcaccctgaccctga
ccaaggacgagtacgagcggcacaacagctacacctgeg
aggccacccacaagaccagcaccagccccatcgtgaaga
gcttcaaccggaacgagtgc

[00358] The small size of loops ECI and EC3 and the spatial separation of EC3 from
the other three regions prioritized the use of N-term and EC2 loop as candidate epitopes.

[00359] Modelling the fusion of the N-term sequence into the crystal structure of a
mouse Fab with the EC2 sequence inserted into various loop regions of the Fab such asin
Framework 1, CDR-H3 or CDR3-H1, showed that if adegree of flexibility is assumed in the
two sequences then these could be reasonable approximations to the structure of these regions
in CCRY7.

Immunogen scaffold generation for mouse immunization

[00360] Engrafted constructs for mouse immunization were generated by fusing the N-
terminal sequence from Table 3 to the N-terminus of the heavy chain of amouse Fab scaffold

(designated MGFTX1) and engrafting a modified version of EC2 sequence with the cysteine
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residue at position 24 mutated to a serine (Table 3 and underlined + emboldened sequences of
SEQ ID NO: 113), into CDR3 of the MGFTX1 scaffold, then both heavy and light chain
immunoglobulin chains were produced to generate final protein constructs. The constructs,
designated FabCCR7MI, thus contained a mouse framework which should be immune

tolerant combined with human sequence to which the mouse immune response was directed.

[00361] The N-term sequence was directly fused with the heavy chain of the MGFTX1
scaffold. Insertion points for EC2 were selected to be the mid-point of the CDR loop based
on available structural or homology model data. Fab engrafted proteins were produced using
standard molecular biology methodology utilizing recombinant DNA encoding the relevant

sequences.

[00362] For example, avariable region of each antibody containing EC2 was inserted
into heavy chain CDR3 was synthesized. DNA encoding variable region was amplified via
PCR and the resulting fragment was sub-cloned into vector containing either the light chain
constant region or the heavy chain constant and Fc regions. In this manner FabCCR7MI
proteins were made corresponding to fusion of N-term and insertion of EC2 into H3.
Resulting constructs are shown in Table 3. Transfections of the appropriate combination of
heavy and light chain vectors results in the expression of arecombinant Fab containing one

N-term and one EC2 molecules.

[00363] The selection of which CDR ischosen for engraftment is determined based on
the parameters of exposure of the loop and proximity to the N-terminal. At this time,
modelling software isonly partially useful in predicting which CDR and which location
within the CDR will provide the desired parameters, due to the flexibility of the loops after
fusion and engraftment. The structure of the MGFTX1 scaffold in combination with the
EC2 _C24S (Table 3, SEQ ID NO: 110) showed the sequence to be exposed and flexible as
judged by lack of electron density for the mgjority of the sequence.

[00364] In summary, the insertion point in the CDR was chosen on a structural basis,
with the hypothesis that grafting into the CDR would provide some level of structura

semblance to the native antigen.

Hybridoma generation

[00365] Bcl-2 transgenic mice (C57BL/6-Tgn (bcl-2) 22 WEHI strain) were

immunized with antigen using a procedure that calls for Repetitive Immunization at Multiple
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Sites (RIMMS) (Mclntyre GD. Hybridoma 1997). Briefly, mice were injected with 1-3 pg of
CCRY7 immunogen at 8 specific sites proximal to peripheral lymph nodes (PLNs). This
procedure was repeated 8times over a 12 day period. On Day 12, atest bleed was collected
and the serum antibody titer was analyzed by FACS. In some instances, BALB/c and/or
C57B1/6 mice were immunized with NIH3T3 or 300.19 cells stably overexpressing human
CCR7 (SEQ ID NO: 97). Animals were injected subcutaneously with 5 X106 cellsin PBS
once amonth for 3 months followed by an intravenous boost with 25 pg of human CCR7-
expressing VLPs. Two days after the boost, atest bleed was collected and serum antibody
titer was analyzed by FACS. Spleens and pooled PLNs were removed from high titer mice.
To harvest lymphocytes, spleens and PLNs were washed twice with DMEM, and then
dissociated by passage through a 70 micron screen (Falcon #352350). The resulting
lymphocytes were washed 2 additional times prior to fusion in Cytofusion media (BTXpress
Cytofusion® Electroporation Medium cat# 47001).

[00366] For the fusion, FO myeloma cells were mixed with lymphocytes at a 1:4 ratio.
The cell mixture was centrifuged, suspended in Cytofusion media and subsequently added to
an electrofusion chamber (Harvard Apparatus Coaxial chamber 9ML Part #470020).
Electrofusion was carried out per manufacturer's instructions using the CEEF-50B
Hybrimune/Hybridoma system (Cyto Pulse Sciences, Inc). Fused cells were alowed to
recover 5min in chamber, diluted 1/10 in Fusion media without HAT (DMEM + 20% FBS,
1% Pen/Strep/Glu, | X NEAA, 0.5X HFCS) and placed at 37°C for one hour. 4X HAT media
(DMEM + 20% FBS, 1% Pen/Strep/Glu, 1X NEAA, 4X HAT, 0.5X HFCS) was added to
make a I X solution, and density was adjusted to 1.67 X 104 cellsml. The cells were plated in
384-well plates at 60 pi/well.

FACSscreening

[00367] Ten days after fusion, hybridoma plates were screened for the presence of
CCR7-specific antibodies using flow cytometry to confirm specific binding of candidate
antibodies to cell lines stably overexpressing or endogenously expressing CCR7. Cells were
rinsed thoroughly with PBS and treated with Accutase (Millipore #SCR005) to lift from
growth plates and resuspended in cold PBS. Cells were biotinylated labeled with a
fluorescent dye according to manufacdturer's directions (FluoReporter Cell-Surface
Biotinylation Kit, Thermo Fisher Scientific Cat# F-20650; PE-Cy7 Steptavidin,
ThermoFisher Scientific Cat# SA1012). Cells were resuspended at approximately 1X10°
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cellml in FACS buffer (IX DPBS, 3% FBS, 5mM EDTA, 0.1% Sodium Azide). In a384-
well plate, 20 pL of hybridoma supernatant was pre-seeded and 20 pL of cell suspension was
added. Cells were incubated for 1 hour at 4°C, washed twice with cold FACS buffer and
resuspended in 20 uL of 1:400 secondary antibody FACS buffer (Allophycocyanin
conjugated F(ab")2 goat anti-human 19G, Fey specific; Jackson Immunoresearch, Cat# 109-
136-098). After additional incubation for 45 min at 4°C, cells were washed twice with FACS
buffer and resuspended in 20uL of FACS buffer + with 2 pg/ml propidium iodide (Sigma
Aldrich Cat# P4864-10ML). Geometric mean fluorescence intensity was calculated on live

single cellsusing FlowJo™ software.

Antibody purification

[00368] Chimeric antibodies comprising murine variable regions and human constant
regions were prepared. Additionally, chimeric versions comprising cysteine mutations (e.g.,
cysteines at position K360C, or positions E152C and S375C of the heavy chain) were
designed for conjugation of drug moiety and preparation of ADCs as described in further
detail herein. Variable region (VH and VL) DNA sequences of hybridomas were obtained
for generation of optimized sequences (e.g., humanization, preferred characteristics) for each
of selected hybridomas mAbI21G12, mAb506E15, mAb674J13 and mAb684E12. Variable
region DNA from murine monoclonal antibodies was amplified by RACE from RNA
obtained from each selected hybridoma cell line using standard methods. Polypeptide
sequences for each of the murine variable heavy/light chains are shown in SEQ ID NO:
128/SEQ ID NO: 144, SEQ ID NO: 160/SEQ ID NO: 176, SEQ ID NO: 192/SEQ ID NO:
208, and SEQ ID NO: 224/SEQ ID NO: 240 respectively for each of 674J13, 121G12,
506E15 and 684E12 hybridomas. Corresponding derived variable heavy/light nucleotide
sequences for each of the hybridomas are shown in SEQ ID NO: 129/SEQ ID NO: 145, SEQ
ID NO: 161/SEQ ID NO: 177, SEQ ID NO: 193/SEQ ID NO: 209, and SEQ ID NO:
225/SEQ ID NO: 241. For preparation of chimeric antibodies, DNA sequences coding for
the hybridoma VL and VH domain were subcloned into expression vectors containing the
respective human wild type or engineered Cys or D265A/P329A (DAPA) mutation heavy
chain and human light chain constant region sequences (IgGl , kappa).

Humanization of antibodies

[00369] Variable region constructs were designed for humanization and optimization

of sequences (e.g., remova of post-translational modifications, non-preferred sites, etc.), to
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include cysteine mutations (e.g., cysteines at position K360C, or positions E152C and S375C
of the heavy chain) for conjugation of drug moiety and preparation of ADCs as described in
further detail herein; aswell as for modification of Fc effector mutations (e.g., D265A/P329A
mutations in the Fc region) to include constructs having reduced Fc effector function, and

combinations thereof.

[00370] DNA sequences coding for humanized VL and VH domains were ordered at
GeneArt (Life Technologies Inc. Regensburg, Germany), including codon optimization for
Cricetulus griseus. Sequences coding for VL and VH domains were subcloned from the
GeneArt derived vectors into expression vectors suitable for protein production in
mammalian cells. Heavy and light chains were cloned into individual expression vectors to

allow co-transfection.

[00371] Recombinant antibodies (IgGl, kappa) were produced by co-transfection of
vectors into Freestyle™ 293 expression cells (Invitrogen, USA) using PEI (polyethylenimine,
MW 25,000 linear, Polysciences, USA, cat# 23966) as transfection reagent. The PEI stock
was prepared by dissolving 1g of PEI in 900 ml cell culture grade water at room temperature
(RT). To facilitate dissolution of PEI, the solution was acidified by addition of HC1 to pH 3-
5, followed by neutralization with NaOH to afinal pH of 7.05. Finally, the volume was
adjusted to 1L and the solution was filter sterilized through a0.22 um filter, aliquoted and

frozen at -800C until further use.

[00372] Freestyle™ 293 cells (Gibco™, ThermoFisher scientific, USA, cat# R79007)
were cultivated in Freestyle™ 293 media (Gibco™, ThermoFisher scientific, USA, cat#
12338018) in shake flasks (Corning, Tewksbury, MA) on an orbital shaker (100-120 rpm) in
a 37°C humidified incubator at 5% CO2. For transient transfections, cells were grown to a
density or approximately 3 x 106 cells/ml, and then 1ug of filter sterilized DNA/ml of culture
(0.5 ug of heavy chain + 0.5 ug of light chain) was added to 2 ug PEI/1 ug of DNA in
OptiMem (ThermoFisher Scientific, USA, #11058021) solution and incubated at RT for 8
minutes. The mixture was the added to the Freestyle™ 293 cells dropwise with gently
swirling. Following transfection, the cells were cultured for one to two weeks prior to
antibody purification from supernatant. To generate stable cell lines for antibody production,
vectors were co-transfected by nucleofection (Nucleofector™ 96-well shuttle™; Lonza) into
CHO cells using manufacturer's recommendations, and cultured under selection conditions

for up to four weeks in shake flasks. Cells were harvested by centrifugation, and supernatant
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recovered for antibody purification. Antibody was purified using protein A, Protein G or
MabSelect SuRe (GE Healthcare Life Sciences) columns. Prior to loading the supernatant,
the resin was equilibrated with PBS. Following binding of the sample, the column was
washed with PBS, and the antibody was eluted with Thermo (Pierce) 1gG pH 2.8 (cat#
21004). The eluate fractions were neutralized with sodium citrate tribasic dehydrate buffer,
pH 8.5 (Sigma Aldrich cat# S4641-1Kg) and then dialyzed overnight into PBS, pH 7.2.

Summary of antibodies

[00373] Table 4 sets forth the relevant sequence information for parental and
humanized anti-CCR7 antibodies derived from murine hybridomas. Throughout this
application, when describing the antibodies, the terms "Hybridoma' and "Parental" are used

interchangeably and refer to the Ab that is derived from the hybridoma.

Table 4: Amino Acid and Nucleotide Sequence Information for Hybridomas and Humanized
Anti-CCR7 Antibodies

Parental 674J13 higG1

SEQ ID NO: 116 HCDR1 GYSITSGYSWH
(Combined)

SEQ ID NO: 117 HCDR2 HIHSSGSTNYNPSLKS
(Combined)

SEQ ID NO: 118 HCDR3 GGVQAFAY
(Combined)

SEQ ID NO: 119 HCDR1 SGYSWH
(Kabat)

SEQ ID NO: 120 HCDR2 HIHSSGSTNYNPSLKS
(Kabat)

SEQID NO: 121 HCDR3 GGVQAFAY
(Kabat)

SEQ ID NO: 122 HCDR1 GYSITSGY
(Chothia)

SEQ ID NO: 123 HCDR2 HSSGS
(Chothia)

SEQ ID NO: 124 HCDR3 GGVQAFAY
(Chothia)

SEQ ID NO: 125 HCDR1 GYSITSGYS
(IMGT)

SEQ ID NO: 126 HCDR2 IHSSGST
(IMGT)

SEQ ID NO: 127 HCDR3 ARGGVQAFAY
(IMGT)
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SEQ ID NO: 128

VH

DVQLQESGPDLVKPSQSLSLTCTVTGYSITSGYSWHWIR
QFPGN KLEWMAH [HSSGSTNYN PSLKSRISI IRDTSKN LFF
LQLNSVTTEDTATYYCARGGVQAFAYWGQGTLVTVSA

SEQ ID NO: 129

DNA VH

GATGTGCAGCTTCAGGAGTCAGGACCTGACCTGGTGA
AACCTTCTCAGTCACTTTCACTCACCTGCACTGTCACTG
GCTACTCC ATC ACCAGTG GTTAT AGCTG GCACTG GATC
CGGCAGTTTCC AGGAAACAAACTGG AGTG GATG GCCC
ACATCCACTCCAGTGGTAGCACTAACTACAACCCATCT
CTCAAAAGTCGCATCTCTATCATTCGAGACACATCCAA
GAACCTGTTCTTCCTGCAGTTGAATTCTGTGACTACTGA
GGACACAGCCACATATTACTGTGC AAG AGG GGGGGTA
CAGGCCTTTGCTTACTG GGGCCAAGGGACTCTG GTCAC
TGTCTCTGCA

SEQ ID NO: 130

Heavy
Chain (WT
Fc)

DVQLQESGPDLVKPSQSLSLTCTVTGYSITSGYSWHWI RQFPG
NKLEWMAH IHSSGSTNYNPSLKSRISI IRDTSKNLFFLQLNSVTT
EDTATYYCARGGVQA FAYWG QGT LVTVSAAST KG PSVFPLAP
SSKSTSGGTAA LGCLVKDYFPEPVTVSW NSGALTSGVHTFPAV
LQSSGLYSLSSVVTV PSSSLGTQTY ICNVNHKPSNTKVDKRVEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLM ISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVV
SVLTVLHQDWLNG KEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM HEA
LHN HYTQKSLSLSPGK
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SEQ ID NO: 131 DNA Heavy gatgtgcagcttcaggagtcaggacctgacctggtgaaaccttctcagtcacttt
Chain cactcacctgcactgtcactggctactccatcaccagtggttatagctggcactg
gatccggcagtttccaggaaacaaactggagtggatggcccacatccactcca
gtggtagcactaactacaacccatctctcaaaagtcgcatctctatcattcgag
acacatccaagaacctgttcttcctgcagttgaattctgtgactactgaggacac
agccacatattactgtgcaagagggggggtacaggcctttgcttactggggec
aagggactctggtcactgtctctgcaGCTAGCACCAAGGGCCCAAGT
GTGTTTCCCCTGGCCCCCAGCAGCAAGTCTACTTCCGGCGG
AACTGCTGCCCTGGGTTGCCTGGTGAAG GACTACTTCCCCG
AGCCCGTGACAGTGTCCTGGAACTCTGGGGCTCTGACTTCC
GGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCT
GTACAGCCTGAGCAGCGTGGTGACAGTGCCCTCCAGCTCTC
TGGGAACCCAGACCTATATCTGCAACGTGAACCACAAGCCC
AGCAACACCAAGGTGGACAAGAGAGTGGAGCCCAAGAGCT
GCGACAAGACCCACACCTGCCCCCCCTGCCCAGCTCCAGAA
CTGCTGGGAGGGCCTTCCGTGTTCCTGTTCCCCCCCAAGCCC
AAGGACACCCTGATGATCAGCAGGACCCCCGAGGTGACCT
GCGTGGTGGTGGACGTGTCCCACGAGGACCCAGAGGTGAA
GTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGCC
AAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACA
GGGTGGTGTCCGTGCTGACCGTGCTGCACCAGGACTGGCTG
AACGGCAAAGAATACAAGTG CAAAGTCTCCAACAAGGCCCT
GCCAGCCCCAATCGAAAAG ACAATCAGCAAG GCCAAGGGC
CAGCCACGGGAGCCCCAGGTGTACACCCTGCCCCCCAGCCG
GGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTG
GTGAAGGGCTTCTACCCCAGCGATATCGCCGTGGAGTGGG
AGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCC
CCAGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGCAA
GCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTG
TTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTA
CACCCAGAAGTCCCTGAGCCTGAGCCCCGGCAAG
SEQ ID NO: 132 LCDR1 SASSSVIYMH
(Combined)
SEQ ID NO: 133 LCDR2 DTSKLAS
(Combined)
SEQ ID NO: 134 LCDR3 QQWSSN PLT
(Combined)
SEQ ID NO: 135 LCDR1 SASSSVIYMH
(Kabat)
SEQ ID NO: 136 LCDR2 DTSKLAS
(Kabat)
SEQ ID NO: 137 LCDR3 QQWSSN PLT
(Kabat)
SEQ ID NO: 138 LCDR1 SSSVIY
(Chothia)
SEQ ID NO: 139 LCDR2 DTS
(Chothia)
SEQ ID NO: 140 LCDR3 WSSN PL
(Chothia)
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SEQ ID NO: 141

LCDR1
(IMGT)

SSVIY

SEQ ID NO: 142

LCDR2
(IMGT)

DTS

SEQ ID NO: 143

LCDR3
(IMGT)

QQWSSN PLT

SEQ ID NO: 144

VL

QIVLTQSPAI MSASPGEKVTMTCSASSSVIYM HWYQQKS
GTSPKRWIYDTSKLASGVPARFSGSGSGTSYSLTISSMEAE
DAATYYCQQWSSN PLTFGAGTTLELK

SEQ ID NO: 145

DNA VL

CAAATTGTCCTCACCCAGTCTCCAGCAATCATGTCTGCA
TCTCCAGGGGAGAAGGTCACCATGACCTGCAGTG CCA
GTTCAAGTGTA ATTTAC ATG CACTGGTACCAG CAGAAG
TCAGGCACCTCCCCCAAAAGATG GATTTATG ACACATC
CAAACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGTA
GTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGC
ATGGAG GCTGAAGATG CTGCCACTTATTACTG CCAGCA
GTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACC
ACGTTGGAGCTGAAA

SEQ ID NO: 146

Light Chain

QIVLTQSPAI MSASPGEKVTMTCSASSSVIYM HWYQQKS
GTSPKRWIYDTSKLASGVPARFSGSGSGTSYSLTISSMEAE
DAATYYCQQWSSN PLTFGAGTTLELKRTVAAPSVFI FPPS
DEQLKSGTASVVCLLNN FYPREAKVQWKVDNALQSGNS

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFN RGEC

SEQ ID NO: 147

DNA Light
Chain

CAAATTGTCCTCACCCAGTCTCCAGCAATCATGTCTGCA
TCTCCAGGGGAGAAGGTCACCATGACCTGCAGTG CCA
GTTCAAGTGTA ATTTAC ATG CACTGGTACCAG CAGAAG
TCAGGCACCTCCCCCAAA AGATG GATTTATG ACACATC
CAAACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGTA
GTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGC
ATGGAG GCTGAAGATG CTGCCACTTATTACTG CCAGCA
GTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACC
ACGTTGGAGCTGAAACGTACGGTGGCCGCTCCCAGCG
TGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAGT
GGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTA
CCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACAA
CGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACC
GAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCA
GCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCA
TAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCTG
TCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGT
GC

Parental 121G12 higGl

SEQ ID NO: 148

HCDR1
(Combined)

GFTFSTYAMS
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SEQ ID NO: 149 HCDR2 TISDGGSYSYYPDNVKG
(Combined)
SEQ ID NO: 150 HCDR3 RGSRYEEYYVM DY
(Combined)
SEQ ID NO: 151 HCDR1 TYAMS
(Kabat)
SEQ ID NO: 152 HCDR2 TISDGGSYSYYPDNVKG
(Kabat)
SEQ ID NO: 153 HCDR3 RGSRYEEYYVM DY
(Kabat)
SEQ ID NO: 154 HCDR1 GFTFSTY
(Chothia)
SEQ ID NO: 155 HCDR2 SDGGSY
(Chothia)
SEQ ID NO: 156 HCDR3 RGSRYEEYYVM DY
(Chothia)
SEQ ID NO: 157 HCDR1 GFTFSTYA
(IMGT)
SEQ ID NO: 158 HCDR2 ISDGGSYS
(IMGT)
SEQ ID NO: 159 HCDR3 ARRGSRYEEYYVMDY
(IMGT)
SEQ ID NO: 160 VH EVQLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWVRQ
TPEKRLEWVATISDGGSYSYYPDNVKGRFTISRDNAKN NL
YLQM SHLKSEDTAM YYCA RRG SRYEEYYVM DYW GQGT
SVTVSS
SEQ ID NO: 161 DNA VH GAAGTG CAGCTGGTGGAGTCTG GGGGAGGCTTAGTG
AAG CCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTC
TGGATTCACTTTCAGTACCTATGCCATGTCTTG GGTTCG
CCAGACTCCGGAAAAGAGGCTGGAGTGGGTCGCAACC
ATTAGTGATGGTGGTAGTTATTCGTACTATCCAGACAA
TGTAAAGGGCCGATTCACCATCTCCAGAGACAATGCCA
AGAACAACCTATACCTGCAAATGAGCCATCTGAAGTCT
GAGGACACAGCCATGTATTACTGTGCAAGACGAGGTA
GTAGGTACGAAGAGTACTATGTTATGGACTACTGGGG
TCAAGGAACCTCAGTCACCGTCTCCTCA
SEQ ID NO: 162 Heavy EVQLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWVRQ
Chain TPEKRLEWVATISDGGSYSYYPDNVKGRFTISRDNAKN NL
(WT Fc) YLQM SHLKSEDTAM YYCA RRG SRYEEYYVM DYW GQGT

SVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNH KPSNTKVDKRVEPKSCDKTHTCPPCPA
PELLGGPSVFLFPPKPKDTLM ISRTPEVTCVVVDVSH EDP
EVKFNWYVDGVEVH NAKTKPREEQYNSTYRVVSVLTVL
HQDWLNGKEYKCKVSN KALPAPI EKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
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EN NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VM HEALH NHYTQKSLSLSPG K

SEQ ID NO: 163

DNA Heavy
Chain

GAAGTG CAGCTGGTGGAGTCTG GGGGAGG CTTAGTG
AAG CCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTC
TGGATTCACTTTCAGT ACCTATG CCATGTCTTG GGTTCG
CCAGACTCCGGAAAAGAGGCTGGAGTGGGTCGCAACC
ATTAGTGATGGTGGTAGTTATTCGTACTATCCAGACAA
TGTAA AGGGCCGATTCACCATCTCCAGAGACAATGCCA
AGAACAACCTATACCTGCAAATGAGCCATCTGAAGTCT
GAGGACACAGCCATGTATTACTGTGCAAGACGAGGTA
GTAGGTACGAAGAGTACTATGTTATGGACTACTGGGG
TCAAGGAACCTCAGTCACCGTCTCCTCAGCTAGCACCA
AGGGCCCAAGTGTGTTTCCCCTGGCCCCCAGCAGCAA
GTCTACTTCCGGCGGAACTGCTG CCCTGGGTTGCCTGG
TGAAGGACTACTTCCCCGAGCCCGTGACAGTGTCCTGG
AACTCTG GGGCTCTGACTTCCGGCGTGCACACCTTCCC
CGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGAGC
AGCGTGGTGACAGTGCCCTCCAGCTCTCTGGGAACCCA
GACCTATATCTGCAACGTGAACCACAAGCCCAGCAACA
CCAAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCG
ACAAGACCCACACCTGCCCCCCCTGCCCAGCTCCAGAA
CTGCTGGGAGGGCCTTCCGTGTTCCTGTTCCCCCCCAA
GCCCAAGGACACCCTGATGATCAGCAGGACCCCCGAG
GTGACCTGCGTGGTGGTGGACGTGTCCCACGAGGACC
CAGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGA
GGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCA
GTACAACAGCACCTACAGGGTGGTGTCCGTG CTGACC
GTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACA
AGTG CAAAGTCTCCAACAAGGCCCTGCCAGCCCCAATC
GAAAAG ACAATCAGCAAGGCCAAG GGCCAGCCACGG
GAGCCCCAGGTGTACACCCTGCCCCCCAGCCGGGAGG
AGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGT
GAAGGGCTTCTACCCCAGCGATATCGCCGTGGAGTGG
GAGAGCAACGGCCAGCCCGAG AACAACT ACAAG ACCA
CCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTTCCTG
TACAGCAAGCTGACCGTG GACAAGTCCAGGTGGCAGC
AGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAGGC
CCTGCACAACCACTACACCCAGAAGTCCCTGAGCCTGA
GCCCCGGCAAG

SEQ ID NO: 164

LCDR1
(Combined)

RASQSISN NLH
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SEQ ID NO: 165 LCDR2 YASQSIS
(Combined)

SEQ ID NO: 166 LCDR3 QQSNSWLT
(Combined)

SEQ ID NO: 167 LCDR1 RASQSISN NLH
(Kabat)

SEQ ID NO: 168 LCDR2 YASQSIS
(Kabat)

SEQ ID NO: 169 LCDR3 QQSNSWLT
(Kabat)

SEQ ID NO: 170 LCDR1 SQSISN N
(Chothia)

SEQ ID NO: 171 LCDR2 YAS
(Chothia)

SEQ ID NO: 172 LCDR3 SNSWL
(Chothia)

SEQ ID NO: 173 LCDR1 QSISNN
(IMGT)

SEQ ID NO: 174 LCDR2 YAS
(IMGT)

SEQ ID NO: 175 LCDR3 QQSNSWLT
(IMGT)

SEQ ID NO: 176 VL DIVLTQSPATLSVTPGDSVSLSCRASQSISN NLHWYQQKS

HESPKLLI KYASQSISGIPSRFSGSGSGTDFTLSINSVETEDF
GMYFCQQSNSWLTFGAGTKLGLK

SEQ ID NO: 177 DNA VL GATATTGTGCTAACTCAGTCTCCAGCCACCCTGTCTGTG
ACTCCAGGAGATAGCGTCAGTCTTTCCTGCAGGGCCAG
CCAAAGTATTAGCAACAACCTACACTGGTATCAACAGA
AATCACATGAGTCTCCAAAACTTCTCATCAAGTATGCTT
CCCAGTCCATCTCTGGGATCCCCTCCAGGTTCAGTGGC
AGTGGATCAGGGACAGATTTCACTCTCAGTATCAACAG
TGTGG AGACTGAAG ATITIGGAATGTATTTCTGTCAAC
AGAGTAACAGCTGGCTCACGTTCGGTG CTGGGACCAA
GCTGGGGCTGAAA

SEQ ID NO: 178 Light Chain | DIVLTQSPATLSVTPGDSVSLSCRASQSISNN LHWYQQKS
HESPKLLI KYASQSISGIPSRFSGSGSGTDFTLSI NSVETEDF
GMYFCQQSNSWLTFGAGTKLGLKRTVAAPSVFI FPPSDE
QLKSGTASVVCLLNN FYPREAKVQWKVDNALQSGNSQE

SVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFN RG EC
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SEQ ID NO: 179 DNA Light GATATTGTGCTAACTCAGTCTCCAGCCACCCTGTCTGTG
Chain ACTCCAGGAGATAGCGTCAGTCTTTCCTGCAGGGCCAG
CCAAAGTATTAGCAACAACCTACACTGGTATCAACAGA
AATCACATGAGTCTCCAAAACTTCTCATCAAGTATGCTT
CCCAGTCCATCTCTGGGATCCCCTCCAGGTTCAGTGGC
AGTGGATCAGGGACAGATTTCACTCTCAGTATCAACAG
TGTGGAGACTGAAG ATITIGGAATGTATTTCTGTCAAC
AGAGTAACAGCTGGCTCACGTTCGGTG CTGGGACCAA
GCTGGGGCTGAAACGTACGGTGGCCGCTCCCAGCGTG
TTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAGTGG
CACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTACC
CCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACAACG
CCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACCGA
GCAGGACAGCAAGGACTCCACCTACAGCCTGAGCAGC
ACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCATA
AGGTGTACGCCTGCGAGGTGACCCACCAGGGCCTGTC
CAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC
Parental 506E15 hligGil
SEQ ID NO: 180 HCDR1 GFTFSSYAMS
(Combined)
SEQ ID NO: 181 HCDR2 TISSGGSFTYYPDSVKG
(Combined)
SEQ ID NO: 182 HCDR3 RASTVVGTDFDV
(Combined)
SEQ ID NO: 183 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 184 HCDR2 TISSGGSFTYYPDSVKG
(Kabat)
SEQ ID NO: 185 HCDR3 RASTVVGTDFDV
(Kabat)
SEQ ID NO: 186 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 187 HCDR2 SSGGSF
(Chothia)
SEQ ID NO: 188 HCDR3 RASTVVGTDFDV
(Chothia)
SEQ ID NO: 189 HCDR1 GFTFSSYA
(IMGT)
SEQ ID NO: 190 HCDR2 ISSGGSFT
(IMGT)
SEQ ID NO: 191 HCDR3 ARRASTVVGTDFDV
(IMGT)
SEQ ID NO: 192 VH EVMLVESGGGLVKPGGSLKLSCAASGFTFSSYAMSWI RQ

TPEKRLEWVATISSGGSFTYYPDSVKGRFTISRDNVKNTLY
LOMSSLRSEDTAM YYCARRASTVVGTD FDVWG AGTTVT
VSS

155




WO 2018/142322

PCT/IB2018/050639

SEQ ID NO: 193

DNA VH

GAAGTGATGCTGGTGGAGTCTGGGGGAGGCTTAGTG
AAG CCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTC
TGGATTCACTTTCAGTAGCTATGCCATGTCTTG GATTCG
CCAGACTCCGGAGAAGAGACTGGAGTGGGTCGCAACC
ATCAGTAGTGGTGGTAGTTTCACCTACTATCCAGACAG
TGTGAAGGGG CGATTCACCATTTCTAGAGACAATGTCA
AGAACACCCTGTACCTGCAAATGAGCAGTCTGAGGTCT
GAAGACACGGCCATGTATTACTGTGCAAGACGGGCTT
CTACGGTAGTAGGTACGGACTTCGATGTCTGGGGCGC
AGGGACCACGGTCACCGTCTCCTCA

SEQ ID NO: 194

Heavy
Chain
(WT Fc)

EVM LVESGGGLVKPGGSLKLSCAASGFTFSSYAMSWI RQ
TPEKRLEWVATISSGGSFTYYPDSVKGRFTISRDNVKNTLY
LOMSSLRSEDTAM YYCARRASTVVGTD FDVWG AGTTVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVT
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVN HKPSNTKVDKRVEPKSCDKTHTCPPCPAPELL
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH EDPEVKF
NWYVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPI EKTISKAKGQPREPQVYTLP
PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN NY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM HE
ALH NHYTQKSLSLSPG K
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SEQ ID NO: 195

DNA Heavy
Chain

GAAGTGATGCTGGTGGAGTCTGGGGGAGGCTTAGTG
AAG CCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTC
TGGATTCACTTTCAGTAGCTATGCCATGTCTTG GATTCG
CCAGACTCCGGAGAAGAGACTGGAGTGGGTCGCAACC
ATCAGTAGTGGTGGTAGTTTCACCTACTATCCAGACAG
TGTGAAGGGG CGATTCACCATTTCTAGAGACAATGTCA
AGAACACCCTGTACCTGCAAATGAGCAGTCTGAGGTCT
GAAGACACGGCCATGTATTACTGTGCAAGACGGGCTT
CTACGGTAGTAGGTACGGACTTCGATGTCTGGGGCGC
AGG GACCACGGTCACCGTCTCCTCAGCTAGCACCAAG
GGCCCAAGTGTGTTTCCCCTGGCCCCCAGCAGCAAGTC
TACTTCCGGCGGAACTGCTGCCCTGGGTTGCCTGGTGA
AGGACTACTTCCCCGAGCCCGTGACAGTGTCCTGGAAC
TCTGGGGCTCTGACTTCCGGCGTGCACACCTTCCCCGC
CGTGCTGCAGAGCAGCGGCCTGTACAGCCTGAGCAGC
GTGGTGACAGTGCCCTCCAGCTCTCTGGGAACCCAGAC
CTATATCTGCAACGTGAACCACAAGCCCAGCAACACCA
AGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACA
AGACCCACACCTGCCCCCCCTGCCCAGCTCCAGAACTG
CTGGGAGGGCCTTCCGTGTTCCTGTTCCCCCCCAAGCC
CAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTG
ACCTGCGTGGTGGTGGACGTGTCCCACGAGGACCCAG
AGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGT
GCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTAC
AACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGC
TGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTG
CAAAGTCTCCAACAAG GCCCTGCCAGCCCCAATCGAAA
AGACAATCAGCAAGGCCAAGGGCCAGCCACGGGAGC
CCCAGGTGTACACCCTGCCCCCCAGCCGGGAGGAGAT
GACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAG
GGCTTCTACCCCAGCGATATCGCCGTGGAGTGGGAGA
GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCC
CCCAGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACA
GCAAG CTGACCGTG GACAAGTCCAGGTGGCAGCAGG
GCAACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCT
GCACAACCACTACACCCAGAAGTCCCTGAGCCTGAGCC
CCGGCAAG

SEQ ID NO:

196

LCDR1
(Combined)

RASQDIGSSLN

SEQ ID NO:

197

LCDR2
(Combined)

ATSSLDS

SEQ ID NO:

198

LCDR3
(Combined)

LQYASSPPT

SEQ ID NO:

199

LCDR1
(Kabat)

RASQDIGSSLN
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SEQ ID NO: 200 LCDR2 ATSSLDS
(Kabat)
SEQ ID NO: 201 LCDR3 LQYASSPPT
(Kabat)
SEQ ID NO: 202 LCDR1 SQDIGSS
(Chothia)
SEQ ID NO: 203 LCDR2 ATS
(Chothia)
SEQ ID NO: 204 LCDR3 YASSPP
(Chothia)
SEQ ID NO: 205 LCDR1 QDIGSS
(IMGT)
SEQ ID NO: 206 LCDR2 ATS
(IMGT)
SEQ ID NO: 207 LCDR3 LQYASSPPT
(IMGT)
SEQ ID NO: 208 VL DIOMTQS PSSLSASLG ERVSLTCRASQD IGSSLNWLQQE P
DGTIKRLIYATSSLDSGVPKRFSGSRSGSDYSLTISSLESEDF
VVYYCLQYASSPPTFGGGTKLEI K
SEQ ID NO: 209 DNA VL GACATCCAGATGACCCAGTCTCCATCCTCCTTATCTGCC
TCTCTGGGAGAAAGAGTCAGTCTCACTTGTCG GGCAA
GTCAGGACATTG GTAGTAGCTTA AACTG GCTTCAGCAG
GAACCAGATGGAACTATTAAACGCCTGATCTATGCCAC
ATCCAGTTTAGATTCTGGTGTCCCCAAAAGGTTCAGTG
GCAGTAGGTCTG GGTCAGATTATTCTCTCACCATCAGC
AGCCTTGAGTCTG AAG A TTTIGTAGTCTATTACTGTCTA
CAATATGCTAGTTCGCCTCCGACGTTCGGTGGAGGCAC
CAAGCTGGAAATCAAA
SEQ ID NO: 210 Light Chain DIOMTQS PSSLSASLG ERVSLTCRASQD IGSSLNWLQQE P
DGTIKRLIYATSSLDSGVPKRFSGSRSGSDYSLTISSLESEDF
VVYYCLQYASSPPTFGGGTKLEI KRTVAAPSVFI FPPSDEQ
LKSGTASVVCLLN NFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKH KVYACEVTHQG LSS
PVTKSFN RGEC
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SEQ ID NO: 211 DNA Light GACATCCAGATGACCCAGTCTCCATCCTCCTTATCTGCC
Chain TCTCTGGGAGAAAGAGTCAGTCTCACTTGTCG GGCAA
GTCAGGACATTG GTAGTAGCTTA AACTG GCTTCAGCAG
GAACCAGATGGAACTATTAAACGCCTGATCTATGCCAC
ATCCAGTTTAGATTCTGGTGTCCCCAAAAGGTTCAGTG
GCAGTAGGTCTG GGTCAGATTATTCTCTCACCATCAGC
AGCCTTGAGTCTG AAG A TITIGTAGTCTATTACTGTCTA
CAATATGCTAGTTCGCCTCCGACGTTCGGTGGAGGCAC
CAAGCTGGAAATCAAACGTACGGTGGCCGCTCCCAGC
GTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAG
TGGCACCGCCAGCGTGGTGTGCCTG CTGAACAACTTCT
ACCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACA
ACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCAC
CGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGC
AGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGC
ATAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCT
GTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAG
TGC
Parental 684E12 higGil
SEQ ID NO: 212 HCDR1 GFTFSNFAMS
(Combined)
SEQ ID NO: 213 HCDR2 TISTGGTYTYYPDSVKG
(Combined)
SEQ ID NO: 214 HCDR3 RGYDGVDK
(Combined)
SEQ ID NO: 215 HCDR1 SNFAMS
(Kabat)
SEQ ID NO: 216 HCDR2 TISTGGTYTYYPDSVKG
(Kabat)
SEQ ID NO: 217 HCDR3 RGYDGVDK
(Kabat)
SEQ ID NO: 218 HCDR1 GFTFSNF
(Chothia)
SEQ ID NO: 219 HCDR2 STGGTY
(Chothia)
SEQ ID NO: 220 HCDR3 RGYDGVDK
(Chothia)
SEQ ID NO: 221 HCDR1 GFTFSNFA
(IMGT)
SEQ ID NO: 222 HCDR2 ISTGGTYT
(IMGT)
SEQ ID NO: 223 HCDR3 TRRGYDGVDK
(IMGT)
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SEQ ID NO: 224

VH

EVHLVESGGGLVKPGGSLKLSCAASGFTFSNFAMSWVRQTPE
KRLEWVATISTGGTYTYYPDSVKGRFTISRDNAKKTLYLQMSSL
RSEDTAMYYCTRRGYDGVDKWGQGTTLTVSS

SEQ ID NO: 225

DNA VH

gaagtgcatctggtggagtctgggggaggcttagtgaagectggagggteect
gaaactctcctgtgcagcectctggattcactttcagtaactttgccatgtettggg
ttcgccagactccggagaagagactggagtgggtcgcaaccattagtactggt
ggtacttacacctactatccagacagtgtgaagggtcgattcaccatctccaga
gacaatgccaagaaaaccctgtacctgcaaatgagcagtctgaggtctgagg
acacggccatgtattactgtacaagacgggggtacgacggcgtggacaaatg
gggccaaggcaccactctcacagtctectca

SEQ ID NO: 226

Heavy
Chain
(WT Fc)

EVHLVESGGGLVKPGGSLKLSCAASGFTFSNFAMSWVRQTPE
KRLEWVATISTGGTYTYYPDSVKGRFTISRDNAKKTLYLOMSSL
RSEDTAM YYCTRRGYDGV DKWG QGTTLTVSSASTKGPSVFPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRV
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSH EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK

SEQ ID NO: 227

DNA Heavy
Chain

GAAGTGCATCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA
CTTTCAGTAACTTTGCCATGTCTTGGGTTCGCCAGACTCCGG
AGAAG AGACTGGAGTGGGTCGCAACCATTAGTACTGGTGG
TACTTACACCTACTATCCAGACAGTGTGAAGGGTCGATTCAC
CATCTCCAGAGACAATGCCAAGAAAACCCTGTACCTGCAAA
TGAGCAGTCTGAGGTCTGAGGACACGGCCATGTATTACTGT
ACAAGACGGGGGTACGACGGCGTGGACAAATGGGGCCAA
GGCACCACTCTCACAGTCTCCTCAgctagcaccaagggcccaagtgt
gtttcccetggeccccageagcaagtctacttccggeggaactgetgecctggg
ttgcctggtgaaggactacttccccgageccgtgacagtgtcctggaactctgg
ggctctgacttccggegtgcacaccttcceecgecgtgetgcagagcageggect
gtacagcctgagcagcgtggtgacagtgccctccagctctctgggaacccaga
cctatatctgcaacgtgaaccacaagcccagcaacaccaaggtggacaagag
agtggagcccaagagctgcgacaagacccacacctgccccccctgeccagete
cagaactgctgggagggccttccgtgttcctgttcccccccaagcccaaggaca
ccctgatgatcagcaggacccccgaggtgacctgegtggtggtggacgtgtec
cacgaggacccagaggtgaagttcaactggtacgtggacggcgtggaggtge
acaacgccaagaccaagcccagagaggagcagtacaacagcacctacaggg
tggtgtccgtgctgaccgtgctgcaccaggactggctgaacggcaaagaatac
aagtgcaaagtctccaacaaggccctgccageccccaatcgaaaagacaatca
gcaaggccaagggccagccacgggagccccaggtgtacaccctgececececcag
ccgggaggagatgaccaagaaccaggtgtcecctgacctgtctggtgaagggct
tctaccccagcegatatcgecgtggagtgggagagcaacggecageccgagaa
caactacaagaccacccccccagtgctggacagcgacggceagcttcttectgta
cagcaagctgaccgtggacaagtccaggtggcagcagggcaacgtgttcagct
gcagcgtgatgcacgaggccctgcacaaccactacacccagaagtccctgage
ctgagccccggcaag
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SEQ ID NO: 228 LCDR1 KSGQSLLDSDGKTYLN
(Combined)
SEQ ID NO: 229 LCDR2 LVSKLDS
(Combined)
SEQ ID NO: 230 LCDR3 WQGTHFPQT
(Combined)
SEQ ID NO: 231 LCDR1 KSGQSLLDSDGKTYLN
(Kabat)
SEQ ID NO: 232 LCDR2 LVSKLDS
(Kabat)
SEQ ID NO: 233 LCDR3 WQGTHFPQT
(Kabat)
SEQ ID NO: 234 LCDR1 GQSLLDSDGKTY
(Chothia)
SEQ ID NO: 235 LCDR2 LVS
(Chothia)
SEQ ID NO: 236 LCDR3 GTHFPQ
(Chothia)
SEQ ID NO: 237 LCDR1 QSLLDSDGKTY
(IMGT)
SEQ ID NO: 238 LCDR2 LVS
(IMGT)
SEQ ID NO: 239 LCDR3 WQGTHFPQT
(IMGT)
SEQ ID NO: 240 VL DVVMTQTPLTLSVTIGQPASISCKSGQSLLDSDGKTYLNWFLQ
RPGQSPKRLIYLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDL
GVYYCWQGTHFPQTFGGGTKLEIK
SEQ ID NO: 241 DNA VL gatgttgtgatgacccagactccactcactttgtcggttaccattggacaaccag
cctccatctcttgcaagtcaggtcagagcctcttagatagtgatggaaagacat
atttgaattggtttttacagaggccaggccagtctccaaagcgcctaatctatct
ggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagg
gacagatttcacactgaaaatcagcagagtggaggctgaggatttgggagttt
attattgctggcaaggtacacattttcctcagacgttcggtggaggcaccaagc
tggaaatcaaa
SEQ ID NO: 242 Light Chain DVVMTQTPLTLSVTIGQPASISCKSGQSLLDSDGKTYLNWFLQ
RPGQSPKRLIYLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDL
GVYYCWQGTHFPQTFGGGTKLEIKRTVAAPSVFIFPPSDEQLK
SGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYS LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGE
C
SEQ ID NO: 243 DNA Light GATGTTGTGATGACCCAGACTCCACTCACTTTGTCGGTTACC
Chain ATTGGACAACCAGCCTCCATCTCTTGCAAGTCAGGTCAGAG
CCTCTTAGATAGTGATGGAAAGACATATTTGAATTGG TTIT1
ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGG
TGTCTAAACTGGACTCTGGAGTCCCTGACAGGTTCACTGGC
AGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGT
GGAGGCTGAGGATTTGGGAGTTTATTATTG CTG GCAAG GTA
CACATTIIICCTCAGACGTTCGGTGGAGGCACCAAGCTGGAA

161




WO 2018/142322

PCT/IB2018/050639

ATCAAAcgtacggtggccgctcccagegtgttcatcttcccccccagegacg
agcagctgaagagtggcaccgccagcegtggtgtgectgctgaacaacttctac
ccccgggaggcecaaggtgcagtggaaggtggacaacgecctgcagagegge
aacagccaggagagcgtcaccgagcaggacagcaaggactccacctacage
ctgagcagcaccctgaccctgagcaaggccgactacgagaagcataaggtgt
acgcctgcgaggtgacccaccagggcctgtccagccccgtgaccaagagcettc
aacaggggcgagtgc

Parental 674J13 hlgGl
CysMab

SEQ ID NO: 244 HCDR1 GYSITSGYSWH
(Combined)

SEQ ID NO: 245 HCDR2 HIHSSGSTNYNPSLKS
(Combined)

SEQ ID NO: 246 HCDR3 GGVQAFAY
(Combined)

SEQ ID NO: 247 HCDR1 SGYSWH
(Kabat)

SEQ ID NO: 248 HCDR2 HIHSSGSTNYN PSLKS
(Kabat)

SEQ ID NO: 249 HCDR3 GGVQAFAY
(Kabat)

SEQ ID NO: 250 HCDR1 GYSITSGY
(Chothia)

SEQ ID NO: 251 HCDR2 HSSGS
(Chothia)

SEQ ID NO: 252 HCDR3 GGVQAFAY
(Chothia)

SEQ ID NO: 253 HCDR1 GYSITSGYS
(IMGT)

SEQ ID NO: 254 HCDR2 IHSSGST
(IMGT)

SEQ ID NO: 255 HCDR3 ARGGVQAFAY
(IMGT)

SEQ ID NO: 256 VH DVQLQESGPDLVKPSQSLSLTCTVTGYSITSGYSWHWIR
QFPGN KLEWMAH IHSSGSTNYN PSLKSRISI IRDTSKN LFF
LQLNSVTTEDTATYYCARGGVQAFAYWGQGTLVTVSA

SEQ ID NO: 257 DNA VH GATGTGCAGCTTCAGGAGTCAGGACCTGACCTGGTGA

AACCTTCTCAGTCACTTTCACTCACCTGCACTGTCACTG
GCTACTCCATCACCAGTG GTTATAGCTG GCACTGGATC
CGGCAGTTTCCAGGAAACAAACTGG AGTG GATGGCCC
ACATCCACTCCAGTGGTAGCACTAACTACAACCCATCT
CTCAAAAGTCGCATCTCTATCATTCGAGACACATCCAA
GAACCTGTTCTTCCTGCAGTTGAATTCTGTGACTACTGA
GGACACAGCCACATATTACTGTGC AAG AGG GGGGGTA
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CAGGCCTTTGCTTACTGGGGCCAAGGGACTCTGGTCAC
TGTCTCTGCA

SEQ ID NO: 258

Heavy
Chain

(Cys Mab
mutations
underlined)

DVQLQESGPDLVKPSQSLSLTCTVTGYSITSGYSWHWIR
QFPGN KLEWMAH IHSSGSTNYN PSLKSRISI IRDTSKN LFF
LOLNSVTTEDTATYYCARGGVQAFAYWGQGTLVTVSAA
STKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPCPVTVSW
NSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYI
CNVN HKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGP
SVFLFPPKPKDTLM ISRTPEVTCVVVDVSHEDPEVKFNWY
VDGVEVH NAKTKPREEQYNSTYRVVSVLTVLHQDWLNG
KEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPCDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM HEALH
NHYTQKSLSLSPGK

SEQ ID NO: 259

DNA Heavy
Chain

GATGTGCAGCTTCAGGAGTCAGGACCTGACCTGGTGA
AACCTTCTCAGTCACTTTCACTCACCTGCACTGTCACTG
GCTACTCCATCACCAGTG GTTATAGCTGGCACTGGATC
CGGCAGTTTCCAGGAAACAAACTGGAGTGGATGGCCC
ACATCCACTCCAGTGGTAGCACTAACTACAACCCATCT
CTCAAAAGTCGCATCTCTATCATTCGAGACACATCCAA
GAACCTGTTCTTCCTGCAGTTGAATTCTGTGACTACTGA
GGACACAGCCACATATTACTGTGCAAGAGG GGGGGTA
CAGGCCTTTGCTTACTGGGGCCAAGGGACTCTGGTCAC
TGTCTCTGCAgctagcaccaagggcccaagtgtgtttcccectggecc
ccagcagcaagtctacttccggcggaactgctgccctgggttgectggtg
aaggactacttcccctgtccecgtgacagtgtcctggaactctggggcetct
gacttccggegtgcacaccttcccecgecgtgctgcagagcageggcectg
tacagcctgagcagcegtggtgacagtgccctccagctctctgggaacce
agacctatatctgcaacgtgaaccacaagcccagcaacaccaaggtgg
acaagagagtggagcccaagagctgcgacaagacccacacctgccce
ccctgecccagctccagaactgctgggagggcecttcegtgttectgttcee
ccccaagceccaaggacaccctgatgatcagcaggacccccgaggtgac
ctgcgtggtggtggacgtgtcccacgaggacccagaggtgaagticaac
tggtacgtggacggcgtggaggtgcacaacgccaagaccaagcccag
agaggagcagtacaacagcacctacagggtggtgtccgtgctgaccgt
gctgcaccaggactggctgaacggcaaagaatacaagtgcaaagtctc
caacaaggccctgccagccccaatcgaaaagacaatcagcaaggeca
agggccagccacgggagccccaggtgtacaccctgccccccagecggg
aggagatgaccaagaaccaggtgtccctgacctgtctggtgaagggctt
ctacccctgtgatatcgccgtggagtgggagagcaacggccageccga
gaacaactacaagaccacccccccagtgctggacagcgacggcagctt
cttcctgtacagcaagctgaccgtggacaagtccaggtggcagcaggg
caacgtgttcagctgcagcgtgatgcacgaggccctgcacaaccactac
acccagaagtccctgagcctgagccccggcaag

SEQ ID NO: 260

LCDR1
(Combined)

SASSSVIYMH
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SEQ ID NO: 261 LCDR2 DTSKLAS
(Combined)
SEQ ID NO: 262 LCDR3 QQWSSN PLT
(Combined)
SEQ ID NO: 263 LCDR1 SASSSVIYMH
(Kabat)
SEQ ID NO: 264 LCDR2 DTSKLAS
(Kabat)
SEQ ID NO: 265 LCDR3 QQWSSN PLT
(Kabat)
SEQ ID NO: 266 LCDR1 SSSVIY
(Chothia)
SEQ ID NO: 267 LCDR2 DTS
(Chothia)
SEQ ID NO: 268 LCDR3 WSSN PL
(Chothia)
SEQ ID NO: 269 LCDR1 SSVIY
(IMGT)
SEQ ID NO: 270 LCDR2 DTS
(IMGT)
SEQ ID NO: 271 LCDR3 QQWSSN PLT
(IMGT)
SEQ ID NO: 272 VL QIVLTQSPAI MSASPGEKVTMTCSASSSVIYM HWYQQKS
GTSPKRWIYDTSKLASGVPARFSGSGSGTSYSLTISSMEAE
DAATYYCQQWSSN PLTFGAGTTLELK
SEQ ID NO: 273 DNA VL CAAATTGTCCTCACCCAGTCTCCAGCAATCATGTCTGCA
TCTCCAGGGGAGAAGGTCACCATGACCTGCAGTG CCA
GTTCAAGTGTA ATTTAC ATG CACTGGTACCAG CAGAAG
TCAGGCACCTCCCCCAAAAGATGGATTTATG ACACATC
CAAACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGTA
GTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGC
ATGGAG GCTGAAGATGCTGCCACTTATTACTG CCAGCA
GTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACC
ACGTTGGAGCTGAAA
SEQ ID NO: 274 Light Chain | QIVLTQSPAI MSASPGEKVTMTCSASSSVIYM HWYQQKS
GTSPKRWIYDTSKLASGVPARFSGSGSGTSYSLTISSMEAE
DAATYYCQQWSSN PLTFGAGTTLELKRTVAAPSVFI FPPS
DEQLKSGTASVVCLLNN FYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFN RGEC
SEQ ID NO: 275 DNA Light CAAATTGTCCTCACCCAGTCTCCAGCAATCATGTCTGCA
Chain TCTCCAGGGGAGAAGGTCACCATGACCTGCAGTG CCA
GTTCAAGTGTA ATTTAC ATG CACTGGTACCAG CAGAAG
TCAGGCACCTCCCCCAAA AGATGGATTTATG ACACATC
CAAACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGTA
GTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGC
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ATGGAGGCTGAAGATG CTGCCACTTATTACTG CCAGCA
GTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACC
ACGTTGGAGCTGAAACGTACGGTGGCCGCTCCCAGCG
TGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAGT
GGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTA
CCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACAA
CGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACC
GAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCA
GCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCA
TAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCTG
TCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGT
GC

Parental 674313 higGil
DAPA CysMab

SEQ ID NO: 276 HCDR1 GYSITSGYSWH
(Combined)

SEQ ID NO: 277 HCDR2 HIHSSGSTNYNPSLKS
(Combined)

SEQ ID NO: 278 HCDR3 GGVQAFAY
(Combined)

SEQ ID NO: 279 HCDR1 SGYSWH
(Kabat)

SEQ ID NO: 280 HCDR2 HIHSSGSTNYN PSLKS
(Kabat)

SEQ ID NO: 281 HCDR3 GGVQAFAY
(Kabat)

SEQ ID NO: 282 HCDR1 GYSITSGY
(Chothia)

SEQ ID NO: 283 HCDR2 HSSGS
(Chothia)

SEQ ID NO: 284 HCDR3 GGVQAFAY
(Chothia)

SEQ ID NO: 285 HCDR1 GYSITSGYS
(IMGT)

SEQ ID NO: 286 HCDR2 IHSSGST
(IMGT)

SEQ ID NO: 287 HCDR3 ARGGVQAFAY
(IMGT)

SEQ ID NO: 288 VH DVQLQESGPGLVKPSQTLSLTCTVSGYSITSGYSWHWIR

QHPGKGLEWMAH IHSSGSTNYN PSLKSRITISRDTSKNQ
FSLKLSSVTAADTAVYYCARGGVQAFAYWGQGTLVTVSS
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SEQ ID NO: 289

DNA VH

GACGTGCAGCTGCAGGAATCTGGCCCTGGCCTGGTGA
AACCCTCCCAGACCCTGTCCCTGACCTGCACCGTGTCC
GGCTACTCCATCACCTCCGGCTACAGCTGGCACTGGAT
CCGGCAGCACCCCGGCAAGGGCCTGGAATGGATGGCC
CACATCCACTCCTCCGGCTCCACCAACTACAACCCCAGC
CTGAAGTCCAGAATCACCATCAGCCGGGACACCTCCAA
GAACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCCG
CTGACACCGCCGTGTACTACTGTGCCAGAGGCGGCGT
GCAGGCCTTCGCTTATTGGGGCCAGGGCACCCTGGTG
ACAGTGTCCTCC

SEQ ID NO: 290

Heavy
Chain
(DAPA,
CysMab
mutations
underlined)

DVQLQESG PG LVKPSQTLSLTCTVSGYSITSGYSW HW IR
QHPGKGLEWMAH IHSSGSTNYN PSLKSRITISRDTSKNQ
FSLKLSSVTAADTAVYYCARGGVQAFAYWGQGTLVTVSS
ASTKG PSVF PLAPSS KSTSGGTAALGC LVKDYFPCPVTVS
WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQT
YICNVN HKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVAVSH EDPEVKFNW
YVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSN KALAAPI EKTISKAKGQPREPQVYTLPPSRE
EMTKNQVSLTCLVKGFYPCDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM HEALH
NHYTQKSLSLSPGK
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SEQ ID NO: 291

DNA Heavy
Chain

GACGTGCAGCTGCAGGAATCTGGCCCTGGCCTGGTGA
AACCCTCCCAGACCCTGTCCCTGACCTGCACCGTGTCC
GGCTACTCCATCACCTCCGGCTACAGCTGGCACTGGAT
CCGGCAGCACCCCGGCAAGGGCCTGGAATGGATGGCC
CACATCCACTCCTCCGGCTCCACCAACTACAACCCCAGC
CTGAAGTCCAGAATCACCATCAGCCGGGACACCTCCAA
GAACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCCG
CTGACACCGCCGTGTACTACTGTGCCAGAGGCGGCGT
GCAGGCCTTCGCTTATTGGGGCCAGGGCACCCTGGTG
ACAGTGTCCTCCGCTAGCACCAAGGGCCCAAGTGTGTT
TCCCCTGGCCCCCAGCAGCAAGTCTACTTCCGGCGGAA
CTGCTGCCCTGGGTTGCCTGGTGAAGGACTACTTCCCC
TGTCCCGTGACAGTGTCCTGGAACTCTGGGGCTCTGAC
TTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCA
GCGGCCTGTACAGCCTGAGCAGCGTGGTGACAGTGCC
CTCCAGCTCTCTGG GAACCCAGACCTATATCTGCAACG
TGAACCACAAGCCCAGCAACACCAAGGTGGACAAGAG
AGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGC
CCCCCCTGCCCAGCTCCAGAACTGCTGGGAGGGCCTTC
CGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGA
TGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTGGT
GGCCGTGTCCCACGAGGACCCAGAGGTGAAGTTCAAC
TGGTACGTGGACGGCGTGGAGGTGCACAACGCCAAG
ACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACA
GGGTGGTGTCCGTGCTGACCGTGCTGCACCAGGACTG
GCTGAACG GCAAAG AATACAAGTG CAAAGTCTCCAAC
AAGGCCCTGGCTGCCCCAATCGAAAAGACAATCAGCA
AGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACAC
CCTGCCCCCCAGCCGGGAGGAGATGACCAAGAACCAG
GTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCTG
TGATATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCC
GAGAACAACTACAAGACCACCCCCCCAGTGCTGGACA
GCGACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTG
GACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGCT
GCAGCGTGATG CACGAGGCCCTGCACAACCACTACAC
CCAGAAGTCCCTGAGCCTGAGCCCCGGCAAG

SEQ ID NO:

292

LCDR1
(Combined)

SASSSVIYMH

SEQ ID NO:

293

LCDR2
(Combined)

DTSKLAS

SEQ ID NO:

294

LCDR3
(Combined)

QQWSSN PLT

SEQ ID NO:

295

LCDR1
(Kabat)

SASSSVIYMH

SEQ ID NO:

296

LCDR2
(Kabat)

DTSKLAS
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SEQ ID NO: 297 LCDR3 QQWSSN PLT
(Kabat)
SEQ ID NO: 298 LCDR1 SSSVIY
(Chothia)
SEQ ID NO: 299 LCDR2 DTS
(Chothia)
SEQ ID NO: 300 LCDR3 WSSN PL
(Chothia)
SEQ ID NO: 301 LCDR1 SSVIY
(IMGT)
SEQ ID NO: 302 LCDR2 DTS
(IMGT)
SEQ ID NO: 303 LCDR3 QQWSSN PLT
(IMGT)
SEQ ID NO: 304 VL EIVLTQSPATLSASPGERVTMSCSASSSVIYM HWYQQKP
GQAPRRWIYDTSKLASGVPARFSGSGSGTDYTLTISSM EP
EDAAVYYCQQWSSN PLTFGQGTKLEIK
SEQ ID NO: 305 DNA VL GAGATCGTGCTGACCCAGTCCCCTGCCACCCTGTCTGC
TAGCCCTGGCGAGCGCGTGACAATGTCCTGCTCCGCCT
CCTCCTCCGTGATCTACATGCACTGGTATCAGCAGAAG
CCCGGCCAGGCCCCTCGGCGGTGGATCTACGATACCTC
CAAGCTGGCCTCCGGCGTGCCCGCCAGATTCTCCGGCT
CTGGCTCTGGCACCGACTACACCCTGACCATCTCCAGC
ATGGAACCCGAGGACGCCGCCGTGTACTACTGCCAGC
AGTGGTCCTCCAACCCCCTGACCTTCGGCCAGGGCACC
AAGCTGGAAATCAAG
SEQ ID NO: 306 Light Chain EIVLTQSPATLSASPGERVTMSCSASSSVIYMHWYQQKP
GQAPRRWIYDTSKLASGVPARFSGSGSGTDYTLTISSM EP
EDAAVYYCQQWSSN PLTFGQGTKLEIKRTVAAPSVFIFPP
SDEQLKSGTASVVCLLN NFYPREAKVQWKVDNALQSGN
SQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFN RGEC
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SEQ ID NO: 307 DNA Light GAGATCGTGCTGACCCAGTCCCCTGCCACCCTGTCTGC
Chain TAGCCCTGGCGAGCGCGTGACAATGTCCTGCTCCGCCT
CCTCCTCCGTGATCTACATGCACTGGTATCAGCAGAAG
CCCGGCCAGGCCCCTCGGCGGTGGATCTACGATACCTC
CAAGCTGGCCTCCGGCGTGCCCGCCAGATTCTCCGGCT
CTGGCTCTGGCACCGACTACACCCTGACCATCTCCAGC
ATGGAACCCGAGGACGCCGCCGTGTACTACTGCCAGC
AGTGGTCCTCCAACCCCCTGACCTTCGGCCAGGGCACC
AAG CTGGAAATCAAG CGTACGGTGGCCGCTCCCAGCG
TGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAGT
GGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTA
CCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACAA
CGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACC
GAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCA
GCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCA
TAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCTG
TCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGT
GC
Parental 121G12
hlgGl CysMab
SEQ ID NO: 308 HCDR1 GFTFSTYAMS
(Combined)
SEQ ID NO: 309 HCDR2 TISDAGSYSYYPDNVKG
(Combined)
SEQ ID NO: 310 HCDR3 RGSRYEEYYVMDY
(Combined)
SEQ ID NO: 311 HCDR1 TYAMS
(Kabat)
SEQ ID NO: 312 HCDR2 TISDAGSYSYYPDNVKG
(Kabat)
SEQ ID NO: 313 HCDR3 RGSRYEEYYVM DY
(Kabat)
SEQ ID NO: 314 HCDR1 GFTFSTY
(Chothia)
SEQ ID NO: 315 HCDR2 SDAGSY
(Chothia)
SEQ ID NO: 316 HCDR3 RGSRYEEYYVM DY
(Chothia)
SEQ ID NO: 317 HCDR1 GFTFSTYA
(IMGT)
SEQ ID NO: 318 HCDR2 ISDAGSYS
(IMGT)
SEQ ID NO: 319 HCDR3 ARRGSRYEEYYVMDY
(IMGT)
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SEQ ID NO: 320 VH EVQLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWVRQ
TPEKRLEWVATISDGGSYSYYPDNVKGRFTISRDNAKN NL
YLQM SHLKSEDTAM YYCARRG SRYEEYYVM DYW GQGT
SVTVSS
SEQ ID NO: 321 DNA VH GAAGTG CAGCTGGTGGAGTCTGGGGGAGG CTTAGTG
(CysMab AAG CCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTC
mutations TGGATTCACTTTCAGTACCTATGCCATGTCTTGGGTTCG
underlined) CCAGACTCCGGAAAAGAGGCTGGAGTGGGTCGCAACC
ATTAGTGATGGTGGTAGTTATTCGTACTATCCAGACAA
TGTAAAGGGCCGATTCACCATCTCCAGAGACAATGCCA
AGAACAACCTATACCTGCAAATGAGCCATCTGAAGTCT
GAGGACACAGCCATGTATTACTGTGCAAGACGAGGTA
GTAGGTACGAAGAGTACTATGTTATGGACTACTGGGG
TCAAGGAACCTCAGTCACCGTCTCCTCA
SEQ ID NO: 322 Heavy EVOQLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWVRQTPE
Chain KRLEWVATISDGGSYSYYPDNVKGRFTISRDNAKNNLYLQMSH
(CysMab LKSEDTAMYYCARRGSRYEEYYVMDYWGQGTSVTVSSastkgp
mutations svfplapsskstsggtaalgclvkdyfpCpvtvswnsgaltsgvhtfpavigss
underlined) glyslssvvtvpssslgtgtyicnvnhkpsntkvdkrvepkscdkthtcppcpa
pellggpsvilfppkpkdtimisrtpevtcwvdvshedpevkfnwyvdgve
vhnaktkpreegynstyrvvsvitvihqdwingkeykckvsnkalpapiekti
skakggprepqgvytlppsreemtkngvsltclvkgfypCdiavewesnggp
ennykttppvldsdgsfflyskltvdksrwgqgnvfscsvmhealhnhytgk
slslspgk
SEQ ID NO: 323 DNA Heavy GAAGTG CAGCTGGTGGAGTCTGGGGGAGG CTTAGTG
Chain AAG CCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTC

TGGATTCACTTTCAGTACCTATGCCATGTCTTGGGTTCG
CCAGACTCCGGAAAAGAGGCTGGAGTGGGTCGCAACC
ATTAGTGATGGTGGTAGTTATTCGTACTATCCAGACAA
TGTAAAGGGCCGATTCACCATCTCCAGAGACAATGCCA
AGAACAACCTATACCTGCAAATGAGCCATCTGAAGTCT
GAGGACACAGCCATGTATTACTGTGCAAGACGAGGTA
GTAGGTACGAAGAGTACTATGTTATGGACTACTGGGG
TCAAGGAACCTCAGTCACCGTCTCCTCAgctagcaccaagg
gcccaagtgtgtttcceectggeccecagcagcaagtctacttccggegga
actgctgccctgggttgcctggtgaaggactacttccectgtccegtgac
agtgtcctggaactctggggcetctgacttccggegtgcacaccttccecg
ccgtgctgcagagcagceggcctgtacagectgagcagegtggtgacag
tgccctccagcetetctgggaacccagacctatatctgcaacgtgaacca
caagcccagcaacaccaaggtggacaagagagtggagcccaagagct
gcgacaagacccacacctgccccccctgeccagetccagaactgetgg
gagggccttccgtgttcctgticccccccaagcccaaggacaccctgatg
atcagcaggacccccgaggtgacctgcgtggtggtggacgtgtcccacg
aggacccagaggtgaagttcaactggtacgtggacggcgtggaggtge
acaacgccaagaccaagcccagagaggagcagtacaacagcacctac
agggtggtgtccgtgctgaccgtgctgcaccaggactggctgaacggea
aagaatacaagtgcaaagtctccaacaaggccctgccagccccaatcg
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aaaagacaatcagcaaggccaagggccagccacgggagccccaggtg
tacaccctgccccccagccgggaggagatgaccaagaaccaggtgtec
ctgacctgtctggtgaagggcttctacccctgtgatatcgeecgtggagtg
ggagagcaacggccagcccgagaacaactacaagaccacccccccag
tgctggacagcgacggcagcttcticctgtacagcaagctgaccgtgga
caagtccaggtggcagcagggcaacgtgttcagctgcagcegtgatgca
cgaggccctgcacaaccactacacccagaagtccctgagcectgagecc
cggcaag
SEQ ID NO: 324 LCDR1 RASQSISN NLH
(Combined)
SEQ ID NO: 325 LCDR2 YASQSIS
(Combined)
SEQ ID NO: 326 LCDR3 QQSSSWLT
(Combined)
SEQ ID NO: 327 LCDR1 RASQSISN NLH
(Kabat)
SEQ ID NO: 328 LCDR2 YASQSIS
(Kabat)
SEQ ID NO: 329 LCDR3 QQSSSWLT
(Kabat)
SEQ ID NO: 330 LCDR1 SQSISNN
(Chothia)
SEQ ID NO: 331 LCDR2 YAS
(Chothia)
SEQ ID NO: 332 LCDR3 SSSWL
(Chothia)
SEQ ID NO: 333 LCDR1 QSISNN
(IMGT)
SEQ ID NO: 334 LCDR2 YAS
(IMGT)
SEQ ID NO: 335 LCDR3 QQSSSWLT
(IMGT)
SEQ ID NO: 336 VL DIVLTQSPATLSVTPGDSVSLSCRASQSISN NLHWYQQKS
HESPKLLI KYASQSISGIPSRFSGSGSGTDFTLSI NSVETEDF
GMYFCQQSNSWLTFGAGTKLGLK
SEQ ID NO: 337 DNA VL GATATTGTGCTAACTCAGTCTCCAGCCACCCTGTCTGTG
ACTCCAGGAGATAGCGTCAGTCTTTCCTGCAGGGCCAG
CCAAAGTATTAGCAACAACCTACACTGGTATCAACAGA
AATCACATGAGTCTCCAAAACTTCTCATCAAGTATGCTT
CCCAGTCCATCTCTGGGATCCCCTCCAGGTTCAGTGGC
AGTGGATCAGGGACAGATTTCACTCTCAGTATCAACAG
TGTGGAGACTGAAG ATITIGGAATGTATTTCTGTCAAC
AGAGTAACAGCTGGCTCACGTTCGGTG CTGGGACCAA
GCTGGGGCTGAAA
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SEQ ID NO: 338 Light Chain DIVLTQSPATLSVTPGDSVSLSCRASQSISN NLHWYQQKS
HESPKLLI KYASQSISGIPSRFSGSGSGTDFTLSINSVETEDF
GMYFCQQSNSWLTFGAGTKLGLKRTVAAPSVFI FPPSDE
QLKSGTASVVCLLNN FYPREAKVQWKVDNALQSGNSQE
SVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFN RG EC

SEQ ID NO: 339 DNA Light GATATTGTGCTAACTCAGTCTCCAGCCACCCTGTCTGTG

Chain ACTCCAGGAGATAGCGTCAGTCTTTCCTGCAGGGCCAG
CCAAAGTATTAGCAACAACCTACACTGGTATCAACAGA
AATCACATGAGTCTCCAAAACTTCTCATCAAGTATGCTT
CCCAGTCCATCTCTGGGATCCCCTCCAGGTTCAGTGGC
AGTGGATCAGGGACAGATTTCACTCTCAGTATCAACAG
TGTGGAGACTGAAG ATITIGGAATGTATTTCTGTCAAC
AGAGTAACAGCTGGCTCACGTTCGGTG CTGGGACCAA
GCTGGGGCTGAAACGTACGGTGGCCGCTCCCAGCGTG
TTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAGTGG
CACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTACC
CCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACAACG
CCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACCGA
GCAGGACAGCAAGGACTCCACCTACAGCCTGAGCAGC
ACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCATA
AGGTGTACGCCTGCGAGGTGACCCACCAGGGCCTGTC
CAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC

Parental 121G12

hlgGl DAPA CysMab

SEQ ID NO: 340 HCDR1 GFTFESTYAMS

(Combined)

SEQ ID NO: 341 HCDR2 TISDAGSYSYYPDNVKG

(Combined)

SEQ ID NO: 342 HCDR3 RGSRYEEYYVMDY

(Combined)

SEQ ID NO: 343 HCDR1 TYAMS

(Kabat)

SEQ ID NO: 344 HCDR2 TISDAGSYSYYPDNVKG

(Kabat)

SEQ ID NO: 345 HCDR3 RGSRYEEYYVMDY

(Kabat)

SEQ ID NO: 346 HCDR1 GFTESTY

(Chothia)

SEQ ID NO: 347 HCDR2 SDAGSY

(Chothia)

SEQ ID NO: 348 HCDR3 RGSRYEEYYVMDY

(Chothia)

SEQ ID NO: 349 HCDR1 GFTESTYA

(IMGT)
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SEQ ID NO: 350

HCDR2
(IMGT)

ISDAGSYS

SEQ ID NO: 351

HCDR3
(IMGT)

ARRGSRYEEYYVMDY

SEQ ID NO: 352

VH

EVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQ
APGKGLEWVATISDAGSYSYYPDNVKGRFTISRDNAKNSL
YLQOM NSLRAEDTAVYYCARRGSRYEEYYVMDYWGQGT
TVTVSS

SEQ ID NO: 353

DNA VH

GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTG
AAACCCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTC
CGGCTTCACCTTCTCCACCTACGCCATGTCCTGGGTGC
GGCAGGCTCCCGGCAAGGGCCTGGAATGGGTGGCCA
CCATCTCCGACGCCGGCTCCTACTCCTACTACCCCGACA
ACGTGAAGGGCAGATTCACCATCAGCCGGGACAACGC
CAAGAACTCCCTGTACCTG CAGATGAACTCCCTGCGGG
CCGAGGACACCGCCGTGTACTACTGTGCCAGACGGGG
CTCCAGATACGAAGAGTACTACGTGATGGACTATTGG
GGCCAGGGCACCACCGTGACAGTGTCCTCC

SEQ ID NO: 354

Heavy
Chain
(DAPA,
CysMab
mutations
underlined)

EVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQ
APGKGLEWVATISDAGSYSYYPDNVKGRFTISRDNAKNSL
YLQOM NSLRAEDTAVYYCARRGSRYEEYYVMDYWGQGT
TVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPC
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNH KPSNTKVDKRVEPKSCDKTHTCPPCPA
PELLGGPSVFLFPPKPKDTLM ISRTPEVTCVVVAVSHEDPE
VKFNWYVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSN KALAAPI EKTISKAKGQPREPQVY
TLPPSREEMTKNQVSLTCLVKGFYPCDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
M HEALHNHYTQKSLSLSPGK

SEQ ID NO: 355

DNA Heavy
Chain

GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTG
AAACCCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTC
CGGCTTCACCTTCTCCACCTACGCCATGTCCTGGGTGC
GGCAGGCTCCCGGCAAGGGCCTGGAATGGGTGGCCA
CCATCTCCGACGCCGGCTCCTACTCCTACTACCCCGACA
ACGTGAAGGGCAGATTCACCATCAGCCGGGACAACGC
CAAGAACTCCCTGTACCTG CAGATGAACTCCCTGCGGG
CCGAGGACACCGCCGTGTACTACTGTGCCAGACGGGG
CTCCAGATACGAAGAGTACTACGTGATGGACTATTGG
GGCCAGGGCACCACCGTGACAGTGTCCTCCGCTAGCA
CCAAG GGCCCAAGTGTGTTTCCCCTG GCCCCCAGCAGC
AAGTCTACTTCCGGCGGAACTGCTGCCCTGGGTTGCCT
GGTGAAGGACTACTTCCCCTGTCCCGTGACAGTGTCCT
GGAACTCTGGGGCTCTGACTTCCGGCGTGCACACCTTC
CCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGA
GCAGCGTGGTGACAGTG CCCTCCAGCTCTCTGGGAAC
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CCAGACCTATATCTGCAACGTGAACCACAAGCCCAGCA
ACACCAAGGTGGACAAGAGAGTGGAGCCCAAGAGCT
GCGACAAGACCCACACCTGCCCCCCCTGCCCAGCTCCA
GAACTGCTGGGAGGGCCTTCCGTGTTCCTGTTCCCCCC
CAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGCCGTGTCCCACGAGG
ACCCAGAGGTGAAGTTCAACTGGTACGTGGACGGCGT
GGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGA
GCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTG
ACCGTGCTGCACCAGGACTGGCTGAACGGCAAAG AAT
ACAAGTG CAAAGTCTCCAACAAGGCCCTGGCTGCCCCA
ATCGAAAAG ACAATCAGCAAGGCCAAGGGCCAGCCAC
GGGAGCCCCAGGTGTACACCCTGCCCCCCAGCCGGGA
GGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTG
GTGAAGGGCTTCTACCCCTGTGATATCGCCGTGGAGTG
GGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACC
ACCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTTCCT
GTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAG
CAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAGG
CCCTGCACAACCACTACACCCAGAAGTCCCTGAGCCTG
AGCCCCGGCAAG

SEQ ID NO: 356 LCDR1 RASQSISN NLH
(Combined)

SEQ ID NO: 357 LCDR2 YASQSIS
(Combined)

SEQ ID NO: 358 LCDR3 QQSSSWLT
(Combined)

SEQ ID NO: 359 LCDR1 RASQSISN NLH
(Kabat)

SEQ ID NO: 360 LCDR2 YASQSIS
(Kabat)

SEQ ID NO: 361 LCDR3 QQSSSWLT
(Kabat)

SEQ ID NO: 362 LCDR1 SQSISNN
(Chothia)

SEQ ID NO: 363 LCDR2 YAS
(Chothia)

SEQ ID NO: 364 LCDR3 SSSWL
(Chothia)

SEQ ID NO: 365 LCDR1 QSISNN
(IMGT)

SEQ ID NO: 366 LCDR2 YAS
(IMGT)

SEQ ID NO: 367 LCDR3 QQSSSWLT
(IMGT)
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SEQ ID NO: 368

VL

EIVLTQSPATLSVSPGERVTLSCRASQSISNN LHWYQQKP
GQAPRLLIKYASQSISGIPARFSGSGSGTDFTLTISSVEPED
FGVYFCQQSSSWLTFGQGTKLEIK

SEQ ID NO: 369

DNA VL

GAGATCGTGCTGACCCAGTCCCCTGCCACCCTGTCCGT
GTCTCCCGGCGAGAGAGTGACCCTGTCCTGCCGGGCC
TCCCAGTCCATCTCCAACAACCTGCACTGGTATCAGCA
GAAGCCCGGCCAGGCCCCTCGGCTGCTGATTAAGTAC
GCCTCCCAGAGCATCTCCGGCATCCCTGCCAGATTCTC
CGGCTCCGGCAGCGGCACCGACTTCACCCTGACCATCT
CCAGCGTGGAACCCGAGGACTTCGGCGTGTACTTCTGC
CAGCAGTCCTCATCCTGGCTGACCTTCGGCCAGGGCAC
CAAGCTGGAAATCAAG

SEQ ID NO: 370

Light Chain

EIVLTQSPATLSVSPGERVTLSCRASQSISNNLHWYQQKP

GQAPRLLIKYASQSISGIPARFSGSGSGTDFTLTISSVEPED
FGVYFCQQSSSWLTFGQGTKLEIKRTVAAPSVFI FPPSDE

QLKSGTASVVCLLNN FYPREAKVQWKVDNALQSGNSQE

SVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFN RG EC

SEQ ID NO: 371

DNA Light
Chain

GAGATCGTGCTGACCCAGTCCCCTGCCACCCTGTCCGT
GTCTCCCGGCGAGAGAGTGACCCTGTCCTGCCGGGCC
TCCCAGTCCATCTCCAACAACCTGCACTGGTATCAGCA
GAAGCCCGGCCAGGCCCCTCGGCTGCTGATTAAGTAC
GCCTCCCAGAGCATCTCCGGCATCCCTGCCAGATTCTC
CGGCTCCGGCAGCGGCACCGACTTCACCCTGACCATCT
CCAGCGTGGAACCCGAGGACTTCGGCGTGTACTTCTGC
CAGCAGTCCTCATCCTGGCTGACCTTCGGCCAGGGCAC
CAAGCTGGAAATCAAGCGTACGGTG GCCGCTCCCAGC
GTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAG
TGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCT
ACCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACA
ACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCAC
CGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGC
AGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGC
ATAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCT
GTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAG
TGC

Parental 506E15 higGl
CysMab

SEQ ID NO: 372

HCDR1
(Combined)

GFTFSSYAMS

SEQ ID NO: 373

HCDR2
(Combined)

TISSGGSFTYYPDSVKG

SEQ ID NO: 374

HCDR3
(Combined)

RASTVVGTDFDV

175




WO 2018/142322

PCT/IB2018/050639

SEQ ID NO: 375 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 376 HCDR2 TISSGGSFTYYPDSVKG
(Kabat)
SEQ ID NO: 377 HCDR3 RASTVVGTDFDV
(Kabat)
SEQ ID NO: 378 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 379 HCDR2 SSGGSF
(Chothia)
SEQ ID NO: 380 HCDR3 RASTVVGTDFDV
(Chothia)
SEQ ID NO: 381 HCDR1 GFTFSSYA
(IMGT)
SEQ ID NO: 382 HCDR2 ISSGGSFT
(IMGT)
SEQ ID NO: 383 HCDR3 ARRASTVVGTDFDV
(IMGT)
SEQ ID NO: 384 VH EVMLVESGGGLVKPGGSLKLSCAASGFTFSSYAMSWI RQ
TPEKRLEWVATISSGGSFTYYPDSVKGRFTISRDNVKNTLY
LQMSSLRSEDTAM YYCARRASTVVGTD FDVWG AGTTVT
VSS
SEQ ID NO: 385 DNA VH GAAGTGATGCTGGTGGAGTCTGGGGGAGGCTTAGTG
AAG CCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTC
TGGATTCACTTTCAGTAGCTATGCCATGTCTTG GATTCG
CCAGACTCCGGAGAAGAGACTGGAGTGGGTCGCAACC
ATCAGTAGTGGTGGTAGTTTCACCTACTATCCAGACAG
TGTGAAG GGGCGATTCACCATTTCTAGAGACAATGTCA
AGAACACCCTGTACCTGCAAATGAGCAGTCTGAGGTCT
GAAGACACGGCCATGTATTACTGTGCAAGACGGGCTT
CTACGGTAGTAGGTACGGACTTCGATGTCTGGGGCGC
AGGGACCACGGTCACCGTCTCCTCA
SEQ ID NO: 386 Heavy EVM LVESGGG LVKPGGSLKLSCAASG FTFSSYAMSWIRQTPEK
Chain RLEWVATISSGGSFTYYPDSVKGRFTISRDNVKNTLYLQMSSLR
(CysMab SEDTAMYYCARRASTVVGTDFDVWGAGTTVTVSSastkgpsvip
mutations lapsskstsggtaalgclvkdyfpCpvtvswnsgaltsgvhtfpavigssglysl|
underlined) sswtvpssslgtqtyicr?vnhkpsntkvdkrvepkscdkthtcppcpapell
ggpsvilfppkpkdtimisrtpevtcwvdvshedpevkfnwyvdgvevhn
aktkpreeqynstyrwsvltvihgdwingkeykckvsnkalpapiektiska
kggprepgvytlppsreemtknqvsltclvkgfypCdiavewesnggpen
nykttppvldsdgsfflyskltvdksrwaggnvfscsvmhealhnhytgksls
Ispgk
SEQ ID NO: 387 DNA Heavy GAAGTGATGCTGGTGGAGTCTGGGGGAGGCTTAGTG
Chain AAG CCTGGAG GGTCCCTGAAACTCTCCTGTGCAGCCTC

TGGATTCACTTTCAGTAGCTATGCCATGTCTTG GATTCG
CCAGACTCCGGAGAAGAGACTGGAGTGGGTCGCAACC
ATCAGTAGTGGTGGTAGTTTCACCTACTATCCAGACAG
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TGTGAAGGGG CGATTCACCATTTCTAGAGACAATGTCA
AGAACACCCTGTACCTGCAAATGAGCAGTCTGAGGTCT
GAAGACACGGCCATGTATTACTGTGCAAGACGGGCTT
CTACGGTAGTAGGTACGGACTTCGATGTCTGGGGCGC
AGGGACCACGGTCACCGTCTCCTCAgctagcaccaagggcc
caagtgtgtttcccctggcccccagcagcaagtctacttccggeggaact
gctgecctgggttgectggtgaaggactacttcecectgtccecgtgacagt
gtcctggaactctggggctetgacttccggegtgcacaccttcececegecg
tgctgcagagcageggcectgtacagectgagcagegtggtgacagtge
cctccagctctctgggaacccagacctatatctgcaacgtgaaccacaa
gcccagcaacaccaaggtggacaagagagtggagcccaagagcetgeg
acaagacccacacctgccccccctgcccagctccagaactgetgggag
ggccttcegtgttcetgttccceccccaageccaaggacaccctgatgate
agcaggacccccgaggtgacctgegtggtggtggacgtgtcccacgag
gacccagaggtgaagttcaactggtacgtggacggcgtggaggtgcac
aacgccaagaccaagcccagagaggagcagtacaacagcacctacag
ggtggtgtcegtgctgaccgtgctgcaccaggactggetgaacggcaaa
gaatacaagtgcaaagtctccaacaaggccctgccagccccaatcgaa
aagacaatcagcaaggccaagggccagccacgggagccccaggtgta
caccctgccccccagccgggaggagatgaccaagaaccaggtgtceect
gacctgtctggtgaagggcttctacccctgtgatatcgecgtggagtggg
agagcaacggccagcccgagaacaactacaagaccacccccccagtg
ctggacagcgacggcagcttcttcctgtacagcaagctgaccgtggaca
agtccaggtggcagcagggcaacgtgttcagctgcagegtgatgcacy
aggccctgcacaaccactacacccagaagtccctgagectgagecccg

caal

SEQ ID NO:

388

LCDR1
(Combined)

SEQ ID NO:

389

RASQDIGSSLN

LCDR2
(Combined)

SEQ ID NO:

390

ATSSLDS

LCDR3
(Combined)

LQYASSPPT

SEQ ID NO:

391

LCDR1
(Kabat)

SEQ ID NO:

392

RASQDIGSSLN

LCDR2
(Kabat)

SEQ ID NO:

393

ATSSLDS

LCDR3
(Kabat)

SEQ ID NO:

394

LQYASSPPT

LCDR1
(Chothia)

SEQ ID NO:

395

SQDIGSS

LCDR2
(Chothia)

SEQ ID NO:

396

ATS

LCDR3
(Chothia)

SEQ ID NO:

397

YASSPP

LCDR1
(IMGT)

QDIGSS
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SEQ ID NO: 398

LCDR2
(IMGT)

ATS

SEQ ID NO: 399

LCDR3
(IMGT)

LQYASSPPT

SEQ ID NO: 400

VL

DIOMTQS PSSLSASLG ERVSLTCRASQDIGSSLNWLQQE P
DGTI KRLIYATSSLDSGVPKRFSGSRSGSDYSLTISSLESEDF
VVYYCLQYASSPPTFGGGTKLEIK

SEQ ID NO: 401

DNA VL

GACATCCAGATGACCCAGTCTCCATCCTCCTTATCTGCC
TCTCTGGGAGAAAGAGTCAGTCTCACTTGTCG GGCAA
GTCAGGACATTG GTAGTAGCTTA AACTG GCTTCAGCAG
GAACCAGATGGAACTATTAAACGCCTGATCTATGCCAC
ATCCAGTTTAGATTCTGGTGTCCCCAAAAGGTTCAGTG
GCAGTAGGTCTG GGTCAGATTATTCTCTCACCATCAGC
AGCCTTGAGTCTGAAG A TITIGTAGTCTATTACTGTCTA
CAATATGCTAGTTCGCCTCCGACGTTCGGTGGAGGCAC
CAAGCTGGAAATCAAA

SEQ ID NO: 402

Light Chain

DIOMTQS PSSLSASLG ERVSLTCRASQD IGSSLNWLQQE P
DGTI KRLIYATSSLDSGVPKRFSGSRSGSDYSLTISSLESEDF
VVYYCLQYASSPPTFGGGTKLEIKRTVAAPSVFI FPPSDEQ
LKSGTASVVCLLN NFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQG LSS
PVTKSFN RGEC

SEQ ID NO: 403

DNA Light
Chain

GACATCCAGATGACCCAGTCTCCATCCTCCTTATCTGCC
TCTCTGGGAGAAAGAGTCAGTCTCACTTGTCG GGCAA
GTCAGGACATTG GTAGTAGCTTA AACTG GCTTCAGCAG
GAACCAGATGGAACTATTAAACGCCTGATCTATGCCAC
ATCCAGTTTAGATTCTGGTGTCCCCAAAAGGTTCAGTG
GCAGTAGGTCTG GGTCAGATTATTCTCTCACCATCAGC
AGCCTTGAGTCTGAAG A TITIGTAGTCTATTACTGTCTA
CAATATGCTAGTTCGCCTCCGACGTTCGGTGGAGGCAC
CAAGCTGGAAATCAAACGTACGGTGGCCGCTCCCAGC
GTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAG
TGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCT
ACCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACA
ACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCAC
CGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGC
AGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGC
ATAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCT
GTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAG
TGC

Parental 506E15 higGl
DAPA CysMab

SEQ ID NO: 404

HCDR1
(Combined)

GFTFSSYAMS
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SEQ ID NO: 405 HCDR2 TISSGGSFTYYPDSVKG
(Combined)
SEQ ID NO: 406 HCDR3 RASTVVGTDFDV
(Combined)
SEQ ID NO: 407 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 408 HCDR2 TISSGGSFTYYPDSVKG
(Kabat)
SEQ ID NO: 409 HCDR3 RASTVVGTDFDV
(Kabat)
SEQ ID NO: 410 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 411 HCDR2 SSGGSF
(Chothia)
SEQ ID NO: 412 HCDR3 RASTVVGTDFDV
(Chothia)
SEQ ID NO: 413 HCDR1 GFTFSSYA
(IMGT)
SEQ ID NO: 414 HCDR2 ISSGGSFT
(IMGT)
SEQ ID NO: 415 HCDR3 ARRASTVVGTDFDV
(IMGT)
SEQ ID NO: 416 VH EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYAMSWI RQ
APGKGLEWVATISSGGSFTYYPDSVKG RFTISRDNAKNSL
YLQM NSLRAEDTAVYYCARRASTVVGT DFDVW GQGTT
VTVSS
SEQ ID NO: 417 DNA VH GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTG
AAACCCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTC
CGGCTTCACCTTCTCCAGCTACGCCATGTCCTGGATCCG
GCAGGCTCCCGGCAAGGGCCTGGAATGGGTGGCCACC
ATCTCCTCCGGCGGCAGCTTCACCTACTACCCCGACAG
CGTGAAGGGCAGATTCACCATCAGCCGGGACAACGCC
AAG AACTCCCTGTACCTG CAGATGAACTCCCTGCGGGC
CGAGGACACCGCCGTGTACTACTGTGCCAGACGGGCC
TCCACCGTCGTGGGAACCGACTTCGATGTGTGGGGCC
AGGGCACCACCGTGACAGTGTCCTCC
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SEQ ID NO: 418

Heavy
Chain
(DAPA,
CysMab
mutations
underlined)

EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYAMSWI RQ
APGKGLEWVATISSGGSFTYYPDSVKG RFTISRDNAKNSL
YLOM NSLRAEDTAVYYCARRASTVVGT DFDVW GQGTT
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPCP
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNH KPSNTKVDKRVEPKSCDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLM ISRTPEVTCVVVAVSH EDPE
VKFNWYVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSN KALAAPI EKTISKAKGQPREPQVY
TLPPSREEMTKNQVSLTCLVKGFYPCDIAVEWESNGQPE

NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
M HEALHNHYTQKSLSLSPGK

SEQ ID NO: 419

DNA Heavy
Chain

GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTG
AAACCCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTC
CGGCTTCACCTTCTCCAGCTACGCCATGTCCTGGATCCG
GCAGGCTCCCGGCAAGGGCCTGGAATGGGTGGCCACC
ATCTCCTCCGGCGGCAGCTTCACCTACTACCCCGACAG
CGTGAAGGGCAGATTCACCATCAGCCGGGACAACGCC
AAG AACTCCCTGTACCTG CAGATGAACTCCCTGCGGGC
CGAGGACACCGCCGTGTACTACTGTGCCAGACGGGCC
TCCACCGTCGTGGGAACCGACTTCGATGTGTGGGGCC
AGGGCACCACCGTGACAGTGTCCTCCGCTAGCACCAA
GGGCCCAAGTGTGTTTCCCCTGGCCCCCAGCAGCAAGT
CTACTTCCGGCGGAACTG CTGCCCTGGGTTG CCTGGTG
AAGGACTACTTCCCCTGTCCCGTGACAGTGTCCTGGAA
CTCTGGGGCTCTGACTTCCGGCGTGCACACCTTCCCCG
CCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGAGCAG
CGTGGTGACAGTG CCCTCCAGCTCTCTGGGAACCCAGA
CCTATATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGAC
AAGACCCACACCTGCCCCCCCTGCCCAGCTCCAGAACT
GCTGGGAGGGCCTTCCGTGTTCCTGTTCCCCCCCAAGC
CCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGT
GACCTGCGTGGTGGTGGCCGTGTCCCACGAGGACCCA
GAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAG
GTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGT
ACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGT
GCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAG
TGCAAAGTCTCC AACAAG GCCCTGGCTGCCCCAATCGA
AAAGACAATCAGCAAGGCCAAGGGCCAGCCACGGGA
GCCCCAGGTGTACACCCTGCCCCCCAGCCGGGAGGAG
ATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAA
GGGCTTCTACCCCTGTGATATCGCCGTGGAGTGGGAG
AGCAACGGCCAGCCCGAGAACAACTACAAGACCACCC
CCCCAGTG CTGGACAGCGACGGCAGCTTCTTCCTGTAC
AGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAG
GGCAACGTGTTCAGCTGCAGCGTGATGCACGAGGCCC
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TGCACAACCACTACACCCAGAAGTCCCTGAGCCTGAGC
CCCGGCAAG

SEQ ID NO: 420 LCDR1 RASQDIGSSLN
(Combined)

SEQ ID NO: 421 LCDR2 ATSSLDS
(Combined)

SEQ ID NO: 422 LCDR3 LQYASSPPT
(Combined)

SEQ ID NO: 423 LCDR1 RASQDIGSSLN
(Kabat)

SEQ ID NO: 424 LCDR2 ATSSLDS
(Kabat)

SEQ ID NO: 425 LCDR3 LQYASSPPT
(Kabat)

SEQ ID NO: 426 LCDR1 SQDIGSS
(Chothia)

SEQ ID NO: 427 LCDR2 ATS
(Chothia)

SEQ ID NO: 428 LCDR3 YASSPP
(Chothia)
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SEQ ID NO: 429 LCDR1 QDIGSS
(IMGT)
SEQ ID NO: 430 LCDR2 ATS
(IMGT)
SEQ ID NO: 431 LCDR3 LQYASSPPT
(IMGT)
SEQ ID NO: 432 VL DIQMTQSPSSLSASVGDRVTLTCRASQDIGSSLNWLQQK
PGKAI KRLIYATSSLDSGVPSRFSGSRSGTDYTLTISSLQPE
DFVVYYCLQYASSPPTFGGGTKLEI K
SEQ ID NO: 433 DNA VL GACATCCAGATGACCCAGTCCCCCTCCAGCCTGTCCGC
CTCCGTGGGCGATAGAGTGACCCTGACCTGCCGGGCC
TCCCAGGACATCGGCTCCTCCCTGAACTGGCTGCAGCA
GAAG CCCGGCAAGGCCATCAAG CGGCTGATCTACGCC
ACCTCCTCCCTGGACTCCGGCGTGCCCTCCCGGTTCTCC
GGCTCTAGATCCGGCACCGACTACACCCTGACCATCTC
CAGCCTGCAGCCCGAGGACTTCGTG GTGTACTACTGCC
TGCAGTACGCCTCCAGCCCCCCCACCTTTGGCGGAGGC
ACCAAGCTGGAAATCAAG
SEQ ID NO: 434 Light Chain | DIQMTQSPSSLSASVGDRVTLTCRASQDIGSSLNWLQQK
PGKAI KRLIYATSSLDSGVPSRFSGSRSGTDYTLTISSLQPE
DFVVYYCLQYASSPPTFGGGTKLEI KRTVAAPSVFI FPPSD
EQLKSGTASVVCLLN NFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL
SSPVTKSFN RGEC
SEQ ID NO: 435 DNA Light GACATCCAGATGACCCAGTCCCCCTCCAGCCTGTCCGC
Chain CTCCGTGGGCGATAGAGTGACCCTGACCTGCCGGGCC

TCCCAGGACATCGGCTCCTCCCTGAACTGGCTGCAGCA
GAAG CCCGGCAAGGCCATCAAG CGGCTGATCTACGCC
ACCTCCTCCCTGGACTCCGGCGTGCCCTCCCGGTTCTCC
GGCTCTAGATCCGGCACCGACTACACCCTGACCATCTC
CAGCCTGCAGCCCGAGGACTTCGTG GTGTACTACTGCC
TGCAGTACGCCTCCAGCCCCCCCACCTTTGGCGGAGGC
ACCAAGCTGGAAATCAAGCGTACGGTGGCCGCTCCCA
GCGTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAG
AGTG GCACCGCCAGCGTGGTGTG CCTGCTGAACAACT
TCTACCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGA
CAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTC
ACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGA
GCAGCACCCTGACCCTGAGCAAGGCCGACTACGAGAA
GCATAAG GTGTACG CCTGCGAGGTGACCCACCAGGGC
CTGTCCAGCCCCGTGACCAAG AGCTTCAACAGGGGCG
AGTGC

CysMab

Parental 684E12 higGl
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SEQ ID NO: 436 HCDR1 GFTFSNFAMS
(Combined)
SEQ ID NO: 437 HCDR2 TISTGGTYTYYPDSVKG
(Combined)
SEQ ID NO: 438 HCDR3 RGYDGVDK
(Combined)
SEQ ID NO: 439 HCDR1 SNFAMS
(Kabat)
SEQ ID NO: 440 HCDR2 TISTGGTYTYYPDSVKG
(Kabat)
SEQ ID NO: 441 HCDR3 RGYDGVDK
(Kabat)
SEQ ID NO: 442 HCDR1 GFTFSNF
(Chothia)
SEQ ID NO: 443 HCDR2 STGGTY
(Chothia)
SEQ ID NO: 444 HCDR3 RGYDGVDK
(Chothia)
SEQ ID NO: 445 HCDR1 GFTFSNFA
(IMGT)
SEQ ID NO: 446 HCDR2 ISTGGTYT
(IMGT)
SEQ ID NO: 447 HCDR3 TRRGYDGVDK
(IMGT)
SEQ ID NO: 448 VH EVHLVESGGGLVKPGGSLKLSCAASGFTFSNFAMSWVRQTPE
KRLEWVATISTGGTYTYYPDSVKGRFTISRDNAKKTLYLQMSSL
RSEDTAMYYCTRRGYDGVDKWGQGTTLTVSS
SEQ ID NO: 449 DNA VH GAAGTGCATCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA
CTTTCAGTAACTTTGCCATGTCTTGGGTTCG CCAGACTCCGG
AGAAGAGACTGGAGTGGGTCGCAACCATTAGTACTGGTGG
TACTTACACCTACTATCCAGACAGTGTGAAGGGTCGATTCAC
CATCTCCAGAGACAATGCCAAGAAAACCCTGTACCTGCAAA
TGAGCAGTCTGAGGTCTGAGGACACGGCCATGTATTACTGT
ACAAGACGGGGGTACGACGGCGTGGACAAATGGGGCCAA
GGCACCACTCTCACAGTCTCCTCA
SEQ ID NO: 450 Heavy EVHLVESGGGLVKPGGSLKLSCAASGFTFSNFAMSWVRQTPE
Chain KRLEWVATISTGGTYTYYPDSVKGRFTISRDNAKKTLYLQMSSL
(CysMab RSEDTAMYYCTRRGYDGVDKWGQGTTLTVSSastkgpsviplap
mutations sskstsggtaalgclvkdyfpCpvtvswnsgaltsgvhtfpavigssglyslssv
underlined) vtvpssslgtgtyicnvnhkpsntkvdkrvepkscdkthtcppcpapellggp
svflfppkpkdtimisrtpevtcwvdvshedpevkfnwyvdgvevhnakt
kpreeqynstyrwsvltvihgdwingkeykckvsnkalpapiektiskakgq
prepgvytlppsreemtknqvsltclvkgfypCdiavewesnggpennykt
tppvldsdgsfflyskltvdksrwqggnviscsvmhealhnhytgkslsispg
k
SEQ ID NO: 451 DNA Heavy GAAGTGCATCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
Chain CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA
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(CysMab CTTTCAGTAACTTTGCCATGTCTTGGGTTCGCCAGACTCCGG
mutations AGAAGAGACTGGAGTGGGTCGCAACCATTAGTACTGGTG G
underlined) | TACTTACACCTACTATCCAGACAGTGTGAAGGGTCGATTCAC
CATCTCCAGAGACAATGCCAAGAAAACCCTGTACCTGCAAA
TGAGCAGTCTGAGGTCTGAGGACACGGCCATGTATTACTGT
ACAAGACGGGGGTACGACGGCGTGGACAAATGGGGCCAA
GGCACCACTCTCACAGTCTCCTCAgctagcaccaagggcccaagt
gtgtttccecctggeccccagcagcaagtctacttccggecggaactgetge
cctgggttgcctggtgaaggactacttccectgtccegtgacagtgtect
ggaactctggggctctgacttccggegtgcacaccttccccgecgtgcetg
cagagcagcggcctgtacagcctgagcagcegtggtgacagtgecctcc
agctctctgggaacccagacctatatctgcaacgtgaaccacaagccca
gcaacaccaaggtggacaagagagtggagcccaagagctgcgacaag
acccacacctgccccccctgeccagctccagaactgetgggagggcctt
ccgtgttcetgttcccccccaageccaaggacaccctgatgatcageag
gacccccgaggtgacctgegtggtggtggacgtgtcccacgaggacce
agaggtgaagttcaactggtacgtggacggcgtggaggtgcacaacgc
caagaccaagcccagagaggagcagtacaacagcacctacagggtgg
tgtccgtgcetgaccgtgctgcaccaggactggctgaacggcaaagaata
caagtgcaaagtctccaacaaggccctgccagccccaatcgaaaagac
aatcagcaaggccaagggccagccacgggagccccaggtgtacaccct
gcceccccagccgggaggagatgaccaagaaccaggtgtcectgacctg
tctggtgaagggcttctaccectgtgatatcgecgtggagtgggagage
aacggccagcccgagaacaactacaagaccacccccccagtgetggac
agcgacggcagcttcttcctgtacagcaagctgaccgtggacaagtcca
ggtggcagcagggcaacgtgttcagctgcagegtgatgcacgaggecc
tgcacaaccactacacccagaagtccctgagcctgagccccggcaag
SEQ ID NO: 452 LCDR1 KSGQSLLDSDGKTYLN
(Combined)
SEQ ID NO: 453 LCDR2 LVSKLDS
(Combined)
SEQ ID NO: 454 LCDR3 WQGTHFPQT
(Combined)
SEQ ID NO: 455 LCDR1 KSGQSLLDSDGKTYLN
(Kabat)
SEQ ID NO: 456 LCDR2 LVSKLDS
(Kabat)
SEQ ID NO: 457 LCDR3 WQGTHFPQT
(Kabat)
SEQ ID NO: 458 LCDR1 GQSLLDSDGKTY
(Chothia)
SEQ ID NO: 459 LCDR2 LVS
(Chothia)
SEQ ID NO: 460 LCDR3 GTHFPQ
(Chothia)
SEQ ID NO: 461 LCDR1 QSLLDSDGKTY
(IMGT)
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SEQ ID NO: 462 LCDR2 LVS
(IMGT)
SEQ ID NO: 463 LCDR3 WQGTHFPQT
(IMGT)
SEQ ID NO: 464 VL DVVMTQTPLTLSVTIGQPASISCKSGQSLLDSDGKTYLNWFLQ
RPGQSPKRUYLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDL
GVYYCWQGTHFPQTFGGGTKLEIK
SEQ ID NO: 465 DNA VL gatgttgtgatgacccagactccactcactttgtcggttaccattggacaaccag
cctccatctcttgcaagtcaggtcagagcectcttagatagtgatggaaagacat
atttgaattggtttttacagaggccaggccagtctccaaagcgcectaatctatct
ggtgtctaaactggactctggagtcecctgacaggttcactggcagtggatcagg
gacagatttcacactgaaaatcagcagagtggaggctgaggatttgggagttt
attattgctggcaaggtacacattttcctcagacgttcggtggaggcaccaagce
tggaaatcaaa
SEQ ID NO: 466 Light Chain DVVMTQTPLTLSVTIGQPASISCKSGQSLLDSDGKTYLNWFLQ
RPGQSPKRLIYLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDL
GVYYCWQGTHFPQTFGGGTKLEIKRTVAAPSVFIFPPSDEQLK
SGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYS LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGE
C
SEQ ID NO: 467 DNA Light GATGTTGTGATGACCCAGACTCCACTCACTTTGTCGGTTACC
Chain ATTGGACAACCAGCCTCCATCTCTTGCAAGTCAGGTCAGAG
CCTCTTAGATAGTGATGGAAAGACATATTTGAATTGG 11111
ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGG
TGTCTAAACTGGACTCTGGAGTCCCTGACAGGTTCACTGGC
AGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGT
GGAGGCTGAGGATTTGGGAGTTTATTATTG CTG GCAAG GTA
CACATIITCCTCAGACGTTCGGTGGAGGCACCAAGCTGGAA
ATCAAAcgtacggtggccgctcccagcgtgttcatcttcccccccagegacg
agcagctgaagagtggcaccgccagcgtggtgtgcctgctgaacaacttctac
ccccgggaggecaaggtgcagtggaaggtggacaacgecctgcagagegge
aacagccaggagagcgtcaccgagcaggacagcaaggactccacctacage
ctgagcagcaccctgaccctgagcaaggccgactacgagaagcataaggtgt
acgcctgcgaggtgacccaccagggcctgtccagecccgtgaccaagagcttc
aacaggggcgagtgc
Parental 684E12 higGl
DAPA CysMab
SEQ ID NO: 468 HCDR1 GFTFSNFAMS
(Combined)
SEQ ID NO: 469 HCDR2 TISTGGTYTYYPDSVKG
(Combined)
SEQ ID NO: 470 HCDR3 RGYDGVDK
(Combined)
SEQ ID NO: 471 HCDR1 SNFAMS
(Kabat)
SEQ ID NO: 472 HCDR2 TISTGGTYTYY PDSVKG
(Kabat)
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SEQ ID NO: 473 HCDR3 RGYDGVDK
(Kabat)
SEQ ID NO: 474 HCDR1 GFTFSNF
(Chothia)
SEQ ID NO: 475 HCDR2 STGGTY
(Chothia)
SEQ ID NO: 476 HCDR3 RGYDGVDK
(Chothia)
SEQ ID NO: 477 HCDR1 GFTFSNFA
(IMGT)
SEQ ID NO: 478 HCDR2 ISTGGTYT
(IMGT)
SEQ ID NO: 479 HCDR3 TRRGYDGVDK
(IMGT)
SEQ ID NO: 480 VH EVHLVESGGGLVKPGGSLKLSCAASGFTFSNFAMSWVRQTPE
KRLEWVATISTGGTYTYYPDSVKGRFTISRDNAKKTLYLQMSSL
RSEDTAMYYCTRRGYDGVDKWGQGTTLTVSS
SEQ ID NO: 481 DNA VH GAAGTGCATCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA
CTTTCAGTAACTTTGCCATGTCTTGGGTTCGCCAGACTCCGG
AGAAGAGACTGGAGTGGGTCGCAACCATTAGTACTGGTGG
TACTTACACCTACTATCCAGACAGTGTGAAGGGTCGATTCAC
CATCTCCAGAGACAATGCCAAGAAAACCCTGTACCTGCAAA
TGAGCAGTCTGAGGTCTGAGGACACGGCCATGTATTACTGT
ACAAGACGGGGGTACGACGGCGTGGACAAATGGGGCCAA
GGCACCACTCTCACAGTCTCCTCA
SEQ ID NO: 482 Heavy EVHLVESGGGLVKPGGSLKLSCAASGFTFSNFAMSWVRQTPE
Chain KRLEWVATISTGGTYTYYPDSVKGRFTISRDNAKKTLYLQMSSL
(DAPA, RSEDTAM YYCTRRGYDGV DKWGQGTTLTVSSASTKGPSVFPL
CysMab APSSKSTSGGTAALGCLVKDYFPCPVTVSWNSGALTSGVHTFP
mutations AVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRV
. EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
underlined) CVVVAVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALAAPI EKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGFYPCDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK
SEQ ID NO: 483 DNA Heavy GAAGTGCATCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
Chain CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA

CTTTCAGTAACTTTGCCATGTCTTGGGTTCGCCAGACTCCGG
AGAAGAGACTGGAGTGGGTCGCAACCATTAGTACTGGTGG
TACTTACACCTACTATCCAGACAGTGTGAAGGGTCGATTCAC
CATCTCCAGAGACAATGCCAAGAAAACCCTGTACCTGCAAA
TGAGCAGTCTGAGGTCTGAGGACACGGCCATGTATTACTGT
ACAAGACGGGGGTACGACGGCGTGGACAAATGGGGCCAA
GGCACCACTCTCACAGTCTCCTCAgctagcaccaagggcccaagt
gtgtttccecctggeccccagecagceaagtctacttccggecggaactgcetge
cctgggttgcctggtgaaggactacttccectgtcccgtgacagtgtect
ggaactctggggctctgacttccggegtgcacaccttccccgecgtgetg
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cagagcagcggcctgtacagcctgagcagcgtggtgacagtgccctcc
agctctctgggaacccagacctatatctgcaacgtgaaccacaagccca
gcaacaccaaggtggacaagagagtggagcccaagagctgcgacaag
acccacacctgccccccctgcccagctccagaactgctgggagggcctt
ccgtgttcctgttccccecccaageccaaggacaccctgatgatcagcag
gacccccgaggtgacctgcgtggtggtggcecgtgtcccacgaggacce
agaggtgaagttcaactggtacgtggacggcgtggaggtgcacaacgc
caagaccaagcccagagaggagcagtacaacagcacctacagggtgg
tgtccgtgcetgaccgtgctgcaccaggactggctgaacggcaaagaata
caagtgcaaagtctccaacaaggccctggctgccccaatcgaaaagac
aatcagcaaggccaagggccagccacgggagccccaggtgtacaccct
gccccccagcecgggaggagatgaccaagaaccaggtgtccctgacctg
tctggtgaagggcttctacccctgtgatatcgccgtggagtgggagagce
aacggccagcccgagaacaactacaagaccacccccccagtgctggac
agcgacggcagcttcttcctgtacagcaagctgaccgtggacaagtcca
ggtggcagcagggcaacgtgttcagctgcagcgtgatgcacgaggccc
tgcacaaccactacacccagaagtccctgagcctgagccccggcaag

SEQ ID NO: 484 LCDR1 KSGQSLLDSDGKTYLN
(Combined)
SEQ ID NO: 485 LCDR2 LVSKLDS
(Combined)
SEQ ID NO: 486 LCDR3 WQGTHFPQT
(Combined)
SEQ ID NO: 487 LCDR1 KSGQSLLDSDGKTYLN
(Kabat)
SEQ ID NO: 488 LCDR2 LVSKLDS
(Kabat)
SEQ ID NO: 489 LCDR3 WQGTHFPQT
(Kabat)
SEQ ID NO: 490 LCDR1 GQSLLDSDGKTY
(Chothia)
SEQ ID NO: 491 LCDR2 LVS
(Chothia)
SEQ ID NO: 492 LCDR3 GTHFPQ
(Chothia)
SEQ ID NO: 493 LCDR1 QSLLDSDGKTY
(IMGT)
SEQ ID NO: 494 LCDR2 LVS
(IMGT)
SEQ ID NO: 495 LCDR3 WQGTHFPQT
(IMGT)
SEQ ID NO: 496 VL DVVMTQTPLTLSVTIGQPASISCKSGQSLLDSDGKTYLNWFLQ
RPGQSPKRLIYLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDL
GVYYCWQGTHFPQTFGGGTKLEIK
SEQ ID NO: 497 DNA VL gatgttgtgatgacccagactccactcactttgtcggttaccattggacaaccag
cctccatctcttgcaagtcaggtcagagcctcttagatagtgatggaaagacat
atttgaattggtttttacagaggccaggccagtctccaaagcgcctaatctatct
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ggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagg
gacagatttcacactgaaaatcagcagagtggaggctgaggatttgggagttt
attattgctggcaaggtacacattttcctcagacgttcggtggaggcaccaagc

tggaaatcaaa
SEQ ID NO: 498 Light Chain DVVMTQTPLTLSVTIGQPASISCKSGQSLLDSDGKTYLNWFLQ
RPGQSPKRUYLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDL
GVYYCWQGTHFPQTFGGGTKLEIKRTVAAPSVFIFPPSDEQLK
SGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYS LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGE
C
SEQ ID NO: 499 DNA Light GATGTTGTGATGACCCAGACTCCACTCACTTTGTCGGTTACC
Chain ATTGGACAACCAGCCTCCATCTCTTGCAAGTCAGGTCAGAG
CCTCTTAGATAGTGATGGAAAGACATATTTGAATTGG ITIT1
ACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGG
TGTCTAAACTGGACTCTGGAGTCCCTGACAGGTTCACTGGC
AGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGT
GGAGGCTGAGGATTTGGGAGTTTATTATTGCTG GCAAG GTA
CACATTIITCCTCAGACGTTCGGTGGAGGCACCAAGCTGGAA
ATCAAAcgtacggtggccgctcccagcgtgttcatcttcccccccagegacg
agcagctgaagagtggcaccgccagcgtggtgtgcctgctgaacaacttctac
ccccgggaggcecaaggtgcagtggaaggtggacaacgecctgcagagegge
aacagccaggagagcgtcaccgagcaggacagcaaggactccacctacagc
ctgagcagcaccctgaccctgagcaaggccgactacgagaagcataaggtgt
acgcctgcgaggtgacccaccagggcectgtccagecccgtgaccaagagcttc
aacaggggcgagtgc
Humanized 674J13
hlgGl DAPA
SEQ ID NO: 500 HCDR1 GYSITSGYSWH
(Combined)
SEQ ID NO: 501 HCDR2 HIHSSGSTN YN PSLKS
(Combined)
SEQ ID NO: 502 HCDR3 GGVQAFAY
(Combined)
SEQ ID NO: 503 HCDR1 SGYSWH
(Kabat)
SEQ ID NO: 504 HCDR2 HIHSSGSTNYN PSLKS
(Kabat)
SEQ ID NO: 505 HCDR3 GGVQAFAY
(Kabat)
SEQ ID NO: 506 HCDR1 GYSITSGY
(Chothia)
SEQ ID NO: 507 HCDR2 HSSGS
(Chothia)
SEQ ID NO: 508 HCDR3 GGVQAFAY
(Chothia)
SEQ ID NO: 509 HCDR1 GYSITSGYS
(IMGT)
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SEQ ID NO: 510 HCDR2 IHSSGST
(IMGT)

SEQ ID NO: 511 HCDR3 ARGGVQAFAY
(IMGT)

SEQ ID NO: 512 VH DVQLQESGPGLVKPSQTLSLTCTVSGYSITSGYSWHWIR
QHPGKGLEWMAH IHSSGSTNYN PSLKSRITISRDTSKNQ
FSLKLSSVTAADTAVYYCARGGVQAFAYWGQGTLVTVSS

SEQ ID NO: 513 DNA VH GACGTGCAGCTGCAGGAATCTGGCCCTGGCCTGGTGA
AACCCTCCCAGACCCTGTCCCTGACCTGCACCGTGTCC
GGCTACTCCATCACCTCCGGCTACAGCTGGCACTG GAT
CCGGCAGCACCCCGGCAAGGGCCTGGAATGGATGGCC
CACATCCACTCCTCCGGCTCCACCAACTACAACCCCAGC
CTGAAGTCCAGAATCACCATCAGCCGGGACACCTCCAA
GAACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCCG
CTGACACCGCCGTGTACTACTGTGCCAGAGGCGGCGT
GCAGGCCTTCGCTTATTGGGGCCAGGGCACCCTGGTG
ACAGTGTCCTCC

SEQ ID NO: 514 Heavy DVQLQESG PG LVKPSQTLSLTCTVSGYSITSGYSW HW IR

Chain QHPGKGLEWMAH IHSSGSTNYN PSLKSRITISRDTSKNQ
(DAPA FSLKLSSVTAADTAVYYCARGGVQAFAYWGQGTLVTVSS

mutations ASTKG PSVF PLAPSS KSTSGGTAALGC LVKDYFPEPVTVS
underlined) WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQT

YICNVN HKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVaVSH EDPEVKFNW
YVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSN KALaAPI EKTISKAKGQPREPQVYTLPPSRE
EMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN NYKTTP
PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM HEALH
NHYTQKSLSLSPGK
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SEQ ID NO:

515

DNA Heavy
Chain

GACGTGCAGCTGCAGGAATCTGGCCCTGGCCTGGTGA
AACCCTCCCAGACCCTGTCCCTGACCTGCACCGTGTCC
GGCTACTCCATCACCTCCGGCTACAGCTGGCACTGGAT
CCGGCAGCACCCCGGCAAGGGCCTGGAATGGATGGCC
CACATCCACTCCTCCGGCTCCACCAACTACAACCCCAGC
CTGAAGTCCAGAATCACCATCAGCCGGGACACCTCCAA
GAACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCCG
CTGACACCGCCGTGTACTACTGTGCCAGAGGCGGCGT
GCAGGCCTTCGCTTATTGGGGCCAGGGCACCCTGGTG
ACAGTGTCCTCCGCTAGCACCAAGGGCCCAAGTGTGTT
TCCCCTGGCCCCCAGCAGCAAGTCTACTTCCGGCGGAA
CTGCTGCCCTGGGTTGCCTGGTGAAGGACTACTTCCCC
GAGCCCGTGACAGTGTCCTGGAACTCTGGGGCTCTGA
CTTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGC
AGCGGCCTGTACAGCCTGAGCAGCGTGGTGACAGTGC
CCTCCAGCTCTCTGGGAACCCAGACCTATATCTGCAAC
GTGAACCACAAGCCCAGCAACACCAAGGTGGACAAGA
GAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTG
CCCCCCCTGCCCAGCTCCAGAACTGCTGGGAGGGCCTT
CCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTG
ATGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTGG
TGGCCGTGTCCCACGAGGACCCAGAGGTGAAGTTCAA
CTGGTACGTGGACGGCGTGGAGGTGCACAACGCCAAG
ACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACA
GGGTGGTGTCCGTGCTGACCGTGCTGCACCAGGACTG
GCTGAACG GCAAAG AATACAAGTG CAAAGTCTCCAAC
AAGGCCCTGGCTGCCCCAATCGAAAAGACAATCAGCA
AGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACAC
CCTGCCCCCCAGCCGGGAGGAGATGACCAAGAACCAG
GTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAG
CGATATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCC
GAGAACAACTACAAGACCACCCCCCCAGTGCTGGACA
GCGACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTG
GACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGCT
GCAGCGTGATG CACGAGGCCCTGCACAACCACTACAC
CCAGAAGTCCCTGAGCCTGAGCCCCGGCAAG

SEQ ID NO:

516

LCDR1
(Combined)

SASSSVIYMH

SEQ ID NO:

517

LCDR2
(Combined)

DTSKLAS

SEQ ID NO:

518

LCDR3
(Combined)

QQWSSN PLT

SEQ ID NO:

519

LCDR1
(Kabat)

SASSSVIYMH

SEQ ID NO:

520

LCDR2
(Kabat)

DTSKLAS
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SEQ ID NO: 521 LCDR3 QQWSSN PLT
(Kabat)
SEQ ID NO: 522 LCDR1 SSSVIY
(Chothia)
SEQ ID NO: 523 LCDR2 DTS
(Chothia)
SEQ ID NO: 524 LCDR3 WSSN PL
(Chothia)
SEQ ID NO: 525 LCDR1 SSVIY
(IMGT)
SEQ ID NO: 526 LCDR2 DTS
(IMGT)
SEQ ID NO: 527 LCDR3 QQWSSN PLT
(IMGT)
SEQ ID NO: 528 VL EIVLTQSPATLSASPGERVTMSCSASSSVIYM HWYQQKP
GQAPRRWIYDTSKLASGVPARFSGSGSGTDYTLTISSM EP
EDAAVYYCQQWSSN PLTFGQGTKLEIK
SEQ ID NO: 529 DNA VL GAGATCGTGCTGACCCAGTCCCCTGCCACCCTGTCTGC
TAGCCCTGGCGAGCGCGTGACAATGTCCTGCTCCGCCT
CCTCCTCCGTGATCTACATGCACTGGTATCAGCAGAAG
CCCGGCCAGGCCCCTCGGCGGTGGATCTACGATACCTC
CAAGCTGGCCTCCGGCGTGCCCGCCAGATTCTCCGGCT
CTGGCTCTGGCACCGACTACACCCTGACCATCTCCAGC
ATGGAACCCGAGGACGCCGCCGTGTACTACTGCCAGC
AGTGGTCCTCCAACCCCCTGACCTTCGGCCAGGGCACC
AAGCTGGAAATCAAG
SEQ ID NO: 530 Light Chain EIVLTQSPATLSASPGERVTMSCSASSSVIYMHWYQQKP
GQAPRRWIYDTSKLASGVPARFSGSGSGTDYTLTISSM EP
EDAAVYYCQQWSSN PLTFGQGTKLEIKRTVAAPSVFIFPP
SDEQLKSGTASVVCLLN NFYPREAKVQWKVDNALQSGN
SQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFN RGEC
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SEQ ID NO: 531 DNA Light GAGATCGTGCTGACCCAGTCCCCTGCCACCCTGTCTGC
Chain TAGCCCTGGCGAGCGCGTGACAATGTCCTGCTCCGCCT
CCTCCTCCGTGATCTACATGCACTGGTATCAGCAGAAG
CCCGGCCAGGCCCCTCGGCGGTGGATCTACGATACCTC
CAAGCTGGCCTCCGGCGTGCCCGCCAGATTCTCCGGCT
CTGGCTCTGGCACCGACTACACCCTGACCATCTCCAGC
ATGGAACCCGAGGACGCCGCCGTGTACTACTGCCAGC
AGTGGTCCTCCAACCCCCTGACCTTCGGCCAGGGCACC
AAG CTGGAAATCAAG CGTACGGTGGCCGCTCCCAGCG
TGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAGT
GGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTA
CCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACAA
CGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACC
GAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCA
GCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCA
TAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCTG
TCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGT
GC
Humanized 121G12
hlgGl DAPA
SEQ ID NO: 532 HCDR1 GFTFSTYAMS
(Combined)
SEQ ID NO: 533 HCDR2 TISDAGSYSYYPDNVKG
(Combined)
SEQ ID NO: 534 HCDR3 RGSRYEEYYVMDY
(Combined)
SEQ ID NO: 535 HCDR1 TYAMS
(Kabat)
SEQ ID NO: 536 HCDR2 TISDAGSYSYYPDNVKG
(Kabat)
SEQ ID NO: 537 HCDR3 RGSRYEEYYVM DY
(Kabat)
SEQ ID NO: 538 HCDR1 GFTFSTY
(Chothia)
SEQ ID NO: 539 HCDR2 SDAGSY
(Chothia)
SEQ ID NO: 540 HCDR3 RGSRYEEYYVM DY
(Chothia)
SEQ ID NO: 541 HCDR1 GFTFSTYA
(IMGT)
SEQ ID NO: 542 HCDR2 ISDAGSYS
(IMGT)
SEQ ID NO: 543 HCDR3 ARRGSRYEEYYVMDY
(IMGT)
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SEQ ID NO: 544

VH

EVOQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQ
APGKGLEWVATISDAGSYSYYPDNVKGRFTISRDNAKNSL
YLQM NSLRAEDTAVYYCARRGSRYEEYYVMDYWGQGT
TVTVSS

SEQ ID NO: 545

DNA VH

GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTG
AAACCCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTC
CGGCTTCACCTTCTCCACCTACGCCATGTCCTGGGTGC
GGCAGGCTCCCGGCAAGGGCCTGGAATGGGTGGCCA
CCATCTCCGACGCCGGCTCCTACTCCTACTACCCCGACA
ACGTGAAGGGCAGATTCACCATCAGCCGGGACAACGC
CAAGAACTCCCTGTACCTGCAGATGAACTCCCTGCGGG
CCGAGGACACCGCCGTGTACTACTGTGCCAGACGGGG
CTCCAGATACGAAGAGTACTACGTGATGGACTATTGG
GGCCAGGGCACCACCGTGACAGTGTCCTCC

SEQ ID NO: 546

Heavy
Chain
(DAPA
mutations
underlined)

EVOQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQ
APGKGLEWVATISDAGSYSYYPDNVKGRFTISRDNAKNSL
YLQM NSLRAEDTAVYYCARRGSRYEEYYVMDYWGQGT
TVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNH KPSNTKVDKRVEPKSCDKTHTCPPCPA
PELLGGPSVFLFPPKPKDTLM ISRTPEVTCVVVaVSH EDPE
VKFNWYVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSN KALaAPIEKTISKAKGQPREPQVY
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
M HEALHNHYTQKSLSLSPGK
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SEQ ID NO: 547

DNA Heavy
Chain

GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTG
AAACCCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTC
CGGCTTCACCTTCTCCACCTACGCCATGTCCTGGGTGC
GGCAGGCTCCCGGCAAGGGCCTGGAATGGGTGGCCA
CCATCTCCGACGCCGGCTCCTACTCCTACTACCCCGACA
ACGTGAAGGGCAGATTCACCATCAGCCGGGACAACGC
CAAGAACTCCCTGTACCTG CAGATGAACTCCCTGCGGG
CCGAGGACACCGCCGTGTACTACTGTGCCAGACGGGG
CTCCAGATACGAAGAGTACTACGTGATGGACTATTGG
GGCCAGGGCACCACCGTGACAGTGTCCTCCGCTAGCA
CCAAG GGCCCAAGTGTGTTTCCCCTG GCCCCCAGCAGC
AAGTCTACTTCCGGCGGAACTGCTGCCCTGGGTTGCCT
GGTGAAGGACTACTTCCCCGAGCCCGTGACAGTGTCCT
GGAACTCTGGGGCTCTGACTTCCGGCGTGCACACCTTC
CCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGA
GCAGCGTGGTGACAGTG CCCTCCAGCTCTCTGGGAAC
CCAGACCTATATCTGCAACGTGAACCACAAGCCCAGCA
ACACCAAGGTGGACAAGAGAGTGGAGCCCAAGAGCT
GCGACAAGACCCACACCTGCCCCCCCTGCCCAGCTCCA
GAACTGCTGGGAGGGCCTTCCGTGTTCCTGTTCCCCCC
CAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGCCGTGTCCCACGAGG
ACCCAGAGGTGAAGTTCAACTGGTACGTGGACGGCGT
GGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGA
GCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTG
ACCGTGCTGCACCAGGACTG GCTGAACGGCAAAG AAT
ACAAGTG CAAAGTCTCCAACAAGGCCCTGGCTGCCCCA
ATCGAAAAG ACAATCAGCAAGGCCAAGGGCCAGCCAC
GGGAGCCCCAGGTGTACACCCTGCCCCCCAGCCGGGA
GGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTG
GTGAAGGGCTTCTACCCCAGCGATATCGCCGTGGAGT
GGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGA
CCACCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTTC
CTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGC
AGCAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGA
GGCCCTGCACAACCACTACACCCAGAAGTCCCTGAGCC
TGAGCCCCGGCAAG

SEQ ID NO: 548

LCDR1
(Combined)

RASQSISN NLH

SEQ ID NO: 549

LCDR2
(Combined)

YASQSIS

SEQ ID NO: 550

LCDR3
(Combined)

QQSSSWLT

SEQ ID NO: 551

LCDR1
(Kabat)

RASQSISN NLH
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SEQ ID NO: 552 LCDR2 YASQSIS
(Kabat)
SEQ ID NO: 553 LCDR3 QQSSSWLT
(Kabat)
SEQ ID NO: 554 LCDR1 SQSISN N
(Chothia)
SEQ ID NO: 555 LCDR2 YAS
(Chothia)
SEQ ID NO: 556 LCDR3 SSSWL
(Chothia)
SEQ ID NO: 557 LCDR1 QSISNN
(IMGT)
SEQ ID NO: 558 LCDR2 YAS
(IMGT)
SEQ ID NO: 559 LCDR3 QQSSSWLT
(IMGT)
SEQ ID NO: 560 VL EIVLTQSPATLSVSPGERVTLSCRASQSISNN LHWYQQKP
GQAPRLUKYASQSISGIPARFSGSGSGTDFTLTISSVEPED
FGVYFCQQSSSWLTFGQGTKLEIK
SEQ ID NO: 561 DNA VL GAGATCGTGCTGACCCAGTCCCCTGCCACCCTGTCCGT
GTCTCCCGGCGAGAGAGTGACCCTGTCCTGCCGGGCC
TCCCAGTCCATCTCCAACAACCTGCACTGGTATCAGCA
GAAGCCCGGCCAGGCCCCTCGGCTGCTGATTAAGTAC
GCCTCCCAGAGCATCTCCGGCATCCCTGCCAGATTCTC
CGGCTCCGGCAGCGGCACCGACTTCACCCTGACCATCT
CCAGCGTGGAACCCGAGGACTTCGGCGTGTACTTCTGC
CAGCAGTCCTCATCCTGGCTGACCTTCGGCCAGGGCAC
CAAGCTGGAAATCAAG
SEQ ID NO: 562 Light Chain EIVLTQSPATLSVSPGERVTLSCRASQSISNNLHWYQQKP

GQAPRLLIKYASQSISGIPARFSGSGSGTDFTLTISSVEPED
FGVYFCQQSSSWLTFGQGTKLEIKRTVAAPSVFI FPPSDE

QLKSGTASVVCLLNN FYPREAKVQWKVDNALQSGNSQE

SVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFN RG EC
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SEQ ID NO: 563 DNA Light GAGATCGTGCTGACCCAGTCCCCTGCCACCCTGTCCGT
Chain GTCTCCCGGCGAGAGAGTGACCCTGTCCTGCCGGGCC
TCCCAGTCCATCTCCAACAACCTGCACTGGTATCAGCA
GAAGCCCGGCCAGGCCCCTCGGCTGCTGATTAAGTAC
GCCTCCCAGAGCATCTCCGGCATCCCTGCCAGATTCTC
CGGCTCCGGCAGCGGCACCGACTTCACCCTGACCATCT
CCAGCGTGGAACCCGAGGACTTCGGCGTGTACTTCTGC
CAGCAGTCCTCATCCTGGCTGACCTTCGGCCAGGGCAC
CAAGCTGGAAATCAAGCGTACGGTGGCCGCTCCCAGC
GTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAGAG
TGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCT
ACCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACA
ACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCAC
CGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGC
AGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGC
ATAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCT
GTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAG
TGC
Humanized 506E15
hlgGl DAPA
SEQ ID NO: 564 HCDR1 GFTFSSYAMS
(Combined)
SEQ ID NO: 565 HCDR2 TISSGGSFTYYPDSVKG
(Combined)
SEQ ID NO: 566 HCDR3 RASTVVGTDFDV
(Combined)
SEQ ID NO: 567 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 568 HCDR2 TISSGGSFTYYPDSVKG
(Kabat)
SEQ ID NO: 569 HCDR3 RASTVVGTDFDV
(Kabat)
SEQ ID NO: 570 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 571 HCDR2 SSGGSF
(Chothia)
SEQ ID NO: 572 HCDR3 RASTVVGTDFDV
(Chothia)
SEQ ID NO: 573 HCDR1 GFTFSSYA
(IMGT)
SEQ ID NO: 574 HCDR2 ISSGGSFT
(IMGT)
SEQ ID NO: 575 HCDR3 ARRASTVVGTDFDV
(IMGT)
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SEQ ID NO: 576

VH

EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYAMSWI RQ
APGKGLEWVATISSGGSFTYYPDSVKG RFTISRDNAKNSL
YLOM NSLRAEDTAVYYCARRASTVVGT DFDVW GQGTT
VTVSS

SEQ ID NO: 577

DNA VH

GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTG
AAACCCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTC
CGGCTTCACCTTCTCCAGCTACGCCATGTCCTGGATCCG
GCAGGCTCCCGGCAAGGGCCTGGAATGGGTGGCCACC
ATCTCCTCCGGCGGCAGCTTCACCTACTACCCCGACAG
CGTGAAGGGCAGATTCACCATCAGCCGGGACAACGCC
AAG AACTCCCTGTACCTG CAGATGAACTCCCTGCGGGC
CGAGGACACCGCCGTGTACTACTGTGCCAGACGGGCC
TCCACCGTCGTGGGAACCGACTTCGATGTGTGGGGCC
AGGGCACCACCGTGACAGTGTCCTCC

SEQ ID NO: 578

Heavy
Chain
(DAPA
mutations
underlined)

EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYAMSWI RQ
APGKGLEWVATISSGGSFTYYPDSVKG RFTISRDNAKNSL
YLOM NSLRAEDTAVYYCARRASTVVGT DFDVW GQGTT
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNH KPSNTKVDKRVEPKSCDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLM ISRTPEVTCVVVaVSH EDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSN KALaAPI EKTISKAKGQPREPQVYTL
PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN N
YKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM H
EALH NHYTQKSLSLSPGK

SEQ ID NO: 579

DNA Heavy
Chain

GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTG
AAACCCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTC
CGGCTTCACCTTCTCCAGCTACGCCATGTCCTGGATCCG
GCAGGCTCCCGGCAAGGGCCTGGAATGGGTGGCCACC
ATCTCCTCCGGCGGCAGCTTCACCTACTACCCCGACAG
CGTGAAGGGCAGATTCACCATCAGCCGGGACAACGCC
AAG AACTCCCTGTACCTG CAGATGAACTCCCTGCGGGC
CGAGGACACCGCCGTGTACTACTGTGCCAGACGGGCC
TCCACCGTCGTGGGAACCGACTTCGATGTGTGGGGCC
AGGGCACCACCGTGACAGTGTCCTCCGCTAGCACCAA
GGGCCCAAGTGTGTTTCCCCTGGCCCCCAGCAGCAAGT
CTACTTCCGGCGGAACTG CTGCCCTGGGTTGCCTGGTG
AAGGACTACTTCCCCGAGCCCGTGACAGTGTCCTGGAA
CTCTGGGGCTCTGACTTCCGGCGTGCACACCTTCCCCG
CCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGAGCAG
CGTGGTGACAGTG CCCTCCAGCTCTCTGGGAACCCAGA
CCTATATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGAC
AAGACCCACACCTGCCCCCCCTGCCCAGCTCCAGAACT
GCTGGGAGGGCCTTCCGTGTTCCTGTTCCCCCCCAAGC
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CCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGT
GACCTGCGTGGTGGTGGCCGTGTCCCACGAGGACCCA
GAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAG
GTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGT
ACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGT
GCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAG
TGCAAAGTCTCCAACAAG GCCCTGGCTGCCCCAATCGA
AAAGACAATCAGCAAGGCCAAGGGCCAGCCACGGGA
GCCCCAGGTGTACACCCTGCCCCCCAGCCGGGAGGAG
ATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAA
GGGCTTCTACCCCAGCGATATCGCCGTGGAGTGGGAG
AGCAACGGCCAGCCCGAGAACAACTACAAGACCACCC
CCCCAGTG CTGGACAGCGACGGCAGCTTCTTCCTGTAC
AGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAG
GGCAACGTGTTCAGCTGCAGCGTGATGCACGAGGCCC
TGCACAACCACTACACCCAGAAGTCCCTGAGCCTGAGC
CCCGGCAAG

SEQ ID NO: 580 LCDR1 RASQDIGSSLN
(Combined)
SEQ ID NO: 581 LCDR2 ATSSLDS
(Combined)
SEQ ID NO: 582 LCDR3 LQYASSPPT
(Combined)
SEQ ID NO: 583 LCDR1 RASQDIGSSLN
(Kabat)
SEQ ID NO: 584 LCDR2 ATSSLDS
(Kabat)
SEQ ID NO: 585 LCDR3 LQYASSPPT
(Kabat)
SEQ ID NO: 586 LCDR1 SQDIGSS
(Chothia)
SEQ ID NO: 587 LCDR2 ATS
(Chothia)
SEQ ID NO: 588 LCDR3 YASSPP
(Chothia)
SEQ ID NO: 589 LCDR1 QDIGSS
(IMGT)
SEQ ID NO: 590 LCDR2 ATS
(IMGT)
SEQ ID NO: 591 LCDR3 LQYASSPPT
(IMGT)
SEQ ID NO: 592 VL DIQMTQSPSSLSASVGDRVTLTCRASQDIGSSLNWLQQK
PGKAI KRLIYATSSLDSGVPSRFSGSRSGTDYTLTISSLQPE
DFVVYYCLQYASSPPTFGGGTKLEI K
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SEQ ID NO:

593

DNA VL

GACATCCAGATGACCCAGTCCCCCTCCAGCCTGTCCGC
CTCCGTGGGCGATAGAGTGACCCTGACCTGCCGGGCC
TCCCAGGACATCGGCTCCTCCCTGAACTGGCTGCAGCA
GAAG CCCGGCAAGGCCATCAAG CGGCTGATCTACGCC
ACCTCCTCCCTGGACTCCGGCGTGCCCTCCCGGTTCTCC
GGCTCTAGATCCGGCACCGACTACACCCTGACCATCTC
CAGCCTGCAGCCCGAGGACTTCGTGGTGTACTACTGCC
TGCAGTACGCCTCCAGCCCCCCCACCTTTGGCGGAGGC
ACCAAGCTGGAAATCAAG

SEQ ID NO:

594

Light Chain

DIQMTQSPSSLSASVGDRVTLTCRASQDIGSSLNWLQQK
PGKAI KRLIYATSSLDSGVPSRFSGSRSGTDYTLTISSLQPE
DFVVYYCLQYASSPPTFGGGTKLEI KRTVAAPSVFI FPPSD
EQLKSGTASVVCLLN NFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKH KVYACEVTHQGL
SSPVTKSFN RGEC

SEQ ID NO:

595

DNA Light
Chain

GACATCCAGATGACCCAGTCCCCCTCCAGCCTGTCCGC
CTCCGTGGGCGATAGAGTGACCCTGACCTGCCGGGCC
TCCCAGGACATCGGCTCCTCCCTGAACTGGCTGCAGCA
GAAG CCCGGCAAGGCCATCAAG CGGCTGATCTACGCC
ACCTCCTCCCTGGACTCCGGCGTGCCCTCCCGGTTCTCC
GGCTCTAGATCCGGCACCGACTACACCCTGACCATCTC
CAGCCTGCAGCCCGAGGACTTCGTG GTGTACT ACTGCC
TGCAGTACGCCTCCAGCCCCCCCACCTTTGGCGGAGGC
ACCAAGCTGGAAATCAAGCGTACGGTGGCCGCTCCCA
GCGTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAG
AGTG GCACCGCCAGCGTGGTGTG CCTGCTGAACAACT
TCTACCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGA
CAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTC
ACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGA
GCAGCACCCTGACCCTGAGCAAGGCCGACTACGAGAA
GCATAAG GTGTACG CCTGCGAGGTGACCCACCAGGGC
CTGTCCAGCCCCGTGACCAAG AGCTTCAACAGGGGCG
AGTGC

Humanized 684E12
hlgGl DAPA CysMab

SEQ ID NO:

596

HCDR1
(Combined)

GFTFSNFAMS

SEQ ID NO:

597

HCDR2
(Combined)

TISTGGTYTYYPDSVKG

SEQ ID NO:

598

HCDR3
(Combined)

RGYSGVDK

SEQ ID NO:

599

HCDR1
(Kabat)

SNFAMS

SEQ ID NO:

600

HCDR2
(Kabat)

TISTGGTYTYYPDSVKG
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SEQ ID NO: 601 HCDR3 RGYSGVDK
(Kabat)
SEQ ID NO: 602 HCDR1 GFTFSNF
(Chothia)
SEQ ID NO: 603 HCDR2 STGGTY
(Chothia)
SEQ ID NO: 604 HCDR3 RGYSGVDK
(Chothia)
SEQ ID NO: 605 HCDR1 GFTFSNFA
(IMGT)
SEQ ID NO: 606 HCDR2 ISTGGTYT
(IMGT)
SEQ ID NO: 607 HCDR3 TRRGYSGVDK
(IMGT)
SEQ ID NO: 608 VH EVQLVESGGGLVKPGGSLRLSCAASGFTFSNFAMSWVRQAPG
KG LEWVSTISTGGTYTYYPDSVKGRFTISRDNAKNSLYLQMNSL
RAEDTAVYYCARRGYSGVDKWGQGTTVTVSS
SEQ ID NO: 609 DNA VH GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTGAAAC
CCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTCCGGCTTC
ACCTTCTCCAACTTCGCCATGTCCTGGGTGCGGCAGGCTCCC
GGCAAGGGCCTGGAATGGGTGTCCACCATCTCCACCGGCG
GCACCTACACCTACTACCCCGACAGCGTGAAGGGCAGATTC
ACCATCAGCCGGGACAACGCCAAGAACTCCCTGTACCTGCA
GATGAACTCCCTGCGGGCCGAGGACACCGCCGTGTACTACT
GTGCCAGACGGGGCTACTCAGGCGTGGACAAATGGGGCCA
GGGCACCACCGTGACAGTGTCCTCC
SEQ ID NO: 610 Heavy EVQLVESGGGLVKPGGSLRLSCAASGFTFSNFAMSWVRQAPG
Chain KG LEWVSTISTGGTYTYYPDSVKGRFTISRDNAKNSLYLQMNSL
(DAPA, RAEDTAVYYCARRGYSGVDKWGQGTTVTVSSASTKGPSVFPL
CysMab APSSKSTSGGTAALGCLVKDYFPCPVTVSWNSGALTSGVHTFP
mutations AVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRV
underlined) EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVAVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALAAPIEKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGFYPCDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK
SEQ ID NO: 611 DNA Heavy GAGGTGCAGCTGGTGGAATCTGGCGGAGGCCTGGTG
Chain AAACCCGGCGGATCCCTGAGACTGTCCTGCGCCGCCTC
CGGCTTCACCTTCTCCAACTTCGCCATGTCCTGGGTGCG
GCAGGCTCCCGGCAAGGGCCTGGAATGGGTGTCCACC
ATCTCCACCGGCGGCACCTACACCTACTACCCCGACAG
CGTGAAGGGCAGATTCACCATCAGCCGGGACAACGCC
AAG AACTCCCTGTACCTG CAGATG AACTCCCTG CGGGC
CGAGGACACCGCCGTGTACTACTGTGCCAGACGGGGC
TACTCAGGCGTGGACAAATGGGGCCAGGGCACCACCG
TGACAGTGTCCTCCgctagcaccaagggcccaagtgtgtttccect
ggcccccagcagcaagtctacttccggeggaactgctgecctgggttge
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ctggtgaaggactacttcccctgtccegtgacagtgtcctggaactctgg
ggctctgacttccggegtgcacaccttcceccgecgtgctgcagageage
ggcctgtacagectgagcagegtggtgacagtgecctccagcetcetetgg
gaacccagacctatatctgcaacgtgaaccacaagcccagcaacacca
aggtggacaagagagtggagcccaagagctgcgacaagacccacace
tgcceccectgeccagcetccagaactgetgggagggcectteegtgttect
gttccceccccaageccaaggacaccctgatgatcagcaggacceccga
ggtgacctgcgtggtggtggecgtgtcccacgaggacccagaggtgaa
gttcaactggtacgtggacggcgtggaggtgcacaacgccaagaccaa
gcccagagaggagcagtacaacagcacctacagggtggtgtcegtget
gaccgtgctgcaccaggactggctgaacggcaaagaatacaagtgcaa
agtctccaacaaggccctggcetgccccaatcgaaaagacaatcagcaa
ggccaagggccagecacgggagecccaggtgtacaccetgecceccag
ccgggaggagatgaccaagaaccaggtgtccctgacctgtcetggtgaa
gggcttctaccectgtgatatcgecgtggagtgggagagcaacggecag
cccgagaacaactacaagaccacccccccagtgctggacagegacgge
agcttcttcctgtacagcaagctgaccgtggacaagtccaggtggcage
agggcaacgtgttcagctgcagegtgatgcacgaggecctgcacaacc
actacacccagaagtccctgagcectgagecccggeaag

SEQ ID NO: 612 LCDR1 KSGQSLLDSTG KTYLN
(Combined)

SEQ ID NO: 613 LCDR2 LVSKLDS
(Combined)

SEQ ID NO: 614 LCDR3 WQGTHFPQT
(Combined)

SEQ ID NO: 615 LCDR1 KSGQSLLDSTG KTYLN
(Kabat)

SEQ ID NO: 616 LCDR2 LVSKLDS
(Kabat)

SEQ ID NO: 617 LCDR3 WQGTHFPQT
(Kabat)

SEQ ID NO: 618 LCDR1 GQSLLDSTGKTY
(Chothia)

SEQ ID NO: 619 LCDR2 LVS
(Chothia)

SEQ ID NO: 620 LCDR3 GTHFPQ
(Chothia)

SEQ ID NO: 621 LCDR1 QSLLDSTGKTY
(IMGT)

SEQ ID NO: 622 LCDR2 LVS
(IMGT)

SEQ ID NO: 623 LCDR3 WQGTHFPQT
(IMGT)

SEQ ID NO: 624 VL DVVMTQSPLSLPVTLGQPASISCKSGQSLLDSTGKTYLNWFLQ

RPGQSPRRLIYLVSKLDSGVPDRFSGSGSGTDFTLKISRVEAEDV
GVYYCWQGTHFPQTFGGGTKLEIK
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SEQ ID NO: 625

DNA VL

GACGTGGTGATGACCCAGTCCCCCCTGTCCCTGCCTGTGACC
CTGGGCCAGCCTGCCTCCATCTCCTGCAAGTCCGGCCAGTCC
CTGCTGGACTCCACTGGCAAGACCTACCTGAACTGGTTCCTG
CAGCGGCCTGGCCAGTCCCCTCGGCGGCTGATCTACCTGGT
GTCCAAGCTGGACAGCGGCGTGCCCGACAGATTCTCCGGCT
CTGGCTCCGGCACCGACTTCACCCTGAAGATCTCCCGGGTG
GAAGCCGAGGACGTGGGCGTGTACTACTGCTGGCAGGGCA
CCCACTTCCCCCAGACCTTCGGCG GAGGCACCAAGCTGGAA
ATCAAG

SEQ ID NO: 626

Light Chain

DVVMTQSPLSLPVTLGQPASISCKSGQSLLDSTGKTYLNWFLQ
RPGQSPRRUYLVSKLDSGVPDRFSGSGSGTDFTLKISRVEAEDV
GVYYCWQGTHFPQTFGGGTKLEIKRTVAAPSVFIFPPSDEQLK
SGTASVVCLLN NFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGE
C

SEQ ID NO: 627

DNA Light
Chain

GACGTGGTGATGACCCAGTCCCCCCTGTCCCTGCCTGTGACC
CTGGGCCAGCCTGCCTCCATCTCCTGCAAGTCCGGCCAGTCC
CTGCTGGACTCCACTGGCAAGACCTACCTGAACTGGTTCCTG
CAGCGGCCTGGCCAGTCCCCTCGGCGGCTGATCTACCTGGT
GTCCAAGCTGGACAGCGGCGTGCCCGACAGATTCTCCGGCT
CTGGCTCCGGCACCGACTTCACCCTGAAGATCTCCCGGGTG
GAAGCCGAGGACGTGGGCGTGTACTACTGCTGGCAGGGCA
CCCACTTCCCCCAGACCTTCGGCG GAGGCACCAAGCTGGAA
ATCAAGcgtacggtggccgcetcccagegtgttcatcttcccececagegacy
agcagctgaagagtggcaccgcecagegtggtgtgectgctgaacaacttctac
cccecgggaggecaaggtgcagtggaaggtggacaacgecctgcagagegge
aacagccaggagagcgtcaccgagcaggacagcaaggactccacctacage
ctgagcagcaccctgaccctgagcaaggcecgactacgagaagcataaggtgt
acgcctgcgaggtgacccaccagggcectgtccagecccgtgaccaagagettc
aacaggggcgagtge

Example 2: I n Vitro Assessment of Antibody Induced ADCC Activity

[00374] Capacity of candidate antibodies to mediate ADCC was assessed using a

surrogate ADCC reporter assay. CCR7 and CD20 expressing VM2 cells were used as target
cells. WM2 cells were washed and re-suspended at 8x104 cellsml cellsml. Effector cellsin

this assay were aJurkat cell line stably expressing CD16V 158 and an NFAT dependent

luciferase reporter (Jurkat-V 158); expression of luciferase is asurrogate for canonical ADCC

signaling through CD16. Briefly, Jurkat-V 158 cells grown in suspension were spun down to

remove spent media, the pellet was resuspended in assay media and adjusted to 1.6x106

cellgml cells/mL. Mix equal volumes of effector and target cells to make a master mix of

cells yielding atarget to effector cell ratio of 1.5 or 1:20. A titration of antibody was diluted

in assay media with afinal top concentration of 50ug/mL in the assay well. 12.5uL of Ab

solution was added to a 384 well round bottom plate and then 12.5ul of the master cell mix

was added. Antibody and cells were mixed well by pipetting and incubated for 4 hours at
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37°C in 5% C0O2. Following incubation, 15uL of Bright Glo substrate (Promega #G7572)
was added to each well and shaken for 5min at RT at 1050rpm. Luminescent signal was read
on the Envision plate reader (Perkin Elmer).

[00375] A CD20-targeting antibody was included as a positive control, and showed
substantial NFAT signaling, as measured by luciferase activity. Similarly the candidate anti-
CCRY7 antibodies induced significant ADCC activity (Figure 1).

[00376] The table below summarizes representative results for the various antibody

formats run in the ADCC assay using VM2 and Jurkat-V 158 cells.

Table 5: ADCC activity of non-humanized and humanized anti-CCR7 antibodies

ADCC activity; IC50 (nM)

121G12 non-humanized CysMab 0.077

S506E15 non-humanized CysMab 0.131

674J13 non-humanized CysMab 1.09

684E12 non-humanized CysMab 2.63

121G12 humanized CysMab Yes, but insufficient curve fitting
S506E15 humanized CysMab 0.054

674J13 humanized CysMab Yes, but insufficient curve fitting
CD20 control ADCC 0.132
[00377] The ADCC assay was run with non-humanized 506E15 antibody as a

representative ADCC-capable anti-CCR7 antibody across various cell lines with arange of
CCRY7 receptor numbers to determine the minimal receptor density needed for ADCC activity
and if there is a sufficient safety margin over normal CCR7+ T cells. The table below

summarizes some of the data.

Table 6: ADCC activity of non-humanized 506E15 antibody

Cell line CCR7 receptor # 506E15 IC50 (nM) | 506E15 (max RLU)

JVM2 66,500 0.046 5840
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MOTN-1 64,600 0.077 5387
DEL 62,000 0.074 6480
CMLT-1 29,000 0.011 4400
SR786 27,800 0.011 4067
PEER 8,700 0.038 3360
ALL-SIL 6,200 0.008 3720
Jurkat V158 3,400 0.004 3267
DND-41 1,700 0.002 3733
Normal T cells < 15K depletion in vivo n.a
[00378] The data show that even very low CCRY receptor levels comparable to CCR7

receptor levels on normal T cells were sufficient to enable significant ADCC activity. ADCC
was also assessed using aco-culture viability assay of NK cells with CCR7+ cancer cells and

similar findings were collected (not discussed here).

[00379] This fits the observation described below that T cell depletion was seen in vivo
and found to be ADCC-mechanism based. These findings demonstrate that the ADCC
modality is not suitable for CCR7 from a safety perspective. Asaconsequence al candidates
were switched to the Fc silent (DAPA) format to improve overall on-target safety.

[00380] The ADCC in vitro reporter assay was repeated and confirmed lack of ADCC
activity for the DAPA Fc-mutated versions of the non-humanized anti-CCR7 antibodies
(Figure 2).

Example 3: Biochemical Characterization of Antibodies

Affinities of anti-CCR7 antibodies to CCR7

[00381] The affinity of various antibodies and ADCs to CCR7 and its species
orthologues was determined using FACS. Purified IgGs were titrated to determine EC50
values for binding to cell surface expressed CCRY.
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[00382]
detached with Accutase), washed twice with FACS buffer (PBS 3% FCS/ 0.02% sodium

For this purpose, CCR7 positive cells were harvested (adherent cells were

azide) and diluted to approximately 2 x 106 cells/ml in FACS buffer. All subsequent steps
were done on ice to prevent internalization of the receptor. 100 i cell suspension/well were
transferred into 96-well U-bottom plates (Falcon). 2 x 10° cells'well were incubated with a
serial dilution of antibody concentrations of the anti-CCR7 antibody-of-interest ranging
across severa logs, starting at ahigh of 100 nM for 60 minutes at 4°C, gently shaking.
Following incubation, cells were spun down (1200 rpm, 2 min, 4°C) and washed three times
with FACS buffer. A fluorophore-conjugated anti-hFc gamma-APC (Jackson
ImmunoResearch) detection antibody was added at 1:400 and samples were incubated for 1h
onicein the dark, gently shaken. After afinal wash, cells were resuspended in 100 pi of
FACS buffer containing 0.2 ug/ml DAPI followed by readout on the flow cytometry machine
(BD LSRFortessa Cell Analyzer; Cat # 647177). Mean fluorescence intensity (MFI) of live,
single cells was calculated in Flowjo 10.0.8 and exported into Graphpad Prism6 for EC50

determination.

[00383]
cell pairs engineered to overexpress CCR7 as well as cell lines expressing CCR7 paralogs,
e.g., CCR9, CCR6, CXCR4 and CCR8. All anti-CCR7 antibodies bind in a specific manner

Selectivity was assessed by measuring apparent binding affinities to isogenic

to CCRY expressing cells only, as shown in Table 7 below.

Table 7: Binding of Various Anti-CCR7 Antibodies to CCR7 Expressing Cells

Apparent FACS binding (at Sug/ml)
Humanized CysMab (Fc
Wild Type) antibody 121G12 S506E15 674)13 684E12
NIH3T3 cells No binding No binding No binding No binding
NIH3T3.hCCR7 Binding Binding Binding Binding
PF382 cells No binding No binding No binding No binding
(CCR7-/ CCR9+/ CCR64)
HEK293-CXCR4 No binding No binding No binding No binding
CHO-CCRS No binding No binding No binding No binding
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In asimilar experiment the antibodies were tested for cross-reactivity using

engineered isogenic matched cdll line sets (NIH3T3 series) and CD4+ T cells, which were

purified from several PBMC batches from healthy donors aswell as cynomolgus monkeys,

Wistar rats and CD-I mice. All antibodies were found to specifically bind human and

cynomolgus monkey CCR7 at similar apparent affinities, as shownin Tables 8 & 9 below.

Only the non-humanized 121G12 antibody isrodent cross-reactive.

Table 8: Cross-Reactivity of Various Non-Humanized Anti-CCR7 Antibodies

Apparent FACS Affinity; EC50 (nM)

Non-humanized CysMab

121G12 S06E15 674113 684E12
antibody
Human CD4+ T cells 22-30 4.6-9.7 0.39-1.4 n.d.
Cyno CD4+ T cells 5.8-12 6.6 0.45 n.d.
Mouse CD4+ T cells 48-51 No binding No binding n.d.
Rat CD4+ T cells 18-31 No binding No binding n.d.
NIH3T3.human CCR7 1.3 n.d. 3.6 >30
NIH3T3.cyno CCR7 1.3 n.d. n.d. Binding
NIH3T3.mouse CCR7 2.5 No binding No binding No binding
NIH3T3.rat CCR7 2.4 No binding No binding No binding
Jeko-1 cancer cells 12

1.5 n.d. n.d.

(CCR7+)

Table 9: Cross-Reactivity of Various Humanized Anti-CCR7 Antibodies

Apparent FACS Affinity; EC50 (nM)
Humanized CysMab antibody 121G12 S06E15 67413 684E12
Human CD4+ T cells 30-34 7.8-11 0.87-2.7 6.7
Cyno CD4+ T cells 12 7 0.5 n.d.
NIH3T3.human CCR7 1 n.d. n.d. n.d.
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NIH3T3.cyno CCR7 0.9 n.d. n.d. n.d.

[00385] In order to determine receptor density impact on apparent affinity, and
therefore the contribution avidity makes to cdllular binding of antibody, FACS titration
experiments were run on human CCR7 expressing cancer cell lines with varied expression
levels and normal CCR7-positive PBMC-derived T cells. Receptor quantification was
performed via FACS using microspheres from Bangs Laboratories as count standards and

following the manufacturer's instructions. Exemplary results are shown in Table 10 below.

Table 10: Contribution of Avidity to Apparent Affinity in Correlation with Receptor Density

Apparent FACS Affinity; EC50 (nM)
Humanized CysMab.DAPA CCR7 Receptor

121G12 | 506E15 | 674113 | 684E12
antibody density
NIH3T3.hCCR7 cells >1,000,000 2.5 1.8 0.64 n.d.
DEL cancer cells ~100,000 1.78 3.09 047 n.d.
Human CD4+ T cells <2,000 ~30 ~10 ~2 ~7

[00386] All anti-CCR7 antibodies show substantial contribution of avidity to apparent

affinity and the strength of binding decreased in correlation with receptor density. Especially
121G12 shows significantly weaker binding on low CCR7 expressing cells as represented by

normal CD4+ T cells compared to indication-representative DEL cancer cells.

[00387] Therelatively weak affinity of especially 121G12, which shows the strongest
avidity effect among the anti-CCR7 antibodies, is optimal to utilize the receptor density

difference between normal and cancer cells as away to hias antibody binding to cancer cells.

Binding to recombinant hCCRY in ELISA

[00388] Binding and affinity was also assessed in an ELISA-based assay using
recombinant CCR7 (Origene #TP306614). Maxisorp™ 384-well plates (Thermo Nunc) were
coated with 3.5 ug/ml of recombinant CCR7 diluted in PBS. After blocking with 3% BSA
(bovine serum albumin) in PBS for Ihr at room temperature, washing plates 3x with PBS-T
(0.01% Tween 20 in PBS), primary antibodies were added in a serial dilution and incubated

for lhr at room temperature. Plates were washed again and bound antibodies were detected
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by incubation with 1:5000 anti-hFc gamma conjugated to horseradish peroxidase (HRP;
Jackson ImmunoResearch, Cat#l 15-035-098) for lhr at room temperature followed by
washing with PBS-T and afterwards addition of SureBlue Peroxidase substrate (KPL, #52-
00-03) substrate. After 15 min, absorbance at 650nM was recorded and analyzed in
GraphPad Prismé.

[00389] All tested anti-CCR7 antibodies are capable of binding recombinant hCCR7
(Table 11; Figure 3).

Table 11: Binding Affinity of Humanized Anti-CCR7 Antibodies to Recombinant hCCR7

Humanized CysMab antibody Affinity, Kd (nM)
121G12.DAPA 0.677
S06E15.DAPA 5.731
674J13.DAPA 0.006

Binding to dual FabGraft

[00390] A FabGraft ELISA was performed to assess binding to aminimal epitope
space, which comprises the N-terminus and EC2 of CCR7. In short, Maxisorp™ 384-well
plates (Thermo Nunc) were coated with 5 ug/ml of FabGraft. Otherwise the generic ELISA
protocol instructions as described above were followed. All anti-CCR7 antibodies are

capable of binding the dual FabGraft as shown in Table 12 below.

Table 12: Binding Affinity of Humanized Anti-CCR7 Antibodies to FabGraft

Humanized CysMab antibody ELISA; Kd (nM)
121G12.DAPA 0.023
S06E15.DAPA 0.025
674J13.DAPA 0.023

pH dependency ELISA with VLPs

[00391] It isknown that CCR7-bound CCL19 internalizes the receptor-ligand
complex. However, while CCR7 recycles back to the cell surface, CCL19 is sorted to the

lysososme for degradation, showing opposite fate for endocytosed CCR7 and its ligand
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(Otero et al, JImmunol 2006; 177:2314-2323). For a successful anti-CCR7 ADC itis
preferable that the antibody behaves similar to the ligand, e.g., internalizes rapidly, but does
not recycle back out with CCR7. In order to accomplish this, we made sure to select ph-
dependent antibodies, which would display weaker binding to CCR7 under low pH

conditions.

[00392] To assess pH-dependency of the anti-CCR7 antibodies, an ELISA was

performed using CCR7-expressing virus-like particles (VLPs). In short, Maxisorp™ 384-
well plates (Thermo Nunc) were coated with 25 ug/ml of VLPs. Primary antibodies were
incubated either in pH5. 8 (1:1; dH20:0. 1M Citrate buffer, 150mM NaCl) or pH7.4 buffer.

Otherwise the generic ELISA protocol instructions as described above were followed.

[00393] Among anumber of humanization variants for each candidates, comparison of
antibody binding at neutral (7.4) and acidic (5.8) pH showed that all CCR7 candidate
antibodies have improved affinity at pH 7.4 (Table 13). The entities below were chosen
based on their superior ph-dependency among other features.

Table 13: pH Dependency of Humanized Anti-CCR7 Antibodies to CCR7-Expressing VLPs

ELISA; Kd (nM)
Humanized CysMab antibody pH7.4 buffer pH5.8 buffer fold change
(pH5.8/7.4)
121G12 0.1411 0.5207 4
S06E15 0.0571 0.4942 9
674J13 0.0162 0.1657 10
684E12 0.0374 0.5041 13
bArrestin assay
[00394] To determine functionality of the anti-CCR7 antibodies, the B-Arrestin assay

was performed using the PathHunter Flash Detection Kit from DiscoverX (#93-0247) either
in agonistic mode for assessment of agonistic function or antagonistic mode for assessment of

antagonistic function.

[00395] In the agonistic mode, CHO-flpin-hCCR7 (cell line made by DiscoverX
expressing hCCR7 tagged with ProLink, B-arrestin-EA) were seeded at 8 x 10% cell/well in 20
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ui/well in growth medium (Ham's F-12/Glutamax medium; Invitrogen + 10%FBS +
0.5mg/ml G418 + 0.2 mg/ml hygromycinB; Invitrogen + 5 pug/ml Blasticidin; Gibco) with
Dox 100ng/ml in 384-well plates, covered with metal lids, incubated at 37°C 5% CO2
overnight. The next day, aseria dilution of a 5x working solution in | x assay buffer (20 mM
HEPES/0.1% BSA/Ix HBSS pH7.4) was made with test antibodies or positive control, using
the ligand hCCL19 (R&D, 361/MI-025/CF). 5 pi of the 5x working solution of antibodies or
ligand were added to each well, briefly spun down, and incubated at 37°C/ 5% CO2 for 2h.
Following incubation, 25 pi of detection reagent were added to each well, incubated at room
temperature in the dark while shaking for 20 min. Then, the luminescence signal for enzyme
activity was measured on the Envision machine. Finally, enzyme activity was analyzed using
Excel.

[00396] In the antagonistic mode, CHO-flpin-hCCR7 cells were seeded as described
above. The next day, a 6x working solution (0.5 uM x6 = 3.0 uM) in | x assay buffer was
made for each test antibody or positive control MAB197 (R&D reference antibody; ligand
antagonist) or negative control higG. 5 i of the 6x working solution of antibodies or
controls were added to each well, briefly spun down, and incubated at 37°C/ 5% CO2 for
30min. During incubation, seria dilutions of a 6x working solution in I x assay buffer were
made for hCCL19. Following incubation, 5 pi of the 6x working solution of hCCL19 were
added to each well, briefly spun down, and incubated at 37°C/ 5% CO2 for 90min. Following
incubation, 25 pi of detection reagent were added to each well, incubated at room
temperature in the dark while shaking for 20 min. Then, the luminescence signal for enzyme

activity was measured on the Envision machine and analyzed in Excel.

[00397] None of the parental anti-CCR7 antibodies showed activity in the agonistic
model (Figure 4A). However, when run in antagonistic format, 506E15 and 121G12 were
identified as strong antagonists, e.g., ligand blocking antibodies (Figures 4B, 4C). 674J12 is
aneutral, non-ligand blocking antibody. 684E12 is aweak antagonist.

FACS competition assay with ligand

[00398] To confirm antibody competition with the CCR7 ligand, the FACS assay was
run in presence of excess ligand concentration. The FACS assay was performed as described
above. Some changes were made to the protocol, e.g., CCL19 was kept at a constant

concentration of 1 uM, while the primary antibody was simultaneously applied to DEL cells

ranging across several logs, starting at ahigh of 100 nM. After an incubation time of 30 min
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in ice-cold FACS buffer, cells were washed, secondary anti-hFc.PE antibody was applied for
15 min and MFIl was determined as described above.

[00399] Figure 5 shows that humanized CysMab.DAPA 674J13 is not impacted by the
presence of excess CCL19, confirming its neutral functionality. Humanized CysMab.DAPA
121G12 and 506E15 are indeed strongly impacted in their binding affinity by the presence of

excess ligand.

Internalization capabilities across cell lines with a range of receptor densities

[00400] Ancther aspect of a successful anti-CCR7 ADC isto ensure optimal usage of
the differential expression distribution of CCR7. As arepresentative of normal CCR7
expressing cells, CD4+ T cells were isolated from healthy donor PBMCs. In addition, a
number of CCR7-positive cancer cell lines were chosen displaying arange of receptor
densities. We had purposely chosen antibodies with weaker apparent FACS binding
affinities on CCR7+ T cells than CCR7+ cancer cells. In addition, the here described pHrodo
assay utilizes alow pH-activated fluorophore-label on the anti-CCR7 antibodies to assess, if
antibody uptake into cells as measured by fluorescence, correlates to receptor density. Itis

preferable to minimize antibody uptake to normal cells to maximize the therapeutic window.

[00401] Briefly, labeling of the anti-CCR7 antibodies in CysMab format with
maleimide-pHrodo (ThermoFisher) was performed following the manufacturer's instructions
yielding DAR=4 (drug, e.g., fluorophore to antibody ratio) entities. The FACS assay was
performed as described above. Some changes were made to the protocol, e.g., to allow for
internalization, the primary antibody was incubated at 5 ug/ml with cells at 37°C in culture
medium for 6h, then washed with ice-cold FACS buffer containing sodium azide to stop the

reaction.

[00402] Table 14 below summarizes the internalization capahilities of three antibodies
across apand of cell lines. A non-targeting pHrodo-labeled antibody was used as control
and it was found that up to 400 MFI constitutes background noise of signal, e.g., non-target
mediated antibody-conjugate uptake. The data show that all three anti-CCR7 antibodies
require CCRY7 receptor levels in the range that istypical for most CCR7+ cancer lines, e.g.,
above 20,000 receptors, to efficiently internalize and accumulate conjugated matter, while
sparing normal CD4+ T cells.
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Table 14: Internalization Capabilities of Various Anti-CCR7 Antibodies

Cell Receptor pHrodo (6h MFI)
Line numbers Humanized Humanized Humanized
121G12.CysMab. 506E15.CysMab. 617J13.CysMab.
DAPA DAPA DAPA
CD4+T | 2000 278 429 402
cells
JVM3 8717 148 238 146
CMLT1 | 19583 301 465 561
Jeko-1 28852 450 908 1389
Mec2 50840 1340 3089 3004
L1236 61602 1237 3126 5824
MOTNI1 | 84200 1026 2899 2539
DEL 110685 1913 3058 3777
MlJ 111121 1649 3870 3259
KE97 152093 1567 2723 4416
L540 167549 6836 16117 11800

Epitope binning using Octet Red96 system

[00403] Epitope binning of anti-hCCR7 parental antibodies was performed using the
Octet Red96 system (ForteBio, USA) that measures biolayer interferometry (BLI). The
CCRY immunogen scaffold was bictinylated via an AviTag™ utilizing BirA biotin ligase
according to Manufacturer's recommendations (Avidity, LLC, USA cat# BirA500). The
biotinylated immunogen scaffold was loaded at 1.5 ug/ml onto pre-equilibrated streptavidin
sensors (ForteBio, USA). The sensors were then transferred to a solution containing 100 nM
antibody A in 1 X kinetics buffer (ForteBio, USA). Sensors were briefly washed in 1 X
kinetics buffer and transferred to a second solution containing 100 nM of competitor

antibody. Binding kinetics was determined from raw data using the Octet Red96 system
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analysis software (Version 6.3, ForteBio, USA). Antibodies were tested in al pairwise

combinations, as both Antibody A and as competitor antibody.

Table 15: Antibody Binning Results

Bin Antibody

1 684E12; MAB197
2 674J13

3 S06E15

4 121G12

Epitope mapping using CCR7 mutations

[00404] Additional epitope mapping was carried out utilizing mutant CCR7 cell lines.
NIH/3T3 cell lines expressing mutated variants of human CCR7 were generated. Mutations
were introduced at specific positions to exchange the human CCR7 residue into the
corresponding murine CCR7 residue. Mutations generated included D35E, F44Y, L47V,
SA9F, D198G, R201K, S202N, S204G, Q206D, A207T, M208L, 1213V, T214S, E215A, and
H216Q. The mutant CCR7 plasmid constructs were generated by site-directed mutagenesis
and introduced into NIH/3T3 cells to produce stable-expressing cell lines.  Specific binding
of candidate antibodies to each mutant CCR7 cell line was assessed by flow cytometry. Cells
were rinsed thoroughly with PBS and treated with Accutase (Millipore #SCR005) to lift from
growth plates and resuspended at approximately 1*10° cells/90 uL in | x FACS buffer (2%
FBS + 0.1% NaN3 in PBS). In a96-well U-bottom plate, 10 puL of 10x antibody solution in
FACS buffer was pre-seeded and 90 pL of cell suspension was added. Cell were incubated
for 30 minutes at 4°C, washed | x with cold PBS and resuspended in 100 pL of 1:500
secondary antibody | x FACS buffer (Allophycocyanin conjugated F(ab")2 goat anti-human
1gG, Fey specific; Jackson Immunoresearch, Cat# 109-136-098). After additional incubation
for 15 min at 4°C, cells were washed twice with PBS and resuspended in 100 pL of IXFACS
buffer + 4 ug/mL propidium iodide (Life Technologies, Cat# P3566). Geometric mean
fluorescence intensity was calculated on live single cells using FlowJo and plotted as % of

WT CCR7 Geometric mean fluorescence intensity.

[00405] EC50-based affinities to point mutated CCR7 show that all tested antibodies

have different binding profiles, implying different utilization of a conformational epitope
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(Figure 6). Out of all shown antibodies, 506E15 has the most similar binding pattern to
MAB197, eg., both show asignificant drop in binding affinity when residues F44 or L47 in
the N-terminus of CCR7 are mutated, but not, when M208 or 1213 in the EC2 loop are
mutated. 121G12 and 674J13 seem to utilize adifferent set of crucia contact points within
the conformational epitope space, asthey differ from MAB197 in at least 4 of the 8 tested

point mutations.

Example 4: Generation and Characterization of CCR7 Antibody Drug Conjugates

In the section below, uL and pL are used interchangeably to refer to microliter.

Similarly, uM and uM are used interchangeably to refer to microMolar; and um is used

to refer to micrometer.

[00406] Example 4A: Preparation of antibody drug conjugate
121G12.CysMah.DAPA.MPET.DM4
o]
3D PGPS,
)j\/>< \S/\/ \n/\/
\\ S 0 ©
\«\:_i\\\\\\\\\\\
N YsH MPET.DM4
121G12.CysMab.DAPA
>
HEPES 25mM,
pH =7.60
DMACc co-solvent (ca. 10%)
20°C
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121G12.CysMab.DAPA.(MPET.DM4),
[00407] Conjugation of purified 121G12.CysMab.DAPA and MPET.DM4:
[00408] Starting material was 121G12.CysMab.DAPA antibody at 127 mg/ml

(OD280 with an extinction coefficient of 13.7 for a 10 mg/ml IgG solution) in 10 mM
histidine hydrochloride buffer. To 7.9 ml of antibody (1003 mg) was added 16 ml of 0.5M
sodium phosphate pH 8 (Teknova S1280), pH was verified as >7, then antibody was
absorbed to 100.3 ml of RMP Protein A resin (GE Healthcare 1-223BPO/I) for 25 minutes
with gentle swirling at room temperature. The resin, loaded at 10 mg Ab/ml bed was washed
with 15 bed volumes of IXPBS buffer (Hyclone SH30256.02) by vacuum filtration through a
bottletop 0.2 um filter unit (Nalgene 567-0020 ), then re-suspended in 100.3 ml of I x PBS to
yield a50% dlurry.

[00409] To the durry was added 4329 ul of 0.5M cysteine (Sigma G121-03)
formulated in 0.5 M phosphate pH 8to which NaOH (Alfa Aesar A 16037) had been added at
ratio of 13.6 g/L. Slurry was occasionally swirled at room temperature for 30 minutes, then
washed by vacuum filtration through a bottletop 0.2 um filter unit with 50 bed volumes of
IXPBS in at least 10 cycles of filtration and addition. The washed resin was re-suspended in
100.3 ml of IXPBS (50% dlurry) and 1003 ul of 100 uM CuCb (Aldrich 751944) was added
(net 500 NM Cu2*) to initiate reoxidation. The reoxidation of the antibody was tested by
removing a 30 ul aliquot of slurry, adding 1ul of a20 mM stock of areference maleimide
(Example 3, page 110 of W0O2015/095301), which isknown to shift the antibody peak by
RPLC , mixing for 1 minute, spinning 7,000xg for 10 seconds, removing supernatant, adding

60 ul of Thermo 1gG elution buffer ( Thermo Scientific 21009), spinning 14,000xg for 10
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seconds, sampling supernatant and analyzing products by RPLC asfollows. 2 ul sample was
injected onto aheated (80°C) 4.6x50 mm Agilent PLRP-S column (5 um particles, 4000A
pore size) equilibrated to 0.1% trifluoroacetic acid in 29.5% CH3CN/ water (Millipore
TX1280P-1, Burdick and Jackson 407-4) running at 1.5 ml/min. The column was eluted with
a5 minute gradient to 44.5% CH3CN/ water which was maintained for 1.9 minutes and peaks
were detected at 280 nm. The optimal time for conjugation is defined as that time in which
the main product peak is maximal, later- eluting peaks are minimized and earlier eluting
peaks are not yet increasing.

[00410] When RPLC assay indicated reoxidation was optimal (in this case 60
minutes), 3010 ul of a20 mM stock of MPET.DM4 in DM SO was added and slurry was
occasionally gently swirled at room temperature for 30 minutes. The slurry was then washed
with 20 bed volumes of IXPBS in at least 10 cycles of filtration and addition.

[00411] The dlurry was then transferred to afritted column ( Pierce 7375021), pre-
eluted with 0.5 bed volumes of Thermo 1gG elution buffer (discarded), then eluted with 2 bed
volumes of the same buffer. The entire eluate (201 ml) was neutralized with 20.1 ml of 0.5M
sodium phosphate pH 8, then concentrated to 60 ml using spin concentrators (Amicon
UFC905024) at 3,000 x g. The concentrate was then applied to 24 x PD-10 buffer exchange
columns (GE Healthcare 17-0851-01) equilibrated to IxPBS, loading 2.5 ml of concentrate
and eluting with 3.5 ml of IXPBS as per manufacturer.

[00412] For stability studies, material was pooled with anidentically prepared
batch to provide 2 grams of starting material. The pooled material was dialyzed extensively
(Slidealyzer flask, Thermo Scientific 87762) against 10 mM histidine chloride buffer pH 5
(histidine from JTBaker 2080-05), concentrated to -30 mg/ml, then sucrose (Millipore
1.00892.1003) and Tween 20 (JTBaker 4116-04) were added to 240 mM and 0.02% (v/v)
respectively. Materia in excess to that required for stability studies was back-exchanged to
IXPBS. Samples were aliquotted and flash-frozen with liquid nitrogen and stored at -80°C.
Final concentrations were 23.9 mg/ml for the material formulated for stability testing and
18.9 mg/ml for the material formulated in IXPBS.

[00413] Analytics on the resultant samples are as follows:
Par ameter Stability sample  IXPBS sample
Concentration (mg/ml) 23.9 18.9
Pyrogen (EU/mI) 0.1 0.05
% aggregate <1 <1
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DAR 3.79 3.79

[00414] Analytics Methods: Concentration was determined by OD280 with an
extinction coefficient of 13.7 for a 10 mg/ml IgG solution. Pyrogen was determined using
Kinetic QCL assay (Lonza Walkersville 50-650H) read on a TECAN Sdfire plate reader.
Percent aggregate was determined by analytical size exclusion chromatography on a Shodex
KW-G guard (Thomson Instrument Company Cat# 6960955) and KW-803 column (TIC Cat#
6960940) equilibrated with mobile phase [20mM Tris ~pH7.65 (prepped w/IOmM Tris
pH7.4, IOmM Tris pH8), 200mM NaCl, 0.02% sodium azide], with data acquisition at 280
nm. An aliquot of the sample was prepared for DAR determination was prepareded by
diluting the sample to 2 mg/ml in IXPBS, deglycosylating the sample with PNGaseF (in-
house) for 10 minutes at 50 °C, removing the PNGaseF by binding to protein A, washing with
IXPBS, and eluting with 1% formic acid. Sample was then injected onto an 2.1x50 mm
PLRP-S column (8 um particles, 1000A poresize), equilibrated to 0.1% formic acid in 20%
CH3CN/ water (Invitrogen) running at 0.5 ml/min. The column was washed at 20% CH3CN/
water for 3 minutes then eluted with a 0.1 minute gradient to 0.1% formic acid 90% CH3CN/
water which was maintained for 1.9 minutes. Mass spectral data was taken on an Agilent
1260 instrument and deconvoluted with MassHunter Qualitative Analysis B.05.00 in arange
110-180 kDa. Peak areas corresponding to various calculated DAR states were weighted
according to DAR of each peak, then summed and weighted area of the DAR4 peak was
divided by the sum of al weighted peaks to obtain the DAR value.

[00415] Preparation of the linker payload MPET.DM4:

)
S N 4
\S/\/\n/\/
0] @]

MeO

[00416] Analytical Methods
Unless otherwise indicated, the following HPLC and HPLC/M S methods were used in the

preparation of Intermediates and Examples.

217



WO 2018/142322

PCT/IB2018/050639

LC/MS analysis was performed on an Agilent 1200s/6140 system.

Column: Waters Acquity HSS T3 C18, 50x2.0, 1.8um

Mobile Phase: A) H20 + 0.05% TFA: B: acetonitrile + 0.035% TFA

Pump method:

Time A% B% Flow (mL/min)
0 90 10 0.9
1.35 0 100 0.9
1.36 0 100 0.9
1.95 0 100 0.9
1.96 90 10 0.9
2.0 90 10 0.9

Detection: UV Diode Array at 190 nm - 400 nm

MS Scan: 200 - 1350amu

ELSD: 60°C

M S parameters:

[00417]

Polarity Positive
Drying Gas 12
Nebulizer Pressure 50
Drying Gas Temperature | 350
Capillary Voltage 3000

(14S,16S,32S,33S,2R,4S,10E,12E, 14R)-86-chl oro- 14-hydroxy-85,14-

dimethoxy-33,2JT O-tetramemyl-12,6-dioxo-7-aza- (6,4)-oxazinana-3(2,3)-oxirana-8(l,3)-
benzenacyclotetradecaphane-10,12-dien-4-yl N-(4-((2-(3-(2,5-dioxo-2,5-dihydro-IH-pyrrol-

[-yl)propanamido)ethy!)disulfanyl)-4-methyl pentanoyl)-N-methyl-L -alaninate
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[00418] Step 1: Preparation of (14S,16S,32S,33S,2R,4S,10E, 12E, 14R)-86-
chloro-14-hydroxy-85 ,14-dimethoxy-33,2,7,10-tetramemyl-12,6-dioxo-7-aza-1 (6,4)-
oxazinana-3(2,3)-oxirana-8(l,3)-benzenacycl otetradecaphane-10,12-dien-4-yl N-(4-((2-
aminoethyl)disulfanyl)-4-methyl pentanoyl)-N-methyl-L -alaninate

[00419] To DM4 (480 mg, 0.62 mmol) dissolved in PBS buffer (10.5 mL) and
anhydrous THF (21 mL) were added 2-(pyridin-2-yldisulfanyl)ethan-l -amine (151 mg, 0.68
mmol) and DIEA (0.27 mL, 1.54 mmol) at room temperature. The reaction mixture was
stirred at room temperature for 30 min and concentrated in vacuo. The agueous residue was
diluted with CH3CN (1 mL) and H20 (2 mL) and purified by reverse phase 1SCO, eluted with
10-60% acetonitrile-tbO containing 0.05% TFA. Fractions containing desired product were
lyophilized to obtain desired product (555 mg, 93 % yield). % NMR (400 MHz, MeOD-d,) &
ppm 0.83 (s, 3H) 1.21 (d, /=5.0 Hz, 3H) 1.25 (s, 3H) 1.28 (s, 3H) 1.30 (d, /=5.0 Hz, 3H)
1.45-1.55 (m, 3H) 1.67 (s, 3H) 1.84-1.88 (m, 1H) 1.95 - 2.01 (m, 1H) 2.14 (dd, /=5.0 and
15.0 Hz, 1H) 2.37-2.43 (m, 1H) 2.53-2.59 (m, 1H) 2.64 (dd, /=10.0 and 15.0 Hz, 1H) 2.82-
2.89 (m, 5H) 2,91 (d, /=10.0 Hz, 1H) 3.16 (dd, /=5.0 and 10.0 Hz, 2 H) 3.20 (s, 3 H) 3.23
(d, /=10.0 Hz, 1H) 3.35 (s, 3H) 3.55 (d, /=5.0 Hz, 1H) 3.58 (d, /=10.0 Hz, 1H) 4.15-4.20
(m, 1H) 4.64 (dd, /=5.0 and 10.0 Hz, 1H) 5.43 (g, /=5.0 Hz, 2 H) 5.66 (dd, /=10.0 and 15.0
Hz, 1H)) 6.58 (dd, /=10.0 and 15.0 Hz, 1H) 6.65 (d, /=10.0 Hz, 1H) 6.66 (s, 1H) 7.11 (bs,
1H) 7.28 (bs, 1H); MSm/z 855.3 (M+H), Retention time 0.988 minutes.

[00420] Step 2: Preparation of (14S,16S,32S,33S,2R,4S,10E,12E,14R)-86-
chloro-14-hydroxy-85,14-dimethoxy-33,2,7,10-tetramethyl-12,6-dioxo-7-aza-1 (6,4)-
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oxazinana-3(2,3)-oxirana-8(l,3)-benzenacycl otetradecaphane-10,12-dien-4-yl N-(4-((2-(3-
(2,5-dioxo-2,5-dihydro- |H-pyrrol- 1-yl)propanamido)ethyl)disulfanyl)-4-methylpentanoyl)-
N-methyl-L-alaninate

[00421] To (14S,16S,32S,33S,2R,4S,10E, 12E, 14R)-86-chl oro-14-hydroxy-85,14-
dimethoxy-33,2JJ0-tetramethyl - 12,6-dioxo- 7-aza-1(6,4)-oxazinana-3(2,3)-oxirana-8(1,3)-
benzenacyclotetradecaphane-10,12-dien-4-yl  N-(4-((2-aminoethyl)disulfanyl)-4-
methylpentanoyl)-N-methyl-L-alaninate (555 mg, 0.57 mmol)dissolved in anhydrous DM SO
(7 mL) were added 2,5-dioxopyrrolidin-l-yl  3-(2,5-dioxo-2,5-dihydro-IH-pyrrol-I-
yl)propanoate (171 mg, 0.63 mmol) and DIEA (249 mL, 1.43 mmol) at room temperature.
The reaction mixture was stirred at room temperature for 15 min and neutralized using TFA.
The mixture was cooled to 0 °C with iced bath, followed by addition of CH3CN (2 mL) and
H20 (7 mL), and then purified by reverse phase ISCO, eluted with 10-70% acetonitrile-tbO
containing 0.05% TFA. Fractions containing desired product were lyophilized to obtain
desired product (430 mg, 66 % yield). ). % NMR (400 MHz, CDCb) & ppm 0.81 (s, 3H)
1.23 (s, 3H) 1.24 (s, 3H) 1.25 (s, 1H) 1.28 (d, /=5.0 Hz, 3H) 1.31 (d, /=5.0 Hz, 3H) 1.43-
1.49 (m, 1H) 161 (d, /=15.0 Hz, 1H) 1.64 (s, 3H) 1.81-1.87 (m, 1H) 1.94 - 2.01 (m, 1H)
2.19 (dd, /=5.0 and 15.0 Hz, 1H) 2.30-2.36 (m, 1H) 2.54 (t, /=5.0 Hz, 2 H) 2.61 (dd, /=10.0
and 15.0 Hz, 1H) 2.70 (t, /=5.0 Hz, 2 H) 2.88 (s, 3H) 3.00 (d, /=10.0 Hz, 1H) 3.13 (d,
/=10.0 Hz, 1H) 3.21 (s, 3H) 3.55 (s, 3H) 3.45 (q, /=5.0 Hz, 2 H) 3.49 (d, /=5.0 Hz, 1H)
3.62 (d, /=10.0 Hz, 1H) 3.83 (t, /=5.0 Hz, 1H) 3.98 (s, 3 H) 4.32 (m, 1H) 4.80 (dd, /=5.0
and 10.0 Hz, 1H) 5.28 (d, /=5.0 Hz, 1H) 5.66 (dd, /=10.0 and 15.0 Hz, 1H) ) 6.22 (bs, 1H)
6.42 (dd, /=10.0 and 15.0 Hz, 1H) 6.50 (s, 1H) 6.63 (s, 1H) 6.66 (d, /=10.0 Hz, 1H) 6.70
(s, 2H) 6.83(s, 1H); MSm/z 988.3 (M+H-H20), Retention time 1.145 minutes.
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[00422] Example 4B: Preparation of antibody drug conjugate
121G12.DAPA.sSPDB.DM4
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[00423] To astirred solution of 25mM HEPES buffer pH 7.6 (3 ml; sterile) and
dimethylacetamid (DMACc; 0.12 ml) at 22°C a solution (1.695 ml) of 121G12.DAPA; MW~
145546 g/mol; 62mg ( 0.426 pruoi) ) in potassium phosphate buffer (IOmM, pH6; sterile)
was added. Maytansinoid DM4 (2.42 mg (3.101 pmoi) dissolved in 0.242 ml DMAc was
added. Linker sulfoSPDB (0.970 mg (2.386 pmuoi, corrected for assay) dissolved in 0.970 ml
DMACc was added. After 18 h the reaction mixture was analyzed for reaction completeness by
SEC-UV and HPLC.
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[00424] The reaction mixture was purified from small molecule by-products and
buffer-exchanged by filtration over Amicon membrane cells; cut-off 30kDausing IOmM
PBS-pH7.4 buffer (sterile) for washing. The obtained Amicon-retentate was combined and
diluted to IOmg/ml (UV) to give 2.9ml solution of the antibody drug conjugate
121G12.DAPA.sSPDB-DM4 in IOmM PBS-pH7.4 buffer (49% protein recovery).

[00425] By SEC-UV the drug antibody ratio was determined to be n= 3.6 and the
monomeric purity to be 98.7%. The Endotoxin-level was 0.14 EU/mg (BET Endosafe-test).

[00426] Example 4C: Preparation of antibody drug conjugate
684E12.SMCC.DM1

n~2.6

684E1 2.(SMCC.DM1 ),,

[00427] To the antibody (parental 684E12) solution (7. 1mg/mL, 3.4 mL, ca47 uM,
PBS, pH 7.4) 100 pL of 2mM DM1 (0.17 mg) in DMA and 50 pL of 4 mM sulfo-SMCC (0.15
mg) in DMA were added and the mixture was incubated and gently stirred at 4°C overnight.
After incubation the reaction mixture was purified via desalting on a HiPrep 26/10 Desalting
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column (GE Headthcare) using PBS, pH 7.4 as the running buffer and sterile filtered. The
purified conjugate was analyzed by MALDI-MS and the DAR estimated to be 2.6. Analytica
SEC showed 3.7% aggregation (or 96.3% monomer) present in the sample and LAL testing
(PTS, Charles River Laboratories) determined the endotoxin value to be 0.36 EU/mg.

[00428] Example 4D: Preparation of antibody drug conjugate
506E15.AURI X1

Starting material was 506E15.CysMab (WT Fc) antibody at 18.8 mg/ml (OD280 with
an extinction coefficient of 13.7 for a 10 mg/ml 1gG solution) in | x phosphate buffered saline
(IxPBS). 1.76 ml of antibody was absorbed to 3ml of RMP Protein A resin (GE Healthcare
1-223BPO/1) and to resultant slurry was added 240 ul of 0.5M cysteine (Sigma G121-03)
formulated in 0.5 M phosphate pH 8to which NaOH (Alfa Aesar A 16037) had been added at
ratio of 13.6 g/L. Slurry was occasionally swirled at room temperature for 30 minutes, then
washed by vacuum filtration through a bottletop 0.2 um filter unit with 50 bed volumes of
IXPBS in at least 10 cycles of filtration and addition. The washed resin was resuspended in 2
ml of IXPBS (50% dlurry) and 60 ul of 100 uM CuC12 (Aldrich 751944) was added (net 100
nM Cu2*) to initiate reoxidation. After 420 minutes, and additional 90 ul of 100 uM CuC12
was added to further accelerate the reoxidation. The reoxidation of the antibody was tested by
removing a 30 ul aliquot of durry, adding 1ul of a20 mM stock of areference maleimide:
(Example 3, page 110 of WO2015/095301), which isknown to shift the antibody peak by
RPLC , mixing for 1 minute, spinning 7,000xg for 10 seconds, removing supernatant, adding
60 ul of Thermo 1gG elution buffer ( Thermo Scientific 21009), spinning 14,000xg for 10
seconds, sampling supernatant and analyzing products by RPLC asfollows: 2 ul sample was
injected onto aheated (80°C) 4.6x50 mm Agilent PLRP-S column (5 um particles, 4000A
poresize) equilibrated to 0.1% trifluoroacetic acid in 29.5% C¥%CN/ water (Millipore
TX1280P-1, Burdick and Jackson 407-4) running at 1.5 mi/min. The column was eluted with
a5 minute gradient to 44.5% CH3CN/ water which was maintained for 1.9 minutes and peaks
were detected at 280 nm. The optimal time for conjugation is defined asthat time in which
the main product peak is maximal, later- eluting peaks are minimized and earlier eluting

peaks are not yet increasing.
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[00429] When RPLC assay indicated reoxidation was optimal (in this case
565minutes), 220 ul of a20 mM stock of AURIX1 in DMSO was added and slurry was
occasionally gently swirled at room temperature for 70 minutes. The durry was then washed
with 20 bed volumes of IXPBS in at least 10 cycles of filtration and addition.

[00430] The dlurry was then transferred to afritted column ( Pierce 7375021), pre-
eluted with 0.5 bed volumes of Thermo 1gG elution buffer (discarded), then eluted with 2 bed
volumes of the same buffer. The entire eluate (6 ml) was neutralized with 0.6ml of 0.5M
sodium phosphate pH 8, concentrated to 2.5 ml using a spin concentrator (Amicon
UFC905024) at 3,000 x g, applied to a PD-10 buffer exchange column (GE Healthcare 17-
0851-01) equilibrated to IXPBS, loading 2.5 ml of concentrate and eluting with 3.5 ml of
IXPBS as per manufacturer. Yield was 22 mg (66%).

[00431] Example 4E: Preparation of antibody drug conjugate
506E15.CysM ab.DAPA.AURI X2

Starting material was 506E15.CysMab.DAPA antibody at 10 mg/ml (OD280 with an
extinction coefficient of 13.7 for a 10 mg/ml 1gG solution) in | x phosphate buffered saline
(IxPBS). 2.0 ml of antibody was absorbed to 2ml of RMP Protein A resin (GE Hedlthcare 1-
223BPO/I) and to resultant slurry was added 160 ul of 0.5M cysteine (Sigma G121-03)
formulated in 0.5 M phosphate pH 8to which NaOH (Alfa Aesar A 16037) had been added at
ratio of 13.6 g/L. Slurry was occasionally swirled at room temperature for 30 minutes, then
washed by vacuum filtration through a bottletop 0.2 um filter unit with 50 bed volumes of
IXPBS in at least 10 cycles of filtration and addition. The washed resin was re-suspended in 2
ml of IxPBS (50% dlurry) and 10 ul of 100 uM CuC12 (Aldrich 751944) was added (net 250
nM Cu2*) to initiate reoxidation. The reoxidation of the antibody was tested by removing a
30 ul aiquot of durry, adding 1ul of a20 mM stock of areference maleimide (Example 3,
page 110 of W02015/095301), which isknown to shift the antibody peak by RPLC , mixing
for 1 minute, spinning 7,000xg for 10 seconds, removing supernatant, adding 60 ul of
Thermo 1gG elution buffer (Thermo Scientific 21009), spinning 14,000xg for 10 seconds,
sampling supernatant and analyzing products by RPLC as follows: 2 ul sample was injected
onto aheated (80°C) 4.6x50 mm Agilent PLRP-S column (5 pm particles, 4000A pore size)
equilibrated to 0.1% trifluoroacetic acid in 29.5% CH5;CN/ water (Millipore TX1280P-1,
Burdick and Jackson 407-4) running at 1.5 ml/min. The column was eluted with a 5 minute
gradient to 44.5% CH3CN/ water which was maintained for 1.9 minutes and peaks were
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detected at 280 nm. The optimal time for conjugation is defined as that time in which the
main product peak is maximal, later- eluting peaks are minimized and earlier eluting peaks
are not yet increasing.

[00432] When RPLC assay indicated reoxidation was optimal (in this case 295
minutes), 80 ul of a20 mM stock of AURIX2 in DMSO was added and slurry was
occasionally gently swirled at room temperature for 85minutes. The slurry was then washed
with 20 bed volumes of IXPBS in at least 10 cycles of filtration and addition.

[00433] The dlurry was then transferred to afritted column ( Pierce 7375021), pre-
eluted with 0.5 bed volumes of Thermo 1gG elution buffer (discarded), then eluted with 2 bed
volumes of the same buffer. The entire eluate (4 ml) was neutralized with 0.4ml of 0.5M
sodium phosphate pH 8, applied to 2 x PD-10 buffer exchange columns (GE Heathcare 17-
0851-01) equilibrated to IXPBS, loading 2.5 ml of eluate and eluting with 3.5 ml of IXPBS as
per manufacturer. Yield was 13.3 mg (67%).

[00434] Example 4F: Preparation of antibody drug conjugate
674J13.CysMab.AURIXI

[00435] Starting material was 674J13.CysMab (WT Fc) antibody at 9 mg/ml (OD280
with an extinction coefficient of 13.7 for a 10 mg/ml 1gG solution) in | x phosphate buffered
saline (IXPBS). To 57.6 ml of antibody was added DTT to 200 mM (Invitrogen 15508-013)
and solution was incubated 75 minutes to strongly reduce the Ab. The reduced Abs were then
applied to PD-10 buffer exchange columns (GE Healthcare 17-0851-01) equilibrated to
IXPBS, loading 2.5 ml of concentrate and eluting with 3.5 ml of IXPBS asper manufacturer.
The eluate from the PDIOs was pooled then reapplied to fresh PD10 columns to more
completely remove the DTT. Note that in separate experiments, PD10 columns are more
effective at removal of DTT than would be seenjust through size exclusion mechanism,
provided the columns are used only once.

[00436] The reoxidation of the antibody was tested by removing a 30 ul aiquot of
slurry, adding 1ul of a20 mM stock of AURIXI known to shift the antibody peak by RPLC ,
mixing for 1 minute, spinning 7,000xg for 10 seconds, removing supernatant, adding 60 ul of
Thermo 1gG elution buffer (Thermo Scientific 21009), spinning 14,000xg for 10 seconds,
sampling supernatant and analyzing products by RPLC as follows: 2 ul sample was injected
onto aheated (80°C) 4.6x50 mm Agilent PLRP-S column (5 pm particles, 4000A poresize)
equilibrated to 0.1% trifluoroacetic acid in 29.5% CH4;CN/ water (Millipore TX1280P-1,
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Burdick and Jackson 407-4) running at 1.5 ml/min. The column was eluted with a5 minute
gradient to 44.5% CH3CN/ water which was maintained for 1.9 minutes and peaks were
detected at 280 nm. The optimal time for conjugation is defined as that time in which the
main product peak is maximal, later- eluting peaks are minimized and earlier eluting peaks

are not yet increasing.

[00437] When RPLC assay indicated reoxidation was optimal (in this case 180
minutes), 290 ul of a20 mM stock of AURIX1 in DMSO was added along with 6 ml of
RMP Protein A resin (GE Healthcare 1-223BPO/1) resin. The dlurry was occasionally gently
swirled at room temperature for 40 minutes. The slurry was then washed with 20 bed
volumes of IXPBS inat least 10 cycles of filtration and addition.

[00438] The dlurry was then transferred to afritted column ( Pierce 7375021), pre-
eluted with 0.5 bed volumes of Thermo 1gG elution buffer (discarded), then eluted with 2 bed
volumes of the same buffer. The entire eluate (11.5 ml) was neutralized with 1.2 ml of 0.5M
sodium phosphate pH 8, concentrated to 2.5 ml using a spin concentrator (Amicon
UFC905024) at 3,000 x g, applied to a PD-10 buffer exchange column (GE Healthcare 17-
0851-01) equilibrated to IXPBS, loading 2.5 ml of concentrate and eluting with 3.5 ml of
IXPBS as per manufacturer. Yield was 26 mg (41%)

[00439] Example 4G: Preparation of antibody drug conjugate
674J13.CysMab.DAPA.AURI X2

[00440] Starting material was 674J13.CysMab.DAR4.DAPA antibody at 31.7
mg/ml (OD280 with an extinction coefficient of 13.7 for a 10 mg/ml 1gG solution) in | x
phosphatebuffered saline (IxPBS). 9.5 ml of antibody was absorbed to 30. 1 ml of RMP
Protein A resin (GE Healthcare 1-223BPO/I) and to resultant slurry was added 1800 mg of
DTT (Invitrogen 15508-013) to strongly reduce the Ab (net 200 MM DTT). Slurry was
swirled at room temperature for 20 minutes, then washed by vacuum filtration through a
bottletop 0.2 um filter unit with 50 bed volumes of IXPBS in at least 10 cycles of filtration
and addition. The washed resin was resuspended in 2 ml of IXPBS and swirled at room
temperature- no copper was added (this accelerated the reoxidation too severely). The
reoxidation of the antibody was tested by removing a 30 ul aliquot of dlurry, adding 1ul of a
20 mM stock of areference maleimide (Example 3, page 110 of W0O2015/095301), which is
known to shift the antibody peak by RPLC , mixing for 1 minute, spinning 7,000xg for 10
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seconds, removing supernatant, adding 60 ul of Thermo 1gG elution buffer ( Thermo
Scientific 21009), spinning 14,000xg for 10 seconds, sampling supernatant and anayzing
products by RPLC asfollows. 2 ul sample was injected onto aheated (80°C) 4.6x50 mm
Agilent PLRP-S column (5 pm particles, 4000A poresize) equilibrated to 0.1% trifluoroacetic
acid in 29.5% CHLCN/ water (Millipore TX1280P-1, Burdick and Jackson 407-4) running at
1.5 ml/min. The column was eluted with a5 minute gradient to 44.5% CH3CN/ water which
was maintained for 1.9 minutes and peaks were detected at 280 nm. The optimal time for
conjugation is defined asthat time in which the main product peak is maximal, later- eluting
peaks are minimized and earlier eluting peaks are not yet increasing.

[00441] When RPLC assay indicated reoxidation was optimal (in this case 80
minutes), 903 ul of a20 mM stock of AURIX2 in DMSO was added and slurry was
occasionally gently swirled at room temperature for 50 minutes. The durry was then washed
with 20 bed volumes of IXPBS in at least 10 cycles of filtration and addition.

[00442] The durry was then transferred to afritted column ( Pierce 7375021),
pre-eluted with 0.5 bed volumes of Thermo 1gG elution buffer (discarded), then eluted with 2
bed volumes of the same buffer. The entire eluate (60.2 ml) was neutralized with 6.0 ml of
0.5M sodium phosphate pH 8, concentrated to 17.5 ml using a spin concentrator (Amicon
UFC905024) at 3,000 x g, applied to 7 PD-10 buffer exchange columns (GE Healthcare 17-
0851-01) equilibrated to IXPBS, loading 2.5 ml of concentrate and eluting with 3.5 ml of
IXPBS asper manufacturer. Yield was 243 mg (81%)

[00443] Example 4H: Preparation of antibody drug conjugate
121G12.CysMab.DAPA.AURIXI
[00444] Starting material was 121G12.CysMab.DAPA antibody at 16.7 mg/ml

(OD280 with an extinction coefficient of 13.7 for a 10 mg/ml 1gG solution) in I x
phosphatebuffered saline (IXPBS). 3.6 ml of antibody was absorbed to 6 ml of RMP Protein
A resin (GE Healthcare 1-223BPO/I) and resultant slurry was swirled at room temperature
for 125 minutes then added 544 ul of 0.5M cysteine (Sigma G121-03) formulated in 0.5 M
phosphate pH 8to which NaOH (Alfa Aesar A16037) had been added at ratio of 13.6 g/L.
Slurry was occasionally swirled at room temperature for 60 minutes, then washed by vacuum
filtration through a bottletop 0.2 um filter unit with 50 bed volumes of IXPBS in at least 10
cycles of filtration and addition. The washed resin was resuspended in 2 ml of IXPBS (50%
slurry) and 16 ul of 100 uM CuC12 (Aldrich 751944) was added (net 250 nM Cu2*) to initiate
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reoxidation. The reoxidation of the antibody was tested by removing a 30 ul aliquot of Surry,
adding 1ul of a20 mM stock of AURIX1 known to shift the antibody peak by RPLC ,
mixing for 1 minute, spinning 7,000xg for 10 seconds, removing supernatant, adding 60 ul of
Thermo 1gG elution buffer ( Thermo Scientific 21009), spinning 14,000xg for 10 seconds,
sampling supernatant and analyzing products by RPLC as follows: 2 ul sample was injected
onto aheated (80°C) 4.6x50 mm Agilent PLRP-S column (5 pm particles, 4000A poresize)
equilibrated to 0.1% trifluoroacetic acid in 29.5% CH4;CN/ water (Millipore TX1280P-1,
Burdick and Jackson 407-4) running at 1.5 ml/min. The column was eluted with a 5 minute
gradient to 44.5% CH3CN/ water which was maintained for 1.9 minutes and peaks were
detected at 280 nm. The optimal time for conjugation is defined as that time in which the
main product peak is maximal, later- eluting peaks are minimized and earlier eluting peaks
are not yet increasing.

[00445] When RPLC assay indicated reoxidation was optimal (in this case 170
minutes), 67 ul of a20 mM stock of AURIX1 in DMSO was added and dlurry was
occasionally gently swirled at room temperature for 120 minutes. The slurry was then washed
with 20 bed volumes of IXPBS in at least 10 cycles of filtration and addition.

[00446] The dlurry was then transferred to afritted column ( Pierce 7375021), pre-
eluted with 0.5 bed volumes of Thermo 1gG elution buffer (discarded), then eluted with 2 bed
volumes of the same buffer. The entire eluate (15 ml) was neutralized with 1.5 ml of 0.5M
sodium phosphate pH 8, concentrated to 5 ml using a spin concentrator (Amicon
UFC905024) at 3,000 x g, applied to 2 x PD-10 buffer exchange columns (GE Healthcare 17-
0851-01) equilibrated to IXPBS, loading 2.5 ml of eluate and eluting with 3.5 ml of IXPBS as
per manufacturer. Yield was 54 mg (92%).

[00447] Example 41: Preparation of antibody drug conjugate
121G12.CysMab.AURIXI

Starting material was 121G12.CysMab (Fc WT) antibody at 12.5 mg/ml (OD280 with
an extinction coefficient of 13.7 for a 10 mg/ml IgG solution) in | x phosphatebuffered saline
(IxPBS). 4.8 ml of antibody was absorbed to 6 ml of RMP Protein A resin (GE Healthcare
1-223BPO/I) and resultant slurry was swirled at room temperature for 125 minutes then
added 592 ul of 0.5M cysteine (Sigma G121-03) formulated in 0.5 M phosphate pH 8 to
which NaOH (Alfa Aesar A16037) had been added at ratio of 13.6 g/L. Slurry was

occasionally swirled at room temperature for 60 minutes, then washed by vacuum filtration
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through abottletop 0.2 um filter unit with 50 bed volumes of IXPBS in at least 10 cycles of
filtration and addition. The washed resin was resuspended in 2 ml of IXPBS (50% durry)
and 16 ul of 100 uM CuC12 (Aldrich 751944) was added (net 250 nM Cu2*) to initiate
reoxidation. The reoxidation of the antibody was tested by removing a 30 ul aliquot of Surry,
adding 1ul of a20 mM stock of AURIX1 known to shift the antibody peak by RPLC ,
mixing for 1 minute, spinning 7,000xg for 10 seconds, removing supernatant, adding 60 ul of
Thermo 1gG elution buffer ( Thermo Scientific 21009), spinning 14,000xg for 10 seconds,
sampling supernatant and analyzing products by RPLC as follows: 2 ul sample was injected
onto aheated (80°C) 4.6x50 mm Agilent PLRP-S column (5 pm particles, 4000A poresize)
equilibrated to 0.1% trifluoroacetic acid in 29.5% CH,;CN/ water (Millipore TX1280P-1,
Burdick and Jackson 407-4) running at 1.5 ml/min. The column was eluted with a 5 minute
gradient to 44.5% CH3CN/ water which was maintained for 1.9 minutes and peaks were
detected at 280 nm. The optimal time for conjugation is defined as that time in which the
main product peak is maximal, later- eluting peaks are minimized and earlier eluting peaks
are not yet increasing.

[00448] When RPLC assay indicated reoxidation was optimal (in this case 160
minutes), 67 ul of a20 mM stock of AURIX1 in DMSO was added and dlurry was
occasionally gently swirled at room temperature for 120 minutes. The slurry was then washed
with 20 bed volumes of IXPBS in at least 10 cycles of filtration and addition.

[00449] The dlurry was then transferred to afritted column ( Pierce 7375021), pre-
eluted with 0.5 bed volumes of Thermo 1gG elution buffer (discarded), then eluted with 2 bed
volumes of the same buffer. The entire eluate (15 ml) was neutralized with 1.5 ml of 0.5M
sodium phosphate pH 8, concentrated to 5 ml using a spin concentrator (Amicon
UFC905024) at 3,000 x g, applied to 2 x PD-10 buffer exchange columns (GE Healthcare 17-
0851-01) equilibrated to IXPBS, loading 2.5 ml of eluate and eluting with 3.5 ml of IXPBS as

per manufacturer. Yield was 52 mg (89%).

Analytics Methods: Concentration was determined by OD280 with an extinction coefficient
of 13.7 for a 10 mg/ml 1gG solution. Pyrogen was determined using Kinetic QCL assay
(Lonza Walkersville 50-650H) read on aTECAN Safire plate reader. Percent aggregate was
determined by analytical size exclusion chromatography on a Shodex KW-G guard
(Thomson Instrument Company Cat# 6960955) and KW-803 column (TIC Cat# 6960940)
equilibrated with mobile phase [20mM Tris ~pH7.65 (prepped w/IOmMM Tris pH7.4, 10mM
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Tris pH8), 200mM NaCl, 0.02% sodium azide], with data acquisition a 280 nm. An aliquot
of the sample was prepared for DAR determination by diluting the sample to 2 mg/ml in
IXPBS, deglycosylating the sample with PNGaseF (in-house) for 10 minutes at 50 °C,
removing the PNGaseF by binding to protein A, washing with IXPBS, and eluting with 1%
formic acid. Sample was reduced by adding %2 volume of 5M ammonium acetate pH 5.0
containing 0.5M TCEP and incubating at room temperature for 30 minutes. Sample was then
injected onto an 2.1x50 mm PLRP-S column (8 pum particles, 1000A poresize), equilibrated
t0 0.1% formic acid in 20% CH3CN/ water (Invitrogen) running at 0.5 ml/min. The column
was washed at 20% CH3CN/ water for 3 minutes then eluted with a0.1 minute gradient to
0.1% formic acid 90% CH3CN/ water which was maintained for 1.9 minutes. Mass spectral
data was taken on an Agilent 1260 instrument and deconvoluted with MassHunter Qualitative
Analysis B.05.00 in arange 15-60 kDa. Peak areas corresponding to various calculated DAR
states were weighted according to DAR of each peak, then summed and weighted area of the
DAR4 peak was divided by the sum of all weighted peaks to obtain the DAR value.

Analytics on the resultant sample is asfollows:
506E15.DAPA. 506E15. 674J13.DAPA. 674J13. 121G12. 121G12.DAPA

Parameter AURIX2 AURIX1 AURIX2 AURIX1 AURIX1 AURIX1
Concentration
19 6.7 9 8.4 75 7.8
(mg/ml)
rogen
Fyreg 0.05 0.42 0.05 <0.5 0.05 0.05
(EU/mI)
% aggr egate <1 <1 2.8 <1 1.2 1.9
HC 393
DAR 3.80 3.78 HC 3.8 3.80 3.80
LC0.03
[00450] Example 4J: Preparation of Additional Conjugates Using Other
CysMab Antibodies
[00451] The methods described in Example 4A are also used to produce MPET.DM4

conjugates with other cysteine engineered antibodies.

[00452] The methods are used to product anti-P-cadherin Ab.CysMab.MPET.DM4
conjugates using antibodies NOV 169N31Q(E152C-S375C), NEG0012(E152C-S375C),
NEGO0013(E152C-S375C), NEG0O016(E152C-S375C), NEG0064(E152C-S375C),
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NEG0067(E152C-S375C), NOV 169N31Q(K 360C(HC)-K 107C(LC)),
NEG0012(K360C(HC)-K 107C(LC)), NEGO013(K360C(HC)-K107C(LC)),

NEG0016(K 360C(HC)-K 107C(LC)), NEG0064(K360C(HC)-K107C(LC)), and
NEG0067(K360C(HC)-K 107C(LC)) disclosed in PCT Publication No. WO20 16/203432.

Example 5: I n Vitro ADC Char acterization

[00453] Antibody drug conjugates (ADCs) were characterized by various functional
and analytical methods. ADCs retained binding to target CCR7 protein on cells as assessed
by FACS. For al ADCs, the geometric mean fluorescence intensity in FACS binding assay
was within 20% of the value for the unconjugated antibody. By analytica SEC, ADCs were
shown to be >95% material at desired molecular weight; in cases where this was not observed
for initial reaction products, use of preparative SEC attained the necessary specification.
Drug antibody ratio (DAR) was assessed by LCMS of the deglycosylated reduced antibody
sample, summing the abundances of various DAR species and weighting by the number of
drug molecules on each DAR species {e.g., asingle DAR2 ion counts as 2, asingle DAR1
ion counts as 1). Conjugates comprising constant regions containing two cysteine mutations
were at least at or above DAR 3.4 and most commonly at or above DAR 3.8. Thiswas

consistent across reported conjugates.

Example 6: Inhibition of Cell Proliferation/Cellular Viability Assay
[00454] Above we showed that fluorophore-conjugated versions of al three anti-CCR7

antibodies can internalize CCR7 and effectively accumulate the conjugated fluorophore in the
low-pH departments of cells across apanel of cdl lines. Here we show the antibody's
capability to internalize and accumulate conjugated matter intracellularly in a setting where

the conjugated matter is atoxic payload.

[00455] In apiggyback ADC (pgADC) setting, cytotoxic effects of anti-CCR7
antibodies complexed with a payload-conjugated secondary antibody fragment were studied
by assessing cell viability after four days of treatment. Three fold dilutions of the CCR7-
specific 1gGs were prepared and mixed with a constant amount of payload-coupled Fab
fragment. The final concentration of payload-coupled Fab fragment was 0.5 pg/ml. The Fab
reagent is an anti-mousefc directed Fab conjugated either to MMAF or to Saporin (Advanced
Targeting Systems, Fab-Zap). After pre-incubation for 30 min at room temperature, 10
ui/well of the antibody-payload complex was added to 384-well bottom white plates in
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triplicates. Respective CCR7(+) cells were seeded such that their density was less than 1x
106 /ml for suspension cells and 80% confluency was reached for adherent cells. Cells were
harvested (adherent cells were detached with Accutase) and resuspended to approximately 2
x 104 cellsml. Cells were added to 384-well plates on top of the antibody-payload complex
(20 pi/well). The plate was incubated for four days at 37°C and 5% CO2. Subsequently, 20
ui/well of CellTiter-Glo solution (CellTiter-Glo® Luminescent Cell Viability Assay;
Promega, #G7571) were prepared and added to the cells. Only viable cells are producing
ATP, which isneeded for the luciferase reaction (provided by CellTiter-Glo) resulting in
luminescence. According to this, the cell viahility was determined by the luminescence
signal, which was measured after 10 min of incubation at 22°C and 400 rpm with the
Envision 2104 Multilabel reader. 1C50 values were calculated using the Graphpad Prism

software.

[00456] Figure 7A and Figure 7B shows that all four anti-CCR7 antibodies are capable
of concentration-dependent cell killing of CCR7+ KE97 cellsin the piggyback assay format
using the MMAF-conjugated reagent. The table below summarizes results from experiments

using MMAF or Saporin as tool piggy-back payloads.

Table 16: IC50 and AMAX of anti-CCR7 antibodies in pgADC cytotoxic assay

Anti-mFc.MMAF Fab-ZAP
IC50 (nM) AMAX (%) | 1C50 aM) | AMAX (%)

121G12 Parental 0.055 104 0.064 43

506E15 Parental 0.070 95 0.135 60

674]J13 Parental 0.137 102 6.12 31

684E12 Parental 0.214 80 2.60 33
MAB197 (R&D) 0.142 85 0.155 40
[00457] Specificity of pgADC killing was assessed using target negative cell lines. An

example is shown in Figure 8 using the FabZap reagent. Specific CCR7-dependent increase
in 121G12 pgADC activity isseen in KE97 and NIH3T3.hCCR?7 cells in contrast to CCR7
negative NIH3T3 parental cells or migG control antibody.
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Example 7: Impact of Mouse-Cross-Reactive Unconjugated or AURIX| Conjugated

Anti-CCR7 Antibodies on Normal Mouse Hematopoietic Cellsln Vivo

[00458] Normal tissue expression across species isrestricted to cells of hematopoietic
origin, including CD4+ and CD8+ T cdlls in blood and lymphoid organs, presenting a
potential safety liability for CCR7 targeting ADC, especially in awild type Fc format that
could lead to ADCC and lymphoid cell depletion.

[00459] To determine impact of targeting CCR7 with an ADC on normal
hematopoietic cells in vivo, amouse cross-reactive 121G12 parental Ab either unconjugated
or conjugated to AURIX| was evaluated in healthy female 6-8 week-old CD-I mice either in
awild type or silenced (DAPA) Fc format. Mice received asingle IV treatment of 121G12
parental.Cys-Mab.wild type Fc.higGl (121G12.wt.Fc), 121G12 parental.Cys-
Mab.DAPA.hIgGI (121G12.DAPA.Fc), 121G12 parental. Cys-Mab.wild type

Fc.higGl. AURIXI (121G12.wt.Fc.AURIXI) or 121G12.parental.Cys-

Mab.DAPA.WgGI. AURIXI (121G12.DAPA.Fc.AURIXI) at afina dose of 10 mg/kg. All

doses were adjusted to individual mouse body weights.

[00460] On day 25 post treatment spleens were extracted and dissociated into single
cell suspensions using the gentleM ACS Dissociator (Miltenyi Biotec Inc, San Diego, CA). 1
million cells for each sample were then stained with acocktail of Abs, that included BUV 737
Rat Anti-Mouse CD8a Antibody, clone 53-6.7 (1:100) (BD Biosciences, San Jose, CA, Cat#
564297) and BV510 Rat Anti-Mouse CD4, clone RM4-5 (1:200) (BD Biosciences, San Jose,
CA, Cat#563106) to determine impact of the individual treatments on CD4+ and CD8a+ T
cells. Samples were incubated at 4°C for 30 min, washed in ice-cold HyClone Phosphate
Buffered Saline (Hyclone Laboratories, Logan, Utah) and evaluated on the BD
LSRFortessaTM cell analyzer (BD Biosciences, San Jose, CA). Total splenocyte cell counts
were used to determine CD4+ or CD8a+ T-cell depletion. T-Test was used to determine

significance between groups.

[00461] Asshown in Table 17 and Figure 9, a strong reduction of CD4+ (FC 0.5-0.6)
and CD8a+ T cells (FC 0.3-0.5) in the spleen was observed by Day 3 of treatment with either
121G12.wt.FC or 121G12.wt.Fc. AURIXI Abs at 10 mg/kg, suggesting T cell depletion
impact was independent of presence of AURIXI payload. These effects were rescued by
silencing the Fc through the introduction of DAPA mutations. Both 121G12.DAPA.Fc and
121G12.DAPA.Fc.AURIXI failed to impact the T cell populations relative to No Treatment
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group. These data indicate that anti-CCR7 ADCs may have aT cell depletion safety liability
that can be rescued through DAPA silencing of the Fc.

Table 17: Impact of 121G12 Antibody on CD4+ and CD8a+ T cell populations in CD-I mice

CD8+ T cells
121G12.DAPA.| 121G12.wt.Fc. | 121G12.DAPA.
No Treatment | 121G12-wtFc
Fc AURIX1 Fc.AURIX1
Mean 5833 3041 6003 2013 5317
SE 650 629 860 426 526
Fold Change 0.5 1.0 0.3 0.9
p value <0.05 NS <0.001 NS
CD4+Tcells
121G12.DAPA.| 121G12.wt.Fc. |121G12.DAPA.
No Treatment | 121G12-wtFc
Fc AURIX1 Fc.AURIX1
Mean 20896 12512 18547 10324 19633
SE 480 2326 2004 1602 1520
Fold Change 0.6 0.9 0.5 0.9
p value <0.05 NS <0.001 NS

The experiment was evaluated on treatment Day 25. Fold change (FC) = Mean Splenocyte
counts on Day 25 for indicated Treatment Group / Mean Splenocyte Counts for No Treatment
Control Group on Day 3. T-Test was used to determine significance vs. No Treatment group
(*p<0.05, ***p<0.001; NS=not significant).

Example 8: Anti-CCR7 ADC Activity of Direct Conjugates

[00462] Cytotoxic effects after binding of directly conjugated antibodies (ADCs) with
various payloads and their internalization into CCR7(+) cells were studied by assessing cell
viability after four days of treatment. Three fold dilutions of the ADCs were added to 384-
well bottom white platesin triplicates (10 pi/ml). Respective CCR7(+) cells were seeded

such that their density was less than 1x 10%/ml for suspension cells and 80% confluency was
reached for adherent cells. Cells were harvested (adherent cells were detached with
Accutase) and resuspended to approximately 2 x 104cells/ml. Cells were added to 384-well
plates on top of the antibody (20 pi/well). The plates were incubated for four days at 37°C
and 5% CO0 ,. Subsequently, 20 pi/well of CellTiter-Glo solution (Cell Titer-Glo®
Luminescent Cell Viability Assay; Promega, #G7571) was prepared and added to the cells.

Cdll viahility was determined by the luminescence signal, which was measured after 10 min
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of incubation at 22°C and 400 rpm with the Envision reader. 1C50 values were calculated

using the Graphpad Prism software.

[00463]

The table below shows examples of cell viability effects measured with anti-

CCRY CysMabantibodies in either wild type Fc or silenced (DAPA) Fc format conjugated to
AURIX1 or AURIX2.

Table 18: IC50 of Anti-CCR7 ADCs in Cytotoxic Assay

ADC activity in cell viability assay; IC50 (nM)
SO6E1S. | 674J13. SO6EIS. 674J13.
Cell line | Cancer type CysMab. | CysMab. | CysMab.DAPA. | CysMab.DAP
AURIX1 | AURIX1 AURIX2 A.AURIX2
DEL ALCL 0.0029 0.0741 0.0084 0.1167
KE97 Multiple myeloma 0.0031 0.03 0.0131 0.0658
[00464] To assess the ADCs for target-specificity and receptor-level dependency, ADC

activity was tested across cell lines with different CCR7 receptor levels. The table below
shows an example for the humanized 674J13 antibody in CysMab.DAPA format and
conjugated to AURIX2. Cdll lines were chosen based on similar sensitivity to payload.

Table 19: 1C50 of the humanized 674J13 antibody in DAPA format and conjugated to

AURIX2
ADC activity in cell viability
assay; IC50 (nM)
CCRY7 receptor
Cell line | Cancer type 674J13.CysMab.DAPA.AURIX2
levels
DEL ALCL ~100,000 0.2417 (>95% AMAX)
KE97 Multiple Myeloma ~100,000 0.1018 (>95% AMAX)
Anaplastic large T
SR786 ~28,000 2.737 (90% AMAX)
cell lymphoma
CML-T1 | T cell leukemia ~29,000 3.779 (60% AMAX)
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DND-41 | T cell leukemia 1,700 < 20% AMAX
Small cell lung o
NCI-H82 0 No killing
cancer
[00465] As seen in the pHrodo experiment, ADC activity requires ahigher degree of

receptor numbers than the ADCC modality. The exact receptor cut-off depends on various
parameters (e.g., antibody avidity, payload potency), but the data shown here describe the

general concept. Using an avidity-dependent anti-CCR7 antibody in DAPA-format, biases
ADC activity towards cancer cells over normal CCR7+ PBMCs, which are here represented

by cancer cell lines with less than 2,000 CCR7 receptors.

Example 9: Introduction of a Site-Specific MPET.DM4 ADC
[00466] DM4 conjugated ADCs are well established in the ADC field. Here we
describe the generation and use of a site-specifically conjugated MPET.DM4 using the

CysMab version of the antibodies, which has the advantage of yielding areproducibly
homogeneous, DAR-controlled ADC batch, where the DAR (drug to antibody ratio) is about
4. Non-site specific conjugates have been described to often contain significant populations
with high DAR, which have been linked to unfavorable biophysical features including
increased hydrophobicity, and consequentially more rapid clearance, poor PK profile and
increased toxicity. Below we show various in vitro and in vivo assessments of an
MPET.DM4 based anti-CCR7 ADC in comparison to its SSPDB.DM4 counterpart.

Example 10: FACS Binding Affinity of MPET.DM 4 versus sSPDB.DM 4 ADCs

[00467] Ancther potential improvement of site-specific conjugation over non site-

specific conjugation could be apotential interference of Lysine-conjugation sites that are
structurally in the vicinity of essential CSD residues. Payload conjugation to such Lysine
sites may be expected to impact binding affinity of the ADC. To test binding affinities of
ADCs using the here described CysMab conjugated MPET.DM4 versus endogenous Lysine
conjugated sSPDB.DM4, binding affinity was determined by FACS as described above. The
table below summarizes some representative affinity data, which show amild decrease in
binding affinity of the sSSPDB.DM4 ADC versus the MPET.DM4 ADC.
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Table 20: Binding affinity of anti-CCR7 ADCs

ADC affinity in FACS; EC50 (nM)

121G12.
121G12. 121G12.

CCRT7 receptor CysMab.DAPA.
Cell line CysMab.DAR4 DAPA.sSPDB.DM4

levels : MPET.DM4

unconjugated (DAR3.9)
(DAR 3.8)

DEL >100,000 5.24 5.61 8.42

Example 11: I n Vitro Activity of MPET.DM4 versus sSPDB.DM4 ADCs

[00468]

Cytotoxic effects of the ADCs 121G12.CysMab.DAPA.MPET.DM4and
121G12.DAPA.sSPDB.DM4 (DAR3.9) were assessed in an in vitro viability assay as
described above. The table below shows similar, slightly improved activity of the
MPET.DM4 conjugate compared to sSPDB.DM4. This may be the consequence of better

conserved affinity or other factors.

Table 2\: Invitro cytotoxic activity of anti-CCR7 ADCs

ADC activity in cell viability assay; IC50 (nM)
Cell line | 121G12.CysMab.DAPA.MPET.DM4 | 121G12.DAPA.sSPDB.DM4 (DAR3.9)
L540 2.944 3.905
DEL 2.286 2.983
KE97 2.171 3.177
[00469] The 121G12.CysMab.DAPA.MPET.DM4 ADC was further tested in a variety

of cancer cell lines covering various indication settings, where it achieved substantial cell

killing that correlates to receptor densities.

Table 22: In Vitro Cytotoxic Activity of Anti-CCR7 ADCs in Cell Lines

Cell line Cancer type | Relative 121G12.CysMab.DAPA MPET.DM4
receptor IC50 (nM)
density (%)
SUPHD1 Hodgkin’s 310 1.69
Lymphoma
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Hodgkin's 175 4.90
L540 Lymphoma

Multiple 100 2.24
KE97 Myeloma
VM2 MCL 79 4.62
MOTN1 CLL 67 4.24
DEL ALCL 67 2.28

ABC- 43 6.42
OCI-Ly3 DLBCL
Toledo DLBCL 20 n.d.
Mec-2 CLL 15 >20
PEER T-ALL 2 >20

Example 12: Dose Dependent | n Vivo Efficacy of 121G12.CvsMab.DAPA.MPET.DM4
and 121G12.DAPA.sSPDB.DM4 Against KE97 Multiple Myeloma Xenograft Model in
SCID-Beige Mice

[00470] To demonstrate targeted anti-tumor activity of
121G12.CysMab.DAPA.MPET.DM4 and 121G12.DAPA.sSPDB.DM4 in vivo, KE97
xenograft model was established in female SCID-beige mice by subcutaneous injection of
3x10 6cells into the right flank of each mouse. Once tumors reached approximately 135 mm3,
mice were randomized according to tumor volume into treatment groups (n=8 per group).
Mice received an |V treatment of either 121G12.CysMab.DAPA.MPET.DM4 (DAR4) at a
final dose of 0.5, 2 or 5 mg/kg, 121G12.DAPA.sSPDB.DM4 (DAR 3.9) at 0.5, 2 or 5 mg/kg,
or anon-specific isotype control 1gGl.CysMab.DAPA.MPET.DM4 at 5 mg/kg. All doses

were adjusted to individual mouse body weights.

[00471] All test agents were tolerated on study and no overt clinical symptoms of

toxicities or body weight loss were observed in any of the treatment groups (Table 23).

Table 23: Anti-CCR7 ADC dose response efficacy in KE97 xenograft model

Tumor Response Host Response
Dose, AT/AC | Regression A b.ody S“?V“’al
Treatment hedule (%) (%) weight | (alive/to
sc ) ) (%) tal)
No treatment None 100 - 2.09 8/8
5 mg/kg
IgG1.CysMab.DAPA.MPET.DM4 Single 92.94 - 3.02 8/8
dose

238



WO 2018/142322 PCT/IB2018/050639

0.5

121G12.CysMab.DAPA.MPET.DM4 gﬁgg 78.62 ] 1.05 8/8

dose

2 mg/kg
121G12.CysMab.DAPA.MPET.DM4 Single - 33.07* 2.74 8/8
dose

5 mg/kg
121G12.CysMab.DAPA.MPET.DM4 Single - 53.66* 0.46 8/8
dose

0.5

121G12.DAPA .sSPDB.DM4 g%’glg 85.38 ; 1.84 8/8

dose

2 mg/kg
121G12.DAPA.sSPDB.DM4 Single 13.77* - 0.59 8/8
dose

5 mg/kg
121G12.DAPA.sSPDB.DM4 Single - 32.63* 3.63 8/8
dose

The experiment was evaluated on treatment Day 9 (Day 23 post implant), * p<0.001 versus
control No Treatment group (One-Way ANOVA [/ Tukey's Multiple Comparisons Test). %
AT/AC= 100 AT/AC where: AT = mean tumor volume of the drug treated group on D23 of
study - mean tumor volume of the drug treated group on initial day of dosing; AC = mean
tumor volume of the control group on D23 of study - mean tumor volume of the control
group on initial day of dosing D14. % Regression = (1- T final/T initial) xIO0, where T final
ismean tumor volume D23 and T initial is defined astumor volume on D14 post implant. A
body weight (%) = (Mean body weight D23-mean body weight D14) *100/ Mean body
weight D14 of treatment.

[00472] No significant anti-tumor efficacy was observed after treatment with the non-
specific isotype control 1gGl.CysMabh.DAPA.MPET.DM4  at 5 mg/kg.
121G12.CysMab.DAPA.MPET.DM4  treatment resulted in dose-dependent anti-tumor
efficacy, with AT/ACvalue of 78.62% (0.5 mg/kg), while doses of 2 and 5 mg/kg resulted in
mean regression of 33% and 54% respectively by D9 post first dose (D23 post implant).
121G12.DAPA.sSPDB.DM4 treatment also demonstrated dose-dependent anti-tumor
efficacy with AT/AC values of 85.38% (0.5 mg/kg) and 13.77% (2 mg/kg), while the 5 mg/kg
dose resulted in mean regression of 33% by D9 post first dose (D23 post implant). By D23-
D25 post implant, control groups and 0.5 mg/kg treatment groups were euthanized, and

remaining groups received asecond dose on D28 post implant of either
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121G12.CysMab.DAPA.MPET.DM4 at 2 or 5 mg/kg or 121G12.DAPA.sSPDB.DM4 at 2 or
5 mg/kg. Sustained tumor regression was observed with
121G12.CysMab.DAPA.MPET.DM4 at 2 and 5 mg/kg, as well as with
121G12.DAPA.sSPDB.DM4 at 5 mg/kg through to the end of study on D42 post implant. At
2mg/kg with 121G12.DAPA.sSPDB.DM4 the response was more heterogeneous, with
approximately 25% of the mice displaying sustained tumor regression, while the rest of the

group showing either stable disease or tumor progression (Figure 10, Table 23).

Example 13: Efficacy Assessment of 121G12.CvsMab.DAPA.MPET.DM4 vs
121G12.DAPA.sSPDB.DM4 in the KE97 Multiple Myeloma Modédl at Larger Starting

Tumor Volumes

[00473] A higher bar in vivo model was set up using the KE9Q7 multiple myeloma cell
line to further differentiate the anti-tumor efficacy of the different cleavable linkers
comparing efficacy of 121G12.CysMab.DAPA.MPET.DM4 121G12.DAPA.sSPDB.DM4
(DAR3.9) in tumors with larger starting tumor volumes at first dose. KE97 xenograft model
was established in female SCID-beige mice by subcutaneous injection of 3x 108 cells into the
right flank of each mouse. Once tumors reached approximately 450 mm3, mice were
randomized according to tumor volume into two treatment groups (n=8). Mice received an
IV treatment of 2 mg/kg of either 121G12.CysMab.DAPA.MPET.DM4 or
121G12.DAPA.sSPDB.DMA4.

[00474] No significant anti-tumor efficacy was observed after treatment with the
121G12.DAPA.SSPDB.DM4 at 2 mg/kg. 121G12.CysMab.DAPA.MPET.DM4 treatment
resulted in partial regression/prolonged stasis in 75% (6 of 8) of the mice with a single dose
treatment (Figure 11). 121G12.CysMab.DAPA.MPET.DM4 strongly out-performed
121G12.DAPA.sSPDB.DM4 in this modd (D25 Mean Tumor Volume 524.83 + 143.20 vs
1337.13 + 35.13 respectively, p<0.001; unpaired T-Test).

Example 14: I n Vivo Efficacy of 121G12.CvsM ab.DAPA.MPET.DM4 against Primary
Patient Derived Non-Small Cell Lung Cancer HL UX1934 Tumor M odel

[00475] Anti-tumor activity of 121G12.CysMab.DAPA.MPET.DM4 was evaluated in
the CCR7 expressing HLUX 1934 primary non-small cell lung cancer xenograft model.

Female athymic nude mice were implanted subcutaneously with tumor fragments into the
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right flank of each mouse. Once tumors reached approximately 100 mm3, mice were
randomized according to tumor volume into treatment groups (n=8). Mice received an IV
treatment of either 121G12.CysMab.DAPA.MPET.DM4 (DAR4) at 10 mg/kg, or anon-
specific isotype control 1gGl.CysMab.DAPA.MPET.DM4 at 10 mg/kg. A second dose of
each antibody was delivered 2 weeks later. All doses were adjusted to individual mouse body

weights.

[00476]
appeared to slightly delay tumor growth relative to the No Treatment group (AT/ACvalue

Non-specific isotype control 1gGl .CysMab.DAPA.MPET.DM4 at 10 mg/kg

53.07%) potentially due to non-specific binding of the antibody to an off-target in the
HLUX1934 model. 121G12.CysMab.DAPA.MPET.DM4 treatment resulted in more
pronounced efficacy that was sustained with the administration of the second dose. The
IOmg/kg dose of 121G12.CysMab.DAPA.MPET.DM4 treatment was well tolerated with no
apparent body weight loss and AT/ACvalue of 18.83% on D34 post implant. (Figure 12,
Table 24).

Table 24: 121G12.CysMab.DAPA.MPET.DM4 efficacy inthe HLUX1934 NSCLC patient
derived model. The experiment was evaluated on Day 34 post implant (D23 post treatment).

Tumor
Response Host Response
A body Survival
Treatment Dose AT/IAC (%) | weight urviva
(alive/total)
(%)
No treatment None 100 5.12 5/8%*
IgG1.CysMab.DAPA.MPET.DM4 10 mg/kg 53.07 2.81 8/8
121G12.CysMab.DAPA.MPET.DM4 | 10 mg/kg 18.83* 0.61 8/8

* p<0.001 versus control No Treatment group (One-Way ANOVA / Tukey's Multiple

Comparisons Test ). % AT/AC= 100 AT/AC where: AT = mean tumor volume of the drug

treated group on D34 of study - mean tumor volume of the drug treated group on initial day

of dosing; AC = mean tumor volume of the control group on D34 of study - mean tumor

volume of the control group on initial day of dosing. A body weight (%) = (Mean body

weight D34-mean body weight DII)

*100/ Mean body weight DIl

of treatment.

** Mice

euthanized in the No Treatment group due to excessive tumor burden D25-D27 post

treatment.
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Example 15: I n Vivo Efficacy of 684E12.SM CC.DM 1 against KE97 Multiple Myeloma
Xenograft Model in SCID-Beige Mice
[00477] To demonstrate targeted anti-tumor activity of 684E12.SMCC.DM1 in vivo,

KE97 xenograft model was established in female SCID-beige mice by subcutaneous injection
of 3xI0 6 cells into the right flank of each mouse. Once tumors reached approximately 200
mms3, mice were randomized according to tumor volume into treatment groups (n=8 per
group). Mice received an |V treatment of either parental 684E12.SMCC.DM1 (DAR2.6) at a
final dose of 2 or 6 mg/kg or anon-specific isotype control 1gGI.SMCC.DMI at 6 mg/kg.

All doses were adjusted to individual mouse body weights.

[00478] All test agents were tolerated on study and no overt clinical symptoms of
toxicities or body weight loss were observed in any of the treatment groups. No significant
anti-tumor efficacy was observed after treatment with the non-specific isotype control
IgGl.SMCC.DMI  or parental 684E12.SMCC.DM1 at 2 mg/kg. Parenta
684E12.SMCC.DM1 6 mg/kg treatment resulted in AT/ACvaue 6.72% on DIl post dose (p
<0.0001, One-Way ANOVA / Tukey's Multiple Comparisons Test) (Figure 13).

Example 16: I n Vivo On-Target Pharmacodynamic Marker Modulation by
121G12.CvsMab.DAPA.MPET.DM4 in the KE97 Tumor Mode

[00479] Accumulation of the phospho-histone H3 marker positive tumor cells post
treatment with 121G12.CysMab.DAPA.MPET.DM4 was used to assess the ability of anti-
CCR7 ADC toinduce G2/M arrest in vivo.

[00480] A study was conducted where KE97 xenograft model was established in
female SCID-beige mice by subcutaneous injection of 3x 106 cells into the right flank of each
mouse. Once tumors reached approximately 140 mm3, mice were randomized according to
tumor volume into treatment groups (n=3 per group). Mice received asingle IV treatment of
either 121G12.CysMab.DAPA.MPET.DM4 at afinal dose of 2, 5 or 10 mg/kg, or anon-
specific isotype control 1gGl.CysMab.DAPA.MPET.DM4  at 10 mg/kg. All doses were
adjusted to individual mouse body weights. 48hr post treatment tumors were collected for

assessment of phospho-histone H3 levels by immunohistochemical staining described below.

[00481] To measure accumulation of phospho-Histone H3 positive nuclei by
immunohistochemistry arabbit polyclonal antibody targeting residues surrounding

phosphorylated Serine 10 of human histone H3 was obtained from Ventana Medical Systems
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(Tuscon, AZ, Cat #760-4591). The IHC protocol included heat and mild exposure (32min) to
Ventana Discovery Cell Conditioner 1 antigen retrieval reagent. The samples were incubated
for 60 min at room temperature with the primary antibody (pre-diluted by manufacturer).
Subseguently incubation with OmniMap anti-rabbit HRP secondary Ab (Ventana, Tuscon,
AZ, Cat#760-4311) was performed for 12 min (pre-diluted by manufacturer).

[00482] In Figure 14A athough the representative No Treatment and isotype control
IgGl.CysMab.DAPA.MPET.DM4 show occasional tumor cells positive for phopho-histone
H3, arobust dose-dependent increase in phopho-histone H3 immunostaining is detected 48hr
post administration of 121G12.CysMab.DAPA.MPET.DM4. Quantification of signal was
done using MatLab (MathWorks, Natick MA) where total area of phospho-Histone H3 signd
(um?) was normalized by total area of nuclei (um?, generating phospho-Histone H3 ratio (%)
values shown below for each of the treatment groups. These data in Figure 14B indicate that
121G12.CysMab.DAPA.MPET.DM4 is capable of eliciting a strong G2/M arrest in the

tumor xenografts, consistent with the expected mechanism of action of the payload.

Example 17: Process for the production of 121G12.CysMab.DAPA Antibody

[00483] This example describes aprocess for producing the CCR7 antibody
121G12.CysMab.DAPA from acell culture, wherein the Ab is expressed from avector that
encodes the Ab. Once the Ab isexpressed in the cell culture, the Ab ispurified from the cell

culture asfollows:

[00484] The first step in the purification process of 121G12.CysMab.DAPA antibody
drug substance intermediate consists of cell removal by inline depth filtration, followed by a

0.2 pm filtration.

[00485] The second step consists of aProtein A affinity liquid chromatography step.
Depending on total amount of the bulk product, this step isperformed in several runs. Each
run allows amaximal loading of approximately 20 g/L column volume. The elution is
performed with 50 mM acetic acid at approximately pH 3.0. The operation temperature is 18-
28°C. All eluates are pooled and stored at 2-8°C before the virus inactivation step.

[00486] Step three isa"low pH treatment” virus inactivation. The intermediate
solution of step 2 is adjusted to 18-28°C and an adjustment of the pH to 3.5 (range 3.4-3.6).
The product intermediate solution isthen held for virus inactivation for 70 minutes (range 60-
90 minutes). After the holding time, the solution isadjusted to pH 6.0 (range 5.8-6.2). At the
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end of the step the solution is depth filtered in line with a0.2 unt filtration and stored at 2-
8°C.

[00487] The fourth step is acation exchange chromatography in bind/elute mode
which includes an integrated on-column reduction. Depending on the titer, this step is
performed in several runs. Each run allows aloading of approximately 30 g/L column
volume. The column is equilibrated with buffer A containing 20 mM sodium succinate, pH
6.0. On-column reduction is performed using 20 mM sodium phosphate, 1mM EDTA, 7 mM
L-cysteine, pH 7.1 asreduction buffer. The reduction buffer isremoved with buffer A and the
elution is performed with alinear gradient from 10% to 90% with buffer A and buffer B
containing 10 mM sodium succinate, 300 mM sodium chloride, pH 6.0. Eluates and pools

may be stored at 2-8°C before the multimodal anion exchange chromatography step.

[00488] The fifth step of the process is an anion exchange chromatography in flow-
through mode. Depending on the titer, this step isperformed in several runs. Each run allows
amaximal loading of approximately 350 g/L column volume. The operation temperature is
18-28°C. The equilibrium is performed with 20 mM sodium succinate, 119 mM sodium
chloride, pH 6.0. The final percolate is stored at 2-8°C before the virus removal step.

[00489] The virus filtration, step six, consists of a pre-filtration with a0.1 um filter
followed by avirus filtration with a Planova 20N nanofilter. The temperature of the
intermediate solution from Step 5is adjusted to 18-28°C before the virus filtration. The
operation temperature is 18-28°C. After the nancfiltration the intermediate is stored at 2-8°C
or 18-28°C.

[00490] The seventh step, Ultrafiltration/Didfiltration, consists of an up-concentration
step to approximately 70 g/L followed by a 1% diafiltration step with 10 mM potassium
phosphate, pH 6.0. A didfiltration exchange factor of at least 7 istargeted followed by a
dilution to approximately 50 g/L. The final drug substance intermediate is 0.2 um filtered and
stored at 2-8°C.

[00491] In the eighth and last step final bulk drug substance intermediate isfilled in

aliquots into suitable containers, and stored at below -60°C after freezing.

Table 25 Flow diagram of the purification and reduction process
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Step Operation
Step 1 Harvesting, cell removal and filtration
Affinity Chromatography
Step 2
(MabSelect SURE)
Step 3 Virusinactivation at pH 3.5
Cation Exchange Chromatography
and
Step 4
On-column reduction
(Fractogel EMD S03 (M))
Multimodal Anion Exchange Chromatography
Step 5
(Capto adhere)
Virus removal by nanofiltration
Step 6
(Planova 20N)
Step 7 Ultrafiltration/Digfiltration and final filtration
Step 8 Filling and deep-freezing

Example 18: Dose dependent in vivo efficacy of 121G12.CvsM ab.DAPA.MPET.DM4
against OCI-LY3 ABC-DLBCL xenograft model in NSG mice.

[00492] To demonstrate targeted anti-tumor activity of
121G12.CysMab.DAPA.MPET.DM4 in vivo in an ABC-DLBCL model, OCI-LY 3 xenograft
model was established in female NSG mice by subcutaneous injection of 10xI08 cells into the
right flank of each mouse. Once tumors reached approximately 140 mms3, mice were
randomized according to tumor volume into treatment groups (n=6 per group). Mice received
an |1V treatment of either 121G12.CysMab.DAPA.MPET.DM4 (DAR4) at afina dose of 0.5,
1or 2 mg/kg or anon-specific isotype control higGl.CysMab.DAPA.MPET.DM4 at 2 mg/kg
on day 1and day 15 of study. All doses were adjusted to individual mouse body weights. All
test agents were tolerated on study and no overt clinical symptoms of toxicities or body

weight loss were observed in any of the treatment groups (Table 26).
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[00493] No significant anti-tumor efficacy was observed after treatment with the non-

specific isotype control higGl .CysMab.DAPA.MPET.DM4 at 2 mg/kg.

121G12.CysMab.DAPA.MPET.DM4 treatment resulted in dose-dependent anti-tumor

efficacy with A'Y/AC value of 74.6% (0.5 mg/kg) and 10.7% (1 mg/kg), while the 2 mg/kg

dose led to mean regression of 65.9% by day 28 of study. 3 of 6 mice in
121G12.CysMab.DAPA.MPET.DM4 2 mg/kg group displayed complete regression (Figure

15).

Table 26: Anti-CCR7 ADC dose response efficacy in OCI-LY 3 xenograft model on Day 28

of treatment.
Tumor Response Host Response
Regre- A Survival
T Dose, AT/AC : body .
reatment ssion . (alive/
schedule (%) weight
(%) total)
(%)
No treatment None 100.0 - 5.6 6/6
2 mg/kg
higG1.CysMab.DAPA.MPET.DM4 | dosed D1 119.7 - 1.8 5/6
and D15
0.5
121G12.CysMab.DAPA.MPET.DM4 |  "&/Ke 74.6 - 35 5/6
dosed D1
and D15
1 mg/kg
121G12.CysMab.DAPA.MPET.DM4 | dosed D1 | 10.7%* 2.9 6/6
and D15
2 mg/kg
121G12.CysMab.DAPA.MPET.DM4 | dosed D1 - 65.9%* -0.8 6/6
and D15

The experiment was evaluated on treatment Day 28, ** p<0.005 versus control No Treatment
group (One-Way ANOVA / Tukey's Multiple Comparisons Test). % AT/AC= 100AT/AC
where: AT = mean tumor volume of the drug treated group on D28 of study - mean tumor
volume of the drug treated group on initial day of dosing; AC = mean tumor volume of the
control group on D28 of study - mean tumor volume of the control group on initial day of

dosing DI . % Regression = (1- T fnal/T initial) XIO0 was calculated if AT <0, where T f

iis

na

mean tumor volume D28 and T initial is defined astumor volume on DI of treatment. A body
weight (%) = (Mean body weight D28-mean body weight DI) *100/ Mean body weight DI

of treatment.

Example 19: Dose dependent in vivo efficacy of 121G12.CvsMab.DAPA.MPET.DM4

against Toledo GCB-DLBCL xenogr aft

mode in SCID-bg mice.
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[00494] To demonstrate targeted anti-tumor activity of
121G12.CysMab.DAPA.MPET.DM4 invivo in aGCB-DLBCL model, Toledo xenograft
model was established in female Scid-bg mice by subcutaneous injection of 3xI0 6 cells into
the right flank of each mouse. Once tumors reached approximately 100 mm3, mice were
randomized according to tumor volume into treatment groups (n=4 per group). Mice received
an IV treatment of either 121G12.CysMab.DAPA.MPET.DM4 (DAR4) at afina dose of 2 or
5 mg/kg or a non-specific isotype control higGl.CysMab.DAPA.MPET.DM4  a 5 mg/kg on
day 1land day 15 of study. All doses were adjusted to individual mouse body weights. All test
agents were tolerated on study and no overt clinical symptoms of toxicities or body weight

loss were observed in any of the treatment groups (Table 27).

[00495] No significant anti-tumor efficacy was observed after treatment with the non-
specific isotype control higGl.CysMab.DAPA.MPET.DM4  at 5 mg/kg.
121G12.CysMab.DAPA.MPET.DM4 treatment resulted in dose-dependent anti-tumor
efficacy, with AT/ACvalue of 52.7% (2 mg/kg) and 20.6% (5 mg/kg) (Figure 16, Table 27).

Table 27: Anti-CCR7 ADC dose response efficacy in Toledo xenograft model on Day 20 of
treatment.

RTe;l;r(l)?lEe Host Response
Treatment Dose, AT/AC évl)l(;(lll)t’ Survival
schedule (%) (alive/total)
(%)
No treatment None 100.0 4.9 3/6
5 mg/kg
hlgG1.CysMab.DAPA.MPET.DM4 | dosed D1 94.5 1.0 3/6
and D15
2 mg/kg
121G12.CysMab.DAPA.MPET.DM4 | dosed D1 52.7% 3.2 4/6
and D15
5 mg/kg
121G12.CysMab.DAPA.MPET.DM4 | dosed D1 20.6 ** 0.1 4/6
and D15

The experiment was evaluated on treatment Day 20, * p<0.05, ** p<0.005 versus control No
Treatment group (One-Way ANOVA / Tukey's Multiple Comparisons Test). % AT/AC=
100 AT/ACwhere: AT = mean tumor volume of the drug treated group on D20 of study -
mean tumor volume of the drug treated group oninitial day of dosing; AC = mean tumor
volume of the control group on D20 of study - mean tumor volume of the control group on
initial day of dosing DI. A body weight (%) = (Mean body weight D20-mean body weight
DI) *100/ Mean body weight DI of treatment.
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Example 20: | n vivo efficacy of 121G12.CvsMab.DAPA.MPET.DM4 against DEL
AL CL xenograft model in SCID-bg mice.

[00496] To demonstrate targeted anti-tumor activity of
121G12.CysMab.DAPA.MPET.DM4 invivo in aCCR7 positive ALCL model, DEL
xenograft model was established in female Scid-bg mice by subcutaneous injection of 3xI0 ©
cells into the right flank of each mouse. Once tumors reached approximately 100 mms3, mice
were randomized according to tumor volume into treatment groups (n=4 per group). Mice
received an IV treatment of either 121G12.CysMab.DAPA.MPET.DM4 (DAR4) at afinal
dose of 2 mg/kg or anon-specific isotype control isotype. MPET.DM4 at 2 mg/kg on day 1
and day 15 of study. All doses were adjusted to individual mouse body weights.

[00497] No significant anti-tumor efficacy was observed after treatment with the non-
specific isotype control higGl.CysMab.DAPA.MPET.DM4 at 2 mg/kg. Treatment with
121G12.CysMab.DAPA.MPET.DM4 2 mg/kg resulted in mean regression of 40.2% by day
14 of study after a single dose (p<0.01). Mice received a second dose on day 15 and were
monitored for three more weeks. One outlier animal failed to respond to a second dose of
treatment and had to be euthanized by day 28 due to tumor burden. One additional animal
showed slow disease progression and was also taken down on day 28 for target expression
follow-up. Two of the four mice continued to display asustained impact on tumor growth

(Figure 17). All treatments were well tolerated with no apparent body weight loss.

Example 21: I n Vivo Efficacy of 121G12.CvsMab.DAPA.MPET.DM4 against Primary
Patient Derived Non-Small Cell Lung Cancer HLUX1787 Tumor M odel

[00498] Anti-tumor activity of 121G12.CysMab.DAPA.MPET.DM4 was evaluated in
the CCR7 expressing HLUX1787 primary non-small cell lung cancer xenograft model.
Female NSG mice were implanted subcutaneously with tumor fragments into the right flank
of each mouse. Once tumors reached approximately 150 mm3, mice were randomized
according to tumor volume into treatment groups (n=6 per group). Mice received an IV

treatment of either 121G12.CysMab.DAPA.MPET.DM4 (DAR4) at 0.5, 2 or 5 mg/kg on day
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1 and a second dose was delivered 2 weeks later on day 15. All doses were adjusted to

individual mouse body weights.

[00499] No significant anti-tumor efficacy was observed with the lower doses of the
conjugated Ab, however partial regressions or stable disease were observed with
121G12.CysMab.DAPA.MPET.DM4 treatment at 5 mg/kg. Sustained tumor efficacy was
observed two weeks after the second dose, resulting in AT/ACvalue of 1.3% on D30 of
treatment (p<0.001; One-Way ANOVA / Tukey's Multiple Comparisons Test) (Figure 18).
All treatments were well tolerated with no apparent body weight loss.
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Weclam:

1

An antibody or antigen binding fragment thereof that binds to human CCR7 protein,
wherein the antibody or antigen binding fragment thereof has reduced or no

significant effector function as compared to awild-type antibody of the same isotype.

The antibody of claim 1, wherein the antibody or antigen binding fragment thereof
has areduced leve of, or no significant level of antibody-dependent cell-mediated
cytotoxicity (ADCC) activity.

The antibody of claim 1or 2, wherein the antibody or antigen binding fragment

thereof comprises a silenced Fc region.

The antibody of claim 3, wherein the antibody or antigen binding fragment thereof
comprises amutation in the Fc region selected from: D265A; P329A; P329G; N297A;
D265A and P329A; D265A and N297A; L234 and L235A; P329A, L234A and
L235A; and P329G, L234A and L235A.

The antibody of any one of claims 1-4, wherein the antibody or antigen binding

fragment thereof has no significant cell killing activity.

The antibody of any one of claims 1-5, wherein the antibody or antigen binding
fragment thereof binds with greater affinity to cells expressing higher levels of CCR7

than cells expressing lower levels of CCR7.

The antibody of claim 6, wherein the antibody or antigen binding fragment thereof
binds with greater affinity to cancer cells that express higher levels of CCR7 than

normal cellsthat express lower level of CCR7.

The antibody of any one of claims 1-7, wherein the antibody or antigen binding
fragment thereof does not significantly deplete normal hematopoietic cells that
express CCRY.

An antibody or antigen binding fragment thereof that binds CCR7 comprising:

a. aheavy chain variable region that comprises an HCDR1 (Heavy Chain
Complementarity Determining Region 1) of SEQ ID NO:l, an HCDR2
(Heavy Chain Complementarity Determining Region 2) of SEQ ID NO:2, and
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an HCDR3 (Heavy Chain Complementarity Determining Region 3) of SEQ ID
NO: 3; and alight chain variable region that comprises an LCDRI (Light
Chain Complementarity Determining Region 1) of SEQ ID NO: 17, an LCDR2
(Light Chain Complementarity Determining Region 2) of SEQ ID NO: 18, and
an LCDRS3 (Light Chain Complementarity Determining Region 3) of SEQ ID
NO:19;

b. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:4, an
HCDR2 of SEQ ID NO:5, and an HCDR3 of SEQ ID NO:6; and alight chain
variable region that comprises an LCDRI of SEQ ID NO:20, an LCDR2 of
SEQ ID NO:21, and an LCDR3 of SEQ ID NO:22;

c. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:7, an
HCDR2 of SEQ ID NO:8, and an HCDR3 of SEQ ID NO:9; and alight chain
variable region that comprises an LCDRI of SEQ ID NO: 23, an LCDR2 of
SEQ ID NO:24, and an LCDR3 of SEQ ID NO:25;

d. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO: 10, an
HCDR2 of SEQ ID NO: 11, and an HCDR3 of SEQ ID NO: 12; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:26, an LCDR2
of SEQ ID NO:27, and an LCDRS3 of SEQ ID NO:28;

e. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:33, an
HCDR2 of SEQ ID NO:34, and an HCDR3 of SEQ ID NO:35; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:49, an LCDR2
of SEQ ID NO:50, and an LCDRS3 of SEQ ID NO:51;

f. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO: 36, an
HCDR2 of SEQ ID NO:37, and an HCDR3 of SEQ ID NO:38; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:52, an LCDR2
of SEQ ID NO:53, and an LCDRS3 of SEQ ID NO:54;

g. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:39, an
HCDR2 of SEQ ID NO:40, and an HCDR3 of SEQ ID NO:41; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:55, an LCDR2
of SEQ ID NO:56, and an LCDRS3 of SEQ ID NO:57;
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h. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:42, an
HCDR2 of SEQ ID NO:43, and an HCDR3 of SEQ ID NO:44; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:58, an LCDR2
of SEQ ID NO:59, and an LCDRS3 of SEQ ID NO:60;

i. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:65, an
HCDR2 of SEQ ID NO:66, and an HCDR3 of SEQ ID NO:67; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:81, an LCDR2
of SEQ ID NO:82, and an LCDRS3 of SEQ ID NO:83;

j. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:68, an
HCDR2 of SEQ ID NO:69, and an HCDR3 of SEQ ID NO:70; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:84, an LCDR2
of SEQ ID NO:85, and an LCDRS3 of SEQ ID NO:86;

k. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:71, an
HCDR2 of SEQ ID NO:72, and an HCDR3 of SEQ ID NO:73; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:87, an LCDR2
of SEQ ID NO:88, and an LCDR3 of SEQ ID NO:89;

1 aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:74, an
HCDR2 of SEQ ID NO:75, and an HCDR3 of SEQ ID NO:76; and alight
chain variable region that comprises an LCDRI of SEQ ID NO:90, an LCDR2
of SEQ ID NO:91, and an LCDRS3 of SEQ ID NO:92;

m. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:596,
an HCDR2 of SEQ ID NO:597, and an HCDR3 of SEQ ID NO:598; and a
light chain variable region that comprises an LCDRI of SEQ ID NO:612, an
LCDR2 of SEQ ID NO:613, and an LCDR3 of SEQ ID NO:614;

n. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:599,
an HCDR2 of SEQ ID NO:600, and an HCDR3 of SEQ ID NO:601; and a
light chain variable region that comprises an LCDRI of SEQ ID NO:615, an
LCDR2 of SEQ ID NO:616, and an LCDR3 of SEQ ID NO:617;
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0. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:602,
an HCDR2 of SEQ ID NO:603, and an HCDR3 of SEQ ID NO:604; and a
light chain variable region that comprises an LCDR1 of SEQ ID NO:618, an
LCDR2 of SEQ ID NO:619, and an LCDR3 of SEQ ID NO:620; or

p. aheavy chain variable region that comprises an HCDR1 of SEQ ID NO:605,
an HCDR2 of SEQ ID NO:606, and an HCDR3 of SEQ ID NO:607; and a
light chain variable region that comprises an LCDR1 of SEQ ID NO:621, an
LCDR2 of SEQ ID NO:622, and an LCDR3 of SEQ ID NO:623.

10. An antibody or antigen binding fragment thereof that binds CCR7 comprising:

a. A heavy chain variable region (VH) comprising the amino acid sequence of
SEQ ID NO: 13, and alight chain variable region (VL) comprising the amino
acid sequence of SEQ ID NO:29;

b. A heavy chain variable region (VH) comprising the amino acid sequence of
SEQ ID NO:45, and alight chain variable region (VL) comprising the amino
acid sequence of SEQ ID NO:61;

c. A heavy chain variable region (VH) comprising the amino acid sequence of
SEQ ID NO:77, and alight chain variable region (VL) comprising the amino
acid sequence of SEQ ID NO:93; or

d. A heavy chain variable region (VH) comprising the amino acid sequence of
SEQ ID NO:608, and alight chain variable region (VL) comprising the amino
acid sequence of SEQ ID NO:624.

11. An antibody or antigen binding fragment thereof that binds CCR7 comprising:

a. A heavy chain comprising the amino acid sequence of SEQ ID NO: 15, and a
light chain comprising the amino acid sequence of SEQ ID NO:31;

b. A heavy chain comprising the amino acid sequence of SEQ ID NO:47, and a
light chain comprising the amino acid sequence of SEQ ID NO:63;
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12.

13.

14.

15.

16.

17.

18.

c. A heavy chain comprising the amino acid sequence of SEQ ID NO:79, and a
light chain comprising the amino acid sequence of SEQ ID NO:95; or

d. A heavy chain comprising the amino acid sequence of SEQ ID NO:610, and a
light chain comprising the amino acid sequence of SEQ ID NO:626.

The antibody of any one of claims 1-11, wherein the antibody or antigen binding

fragment thereof comprises one or more cysteine substitutions.

The antibody of claim 12, wherein the antibody or antigen binding fragment thereof
comprises one or more cysteine substitutions selected from S152C, S375C, or both
S152C and S375C of the heavy chain of the antibody or antigen binding fragment

thereof, wherein the position is numbered according to the EU system.

The antibody of any one of claims 1-13, wherein said antibody is a monoclonal

antibody.
An antibody drug conjugate comprising the formula
Ab—(L—(D),)n

or apharmaceutically acceptable salt thereof; wherein

Abis an antibody or antigen binding antigen binding fragment thereof according to
any one of claims 1to 14;

L isalinker;

D isadrug moiety;

m is an integer from 1to 8; and

nisaninteger from 1to 12.
The antibody drug conjugate of claim 15, wherein said mis 1.

The antibody drug conjugate of any one of claims 15 or 16, wherein said nis about 3
to about 4.

The antibody drug conjugate of any one of claims 15-17, wherein said linker is
selected from the group consisting of acleavable linker, anon-cleavable linker, a

hydrophilic linker, aprocharged linker, and a dicarboxylic acid based linker.
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19. The antibody drug conjugate of claim 18, wherein the linker is derived from across-
linking reagent selected from the group consisting of N-succinimidyl-3-(2-
pyridyldithio)propionate (SPDP), N-succinimidyl 4-(2-pyridyldithio)pentanoate
(SPP), N-succinimidyl 4-(2-pyridyldithio)butanocate (SPDB), N-succinimidyl-4-(2-
pyridyldithio)-2-sulfo-butanoate (sulfo-SPDB), N-succinimidyl iodoacetate (SIA), N-
succinimidyl (4-iodoacetyl)aminobenzoate (SIAB), maleimide PEG NHS, N-
succinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (SMCC), N-
sulfosuccinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (sulfo-SMCC), and
2,5-dioxopyrrolidin-I-yl 17-(2,5-dioxo-2,5-dihydro-IH-pyrrol-I-yl)-5,8,1,14-
tetraoxo-4,7, 10, 13-tetraazaheptadecan- 1-oate (CXI -1).

20. The antibody drug conjugate of claim 18, wherein said linker has the following

Formula (11A):

*};' 0 .
e,

/
N—L'™-X-L%-S

S (I1A);
wherein * islinked to the thiol functionality on the antibody, and ** is linked to the thiol
functionality of adrug moiety; and wherein;
L1is aCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2isaCi-6akylene or is- (CH,CH,Q)y-CH,-CH»- whereiny is 1to 11;
X is-C(0)-NH-, -NHC(O)- or atriazole; and alkylene islinear or branched.

21. The antibody drug conjugate of claim 20 wherein said linker has the following

Formula:
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wherein y is 1to 11; * islinked to the thiol functionality on the antibody, and ** is linked

to the thiol functionality of the drug moiety.

22. The antibody drug conjugate of any one of claims 15-21, wherein said drug moiety is
selected from agroup consisting of aV-ATPase inhibitor, apro-apoptotic agent, a
Bcl2 inhibitor, an MCL1 inhibitor, aHSP90 inhibitor, an AP inhibitor, an mTor
inhibitor, amicrotubule stabilizer, a microtubule destabilizer, an auristatin, a
dolastatin, a maytansinoid, a MetAP (methionine aminopeptidase), an auristatin, an
amanitin, apyrrolobenzodiazepine, an RNA polymerase inhibitor, an inhibitor of
nuclear export of proteins CRM1, a DPPIV inhibitor, proteasome inhibitors,
inhibitors of phosphoryl transfer reactions in mitochondria, a protein synthesis
inhibitor, akinase inhibitor, aCDK?2 inhibitor, a CDK9 inhibitor, akinesin inhibitor,
an HDAC inhibitor, aDNA damaging agent, aDNA akylating agent, aDNA

intercalator, aDNA minor groove binder and a DHFR inhibitor.

23. The antibody drug conjugate of claim 22, wherein the cytotoxic agent is a

maytansinoid.
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24. The antibody drug conjugate of clam 23, wherein the maytansinoid is N(2)-
deacetyl-N(2')-(3-mercapto-1-oxopropyl)-maytansine (DM1), N(2)-deacetyl-N(2)-
(4-mercapto-l-oxopentyl)-maytansine (DM3) or N(2)-deacetyl-N2-(4-  mercapto-4-
methyl- 1 -oxopentyl)-maytansine  (DM4).

25. The antibody drug conjugate of any one of claims 15-24 having the following formula

(VI):

: NJK/XS‘S/LZ\X'L“N |_Ab
|

MeO

Ab-Maleimido linker-DM4 ~_J n
(vin)

wherein L1lis aCi-6akylene wherein one of the methylene groups may be replaced with
oxygen;

L2 isaCi-6akylene oris—<(CH>CH>0)y-CH3-CHs- wherein y is 1to 11;

X is-C(0)-NH-, -NHC(O)- or atriazole; and alkylene islinear or branched; and wherein nis

about 3 to about 4;or apharmaceutically acceptable salt thereof

26. An antibody drug conjugate having the following formula:

257



WO 2018/142322 PCT/IB2018/050639

Ab

MeQ

\
Q
: 9 H ?
O ~ S N N
cl N)k/x \S/\/
| jo/\| \g/\/ o)

Ab-MPET-DM4

& /

wherein nisabout 3to about 4, and Ab is an antibody comprising aheavy chain
comprising the amino acid sequence of SEQ ID NO:47, and alight chain comprising the
amino acid sequence of SEQ ID NO:63; or apharmaceutically acceptable salt thereof.

27. A pharmaceutical composition comprising the antibody, or antigen binding fragment

thereof, of any one of claims 1-14 and apharmaceutically acceptable carrier.

28. A pharmaceutical composition comprising the antibody drug conjugate of any one of

claims 15-26 and a pharmaceutically acceptable carrier.

29. A method of treating or preventing cancer in a patient in need thereof, comprising
administering to said patient the antibody drug conjugate of any one of claims 15-26,
or the pharmaceutical composition of any one of claims 27 or 28, wherein the cancer

expresses CCRY.

30. The method of claim 29, wherein the antibody drug conjugate or pharmaceutical
composition are administered to the patient in combination with one or more

additional therapeutic compounds.

31. The method of claim 30, wherein the one or more additional therapeutic compounds is
selected from a standard of care chemotherapeutic, acostimulatory molecule, or a

checkpoint inhibitor.
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32.

33.

34.

35.

36.

37.

38.

39.

The method of claim 31, wherein the costimulatory molecule is selected from an
agonist of OX40, CD2, CD27, CDS, ICAM-1, LFA-1 (CDIla/CD18), 1COS
(CD278), 4-1BB (CD137), GITR, CD30, CD40, BAFFR, HVEM, CD7, LIGHT,
NKG2C, SLAMF7, NKp80, CD 160, B7-H3, STING, or CD83 ligand.

The method of claim 31, wherein the checkpoint inhibitor is selected from an inhibitor
of PD-1, PD-L1, PD-L2, CTLA4, TIM3, LAGS, VISTA, BTLA, TIGIT, LAIR1,
CD 160, 2B4 and/or TGFR beta.

The antibody drug conjugate of any one of claims 15-26, or the pharmaceutical

composition of any one of claims 27 or 28, for use as a medicament.

The antibody drug conjugate of any one of claims 15-26, or the pharmaceutical
composition of any one of claims 27 or 28, for use in the treatment or prevention of a

CCRY expressing cancer in apatient in need thereof.

Use of the antibody or antigen binding fragment thereof of any one of claims 1-14, the
antibody drug conjugate of any one of claims 15-26, or the pharmaceutical
composition of any one of claims 27 or 28, to treat or prevent a CCR7 expressing

cancer in apatient in need thereof.

Use of the antibody or antigen binding fragment thereof of any one of claims 1-14, or
the antibody drug conjugate of any one of claims 15-26, or the pharmaceutical

composition of any one of claims 27 or 28 in the manufacture of a medicament.

The method of claims 29 to 33, the antibody drug conjugate of claims 34 or 35, or the

use of claims 36-37, wherein the cancer expresses CCR7.

The method, antibody drug conjugate, or use of claim 38, wherein the cancer is
selected from the group consisting of chronic lymphocytic leukemia (CLL),
peripheral T cell lymphomas (PTCL) such asadult T-cell leukemia/lymphoma
(ATLL) and anaplastic large-cell lymphoma (ALCL), Non-Hodgkin's lymphoma
(NHL) such as mantle cell lymphoma (MCL), Burkitt's lymphoma and diffuse large
B-cell lymphoma (DLBCL), gastric carcinoma, non-small cell lung cancer, small cell

lung cancer, head and neck cancer, nasopharyngeal carcinoma (NPC), esophageal
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40.

41.

42.

43.

45,

46.

cancer, colorectal carcinoma, pancreatic cancer, thyroid cancer, breast cancer, renad

cell cancer, and cervical cancer.

The method, antibody dug conjugate, or use of claim 39, wherein the cancer is
selected from the group consisting of chronic lymphocytic leukemia (CLL),
peripheral T cell lymphomas (PTCL) such as adult T-cell leukemia/lymphoma
(ATLL) and anaplastic large-cell lymphoma (ALCL), Non-Hodgkin's lymphoma
(NHL) such as mantle cell lymphoma (MCL), Burkitt's lymphoma and diffuse large
B-cell lymphoma (DLBCL), and non-small cell lung cancer.

A nucleic acid that encodes the antibody or antigen binding fragment of any one of

claims 1-14.

The nucleic acid of claim 41, wherein the nucleic acid comprises the nucleotide
sequence of SEQ ID NOs:. 14, 16, 30, 32, 46, 48, 62, 64, 78, 80, 94, 96, 481, 483, 497,
or 499,

A vector comprising the nucleic acid of claim 41 or 42.

. A host cell comprising the vector according to claim 43, or the nucleic acid according

toclaim 41 or 42.

A process for producing an antibody or antigen binding fragment comprising

cultivating the host cell of claim 44 and recovering the antibody from cell culture.

The process of claim 45 wherein recovering the antibody from cell culture comprises

the steps of:

a) removing cells and filtering the culture;

b) purifying the culture by affinity chromatography ;

C) inactivating any viruses in the culture by adjusting the pH to 3.4-3.6, then
readjusting the pH to 5.8-6.2 and filtering the culture;

d) purifying the culture by cation exchange chromatography and performing on-

column reduction of the culture;
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e) performing anion exchange chromatography on the culture;
f) removing viruses by nanofiltration;
g) filtering the culture containing the antibody; and

h) obtaining purified antibody.

47. A process for producing an anti-CCR7 antibody drug conjugate comprising:

(a) pre-forming alinker-drug moiety of the following Formula:

Q
s
drug moiety-g 2 1g
o)

wherein:

the drug moiety isDM1, DM3 or DM4 and the drug moiety is attached to the linker via its
thiol functionality;

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2is aCi-6alkylene or is—(CH>CH»0),-CH»-CH»- wherein y is 1to 11;

X is-C(0)-NH-, -NHC(O)- or atriazole; and alkyleneislinear or branched;

(b) conjugating said linker-drug moiety to the antibody recovered from the cell

culture of claim 46 to produce an antibody drug conjugate; and
(c) purifying the antibody drug conjugate.
48. The process according to claim 47 comprising:

(b) pre-forming alinker-drug moiety of the following Formula:
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0]
s N N
\S/\/\n/\/
0 0]

MeO

and

(b) conjugating said linker-drug moiety to the antibody recovered from the cell

culture of claim 46 to produce an antibody drug conjugate; and
(c) purifying the antibody drug conjugate.
49. A process for producing an anti-CCR7 antibody drug conjugate comprising:

(a) pre-forming alinker-drug moiety of the following Formula:

0
S X, _~N )
drug moiety-g 2 1q
0

wherein:

the drug moiety isDM1, DM3 or DM4 and the drug moiety is attached to the linker via its
thiol functionality;

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2isaCi-6alkylene or is—(CH>CH»0),-CH»-CH»- wherein y is 1to 11;
X is-C(0)-NH-, -NHC(O)- or atriazole; and alkylene islinear or branched;

(b) conjugating said linker-drug moiety to the antibody of any one of claims 1-14 to

produce an antibody drug conjugate; and
(c) purifying the antibody drug conjugate.
50. A process for producing an anti-CCR7 antibody drug conjugate comprising:

(a) pre-forming alinker-drug moiety of the following Formula:

262



WO 2018/142322 PCT/IB2018/050639

MeO

(b) conjugating said linker-drug moiety to the antibody of any one of claims 1-14 to

produce an antibody drug conjugate; and

(c) purifying the antibody drug conjugate.

51. The process according to claim 47 or 49 wherein the step of pre-forming said linker-

drug moiety comprises:

c) Reacting adrug moiety viaits thiol functionality with:

S _N

L2
RG1/ \S/ N

.

to form:

S RG1
drug moiety-g ~127

d) Reacting the formed
RG,

~,

drug moiety-g L2

with:

\

i

N
RGZ\L.]/
O .

]

to form the linker-drug moiety:
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O

S X _~N )
drug moiety-g L g
o)

]

wherein:

L1isaCi-6akylene wherein one of the methylene groups may be replaced with oxygen;
L2 isaCi-6akylene or is-(CH2CH20) ,-CH2-CH2- wherein y is 1to 11; and

X is-C(0)-NH-, -NHC(O)- or atriazole;

wherein the alkylene islinear or branched; and

RG1 and RG2 are 2 reactive groups forming group X.

52. The process according to claim 48 or 50 wherein the step of pre-forming said linker-

drug moiety comprises:

€) Reacting the drug moiety viaiits thiol functionality with:

| = .

]

to form:

MeO

f) Reacting the formed

e with:
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53.

54.

55.

56.

57.

0,
Q N
&“QOYV@
0 0
O ;
to form the linker-drug moiety:

MeO

The antibody drug conjugate made according to any one of claims 47-52 having an

average DAR, measured with aUV spectrophotometer, of about 3 to about 4.
A process for producing an anti-CCR7 antibody drug conjugate comprising:

(@) chemically linking SMCC or MPET to adrug moiety DM-1 or DM-4 to form a

linker-drug;

(b) conjugating said linker-drug to the antibody as claimed in any one of claims 1-14;

and
(c) purifying the antibody drug conjugate.

The antibody drug conjugate made according to claim 54 having an average DAR,
measured with aUV spectrophotometer, of about 3 to about 4.

A diagnostic reagent comprising the antibody or antigen binding fragment thereof of

any one of claims 1-14.

The diagnostic reagent of claim 56, wherein the antibody or antigen binding fragment
thereof islabeled with aradiolabel, afluorophore, achromophore, an imaging agent,

or ametal ion.
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