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COMBINATION OF C-MET INHIBITOR WITH ANTIBODY MOLECULE TO PD-i 

AND USES THEREOF 

FIELD OF THE INVENTION 

The present invention relates to a pharmaceutical combination which comprises (a) at 

least one antibody molecule (e.g., humanized antibody molecules) that bind to Programmed 

Death 1 (PD-1), and (b) at least one c-Met receptor tyrosine kinase inhibitor or pharmaceutically 

acceptable salt thereof, for simultaneous, separate or sequential administration for the treatment 

of a proliferative disease, particularly a c-Met dependent proliferative disease; a pharmaceutical 

composition comprising such combination; a method of treating a subject having a proliferative 

disease comprising administration of said combination to a subject in need thereof, use of such 

combination for the treatment of proliferative disease; and a commercial package comprising 

such combination.  

BACKGROUND 

The ability of T cells to mediate an immune response against an antigen requires two 

distinct signaling interactions (Viglietta, V. et al. (2007) Neurotherapeutics 4:666-675; Korman, 

A. J. et al. (2007) Adv. Immunol. 90:297-339). First, an antigen that has been arrayed on the 

surface of antigen-presenting cells (APC) is presented to an antigen-specific naive CD4+ T cell.  

Such presentation delivers a signal via the T cell receptor (TCR) that directs the T cell to initiate 

an immune response specific to the presented antigen. Second, various co-stimulatory and 

inhibitory signals mediated through interactions between the APC and distinct T cell surface 

molecules trigger the activation and proliferation of the T cells and ultimately their inhibition.  

The immune system is tightly controlled by a network of costimulatory and co-inhibitory 

ligands and receptors. These molecules provide the second signal for T cell activation and 

provide a balanced network of positive and negative signals to maximize immune responses
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against infection, while limiting immunity to self (Wang, L. et al. (Epub Mar. 7, 2011) J. Exp.  

Med. 208(3):577-92; Lepenies, B. et al. (2008) Endocrine, Metabolic & Immune Disorders-

Drug Targets 8:279-288). Examples of costimulatory signals include the binding between the 

B7.1 (CD80) and B7.2 (CD86) ligands of the APC and the CD28 and CTLA-4 receptors of the 

CD4+ T-lymphocyte (Sharpe, A. H. et al. (2002) Nature Rev. Immunol. 2:116-126; Lindley, P. S.  

et al. (2009) Immunol. Rev. 229:307-321). Binding of B7.1 or B7.2 to CD28 stimulates T cell 

activation, whereas binding of B7.1 or B7.2 to CTLA-4 inhibits such activation (Dong, C. et al.  

(2003) Immunolog. Res. 28(1):39-48; Greenwald, R. J. et al. (2005) Ann. Rev. Immunol. 23:515

548). CD28 is constitutively expressed on the surface of T cells (Gross, J., etal. (1992)J.  

Immunol. 149:380-388), whereas CTLA-4 expression is rapidly up-regulated following T-cell 

activation (Linsley, P. et al. (1996) Immunity 4:535-543).  

Other ligands of the CD28 receptor include a group of related B7 molecules, also known 

as the "B7 Superfamily" (Coyle, A. J. et al. (2001) Nature Immunol. 2(3):203-209; Sharpe, A. H.  

et al. (2002) Nature Rev. Immunol. 2:116-126; Collins, M. et al. (2005) Genome Biol. 6:223.1

223.7; Korman, A. J. et al. (2007) Adv. Immunol. 90:297-339). Several members of the B7 

Superfamily are known, including B7.1 (CD80), B7.2 (CD86), the inducible co-stimulator ligand 

(ICOS-L), the programmed death-1 ligand (PD-Li; B7-HI), the programmed death-2 ligand 

(PD-L2; B7-DC), B7-H3, B7-H4 and B7-H6 (Collins, M. et al. (2005) Genome Biol. 6:223.1

223.7).  

The Programmed Death 1 (PD-1) protein is an inhibitory member of the extended 

CD28/CTLA-4 family of T cell regulators (Okazaki et al. (2002) Curr Opin Immunol 14: 

391779-82; Bennett et al. (2003) J. Immunol. 170:711-8). Other members of the CD28 family 

include CD28, CTLA-4, ICOS and BTLA. PD-1 is suggested to exist as a monomer, lacking the 

unpaired cysteine residue characteristic of other CD28 family members. PD-1 is expressed on 

activated B cells, T cells, and monocytes.  

The PD-I gene encodes a 55 kDa type I transmembrane protein (Agata et al. (1996) Int 

Immunol. 8:765-72). Although structurally similar to CTLA-4, PD-I lacks the MYPPY motif 

(SEQ ID NO: 236) that is important for B7-1 and B7-2 binding. Two ligands for PD-1 have 

been identified, PD-LI (B7-HI) and PD-L2 (B7-DC), that have been shown to downregulate T 

cell activation upon binding to PD-1 (Freeman et al. (2000) J. Exp. Med. 192:1027-34; Carter et 

al. (2002) Eur. J. Immunol. 32:634-43). Both PD-Li and PD-L2 are B7 homologs that bind to 
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PD-1, but do not bind to other CD28 family members. PD-Li is abundant in a variety of human 

cancers (Dong et al. (2002) Nat. Med. 8:787-9).  

PD-i is known as an immunoinhibitory protein that negatively regulates TCR signals 

(Ishida, Y. et al. (1992) EMBO J. 11:3887-3895; Blank, C. et al. (Epub 2006 Dec. 29) Immunol.  

Immunother. 56(5):739-745). The interaction between PD-i and PD-Li can act as an immune 

checkpoint, which can lead to, e.g., a decrease in tumor infiltrating lymphocytes, a decrease in T

cell receptor mediated proliferation, and/or immune evasion by cancerous cells (Dong et al.  

(2003) J. Mol. Med. 81:281-7; Blank et al. (2005) Cancer Immunol. Immunother. 54:307-314; 

Konishi et al. (2004) Clin. Cancer Res. 10:5094-100). Immune suppression can be reversed by 

inhibiting the local interaction of PD-i with PD-Li or PD-L2; the effect is additive when the 

interaction of PD-I with PD-L2 is blocked as well (Iwai et al. (2002) Proc. Nat'l. Acad. Sci.  

USA 99:12293-7; Brown et al. (2003) J. Immunol. 170:1257-66).  

Given the importance of immune checkpoint pathways in regulating an immune response, 

the need exists for developing novel combination therapies that modulate the activity of 

immunoinhibitory proteins, such as PD-1, thus leading to activation of the immune system. Such 

agents can be used, e.g., for cancer immunotherapy and treatment of other conditions, such as 

chronic infection.  

c-Met, a proto-oncogene, is a member of a distinct subfamily of heterodimeric receptor 

tyrosine kinases which include Met, Ron, and Sea (Birchmeier, C. et al., Nat. Rev. Mol. Cell 

Biol. 2003, 4(12):915-925; Christensen, J. G. et al., Cancer Lett. 2005, 225(i):1-26). The only 

high affinity ligand for c-Met is the hepatocyte growth factor (HGF), also known as scatter factor 

(SF). Binding of HGF to c-Met induces activation of the receptor via autophosphorylation 

resulting in an increase of receptor dependent signaling. Both c-Met and HGF are widely 

expressed in a variety of organs, but their expression is normally confined to the cells of 

epithelial and mesenchymal origin, respectively. The biological functions of c-Met (or c-Met 

signaling pathway) in normal tissues and human malignancies such as cancer have been well 

documented (Christensen, J.G. et al., Cancer Lett. 2005, 225(i):1-26; Corso, S. et al., Trends in 

Mol. Med. 2005, 11(6):284-292).  

HGF and c-Met are each required for normal mammalian development, and abnormalities 

reported in both HGF- and c-Met-null mice are consistent with proximity of embryonic 

expression and epithelial-mesenchymal transition defects during organ morphogenesis 

-3 -



WO 2017/106810 PCT/US2016/067430 

(Christensen, J.G. et al., Cancer Lett. 2005, 225(1):1-26). Consistent with these findings, the 

transduction of signaling and subsequent biological effects of HGF/c-Met pathway have been 

shown to be important for epithelial-mesenchymal interaction and regulation of cell migration, 

invasion, cell proliferation and survival, angiogenesis, morphogenesis and organization of three

dimensional tubular structures (e.g. renal tubular cells, gland formation) during development.  

The specific consequences of c-Met pathway activation in a given cell/tissue are highly context

dependent.  

Evidence shows that dysregulated c-Met pathway plays important and sometimes 

causative (in the case of genetic alterations) roles in tumor formation, growth, maintenance and 

progression (Birchmeier, C. et al., Nat. Rev. Mol. Cell. Biol. 2003, 4(12):915-925; Boccaccio, C.  

et al., Nat. Rev. Cancer 2006, 6(8):637-645; Christensen, J.G. et al., Cancer Lett. 2005, 225(1): 1

26). HGF and/or c-Met are overexpressed in significant portions of most human cancers, and are 

often associated with poor clinical outcomes such as more aggressive disease, disease 

progression, tumor metastasis and shortened patient survival. Further, patients with high levels of 

HGF/c-Met proteins are more resistance to chemotherapy and radiotherapy. In addition to the 

abnormal HGF/c-Met expression, c-Met receptor can also be activated in cancer patients through 

genetic mutations (both germline and somatic) and gene amplification. Although gene 

amplification and mutations are the most common genetic alterations that have been reported in 

patients, the receptor can also be activated by deletions, truncations, gene rearrangement, as well 

as abnormal receptor processing and defective negative regulatory mechanisms.  

SUMMARY 

Disclosed herein is pharmaceutical combination which comprises (a) at least one 

antibody molecule (e.g., humanized antibody molecules) that bind to Programmed Death 1 (PD

1), and (b) at least one c-Met receptor tyrosine kinase inhibitor or pharmaceutically acceptable 

salt thereof, for simultaneous, separate or sequential administration for the treatment of a 

proliferative disease, particularly a c-Met dependent proliferative disease; a pharmaceutical 

composition comprising such combination; a method of treating a subject having a proliferative 

disease comprising administration of said combination to a subject in need thereof, use of such 
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combination for the treatment of proliferative disease; and a commercial package comprising 

such combination.  

In one embodiment, the invention features a method of treating (e.g., inhibiting, reducing, 

ameliorating, or preventing) a disorder, e.g., a hyperproliferative condition or disorder (e.g., a 

cancer) in a subject. The method includes administering, in combination with a c-Met receptor 

tyrosine kinase inhibitor, to the subject an anti-PD-I antibody molecule, e.g., an anti-PD-I 

antibody molecule described herein, at a dose of about 300 mg to 400 mg once every three weeks 

or once every four weeks, In certain embodiments, the anti-PD-1 antibody molecule is 

administered at a dose of about 300 mg once every three weeks. In other embodiments, the anti

PD-i antibody molecule is administered at a dose of about 400 mg once every four weeks. In 

some embodiments, the disorder is a cancer, e.g., a cancer described herein.  

In some embodiments, the anti-PD-1 antibody molecule is administered by injection 

(e.g., subcutaneously or intravenously) at a dose (e.g., a flat dose) of about 200 mg to 500 mg, 

e.g., about 250 mg to 450 mg, about 300 mg to 400 mg, about 250 mg to 350 mg, about 350 mg 

to 450 mg, or about 300 mg or about 400 mg. The dosing schedule (e.g., flat dosing schedule) 

can vary from e.g., once a week to once every 2, 3, 4, 5, or 6 weeks. In one embodiment, the 

anti-PD-1 antibody molecule is administered at a dose from about 300 mg to 400 mg once every 

three weeks or once every four weeks. In one embodiment, the the anti-PD-I antibody molecule 

is administered at a dose from about 300 mg once every three weeks. In one embodiment, the 

the anti-PD-1 antibody molecule is administered at a dose from about 400 mg once every four 

weeks. In one embodiment, the the anti-PD-I antibody molecule is administered at a dose from 

about 300 mg once every four weeks. In one embodiment, the the anti-PD-I antibody molecule 

is administered at a dose from about 400 mg once every three weeks.  

In another aspect, the invention features a method of reducing an activity (e.g., growth, 

survival, or viability, or all), of a hyperproliferative (e.g., a cancer) cell. The method includes 

contacting the cell with an anti-PD-1 antibody molecule, e.g., an anti-PD-1 antibody molecule 

described herein. The method can be performed in a subject, e.g., as part of a therapeutic 

protocol in combination with a c-Met receptor tyrosine kinase inhibitor, e.g., at a dose of about 

300 mg to 400 mg of an anti-PD-1 antiobody molecule once every three weeks or once every 

four weeks, In certain embodiments, the dose is about 300 mg of an anti-PD-1 antiobody 
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molecule once every three weeks. In other embodiments, the dose is about 400 mg of an anti

PD-I antiobody molecule once every four weeks. The cancer cell can be, e.g., a cell from a 

cancer described herein, such as lung cancer (squamous), lung cancer (adenocarcinoma), head 

and neck cancer, cervical cancer (squamous), stomach cancer, thyroid cancer, melanoma, 

nasopharyngeal cancer (e.g., differentiated or undifferentiated metastatic or locally recurrent 

nasopharyngeal carcinoma), or breast cancer.  

In another aspect, the invention features a composition (e.g., one or more compositions or 

dosage forms), that includes an anti-PD-i antibody molecule (e.g., an anti-PD-i antibody 

molecule as described herein). Formulations, e.g., dosage formulations, and kits, e.g., 

therapeutic kits, that include an anti-PD-I antibody molecule (e.g., an anti-PD-I antibody 

molecule as described herein), are also described herein. In certain embodiments, the 

composition or formulation comprises 300 mg or 400 mg of an anti-PD-i antibody molecule 

(e.g., an anti-PD-i antibody molecule as described herein). In some embodiments, the 

composition of formulation is administered or used once every three weeks or once every four 

weeks. Such composition is used in combination with at least one c-Met receptor tyrosine kinase 

inhibitor or pharmaceutically acceptable salt thereof, for simultaneous, separate or sequential 

administration.  

The combinations disclosed herein can be administered together in a single composition 

or administered separately in two or more different compositions, e.g., compositions or dosage 

forms as described herein. The administration of the therapeutic agents can be in any order. The 

first agent and the additional agents (e.g., second, third agents) can be administered via the same 

administration route or via different administration routes.  

Antibody Molecules to PD-1 

In one embodiment, the PD-i inhibitor is an anti-PD-i antibody molecule as described in 

USSN 14/604,415, entitled "Antibody Molecules to PD-i and Uses Thereof," incorporated by 

reference in its entirety. In one embodiment, the anti-PD-i antibody molecule comprises at least 

one antigen-binding region, e.g., a variable region or an antigen-binding fragment thereof, from 

an antibody described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49
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hum02, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1; or a sequence substantially identical 

(e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the 

aforesaid sequences.  

In yet another embodiment, the anti-PD-i antibody molecule comprises at least one, two, 

three or four variable regions from an antibody described herein, e.g., an antibody chosen from 

any of BAP049-hum0l, BAP049-hum02, BAP049-hum03, BAP049-hum04, BAP049-hum05, 

BAP049-hum06, BAP049-hum07, BAP049-hum08, BAP049-hum09, BAP049-hum10, 

BAP049-huml 1, BAP049-huml2, BAP049-huml3, BAP049-huml4, BAP049-huml5, 

BAP049-hum16, BAP049-Clone-A, BAP049-Clone-B, BAP049-Clone-C, BAP049-Clone-D, or 

BAP049-Clone-E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; 

or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% 

or higher identical) to any of the aforesaid sequences.  

In yet another embodiment, the anti-PD-i antibody molecule comprises at least one or 

two heavy chain variable regions from an antibody described herein, e.g., an antibody chosen 

from any of BAP049-hum0l, BAP049-hum02, BAP049-hum03, BAP049-hum04, BAP049

hum05, BAP049-hum06, BAP049-hum07, BAP049-hum08, BAP049-hum09, BAP049-huml0, 

BAP049-huml 1, BAP049-huml2, BAP049-huml3, BAP049-huml4, BAP049-huml5, 

BAP049-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; 

or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% 

or higher identical) to any of the aforesaid sequences.  

In yet another embodiment, the anti-PD-I antibody molecule comprises at least one or 

two light chain variable regions from an antibody described herein, e.g., an antibody chosen from 

any of BAPO49-hum0l, BAPO49-hum02, BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, 

BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, BAPO49-hum10, 

BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, BAPO49-huml5, 

BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 
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BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; 

or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% 

or higher identical) to any of the aforesaid sequences.  

In yet another embodiment, the anti-PD-I antibody molecule includes a heavy chain 

constant region for an IgG4, e.g., a human IgG4. In one embodiment, the human IgG4 includes 

a substitution at position 228 according to EU numbering (e.g., a Ser to Pro substitution). In still 

another embodiment, the anti-PD-i antibody molecule includes a heavy chain constant region for 

an IgGI, e.g., a human IgGI. In one embodiment, the human IgGI includes a substitution at 

position 297 according to EU numbering (e.g., an Asn to Ala substitution). In one embodiment, 

the human IgGI includes a substitution at position 265 according to EU numbering, a 

substitution at position 329 according to EU numbering, or both (e.g., an Asp to Ala substitution 

at position 265 and/or a Pro to Ala substitution at position 329). In one embodiment, the human 

IgGI includes a substitution at position 234 according to EU numbering, a substitution at 

position 235 according to EU numbering, or both (e.g., a Leu to Ala substitution at position 234 

and/or a Leu to Ala substitution at position 235). In one embodiment, the heavy chain constant 

region comprises an amino sequence set forth in Table 3, or a sequence substantially identical 

(e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) thereto.  

In yet another embodiment, the anti-PD-I antibody molecule includes a kappa light chain 

constant region, e.g., a human kappa light chain constant region. In one embodiment, the light 

chain constant region comprises an amino sequence set forth in Table 3, or a sequence 

substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher 

identical) thereto.  

In another embodiment, the anti-PD-i antibody molecule includes a heavy chain constant 

region for an IgG4, e.g., a human IgG4, and a kappa light chain constant region, e.g., a human 

kappa light chain constant region, e.g., a heavy and light chain constant region comprising an 

amino sequence set forth in Table 3, or a sequence substantially identical (e.g., at least 80%, 

85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) thereto. In one embodiment, the 

human IgG4 includes a substitution at position 228 according to EU numbering (e.g., a Ser to 

Pro substitution). In yet another embodiment, the anti-PD-I antibody molecule includes a heavy 

chain constant region for an IgGI, e.g., a human IgGI, and a kappa light chain constant region, 

e.g., a human kappa light chain constant region, e.g., a heavy and light chain constant region 
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comprising an amino sequence set forth in Table 3, or a sequence substantially identical (e.g., at 

least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) thereto. In one 

embodiment, the human IgGI includes a substitution at position 297 according to EU numbering 

(e.g., an Asn to Ala substitution). In one embodiment, the human IgGI includes a substitution at 

position 265 according to EU numbering, a substitution at position 329 according to EU 

numbering, or both (e.g., an Asp to Ala substitution at position 265 and/or a Pro to Ala 

substitution at position 329). In one embodiment, the human IgGI includes a substitution at 

position 234 according to EU numbering, a substitution at position 235 according to EU 

numbering, or both (e.g., a Leu to Ala substitution at position 234 and/or a Leu to Ala 

substitution at position 235).  

In another embodiment, the anti-PD-i antibody molecule includes a heavy chain variable 

domain and a constant region, a light chain variable domain and a constant region, or both, 

comprising the amino acid sequence of BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, 

BAPO49-Clone-D, or BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide 

sequence in Table 1; or a sequence substantially identical (e.g., at least 80%, 8 5%, 9 0%, 9 2 %, 

95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences. The anti-PD-I 

antibody molecule, optionally, comprises a leader sequence from a heavy chain, a light chain, or 

both, as showin in Table 4; or a sequence substantially identical thereto.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three complementarity determining regions (CDRs) from a heavy chain variable region of an 

antibody described herein, e.g., an antibody chosen from any of BAPO49-hum0I, BAPO49

hum02, BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, 

BAPO49-hum08, BAPO49-hum09, BAPO49-hum10, BAPO49-hum1 1, BAPO49-hum12, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1; or a sequence substantially identical 

(e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the 

aforesaid sequences.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three CDRs (or collectively all of the CDRs) from a heavy chain variable region comprising an 

amino acid sequence shown in Table 1, or encoded by a nucleotide sequence shown in Table 1.  
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In one embodiment, one or more of the CDRs (or collectively all of the CDRs) have one, two, 

three, four, five, six or more changes, e.g., amino acid substitutions or deletions, relative to the 

amino acid sequence shown in Table 1, or encoded by a nucleotide sequence shown in Table 1.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

or three CDRs from a light chain variable region of an antibody described herein, e.g., an 

antibody chosen from any of BAPO49-hum0l, BAPO49-humO2, BAPO49-humO3, BAPO49

hum04, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, 

BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, 

BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, 

BAPO49-Clone-D, or BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide 

sequence in Table 1; or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 

95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequence.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

or three CDRs (or collectively all of the CDRs) from a light chain variable region comprising an 

amino acid sequence shown in Table 1, or encoded by a nucleotide sequence shown in Table 1.  

In one embodiment, one or more of the CDRs (or collectively all of the CDRs) have one, two, 

three, four, five, six or more changes, e.g., amino acid substitutions or deletions, relative to the 

amino acid sequence shown in Table 1, or encoded by a nucleotide sequence shown in Table 1.  

In certain embodiments, the anti-PD-i antibody molecule includes a substitution in a light chain 

CDR, e.g., one or more substitutions in a CDR1, CDR2 and/or CDR3 of the light chain. In one 

embodiment, the anti-PD-I antibody molecule includes a substitution in the light chain CDR3 at 

position 102 of the light variable region, e.g., a substitution of a cysteine to tyrosine, or a 

cysteine to serine residue, at position 102 of the light variable region according to Table 1 (e.g., 

SEQ ID NO: 16 or 24 for murine or chimeric, unmodified; or any of SEQ ID NOs: 34, 42, 46, 

54, 58, 62, 66, 70, 74, or 78 for a modified sequence).  

In another embodiment, the anti-PD-i antibody molecule includes at least one, two, three, 

four, five or six CDRs (or collectively all of the CDRs) from a heavy and light chain variable 

region comprising an amino acid sequence shown in Table 1, or encoded by a nucleotide 

sequence shown in Table 1. In one embodiment, one or more of the CDRs (or collectively all of 

the CDRs) have one, two, three, four, five, six or more changes, e.g., amino acid substitutions or 

- 10 -



WO 2017/106810 PCT/US2016/067430 

deletions, relative to the amino acid sequence shown in Table 1, or encoded by a nucleotide 

sequence shown in Table 1.  

In one embodiment, the anti-PD-I antibody molecule includes all six CDRs from an 

antibody described herein, e.g., an antibody chosen from any of BAP049-hum01, BAP049

5 hum02, BAP049-hum03, BAP049-hum04, BAP049-hum05, BAP049-hum06, BAP049-hum07, 

BAPO49-humO8, BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1, or closely related CDRs, e.g., CDRs 

which are identical or which have at least one amino acid alteration, but not more than two, three 

or four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).  

In one embodiment, the anti-PD-I antibody molecule may include any CDR described herein. In 

certain embodiments, the anti-PD-I antibody molecule includes a substitution in a light chain 

CDR, e.g., one or more substitutions in a CDR1, CDR2 and/or CDR3 of the light chain. In one 

5 embodiment, the anti-PD-I antibody molecule includes a substitution in the light chain CDR3 at 

position 102 of the light variable region, e.g., a substitution of a cysteine to tyrosine, or a 

cysteine to serine residue, at position 102 of the light variable region according to Table 1 (e.g., 

SEQ ID NO: 16 or 24 for murine or chimeric, unmodified; or any of SEQ ID NOs: 34, 42, 46, 

54, 58, 62, 66, 70, 74, or 78 for a modified sequence).  

In another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three CDRs according to Kabat et al. (e.g., at least one, two, or three CDRs according to the 

Kabat definition as set out in Table 1) from a heavy chain variable region of an antibody 

described herein, e.g., an antibody chosen from any of BAP049-hum01, BAP049-hum02, 

BAP049-hum03, BAP049-hum04, BAP049-hum05, BAP049-hum06, BAP049-hum07, 

5 BAP049-hum08, BAP049-hum09, BAP049-hum10, BAP049-hum1 1, BAP049-hum12, 

BAP049-hum13, BAP049-hum14, BAP049-hum15, BAP049-hum16, BAP049-Clone-A, 

BAP049-Clone-B, BAP049-Clone-C, BAP049-Clone-D, or BAP049-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1; or a sequence substantially identical 

(e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the 

aforesaid sequences; or which have at least one amino acid alteration, but not more than two, 
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three or four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative 

substitutions) relative to one, two, or three CDRs according to Kabat et al. shown in Table 1.  

In another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three CDRs according to Kabat et al. (e.g., at least one, two, or three CDRs according to the 

Kabat definition as set out in Table 1) from a light chain variable region of an antibody described 

herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49-hum02, BAPO49-hum03, 

BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, BAP049-hum08, 

BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, BAP049-huml3, 

BAPO49-hum14, BAPO49-huml5, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, 

BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in Table 1, or 

encoded by the nucleotide sequence in Table 1; or a sequence substantially identical (e.g., at least 

80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the aforesaid 

sequences; or which have at least one amino acid alteration, but not more than two, three or four 

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) relative to 

one, two, or three CDRs according to Kabat et al. shown in Table 1.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

three, four, five, or six CDRs according to Kabat et al. (e.g., at least one, two, three, four, five, or 

six CDRs according to the Kabat definition as set out in Table 1) from the heavy and light chain 

variable regions of an antibody described herein, e.g., an antibody chosen from any of BAPO49

hum0l, BAPO49-hum02, BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, 

BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, BAPO49-hum10, BAPO49-huml 1, 

BAPO49-hum12, BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, 

BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone

E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; or a sequence 

substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher 

identical) to any of the aforesaid sequences; or which have at least one amino acid alteration, but 

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., 

conservative substitutions) relative to one, two, three, four, five, or six CDRs according to Kabat 

et al. shown in Table 1.  

In yet another embodiment, the anti-PD-I antibody molecule includes all six CDRs 

according to Kabat et al. (e.g., all six CDRs according to the Kabat definition as set out in Table 
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1) from the heavy and light chain variable regions of an antibody described herein, e.g., an 

antibody chosen from any of BAPO49-hum01, BAPO49-humO2, BAPO49-humO3, BAPO49

hum04, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, 

BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, 

BAPO49-huml5, BAPO49-huml6, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, 

BAPO49-Clone-D, or BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide 

sequence in Table 1; or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 

95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences; or which have at 

least one amino acid alteration, but not more than two, three or four alterations (e.g., 

substitutions, deletions, or insertions, e.g., conservative substitutions) relative to all six CDRs 

according to Kabat et al. shown in Table 1. In one embodiment, the anti-PD-i antibody 

molecule may include any CDR described herein.  

In another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three Chothia hypervariable loops (e.g., at least one, two, or three hypervariable loops according 

to the Chothia definition as set out in Table 1) from a heavy chain variable region of an antibody 

described herein, e.g., an antibody chosen from any of BAPO49-hum0l, BAPO49-humO2, 

BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAPO49-hum12, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1; or at least the amino acids from those 

hypervariable loops that contact PD-1; or which have at least one amino acid alteration, but not 

more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., 

conservative substitutions) relative to one, two, or three hypervariable loops according to 

Chothia et al. shown in Table 1.  

In another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three Chothia hypervariable loops (e.g., at least one, two, or three hypervairalbe loops according 

to the Chothia definition as set out in Table 1) of a light chain variable region of an antibody 

described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49-humO2, 

BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-humiO, BAPO49-hum 1i, BAPO49-humi2, 
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BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1; or at least the amino acids from those 

hypervariable loops that contact PD-1; or which have at least one amino acid alteration, but not 

more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., 

conservative substitutions) relative to one, two, or three hypervariable loops according to 

Chothia et al. shown in Table 1.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

three, four, five, or six hypervariable loops (e.g., at least one, two, three, four, five, or six 

hypervariable loops according to the Chothia definition as set out in Table 1) from the heavy and 

light chain variable regions of an antibody described herein, e.g., an antibody chosen from any of 

BAPO49-hum01, BAPO49-humO2, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, 

BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, BAPO49-hum10, 

BAPO49-hum1 1, BAPO49-hum12, BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, 

BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; 

or at least the amino acids from those hypervariable loops that contact PD-1; or which have at 

least one amino acid alteration, but not more than two, three or four alterations (e.g., 

substitutions, deletions, or insertions, e.g., conservative substitutions) relative to one, two, three, 

four, five or six hypervariable loops according to Chothia et al. shown in Table 1.  

In one embodiment, the anti-PD-i antibody molecule includes all six hypervariable loops 

(e.g., all six hypervariable loops according to the Chothia definition as set out in Table 1) of an 

antibody described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49

hum02, BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, 

BAPO49-hum08, BAPO49-hum09, BAPO49-hum10, BAPO49-hum1 1, BAPO49-hum12, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E, or closely related 

hypervariable loops, e.g., hypervariable loops which are identical or which have at least one 

amino acid alteration, but not more than two, three or four alterations (e.g., substitutions, 

deletions, or insertions, e.g., conservative substitutions); or which have at least one amino acid 

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or 
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insertions, e.g., conservative substitutions) relative to all six hypervariable loops according to 

Chothia et al. shown in Table 1. In one embodiment, the anti-PD-i antibody molecule may 

include any hypervariable loop described herein.  

In still another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

or three hypervariable loops that have the same canonical structures as the corresponding 

hypervariable loop of an antibody described herein, e.g., an antibody chosen from any of 

BAPO49-hum0l, BAPO49-humO2, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, 

BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, BAPO49-hum10, 

BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, BAPO49-huml5, 

BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E, e.g., the same canonical structures as at least loop 1 and/or loop 2 of the heavy 

and/or light chain variable domains of an antibody described herein. See, e.g., Chothia et al., 

(1992) J. Mol. Biol. 227:799-817; Tomlinson et al., (1992) J. Mol. Biol. 227:776-798 for 

descriptions of hypervariable loop canonical structures. These structures can be determined by 

inspection of the tables described in these references.  

In certain embodiments, the anti-PD-I antibody molecule includes a combination of 

CDRs or hypervariable loops defined according to the Kabat et al. and Chothia et al.  

In one embodiment, the anti-PD-I antibody molecule includes at least one, two or three 

CDRs or hypervariable loops from a heavy chain variable region of an antibody described 

herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49-hum02, BAPO49-hum03, 

BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, 

BAPO49-hum09, BAPO49-hum10, BAPO49-hum1 1, BAPO49-hum12, BAPO49-hum13, 

BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, 

BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E, according to the Kabat and Chothia 

definition (e.g., at least one, two, or three CDRs or hypervariable loops according to the Kabat 

and Chothia definition as set out in Table 1); or encoded by the nucleotide sequence in Table 1; 

or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% 

or higher identical) to any of the aforesaid sequences; or which have at least one amino acid 

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or 

insertions, e.g., conservative substitutions) relative to one, two, or three CDRs or hypervariable 

loops according to Kabat and/or Chothia shown in Table 1.  
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For example, the anti-PD-I antibody molecule can include VH CDR1 according to Kabat 

et al. or VH hypervariable loop 1 according to Chothia et al., or a combination thereof, e.g., as 

shown in Table 1. In one embodiment, the combination of Kabat and Chothia CDR of VH 

CDR1 comprises the amino acid sequence GYTFTTYWMH (SEQ ID NO: 224), or an amino 

5 acid sequence substantially identical thereto (e.g., having at least one amino acid alteration, but 

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., 

conservative substitutions)). The anti-PD-i antibody molecule can further include, e.g., VH 

CDRs 2-3 according to Kabat et al. and VL CDRs 1-3 according to Kabat et al., e.g., as shown in 

Table 1. Accordingly, in some embodiments, framework regions are defined based on a 

combination of CDRs defined according to Kabat et al. and hypervariable loops defined 

according to Chothia et al. For example, the anti-PD-i antibody molecule can include VH FRI 

defined based on VH hypervariable loop 1 according to Chothia et al. and VH FR2 defined 

based on VH CDRs 1-2 according to Kabat et al., e.g., as shown in Table 1. The anti-PD-I 

antibody molecule can further include, e.g., VH FRs 3-4 defined based on VH CDRs 2-3 

5 according to Kabat et al. and VL FRs 1-4 defined based on VL CDRs 1-3 according to Kabat et 

al.  

The anti-PD-I antibody molecule can contain any combination of CDRs or hypervariable 

loops according to the Kabat and Chothia definitions. In one embodiment, the anti-PD-i 

antibody molecule includes at least one, two or three CDRs from a light chain variable region of 

an antibody described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49

hum02, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-hum1O, BAPO49-hum1 1, BAPO49-hum12, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E, according to the 

5 Kabat and Chothia definition (e.g., at least one, two, or three CDRs according to the Kabat and 

Chothia definition as set out in Table 1).  

In one embodiment, the anti-PD-I antibody molecule includes: 

(a) a heavy chain variable region (VH) comprising a VHCDRI amino acid sequence of 

SEQ ID NO: 4, a VHCDR2 amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid 

sequence of SEQ ID NO: 3; and a light chain variable region (VL) comprising a VLCDR1 amino 
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acid sequence of SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID NO: 14, and a 

VLCDR3 amino acid sequence of SEQ ID NO: 33; 

(b) a VH comprising a VHCDR1 amino acid sequence chosen from SEQ ID NO: 1; a 

VHCDR2 amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ 

5 ID NO: 3; and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 10, a 

VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 32; 

(c) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 224, a VHCDR2 

amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid sequence of SEQ ID NO: 3; 

and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 13, a VLCDR2 amino 

acid sequence of SEQ ID NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 33; or 

(d) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 224; a VHCDR2 

amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ ID NO: 3; 

and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 10, a VLCDR2 amino 

5 acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ ID NO: 32.  

In the combinations herein, in another embodiment, the anti-PD-I antibody molecule 

comprises (i) a heavy chain variable region (VH) comprising a VHCDR1 amino acid sequence 

chosen from SEQ ID NO: 1, SEQ ID NO: 4, or SEQ ID NO: 224; a VHCDR2 amino acid 

sequence of SEQ ID NO: 2 or SEQ ID NO: 5; and a VHCDR3 amino acid sequence of SEQ ID 

NO: 3; and (ii) a light chain variable region (VL) comprising a VLCDR1 amino acid sequence of 

SEQ ID NO: 10 or SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID NO: 11 or SEQ 

ID NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 32 or SEQ ID NO: 33.  

In an embodiment, e.g., an embodiment comprising a variable region, a CDR (e.g., 

Chothia CDR or Kabat CDR), or other sequence referred to herein, e.g., in Table 1, the antibody 

5 molecule is a monospecific antibody molecule, a bispecific antibody molecule, or is an antibody 

molecule that comprises an antigen binding fragment of an antibody, e.g., a half antibody or 

antigen binding fragment of a half antibody. In certain embodiments the antibody molecule is a 

bispecific antibody molecule having a first binding specificity for PD-I and a second binding 

specificity for TIM-3, LAG-3, CEACAM (e.g., CEACAM-1, CEACAM-3, and/or CEACAM-5), 

PD-Li or PD-L2. In one embodiment, the bispecific antibody molecule binds to PD-i and TIM

3. In another embodiment, the bispecific antibody molecule binds to PD-i and LAG-3. In 
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another embodiment, the bispecific antibody molecule binds to PD-I and CEACAM (e.g., 

CEACAM-1, CEACAM-3, and/or CEACAM-5). In another embodiment, the bispecific 

antibody molecule binds to PD-i and CEACAM-1. In yet another embodiment, the bispecific 

antibody molecule binds to PD-I and CEACAM-5. In another embodiment, the bispecific 

antibody molecule binds to PD-i and PD-Li. In yet another embodiment, the bispecific 

antibody molecule binds to PD-I and PD-L2. Any combination of the aforesaid molecules can 

be made in a multispecific antibody molecule, e.g., a trispecific antibody that includes a first 

binding specificity to PD-1, and a second and third binding specificity to one or more of. TIM-3, 

LAG-3, CEACAM (e.g., CEACAM-1, CEACAM-3, or CEACAM-5), PD-LI or PD-L2.  

C-Met Receptor Tyrosine Kinase Inhibitor 

c-Met Receptor Tyrosine Kinase Inhibitor of the present invention is disclosed, for 

example, in US Patent 7,767,675, incorporated herein by reference in its entirety.  

In a preferred embodiment, the c-Met receptor tyrosine kinase inhibitor is 2-fluoro-N

methyl-4-[7-quinolin-6-yl-methyl)-imidazo[1,2-b][1,2,4]triazin-2yl]benzamide or 

pharmaceutically acceptable salt thereof.  

In a preferred embodiment, the c-Met receptor tyrosine kinase inhibitor is 2-fluoro-N

methyl-4-[7-quinolin-6-yl-methyl)-imidazo[1,2-b][1,2,4]triazin-2yl]benzamide dihydrochloric 

acid salt.  

In a preferred embodiment, the c-Met receptor tyrosine kinase inhibitor is capmatinib.  

In a preferred embodiment, the c-Met receptor tyrosine kinase inhibitor is capmatinib 

dihydrochloric acid salt.In one embodiment, capmatinib is administered at a dose of about 400

600 mg (e.g., per day), e.g., about 400, 500, or 600 mg, or about 400-500 or 500-600 mg.  

In one embodiment, capmatinib is administered orally.  

Uses of the Combination Therapies 

The combinations disclosed herein can result in one or more of: an increase in antigen 

presentation, an increase in effector cell function (e.g., one or more of T cell proliferation, IFN-y 

secretion or cytolytic function), inhibition of regulatory T cell function, an effect on the activity 

of multiple cell types, such as regulatory T cell, effector T cells and NK cells), an increase in 
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tumor infiltrating lymphocytes, an increase in T-cell receptor mediated proliferation, and a 

decrease in immune evasion by cancerous cells. In one embodiment, the use of a PD-i inhibitor 

in the combinations inhibits, reduces or neutralizes one or more activities of PD-1, resulting in 

blockade or reduction of an immune checkpoint. Thus, such combinations can be used to treat or 

prevent disorders where enhancing an immune response in a subject is desired.  

Accordingly, in another aspect, a method of modulating an immune response in a subject 

is provided. The method comprises administering to the subject a combination disclosed herein 

(e.g., a combination comprising a therapeutically effective amount of an anti-PD-i antibody 

molecule), alone or in combination with one or more agents or procedures, such that the immune 

response in the subject is modulated. In one embodiment, the antibody molecule enhances, 

stimulates or increases the immune response in the subject. The subject can be a mammal, e.g., a 

primate, preferably a higher primate, e.g., a human (e.g., a patient having, or at risk of having, a 

disorder described herein). In one embodiment, the subject is in need of enhancing an immune 

response. In one embodiment, the subject has, or is at risk of, having a disorder described herein, 

e.g., a cancer or an infectious disorder as described herein. In certain embodiments, the subject 

is, or is at risk of being, immunocompromised. For example, the subject is undergoing or has 

undergone a chemotherapeutic treatment and/or radiation therapy. Alternatively, or in 

combination, the subject is, or is at risk of being, immunocompromised as a result of an 

infection.  

In one aspect, a method of treating (e.g., one or more of reducing, inhibiting, or delaying 

progression) a cancer or a tumor in a subject is provided. The method comprises administering 

to the subject a combination disclosed herein (e.g., a combination comprising a therapeutically 

effective amount of an anti-PD-i antibody molecule).  

In certain embodiments, the cancer treated with the combination, includes but is not 

limited to, a solid tumor, a hematological cancer (e.g., leukemia, lymphoma, myeloma, e.g., 

multiple myeloma), and a metastatic lesion. In one embodiment, the cancer is a solid tumor.  

Examples of solid tumors include malignancies, e.g., sarcomas and carcinomas, e.g., 

adenocarcinomas of the various organ systems, such as those affecting the lung, breast, ovarian, 

lymphoid, gastrointestinal (e.g., colon), anal, genitals and genitourinary tract (e.g., renal, 

urothelial, bladder cells, prostate), pharynx, CNS (e.g., brain, neural or glial cells), head and 

neck, skin (e.g., melanoma), and pancreas, as well as adenocarcinomas which include 
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malignancies such as colon cancers, rectal cancer, renal-cell carcinoma, liver cancer (e.g., 

hepatocellular carcinoma), non-small cell lung cancer, cancer of the small intestine and cancer of 

the esophagus. The cancer may be at an early, intermediate, late stage or metastatic cancer.  

In one embodiment, the cancer is chosen from a lung cancer (e.g., a non-small cell lung 

cancer (NSCLC) (e.g., a NSCLC with squamous and/or non-squamous histology, or a NSCLC 

adenocarcinoma)), a melanoma (e.g., an advanced melanoma), a renal cancer (e.g., a renal cell 

carcinoma), a liver cancer (e.g., hepatocellular carcinoma), a myeloma (e.g., a multiple 

myeloma), a prostate cancer, a breast cancer (e.g., a breast cancer that does not express one, two 

or all of estrogen receptor, progesterone receptor, or Her2/neu, e.g., a triple negative breast 

cancer), a colorectal cancer, a pancreatic cancer, a head and neck cancer (e.g., head and neck 

squamous cell carcinoma (HNSCC), anal cancer, gastro-esophageal cancer, thyroid cancer, 

cervical cancer, a lymphoproliferative disease (e.g., a post-transplant lymphoproliferative 

disease) or a hematological cancer, T-cell lymphoma, B-cell lymphoma, a non-Hogdkin 

lymphoma, or a leukemia (e.g., a myeloid leukemia or a lymphoid leukemia).  

In another embodiment, the cancer is chosen form a carcinoma (e.g., advanced or 

metastatic carcinoma), melanoma or a lung carcinoma, e.g., a non-small cell lung carcinoma.  

In one embodiment, the cancer is a lung cancer, e.g., a non-small cell lung cancer or 

small cell lung cancer.  

In one embodiment, the cancer is a melanoma, e.g., an advanced melanoma. In one 

embodiment, the cancer is an advanced or unresectable melanoma that does not respond to other 

therapies. In other embodiments, the cancer is a melanoma with a BRAF mutation (e.g., a BRAF 

V600 mutation). In yet other embodiments, the combination disclosed herein (e.g., the 

combination comprising the anti-PD-I antibody molecule) is administered after treatment with 

an anti-CTLA4 antibody (e.g., ipilimumab) with or without a BRAF inhibitor (e.g., vemurafenib 

or dabrafenib).  

In another embodiment, the cancer is a hepatocarcinoma, e.g., an advanced 

hepatocarcinoma, with or without a viral infection, e.g., a chronic viral hepatitis.  

In another embodiment, the cancer is a prostate cancer, e.g., an advanced prostate cancer.  

In yet another embodiment, the cancer is a myeloma, e.g., multiple myeloma.  

In yet another embodiment, the cancer is a renal cancer, e.g., a renal cell carcinoma 

(RCC) (e.g., a metastatic RCC or clear cell renal cell carcinoma (CCRCC)).  
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In one embodiment, the cancer microenvironment has an elevated level of PD-Li 

expression. Alternatively, or in combination, the cancer microenvironment can have increased 

IFNy and/or CD8 expression.  

In some embodiments, the subject has, or is identified as having, a tumor that has one or 

more of high PD-Li level or expression, or as being Tumor Infiltrating Lymphocyte (TIL)+ (e.g., 

as having an increased number of TILs), or both. In certain embodiments, the subject has, or is 

identified as having, a tumor that has high PD-Li level or expression and that is TIL+. In some 

embodiments, the methods described herein further include identifying a subject based on having 

a tumor that has one or more of high PD-Li level or expression, or as being TIL+, or both. In 

certain embodiments, the methods described herein further include identifying a subject based on 

having a tumor that has high PD-LI level or expression and as being TIL+. In some 

embodiments, tumors that are TIL+ are positive for CD8 and IFNY. In some embodiments, the 

subject has, or is identified as having, a high percentage of cells that are positive for one, two or 

more of PD-Li, CD8, and/or IFNy. In certain embodiments, the subject has or is identified as 

having a high percentage of cells that are positive for all of PD-Li, CD8, and IFNy.  

In some embodiments, the methods described herein further include identifying a subject 

based on having a high percentage of cells that are positive for one, two or more of PD-Li, CD8, 

and/or IFNy. In certain embodiments, the methods described herein further include identifying a 

subject based on having a high percentage of cells that are positive for all of PD-Li, CD8, and 

IFNy. In some embodiments, the subject has, or is identified as having, one, two or more of PD

LI, CD8, and/or IFNy, and one or more of a lung cancer, e.g., squamous cell lung cancer or lung 

adenocarcinoma; a head and neck cancer; a squamous cell cervical cancer; a stomach cancer; an 

esophageal cancer; a thyroid cancer; a melanoma, and/or a nasopharyngeal cancer (NPC). In 

certain embodiments, the methods described herein further describe identifying a subject based 

on having one, two or more of PD-Li, CD8, and/or IFNy, and one or more of a lung cancer, e.g., 

squamous cell lung cancer or lung adenocarcinoma; a head and neck cancer; a squamous cell 

cervical cancer; a stomach cancer; a thyroid cancer; a melanoma, and or a nasopharyngeal 

cancer.  

Methods and compositions disclosed herein are useful for treating metastatic lesions 

associated with the aforementioned cancers.  
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In a further aspect, the invention provides a method of treating an infectious disease in a 

subject, comprising administering to a subject a combination as described herein, e.g., a 

combination comprising a therapeutically effective amount of an anti-PD-i antibody molecule 

described herein. In one embodiment, the infection disease is chosen from hepatitis (e.g., hepatis 

C infection), or sepsis.  

Still further, the invention provides a method of enhancing an immune response to an 

antigen in a subject, comprising administering to the subject: (i) the antigen; and (ii) a 

combination as described herein, e.g., a combination comprising a therapeutically effective 

amount of an anti-PD-I antibody molecule described herein, such that an immune response to 

the antigen in the subject is enhanced. The antigen can be, for example, a tumor antigen, a viral 

antigen, a bacterial antigen or an antigen from a pathogen.  

The combinations as described herein can be administered to the subject systemically 

(e.g., orally, parenterally, subcutaneously, intravenously, rectally, intramuscularly, 

intraperitoneally, intranasally, transdermally, or by inhalation or intracavitary installation), 

topically, or by application to mucous membranes, such as the nose, throat and bronchial tubes.  

Dosages and therapeutic regimens of the therapeutic agents disclosed herein can be 

determined by a skilled artisan. In certain embodiments, the anti-PD-i antibody molecule is 

administered by injection (e.g., subcutaneously or intravenously) at a dose of about 1 to 30 

mg/kg, e.g., about 5 to 25 mg/kg, about 10 to 20 mg/kg, about 1 to 5 mg/kg, or about 3 mg/kg.  

The dosing schedule can vary from e.g., once a week to once every 2, 3, or 4 weeks. In one 

embodiment, the anti-PD-i antibody molecule is administered at a dose from about 10 to 20 

mg/kg every other week.  

In some embodiments, the anti-PD-i antibody molecule is administered by injection 

(e.g., subcutaneously or intravenously) at a dose (e.g., a flat dose) of about 200 mg to 500 mg, 

e.g., about 250 mg to 450 mg, about 300 mg to 400 mg, about 250 mg to 350 mg, about 350 mg 

to 450 mg, or about 300 mg or about 400 mg. The dosing schedule (e.g., flat dosing schedule) 

can vary from e.g., once a week to once every 2, 3, 4, 5, or 6 weeks. In one embodiment, the 

anti-PD-i antibody molecule is administered at a dose from about 300 mg to 400 mg once every 

three weeks or once every four weeks. In one embodiment, the the anti-PD-I antibody molecule 

is administered at a dose from about 300 mg once every three weeks. In one embodiment, the 

the anti-PD-i antibody molecule is administered at a dose from about 400 mg once every four 
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weeks. In one embodiment, the the anti-PD-I antibody molecule is administered at a dose from 

about 300 mg once every four weeks. In one embodiment, the the anti-PD-I antibody molecule 

is administered at a dose from about 400 mg once every three weeks.  

In one embodiment, the anti-PD-1 antibody molecule is administered, alone or in 

combination (e.g., in combination with an anti-LAG-3 antibody molecule), at a dose of less than, 

or about, 5 mg/kg; less than, or about, 4 mg/kg; less than, or about, 3 mg/kg; less than, or about, 

2 mg/kg; less than, or about, 1 mg/kg, every other week. In one embodiment, the anti-PD-1 

antibody molecule is administered at a dose of I to 5 mg/kg every other week; I to 4 mg/kg 

every other week, I to 3 mg/kg every other week, or I to 2 mg/kg every other week. In one 

embodiment, the anti-LAG-3 antibody molecule is administered, alone or in combination (e.g., 

in combination with an anti-PD-I antibody molecule) at a dose of I to 5 mg/kg every other 

week; I to 4 mg/kg every other week, I to 3 mg/kg every other week, or I to 2 mg/kg every 

other week.  

The antibody molecules described herein are preferred for use in the methods described 

herein, although other anti-PD-1 antibodies can be used instead, or in combination with an anti

PD-i antibody molecule of the invention.  

Further Combination Therapies 

The methods and combinations described herein can be used in combination with other 

agents or therapeutic modalities. In one embodiment, the methods described herein include 

administering to the subject a combination comprising an anti-PD-1 antibody molecule as 

described herein, in combination with an agent or therapeutic procedure or modality, in an 

amount effective to treat or prevent a disorder. The anti-PD-I antibody molecule and the agent 

or therapeutic procedure or modality can be administered simultaneously or sequentially in any 

order. Any combination and sequence of the anti-PD-1 antibody molecules and other therapeutic 

agents, procedures or modalities (e.g., as described herein) can be used. The antibody molecule 

and/or other therapeutic agents, procedures or modalities can be administered during periods of 

active disorder, or during a period of remission or less active disease. The antibody molecule 

can be administered before the other treatment, concurrently with the treatment, post-treatment, 

or during remission of the disorder.  
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In certain embodiments, the methods and compositions described herein are administered 

in combination with one or more of other antibody molecules, chemotherapy, other anti-cancer 

therapy (e.g., targeted anti-cancer therapies, gene therapy, viral therapy, RNA therapy bone 

marrow transplantation, nanotherapy, or oncolytic drugs), cytotoxic agents, immune-based 

therapies (e.g., cytokines or cell-based immune therapies), surgical procedures (e.g., lumpectomy 

or mastectomy) or radiation procedures, or a combination of any of the foregoing. The 

additional therapy may be in the form of adjuvant or neoadjuvant therapy. In some 

embodiments, the additional therapy is an enzymatic inhibitor (e.g., a small molecule enzymatic 

inhibitor) or a metastatic inhibitor. Exemplary cytotoxic agents that can be administered in 

combination with include antimicrotubule agents, topoisomerase inhibitors, anti-metabolites, 

mitotic inhibitors, alkylating agents, anthracyclines, vinca alkaloids, intercalating agents, agents 

capable of interfering with a signal transduction pathway, agents that promote apoptosis, 

proteosome inhibitors, and radiation (e.g., local or whole body irradiation (e.g., gamma 

irradiation). In other embodiments, the additional therapy is surgery or radiation, or a 

combination thereof In other embodiments, the additional therapy is a therapy targeting one or 

more of PI3K/AKT/mTOR pathway, an HSP90 inhibitor, or a tubulin inhibitor.  

Alternatively, or in combination with the aforesaid combinations, the methods and 

compositions described herein can be administered in combination with one or more of. an 

immunomodulator (e.g., an activator of a costimulatory molecule or an inhibitor of an inhibitory 

molecule, e.g., an immune checkpoint molecule); a vaccine, e.g., a therapeutic cancer vaccine; or 

other forms of cellular immunotherapy.  

Exemplary non-limiting combinations and uses of the combinations disclosed herein, 

e.g., a combination comprising an anti-PD-1 antibody molecule, include the following.  

In certain embodiments, the combination disclosed herein, e.g., a combination 

comprising an anti-PD-1 antibody molecule, is administered in combination with a modulator of 

a costimulatory molecule or an inhibitory molecule, e.g., a co-inhibitory ligand or receptor.  

In one embodiment, the combination disclosed herein, e.g., a combination comprising an 

anti-PD-1 antibody molecule, is administered in combination with a modulator, e.g., agonist, of a 

costimulatory molecule. In 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-I (CDIIa/CD18), ICOS (CD278), 4-iBB 
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(CD137), GITR, CD30, CD40, BAFFR, HVEM, CD7, LIGHT, NKG2C, SLAMF7, NKp8O, 

CD160, B7-H3 or CD83 ligand.  

In one embodiment, the combination disclosed herein, e.g., a combination comprising an 

anti-PD-1 antibody molecule, is administered in combination with an inhibitor of an inhibitory 

(or immune checkpoint) molecule chosen from PD-LI, PD-L2, CTLA-4, TIM-3, LAG-3, 

CEACAM (e.g., CEACAM-1, CEACAM-3, and/or CEACAM-5), VISTA, BTLA, TIGIT, 

LAIRi, CD160, 2B4 and/or TGFR beta. In one embodiment, the inhibitor is a soluble ligand 

(e.g., a CTLA-4-Ig), or an antibody or antibody fragment that binds to PD-LI, PD-L2 or CTLA

4. For example, the anti-PD-I antibody molecule can be administered in combination with an 

anti-CTLA-4 antibody, e.g., ipilimumab, for example, to treat a cancer (e.g., a cancer chosen 

from: a melanoma, e.g., a metastatic melanoma; a lung cancer, e.g., a non-small cell lung 

carcinoma; or a prostate cancer). In one embodiment, the anti-PD-1 antibody molecule is 

administered after treatment with an anti-CTLA-4 antibody (e.g., ipilimumab) with or without a 

BRAF inhibitor (e.g., vemurafenib or dabrafenib).  

In another embodiment, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-1 antibody molecule, is administered in combination with an anti-LAG-3 antibody or 

antigen-binding fragment thereof.  

In another embodiment, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-1 antibody molecule, is administered in combination with an anti-TIM-3 antibody or 

antigen-binding fragment thereof.  

In yet other embodiments, the combination disclosed herein, e.g., a combination 

comprising an anti-PD-1 antibody molecule, is administered in combination with an anti-LAG-3 

antibody and an anti-TIM-3 antibody (or antigen-binding fragments thereof).  

In another embodiment, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-I antibody molecule, is administered in combination with a CEACAM inhibitor (e.g., 

CEACAM-I and/or CEACAM-5 inhibitor), e.g., an anti- CEACAM antibody molecule. In 

another embodiment, the anti-PD-1 antibody molecule is administered in combination with a 

CEACAM-I inhibitor, e.g., an anti- CEACAM-I antibody molecule. In another embodiment, 

the anti-PD-1 antibody molecule is administered in combination with a CEACAM-5 inhibitor, 

e.g., an anti- CEACAM-5 antibody molecule.  
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The combination of antibodies recited herein can be administered separately, e.g., as 

separate antibodies or antigen-binding fragments thereof, or linked, e.g., as a bispecific or 

trispecific antibody molecule. In one embodiment, a bispecific antibody that includes an anti

PD-I antibody molecule and an anti-TIM-3, anti-CEACAM (e.g., anti-CEACAM-1, CEACAM

5 3, and/or anti-CEACAM-5), or anti-LAG-3 antibody, or an antigen-binding fragment thereof, is 

administered. In certain embodiments, the combination of antibodies recited herein is used to 

treat a cancer, e.g., a cancer as described herein (e.g., a solid tumor or a hematologic 

malignancy).  

In other embodiments, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-1 antibody molecule, is administered in combination with a cytokine. The cytokine 

can be administered as a fusion molecule to the anti-PD-I antibody molecule, or as separate 

compositions. In one embodiment, the anti-PD-1 antibody is administered in combination with 

one, two, three or more cytokines, e.g., as a fusion molecule or as separate compositions. In one 

embodiment, the cytokine is an interleukin (IL) chosen from one, two, three or more of IL-1, IL

5 2, IL-12, IL-15 or IL-21. In one embodiment, a bispecific antibody molecule has a first binding 

specificity to a first target (e.g., to PD-1), a second binding specificity to a second target (e.g., 

LAG-3 or TIM-3), and is optionally linked to an interleukin (e.g., IL-12) domain e.g., full length 

IL-12 or a portion thereof. In certain embodiments, the combination of anti-PD-I antibody 

molecule and the cytokine described herein is used to treat a cancer, e.g., a cancer as described 

herein (e.g., a solid tumor).  

In certain embodiments, the combination disclosed herein, e.g., a combination 

comprising an anti-PD-1 antibody molecule, is administered in combination with an antibody 

specific against an HLA C, e.g., an antibody specific to Killer-cell Immunoglobulin-like 

Receptors (also referred to herein as an "anti-KIR antibody"). In certain embodiments, the 

5 combination of anti-PD-I antibody molecule and anti-KIR antibody is used to treat a cancer, e.g., 

a cancer as described herein (e.g., a solid tumor, e.g., an advanced solid tumor).  

In one embodiment, the combination disclosed herein, e.g., a combination comprising an 

anti-PD-1 antibody molecule, is administered in combination with a cellular immunotherapy 

(e.g., Provenge® (e.g., Sipuleucel-T)), and optionally in combination with cyclophosphamide.  

In certain embodiments, the combination of anti-PD-1 antibody molecule, Provenge® and/or 
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cyclophosphamide is used to treat a cancer, e.g., a cancer as described herein (e.g., a prostate 

cancer, e.g., an advanced prostate cancer).  

In another embodiment, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-1 antibody molecule, is administered in combination with a vaccine, e.g., a cancer 

vaccine, (e.g., a dendritic cell renal carcinoma (DC-RCC) vaccine). In one embodiment, the 

vaccine is peptide-based, DNA-based, RNA-based, or antigen-based, or a combination thereof 

In embodiments, the vaccine comprises one or more peptides, nucleic acids (e.g., DNA or RNA), 

antigens, or a combination thereof In certain embodiments, the combination of anti-PD-1 

antibody molecule and the DC-RCC vaccine is used to treat a cancer, e.g., a cancer as described 

herein (e.g., a renal carcinoma, e.g., metastatic renal cell carcinoma (RCC) or clear cell renal cell 

carcinoma (CCRCC)).  

In another embodiment, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-1 antibody molecule, is administered in combination with an adjuvant.  

In yet another embodiment, the combination disclosed herein, e.g., a combination 

comprising an anti-PD-1 antibody molecule, is administered in combination with chemotherapy, 

and/or immunotherapy. For example, the anti-PD-1 antibody molecule can be used to treat a 

myeloma, alone or in combination with one or more of: chemotherapy or other anti-cancer 

agents (e.g., thalidomide analogs, e.g., lenalidomide), an anti-TIM-3 antibody, tumor antigen

pulsed dendritic cells, fusions (e.g., electrofusions) of tumor cells and dendritic cells, or 

vaccination with immunoglobulin idiotype produced by malignant plasma cells. In one 

embodiment, the anti-PD-I antibody molecule is used in combination with an anti-TIM-3 

antibody to treat a myeloma, e.g., a multiple myeloma.  

In one embodiment, the combination disclosed herein, e.g., a combination comprising an 

anti-PD-1 antibody molecule, is used in combination with chemotherapy to treat a lung cancer, 

e.g., non-small cell lung cancer. In one embodiment, the anti-PD-1 antibody molecule is used 

with standard lung, e.g., NSCLC, chemotherapy, e.g., platinum doublet therapy, to treat lung 

cancer. In yet other embodiments, the anti-PD-I antibody molecule is used in combination with 

an indoleamine-pyrrole 2,3-dioxygenase (IDO) inhibitor (e.g., (4E)-4-[(3-chloro-4

fluoroanilino)-nitrosomethylidene]-1,2,5-oxadiazol-3-amine (also known as INCB24360), 

indoximod (1 -methyl -D-tryptophan), a-cyclohexyl-5H-Imidazo[5, I -a]isoindole-5 -ethanol (also 
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known as NLG919), etc.) in a subject with advanced or metastatic cancer (e.g., a patient with 

metastic and recurrent NSCL cancer).  

In yet other embodiments, the combination disclosed herein, e.g., a combination 

comprising an anti-PD-1 antibody molecule, is used in combination with one or more of: an 

immune-based strategy (e.g., interleukin-2 or interferon-a), a targeting agent (e.g., a VEGF 

inhibitor such as a monoclonal antibody to VEGF); a VEGF tyrosine kinase inhibitor such as 

sunitinib, sorafenib, axitinib and pazopanib; an RNAi inhibitor; or an inhibitor of a downstream 

mediator of VEGF signaling, e.g., an inhibitor of the mammalian target of rapamycin (mTOR), 

e.g., everolimus and temsirolimus. Any of such combinations can be used to treat a renal cancer, 

e.g., renal cell carcinoma (RCC) (e.g., clear cell renal cell carcinoma (CCRCC)) or metastatic 

RCC.  

In some embodiments, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-I antibody molecule, is used in combination with a MEK inhibitor (e.g., a MEK 

inhibitor as described herein). In some embodiments, the combination of the anti-PD-1 antibody 

and the MEK inhibitor is used to treat a cancer (e.g., a cancer described herein). In some 

embodiments, the cancer treated with the combination is chosen from a melanoma, a colorectal 

cancer, a non-small cell lung cancer, an ovarian cancer, a breast cancer, a prostate cancer, a 

pancreatic cancer, a hematological malignancy or a renal cell carcinoma. In certain 

embodiments, the cancer includes a BRAF mutation (e.g., a BRAF V600E mutation), a BRAF 

wildtype, a KRAS wildtype or an activating KRAS mutation. The cancer may be at an early, 

intermediate or late stage.  

In another embodiment, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-I antibody molecule, is used in combination with one, two or all of oxaliplatin, 

leucovorin or 5-FU (e.g., a FOLFOX co-treatment). Alternatively or in combination, 

combination further includes a VEGF inhibitor (e.g., a VEGF inhibitor as disclosed herein). In 

some embodiments, the combination of the anti-PD-1 antibody, the FOLFOX co-treatment, and 

the VEGF inhibitor is used to treat a cancer (e.g., a cancer described herein). In some 

embodiments, the cancer treated with the combination is chosen from a melanoma, a colorectal 

cancer, a non-small cell lung cancer, an ovarian cancer, a breast cancer, a prostate cancer, a 

pancreatic cancer, a hematological malignancy or a renal cell carcinoma. The cancer may be at 

an early, intermediate or late stage.  
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In other embodiments, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-1 antibody molecule, is administered with a tyrosine kinase inhibitor (e.g., axitinib) 

to treat renal cell carcinoma and other solid tumors.  

In other embodiments, the combination disclosed herein, e.g., a combination comprising 

an anti-PD-I antibody molecule, is administered with a 4-1BB receptor targeting agent (e.g., an 

antibody that stimulates signaling through 4-1BB (CD-137), e.g., PF-2566). In one embodiment, 

the anti-PD-1 antibody molecule is administered in combination with a tyrosine kinase inhibitor 

(e.g., axitinib) and a 4-IBB receptor targeting agent.  

The anti-PD-1 antibody molecule can be bound to a substance, e.g., a cytotoxic agent or 

moiety (e.g., a therapeutic drug; a compound emitting radiation; molecules of plant, fungal, or 

bacterial origin; or a biological protein (e.g., a protein toxin) or particle (e.g., a recombinant viral 

particle, e.g., via a viral coat protein). For example, the antibody can be coupled to a radioactive 

isotope such as an a-, P-, or y-emitter, or a j-and y-emitter.  

Any combination and sequence of the anti-PD-1 antibody molecules and other 

therapeutic agents, procedures or modalities (e.g., as described herein) can be used. The 

antibody molecule and/or other therapeutic agents, procedures or modalities can be administered 

during periods of active disorder, or during a period of remission or less active disease. The 

antibody molecule can be administered before the other treatment, concurrently with the 

treatment, post-treatment, or during remission of the disorder.  

Additional Combination Therapies 

In certain embodiments, any of the combinations disclosed herein further includes one or 

more of the agents described in Table 7.  

In some embodiments, the additional therapeutic agent is chosen from one or more of: 1) 

a protein kinase C (PKC) inhibitor; 2) a heat shock protein 90 (HSP90) inhibitor; 3) an inhibitor 

of a phosphoinositide 3-kinase (P13K) and/or target of rapamycin (mTOR); 4) an inhibitor of 

cytochrome P450 (e.g., a CYP17 inhibitor or a 17alpha-Hydroxylase/Ci7-20 Lyase inhibitor); 5) 

an iron chelating agent; 6) an aromatase inhibitor; 7) an inhibitor of p53, e.g., an inhibitor of a 

p53/Mdm2 interaction; 8) an apoptosis inducer; 9) an angiogenesis inhibitor; 10) an aldosterone 

synthase inhibitor; 11) a smoothened (SMO) receptor inhibitor; 12) a prolactin receptor (PRLR) 

inhibitor; 13) a Wnt signaling inhibitor; 14) a CDK4/6 inhibitor; 15) a fibroblast growth factor 
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receptor 2 (FGFR2)/fibroblast growth factor receptor 4 (FGFR4) inhibitor; 16) an inhibitor of 

macrophage colony-stimulating factor (M-CSF); 17) an inhibitor of one or more of c-KIT, 

histamine release, Flt3 (e.g., FLK2/STK1) or PKC; 18) an inhibitor of one or more of VEGFR-2 

(e.g., FLK-1/KDR), PDGFRbeta, c-KIT or Raf kinase C; 19) a somatostatin agonist and/or a 

growth hormone release inhibitor; 20) an anaplastic lymphoma kinase (ALK) inhibitor; 21) an 

insulin-like growth factor 1 receptor (IGF-IR) inhibitor; 22) a P-Glycoprotein 1 inhibitor; 23) a 

vascular endothelial growth factor receptor (VEGFR) inhibitor; 24) a BCR-ABL kinase 

inhibitor; 25) an FGFR inhibitor; 26) an inhibitor of CYPi 1B2; 27) a HDM2 inhibitor, e.g., an 

inhibitor of the HDM2-p53 interaction; 28) an inhibitor of a tyrosine kinase; 29) an inhibitor of 

c-MET; 30) an inhibitor of JAK; 31) an inhibitor of DAC; 32) an inhibitor of 11 -hydroxylase; 

33) an inhibitor of IAP; 34) an inhibitor of PIM kinase; 35) an inhibitor of Porcupine; 36) an 

inhibitor of BRAF, e.g., BRAF V600E or wild-type BRAF; 37) an inhibitor of HER3; 38) an 

inhibitor of MEK; or 39) an inhibitor of a lipid kinase, e.g., as described herein and in Table 7.  

In one embodiment, the cancer is chosen from a lung cancer (e.g., a non-small cell lung 

cancer (NSCLC) (e.g., a NSCLC with squamous and/or non-squamous histology, or a NSCLC 

adenocarcinoma), or disclosed in a publication listed in Table 7.  

Additional embodiments 

Additional embodiments provide a method of treating a cancer, comprising: identifying 

in a subject or a sample (e.g., a subject's sample comprising cancer cells and optionally immune 

cells such as TILs) the presence of one, two or all of PD-Li, CD8, or IFN-y, thereby providing a 

value for one, two or all of PD-Li, CD8, and IFN-7. The method can further include comparing 

the PD-Li, CD8, and/or IFN-y values to a reference value, e.g., a control value. If the PD-Li, 

CD8, and/or IFN-y values are greater than the reference value, e.g., the control values, 

administering a therapeutically effective amount of a combination as described herein (e.g., a 

combination that includes an anti-PD-i antibody described herein) to the subject, optionally in 

combination with one or more other agents, thereby treating the cancer. The cancer may be, e.g., 

a cancer described herein, such as lung cancer (squamous), lung cancer (adenocarcinoma), head 

and neck cancer, cervical cancer (squamous), stomach cancer, thyroid cancer, melanoma, 

nasopharyngeal cancer, or breast cancer, e.g., TN breast cancer, e.g., IM-TN breast cancer. In 

some embodiments, the cancer is ER+ breast cancer or pancreatic cancer.  
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Also provided is a method of treating a cancer, comprising: testing a subject or a sample 

(e.g., a subject's sample comprising cancer cells) for the presence of PD-LI, thereby identifying 

a PD-Li value, comparing the PD-Li value to a control value, and if the PD-Li value is greater 

than the control value, administering a therapeutically effective amount of a combination as 

described herein (e.g., a combination that includes an anti-PD-1 antibody described herein) to the 

subject, optionally in combination with one or more other agents, thereby treating the cancer.  

The cancer may be, e.g., a cancer as described herein, such as cancer is non-small cell lung 

(NSCLC) adenocarcinoma (ACA), NSCLC squamous cell carcinoma (SCC), or hepatocellular 

carcinoma (HCC).  

In another aspect, the invention features diagnostic or therapeutic kits that include the 

antibody molecules described herein and instructions for use.  

All publications, patent applications, patents, and other references mentioned herein are 

incorporated by reference in their entirety.  

Other features, objects, and advantages of the invention will be apparent from the 

description and drawings, and from the claims.  

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the amino acid sequences of the light and heavy chain variable regions 

of murine anti-PD-1 mAb BAPO49. The upper and lower sequences were from two independent 

analyses. The light and heavy chain CDR sequences based on Kabat numbering are underlined.  

The light heavy chain CDR sequences based on Chothia numbering are shown in bold italics.  

The unpaired Cys residue at position 102 of the light chain sequence is boxed. Sequences are 

disclosed as SEQ ID NOs: 8, 228, 16 and 229, respectively, in order of appearance.  

Figure 2A depicts the amino acid sequences of the light and heavy chain variable regions 

of murine anti-PD-I mAb BAPO49 aligned with the germline sequences. The upper and lower 

sequences are the germline (GL) and BAPO49 (Mu mAb) sequences, respectively. The light and 

heavy chain CDR sequences based on Kabat numbering are underlined. The light heavy chain 

CDR sequences based on Chothia numbering are shown in bold italics. "-" means identical amino 

acid residue. Sequences disclosed as SEQ ID NOs: 230, 8, 231 and 16, respectively, in order of 

appearance.  

Figure 2B depicts the sequence of murine K J2 gene and the corresponding mutation in 
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murine anti-PD-i mAb BAP049. "-" means identical nucleotide residue. Sequences disclosed as 

SEQ ID NOs: 233, 232, 234 and 235, respectively, in order of appearance.  

Figures 3A-3B depict the competition binding between fluorescently labeled murine 

anti-PD-i mAb BAPO49 (Mu mAb) and three chimeric versions of BAPO49 (Chi mAb).  

Experiment was performed twice, and the results are shown in Figures 3A and 3B, respectively.  

The three chimeric BAPO49 antibodies (Chi mAb (Cys), Chi mAb (Tyr) and Chi mAb (Ser)) 

have Cys, Tyr and Ser residue at position 102 of the light chain variable region, respectively.  

Chi mAb (Cys), Chi mAb (Tyr) and Chi mAb (Ser) are also known as BAPO49-chi, BAPO49

chi-Y, and BAPO49-chi-S, respectively.  

Figure 4 is a bar graph showing the results of FACS binding analysis for the sixteen 

humanized BAPO49 clones (BAPO49-humOl to BAPO49-hum16). The antibody concentrations 

are 200, 100, 50, 25 and 12.5 ng/ml from the leftmost bar to the rightmost bar for each tested 

mAb.  

Figure 5 depicts the structural analysis of the humanized BAP049 clones (a, b, c, d and e 

represent various types of framework region sequences). The concentrations of the mAbs in the 

samples are also shown.  

Figure 6A-6B depicts the binding affinity and specificity of humanized BAP049 mAbs 

measured in a competition binding assay using a constant concentration of Alexa 488-labeled 

murine mAb BAPO49, serial dilutions of the test antibodies, and PD-i-expressing 300.19 cells.  

Experiment was performed twice, and the results are shown in Figures 6A and 6B, respectively.  

Figure 7 depicts the ranking of humanized BAPO49 clones based on FACS data, 

competition binding and structural analysis. The concentrations of the mAbs in the samples are 

also shown.  

Figures 8A-8B depict blocking of ligand binding to PD-i by selected humanized 

BAPO49 clones. Blocking of PD-LI-Ig and PD-L2-Ig binding to PD-i is shown in Figire 8A.  

Blocking of PD-L2-Ig binding to PD-i is shown in Figire 8B. BAPO49-hum01, BAPO49

hum05, BAPO49-hum08, BAPO49-hum09, BAPO49-hum 10, and BAPO49-hum 11 were 

evaluated. Murine mAb BAPO49 and chimeric mAb having Tyr at position 102 of the light 

chain variable region were also included in the analyses.  

Figures 9A-9B depict the alignment of heavy chain variable domain sequences for the 

sixteen humanized BAPO49 clones and BAPO49 chimera (BAPO49-chi). In Figure 9A, all of the 
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sequences are shown (SEQ ID NOs: 22, 38, 38, 38, 38, 38, 38, 38, 38, 38, 50, 50, 50, 50, 82, 82 

and 86, respectively, in order of appearance). In Figure 9B, only amino acid sequences that are 

different from mouse sequence are shown (SEQ ID NOs: 22, 38, 38, 38, 38, 38, 38, 38, 38, 38, 

50, 50, 50, 50, 82, 82 and 86, respectively, in order of appearance).  

Figures 10A-10B depict the alignment of light chain variable domain sequences for the 

sixteen humanized BAPO49 clones and BAPO49 chimera (BAPO49-chi). In Figure 10A, all of 

the sequences are shown (SEQ ID NOs: 24, 66, 66, 66, 66, 70, 70, 70, 58, 62, 78, 74, 46, 46, 42, 

54 and 54, respectively, in order of appearance). In Figure 10B, only amino acid sequences that 

are different from mouse sequence are shown (SEQ ID NOs: 24, 66, 66, 66, 66, 70, 70, 70, 58, 

62, 78, 74, 46, 46, 42, 54 and 54, respectively, in order of appearance).  

Figure 11 is a schematic diagram that outlines the antigen processing and presentation, 

effector cell responses and immunosuppression pathways targeted by the combination therapies 

disclosed herein.  

Figure 12 depicts the predicted Ctrough (Cmin) concentrations across the different 

weights for patients while receiving the same dose of an exemplary anti-PD-I antibody 

molecule.  

Figure 13 depicts ovserved versus model predicted (population or individual based) 

Cmin concentrations.  

Figure 14 depicts the accumulation, time course and within subject variability of the 

model used to analyze pharmacokinetics.  

Figure 15 depicts the amino acid sequence of the light chain of the Antibody Molecule 

A.  

Figure 16 depicts the amino acid sequence of the heavy chain of the Antibody Molecule 

A.  

BRIEF DESCRIPTION OF THE TABLES 

Table 1 is a summary of the amino acid and nucleotide sequences for the murine, 

chimeric and humanized anti-PD-i antibody molecules. The antibody molecules include murine 

mAb BAPO49, chimeric mAbs BAPO49-chi and BAPO49-chi-Y, and humanized mAbs BAPO49

humO1 to BAPO49-hum16 and BAPO49-Clone-A to BAPO49-Clone-E. The amino acid and 

nucleotide sequences of the heavy and light chain CDRs, the amino acid and nucleotide 
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sequences of the heavy and light chain variable regions, and the amino acid and nucleotide 

sequences of the heavy and light chains are shown in this Table.  

Table 2 depicts the amino acid and nucleotide sequences of the heavy and light chain 

framework regions for humanized mAbs BAPO49-hum0I to BAPO49-hum16 and BAPO49

5 Clone-A to BAPO49-Clone-E.  

Table 3 depicts the constant region amino acid sequences of human IgG heavy chains 

and human kappa light chain.  

Table 4 shows the amino acid sequences of the heavy and light chain leader sequences 

for humanized mAbs BAPO49-Clone-A to BAPO49-Clone-E.  

Table 5 depicts exemplary PK parameters based on flat dosing schedules.  

Table 6 depicts the expected disulfide linkages in the Antibody Molecule A.  

DETAILED DESCRIPTION 

5 Disclosed herein, at least in part, are antibody molecules (e.g., humanized antibody 

molecules) that bind to Programmed Death 1 (PD-1) with high affinity and specificity. Nucleic 

acid molecules encoding the antibody molecules, expression vectors, host cells and methods for 

making the antibody molecules are also provided. Pharmaceutical compositions and dose 

formulations comprising the antibody molecules are also provided. The anti-PD-i antibody 

molecules disclosed herein can be used (alone or in combination with other agents or therapeutic 

modalities) to treat, prevent and/or diagnose disorders, such as cancerous disorders (e.g., solid 

and soft-tissue tumors), as well as infectious diseases (e.g., chronic infectious disorders or 

sepsis). Thus, compositions and methods for detecting PD-1, as well as methods for treating 

various disorders including cancer and/or infectious diseases, using the anti-PD-i antibody 

5 molecules are disclosed herein. In certain embodiments, the anti-PD-i antibody molecule is 

administered or used at a flat or fixed dose.  

Also disclosed herein are methods and compositions comprising a combination of two, 

three or more therapeutic agents chosen from one, two, or all of the following categories (i)-(iii): 

(i) an agent that enhances antigen presentation (e.g., tumor antigen presentation) (e.g., by 

enhancing one or more of dendritic cell activity or maturation, antigen uptake, or antigen 

processing); (ii) an agent that enhances an effector cell response (e.g., an immune effector cell 
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response, e.g., B cell and/or T cell activation and/or mobilization, e.g., in the lymph node); or 

(iii) an agent that decreases tumor immunosuppression (e.g., increasing T cell infiltration and 

tumor cell killing). In some embodiments, the combination includes a PD-i inhibitor (e.g., an 

anti-PD-1 antibody molecule as described herein). Without wishing to be bound by theory, it is 

believed that therapeutic approaches that enhance anti-tumor immunity work more effectively 

when the immune response is optimized via multiple targets at different stages of the immune 

response. Each of these stages in depicted in schematic form in Figure 21. For example, 

approaches that result in activation of dendritic cells combined with approaches that enhance 

cellular and humoral immune can result in a more effective and/or prolonged therapeutic 

response.  

Additional terms are defined below and throughout the application.  

As used herein, the articles "a" and "an" refer to one or to more than one (e.g., to at least 

one) of the grammatical object of the article.  

The term "or" is used herein to mean, and is used interchangeably with, the term 

"and/or", unless context clearly indicates otherwise.  

"About" and "approximately" shall generally mean an acceptable degree of error for the 

quantity measured given the nature or precision of the measurements. Exemplary degrees of 

error are within 20 percent (%), typically, within 10%, and more typically, within 5% of a given 

value or range of values.  

By "a combination" or "in combination with," it is not intended to imply that the therapy 

or the therapeutic agents must be administered at the same time and/or formulated for delivery 

together, although these methods of delivery are within the scope described herein. The 

therapeutic agents in the combination can be administered concurrently with, prior to, or 

subsequent to, one or more other additional therapies or therapeutic agents. The therapeutic 

agents or therapeutic protocol can be administered in any order. In general, each agent will be 

administered at a dose and/or on a time schedule determined for that agent. In will further be 

appreciated that the additional therapeutic agent utilized in this combination may be administered 

together in a single composition or administered separately in different compositions. In general, 

it is expected that additional therapeutic agents utilized in combination be utilized at levels that 
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do not exceed the levels at which they are utilized individually. In some embodiments, the levels 

utilized in combination will be lower than those utilized individually.  

In embodiments, the additional therapeutic agent is administered at a therapeutic or 

lower-than therapeutic dose. In certain embodiments, the concentration of the second therapeutic 

agent that is required to achieve inhibition, e.g., growth inhibition, is lower when the second 

therapeutic agent is administered in combination with the first therapeutic agent, e.g., the anti

PD-I antibody molecule, than when the second therapeutic agent is administered individually.  

In certain embodiments, the concentration of the first therapeutic agent that is required to achieve 

inhibition, e.g., growth inhibition, is lower when the first therapeutic agent is administered in 

combination with the second therapeutic agent than when the first therapeutic agent is 

administered individually. In certain embodiments, in a combination therapy, the concentration 

of the second therapeutic agent that is required to achieve inhibition, e.g., growth inhibition, is 

lower than the therapeutic dose of the second therapeutic agent as a monotherapy, e.g., 10-20%, 

20-30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%, or 80-90% lower. In certain 

embodiments, in a combination therapy, the concentration of the first therapeutic agent that is 

required to achieve inhibition, e.g., growth inhibition, is lower than the therapeutic dose of the 

first therapeutic agent as a monotherapy, e.g., 10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 60

70%, 70-80%, or 80-90% lower.  

The term "inhibition," "inhibitor," or "antagonist" includes a reduction in a certain 

parameter, e.g., an activity, of a given molecule, e.g., an immune checkpoint inhibitor. For 

example, inhibition of an activity, e.g., a PD-I or PD-LI activity, of at least 5%, 10%, 20%, 

30%, 40% or more is included by this term. Thus, inhibition need not be 100%.  

The term "activation," "activator," or "agonist" includes an increase in a certain 

parameter, e.g., an activity, of a given molecule, e.g., a costimulatory molecule. For example, 

increase of an activity, e.g., a costimulatory activity, of at least 5%, 10%, 2 5 %, 5 0%, 75% or 

more is included by this term.  

The term "anti-cancer effect" refers to a biological effect which can be manifested by 

various means, including but not limited to, e.g., a decrease in tumor volume, a decrease in the 

number of cancer cells, a decrease in the number of metastases, an increase in life expectancy, 

decrease in cancer cell proliferation, decrease in cancer cell survival, or amelioration of various 

physiological symptoms associated with the cancerous condition. An "anti-cancer effect" can 
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also be manifested by the ability of the peptides, polynucleotides, cells and antibodies in 

prevention of the occurrence of cancer in the first place.  

The term "anti-tumor effect" refers to a biological effect which can be manifested by 

various means, including but not limited to, e.g., a decrease in tumor volume, a decrease in the 

number of tumor cells, a decrease in tumor cell proliferation, or a decrease in tumor cell survival.  

The term "cancer" refers to a disease characterized by the rapid and uncontrolled growth 

of aberrant cells. Cancer cells can spread locally or through the bloodstream and lymphatic 

system to other parts of the body. Examples of various cancers are described herein and include 

but are not limited to, breast cancer, prostate cancer, ovarian cancer, cervical cancer, skin cancer, 

pancreatic cancer, colorectal cancer, renal cancer, liver cancer, brain cancer, lymphoma, 

leukemia, lung cancer and the like. The terms "tumor" and "cancer" are used interchangeably 

herein, e.g., both terms encompass solid and liquid, e.g., diffuse or circulating, tumors. As used 

herein, the term "cancer" or "tumor" includes premalignant, as well as malignant cancers and 

tumors.  

The term "antigen presenting cell" or "APC" refers to an immune system cell such as an 

accessory cell (e.g., a B-cell, a dendritic cell, and the like) that displays a foreign antigen 

complexed with major histocompatibility complexes (MHC's) on its surface. T-cells may 

recognize these complexes using their T-cell receptors (TCRs). APCs process antigens and 

present them to T-cells.  

The term "costimulatory molecule" refers to the cognate binding partner on a T cell that 

specifically binds with a costimulatory ligand, thereby mediating a costimulatory response by the 

T cell, such as, but not limited to, proliferation. Costimulatory molecules are cell surface 

molecules other than antigen receptors or their ligands that are required for an efficient immune 

response. Costimulatory molecules include, but are not limited to, an MHC class I molecule, 

TNF receptor proteins, Immunoglobulin-like proteins, cytokine receptors, integrins, signaling 

lymphocytic activation molecules (SLAM proteins), activating NK cell receptors, BTLA, a Toll 

ligand receptor, OX40, CD2, CD7, CD27, CD28, CD30, CD40, CDS, ICAM-1, LFA-1 

(CD11a/CD18), 4-1BB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD278), GITR, BAFFR, 

LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp8O (KLRF1), NKp44, NKp30, NKp46, 

CD 19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLA1, CD49a, 

ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CD1 Id, ITGAE, CD 103, ITGAL, 
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CD11a, LFA-1, ITGAM, CD11b, ITGAX, CD11c, ITGB1, CD29, ITGB2, CD18, LFA-1, 

ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 

2B4), CD84, CD96 (Tactile), CEACAMI, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, 

CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly1O8), SLAM (SLAMFI, CD150, IPO-3), 

BLAME (SLAMF8), SELPLG (CD 162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19a, and a 

ligand that specifically binds with CD83.  

"Immune effector cell," or "effector cell" as that term is used herein, refers to a cell that 

is involved in an immune response, e.g., in the promotion of an immune effector response.  

Examples of immune effector cells include T cells, e.g., alpha/beta T cells and gamma/delta T 

cells, B cells, natural killer (NK) cells, natural killer T (NKT) cells, mast cells, and myeloid

derived phagocytes.  

"Immune effector" or "effector" "function" or "response," as that term is used herein, 

refers to function or response, e.g., of an immune effector cell, that enhances or promotes an 

immune attack of a target cell. E.g., an immune effector function or response refers a property of 

a T or NK cell that promotes killing or the inhibition of growth or proliferation, of a target cell.  

In the case of a T cell, primary stimulation and co-stimulation are examples of immune effector 

function or response.  

The term "effector function" refers to a specialized function of a cell. Effector 

function of a T cell, for example, may be cytolytic activity or helper activity including the 

secretion of cytokines.  

As used herein, the terms "treat", "treatment" and "treating" refer to the reduction or 

amelioration of the progression, severity and/or duration of a disorder, e.g., a proliferative 

disorder, or the amelioration of one or more symptoms (preferably, one or more discernible 

symptoms) of the disorder resulting from the administration of one or more therapies. In specific 

embodiments, the terms "treat," "treatment" and "treating" refer to the amelioration of at least 

one measurable physical parameter of a proliferative disorder, such as growth of a tumor, not 

necessarily discernible by the patient. In other embodiments the terms "treat", "treatment" and 

"treating" -refer to the inhibition of the progression of a proliferative disorder, either physically 

by, e.g., stabilization of a discernible symptom, physiologically by, e.g., stabilization of a 

physical parameter, or both. In other embodiments the terms "treat", "treatment" and "treating" 

refer to the reduction or stabilization of tumor size or cancerous cell count.  
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The compositions and methods of the present invention encompass polypeptides and 

nucleic acids having the sequences specified, or sequences substantially identical or similar 

thereto, e.g., sequences at least 85%, 90%, 95% identical or higher to the sequence specified. In 

the context of an amino acid sequence, the term "substantially identical" is used herein to refer to 

a first amino acid that contains a sufficient or minimum number of amino acid residues that are i) 

identical to, or ii) conservative substitutions of aligned amino acid residues in a second amino 

acid sequence such that the first and second amino acid sequences can have a common structural 

domain and/or common functional activity. For example, amino acid sequences that contain a 

common structural domain having at least about 85%, 90%. 91%, 9 2 %, 9 3 %, 9 4 %, 9 5%, 96%, 

97%, 98% or 99% identity to a reference sequence, e.g., a sequence provided herein.  

In the context of nucleotide sequence, the term "substantially identical" is used herein to 

refer to a first nucleic acid sequence that contains a sufficient or minimum number of nucleotides 

that are identical to aligned nucleotides in a second nucleic acid sequence such that the first and 

second nucleotide sequences encode a polypeptide having common functional activity, or encode 

a common structural polypeptide domain or a common functional polypeptide activity. For 

example, nucleotide sequences having at least about 8 5%, 9 0%, 9 1%, 9 2 %, 93%, 94%, 95%, 

96%, 97%, 98% or 99% identity to a reference sequence, e.g., a sequence provided herein.  

The term "functional variant" refers to polypeptides that have a substantially identical 

amino acid sequence to the naturally-occurring sequence, or are encoded by a substantially 

identical nucleotide sequence, and are capable of having one or more activities of the naturally

occurring sequence.  

Calculations of homology or sequence identity between sequences (the terms are used 

interchangeably herein) are performed as follows.  

To determine the percent identity of two amino acid sequences, or of two nucleic acid 

sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be 

introduced in one or both of a first and a second amino acid or nucleic acid sequence for optimal 

alignment and non-homologous sequences can be disregarded for comparison purposes). In a 

preferred embodiment, the length of a reference sequence aligned for comparison purposes is at 

least 30%, preferably at least 40%, more preferably at least 50%, 60%, and even more preferably 

at least 7 0%, 8 0%, 9 0%, 100% of the length of the reference sequence. The amino acid residues 
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or nucleotides at corresponding amino acid positions or nucleotide positions are then compared.  

When a position in the first sequence is occupied by the same amino acid residue or nucleotide 

as the corresponding position in the second sequence, then the molecules are identical at that 

position (as used herein amino acid or nucleic acid "identity" is equivalent to amino acid or 

nucleic acid "homology").  

The percent identity between the two sequences is a function of the number of identical 

positions shared by the sequences, taking into account the number of gaps, and the length of each 

gap, which need to be introduced for optimal alignment of the two sequences.  

The comparison of sequences and determination of percent identity between two 

sequences can be accomplished using a mathematical algorithm. In a preferred embodiment, the 

percent identity between two amino acid sequences is determined using the Needleman and 

Wunsch ((1970) J. Mol. Biol. 48:444-453 ) algorithm which has been incorporated into the GAP 

program in the GCG software package (available at http://www.gcg.com), using either a 

Blossum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a 

length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred embodiment, the percent identity 

between two nucleotide sequences is determined using the GAP program in the GCG software 

package (available at http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight 

of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. A particularly preferred set of 

parameters (and the one that should be used unless otherwise specified) are a Blossum 62 scoring 

matrix with a gap penalty of 12, a gap extend penalty of 4, and a frameshift gap penalty of 5.  

The percent identity between two amino acid or nucleotide sequences can be determined 

using the algorithm of E. Meyers and W. Miller ((1989) CABJOS, 4:11-17) which has been 

incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue table, a gap 

length penalty of 12 and a gap penalty of 4.  

The nucleic acid and protein sequences described herein can be used as a "query 

sequence" to perform a search against public databases to, for example, identify other family 

members or related sequences. Such searches can be performed using the NBLAST and 

XBLAST programs (version 2.0) of Altschul, et al. (1990) J. Mol. Biol. 215:403-10. BLAST 

nucleotide searches can be performed with the NBLAST program, score = 100, wordlength = 12 

to obtain nucleotide sequences homologous to a nucleic acid (SEQ ID NO: 1) molecules of the 

invention. BLAST protein searches can be performed with the XBLAST program, score = 50, 
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wordlength = 3 to obtain amino acid sequences homologous to protein molecules of the 

invention. To obtain gapped alignments for comparison purposes, Gapped BLAST can be 

utilized as described in Altschul et al., (1997) Nucleic Acids Res. 25:3389-3402. When utilizing 

BLAST and Gapped BLAST programs, the default parameters of the respective programs (e.g., 

XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov.  

As used herein, the term "hybridizes under low stringency, medium stringency, high 

stringency, or very high stringency conditions" describes conditions for hybridization and 

washing. Guidance for performing hybridization reactions can be found in Current Protocols in 

Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6, which is incorporated by 

reference. Aqueous and nonaqueous methods are described in that reference and either can be 

used. Specific hybridization conditions referred to herein are as follows: 1) low stringency 

hybridization conditions in 6X sodium chloride/sodium citrate (SSC) at about 45'C, followed by 

two washes in 0.2X SSC, 0.1% SDS at least at 50'C (the temperature of the washes can be 

increased to 550 C for low stringency conditions); 2) medium stringency hybridization conditions 

in 6X SSC at about 45'C, followed by one or more washes in 0.2X SSC, 0.l1% SDS at 60'C; 3) 

high stringency hybridization conditions in 6X SSC at about 45'C, followed by one or more 

washes in 0.2X SSC, 0.l1% SDS at 65'C; and preferably 4) very high stringency hybridization 

conditions are 0.5M sodium phosphate, 7% SDS at 65'C, followed by one or more washes at 

0.2X SSC, 1% SDS at 65'C. Very high stringency conditions (4) are the preferred conditions 

and the ones that should be used unless otherwise specified.  

It is understood that the molecules of the present invention may have additional 

conservative or non-essential amino acid substitutions, which do not have a substantial effect on 

their functions.  

The term "amino acid" is intended to embrace all molecules, whether natural or synthetic, 

which include both an amino functionality and an acid functionality and capable of being 

included in a polymer of naturally-occurring amino acids. Exemplary amino acids include 

naturally-occurring amino acids; analogs, derivatives and congeners thereof; amino acid analogs 

having variant side chains; and all stereoisomers of any of any of the foregoing. As used herein 

the term "amino acid" includes both the D- or L- optical isomers and peptidomimetics.  

A "conservative amino acid substitution" is one in which the amino acid residue is 

replaced with an amino acid residue having a similar side chain. Families of amino acid residues 
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having similar side chains have been defined in the art. These families include amino acids with 

basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic 

acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 

tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, 

phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine, valine, 

isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).  

The terms "polypeptide", "peptide" and "protein" (if single chain) are used 

interchangeably herein to refer to polymers of amino acids of any length. The polymer may be 

linear or branched, it may comprise modified amino acids, and it may be interrupted by non

amino acids. The terms also encompass an amino acid polymer that has been modified; for 

example, disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation, or any 

other manipulation, such as conjugation with a labeling component. The polypeptide can be 

isolated from natural sources, can be a produced by recombinant techniques from a eukaryotic or 

prokaryotic host, or can be a product of synthetic procedures.  

The terms "nucleic acid," "nucleic acid sequence," "nucleotide sequence," or 

"polynucleotide sequence," and "polynucleotide" are used interchangeably. They refer to a 

polymeric form of nucleotides of any length, either deoxyribonucleotides or ribonucleotides, or 

analogs thereof. The polynucleotide may be either single-stranded or double-stranded, and if 

single-stranded may be the coding strand or non-coding (antisense) strand. A polynucleotide 

may comprise modified nucleotides, such as methylated nucleotides and nucleotide analogs. The 

sequence of nucleotides may be interrupted by non-nucleotide components. A polynucleotide 

may be further modified after polymerization, such as by conjugation with a labeling component.  

The nucleic acid may be a recombinant polynucleotide, or a polynucleotide of genomic, cDNA, 

semisynthetic, or synthetic origin which either does not occur in nature or is linked to another 

polynucleotide in a nonnatural arrangement.  

The term "isolated," as used herein, refers to material that is removed from its original or 

native environment (e.g., the natural environment if it is naturally occurring). For example, a 

naturally-occurring polynucleotide or polypeptide present in a living animal is not isolated, but 

the same polynucleotide or polypeptide, separated by human intervention from some or all of the 

co-existing materials in the natural system, is isolated. Such polynucleotides could be part of a 

vector and/or such polynucleotides or polypeptides could be part of a composition, and still be 
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isolated in that such vector or composition is not part of the environment in which it is found in 

nature.  

Various aspects of the invention are described in further detail below. Additional 

definitions are set out throughout the specification.  

Antibody Molecules 

In one embodiment, the antibody molecule binds to a mammalian, e.g., human, PD-1.  

For example, the antibody molecule binds specifically to an epitope, e.g., linear or 

conformational epitope, (e.g., an epitope as described herein) on PD-1.  

As used herein, the term "antibody molecule" refers to a protein, e.g., an immunoglobulin 

chain or fragment thereof, comprising at least one immunoglobulin variable domain sequence.  

The term "antibody molecule" includes, for example, a monoclonal antibody (including a full 

length antibody which has an immunoglobulin Fc region). In an embodiment, an antibody 

molecule comprises a full length antibody, or a full length immunoglobulin chain. In an 

5 embodiment, an antibody molecule comprises an antigen binding or functional fragment of a full 

length antibody, or a full length immunoglobulin chain. In an embodiment, an antibody 

molecule is a multispecific antibody molecule, e.g., it comprises a plurality of immunoglobulin 

variable domain sequences, wherein a first immunoglobulin variable domain sequence of the 

plurality has binding specificity for a first epitope and a second immunoglobulin variable domain 

sequence of the plurality has binding specificity for a second epitope. In an embodiment, a 

multispecific antibody molecule is a bispecific antibody molecule. A bispecific antibody has 

specificity for no more than two antigens. A bispecific antibody molecule is characterized by a 

first immunoglobulin variable domain sequence which has binding specificity for a first epitope 

and a second immunoglobulin variable domain sequence that has binding specificity for a second 

5 epitope.  

In an embodiment, an antibody molecule is a monospecific antibody molecule and binds 

a single epitope. E.g., a monospecific antibody molecule having a plurality of immunoglobulin 

variable domain sequences, each of which binds the same epitope.  

In an embodiment an antibody molecule is a multispecific antibody molecule, e.g., it 

comprises a plurality of immunoglobulin variable domains sequences, wherein a first 

immunoglobulin variable domain sequence of the plurality has binding specificity for a first 
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epitope and a second immunoglobulin variable domain sequence of the plurality has binding 

specificity for a second epitope. In an embodiment the first and second epitopes are on the same 

antigen, e.g., the same protein (or subunit of a multimeric protein). In an embodiment the first 

and second epitopes overlap. In an embodiment the first and second epitopes do not overlap. In 

5 an embodiment the first and second epitopes are on different antigens, e.g., the different proteins 

(or different subunits of a multimeric protein). In an embodiment a multispecific antibody 

molecule comprises a third, fourth or fifth immunoglobulin variable domain. In an embodiment, 

a multispecific antibody molecule is a bispecific antibody molecule, a trispecific antibody 

molecule, or tetraspecific antibody molecule, 

In an embodiment a multispecific antibody molecule is a bispecific antibody molecule. A 

bispecific antibody has specificity for no more than two antigens. A bispecific antibody 

molecule is characterized by a first immunoglobulin variable domain sequence which has 

binding specificity for a first epitope and a second immunoglobulin variable domain sequence 

that has binding specificity for a second epitope. In an embodiment the first and second epitopes 

5 are on the same antigen, e.g., the same protein (or subunit of a multimeric protein). In an 

embodiment the first and second epitopes overlap. In an embodiment the first and second 

epitopes do not overlap. In an embodiment the first and second epitopes are on different 

antigens, e.g., the different proteins (or different subunits of a multimeric protein). In an 

embodiment a bispecific antibody molecule comprises a heavy chain variable domain sequence 

and a light chain variable domain sequence which have binding specificity for a first epitope and 

a heavy chain variable domain sequence and a light chain variable domain sequence which have 

binding specificity for a second epitope. In an embodiment a bispecific antibody molecule 

comprises a half antibody having binding specificity for a first epitope and a half antibody 

having binding specificity for a second epitope. In an embodiment a bispecific antibody 

5 molecule comprises a half antibody, or fragment thereof, having binding specificity for a first 

epitope and a half antibody, or fragment thereof, having binding specificity for a second epitope.  

In an embodiment a bispecific antibody molecule comprises a scFv, or fragment thereof, have 

binding specificity for a first epitope and a scFv, or fragment thereof, have binding specificity for 

a second epitope. In an embodiment the first epitope is located on PD-i and the second epitope 

) is located on a TIM-3, LAG-3, CEACAM (e.g., CEACAM-1 and/or CEACAM-5), PD-Li, or 

PD-L2.  
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In an embodiment, an antibody molecule comprises a diabody, and a single-chain 

molecule, as well as an antigen-binding fragment of an antibody (e.g., Fab, F(ab') 2, and Fv). For 

example, an antibody molecule can include a heavy (H) chain variable domain sequence 

(abbreviated herein as VH), and a light (L) chain variable domain sequence (abbreviated herein 

as VL). In an embodiment an antibody molecule comprises or consists of a heavy chain and a 

light chain (referred to herein as a half antibody. In another example, an antibody molecule 

includes two heavy (H) chain variable domain sequences and two light (L) chain variable domain 

sequence, thereby forming two antigen binding sites, such as Fab, Fab', F(ab') 2, Fc, Fd, Fd', Fv, 

single chain antibodies (scFv for example), single variable domain antibodies, diabodies (Dab) 

(bivalent and bispecific), and chimeric (e.g., humanized) antibodies, which may be produced by 

the modification of whole antibodies or those synthesized de novo using recombinant DNA 

technologies. These functional antibody fragments retain the ability to selectively bind with their 

respective antigen or receptor. Antibodies and antibody fragments can be from any class of 

antibodies including, but not limited to, IgG, IgA, IgM, IgD, and IgE, and from any subclass 

(e.g., IgGI, IgG2, IgG3, and IgG4) of antibodies. The preparation of antibody molecules can be 

monoclonal or polyclonal. An antibodymolecule can also be a human, humanized, CDR-grafted, 

or in vitro generated antibody. The antibody can have a heavy chain constant region chosen 

from, e.g., IgGI, IgG2, IgG3, or IgG4. The antibody can also have a light chain chosen from, 

e.g., kappa or lambda. The term "immunoglobulin" (Ig) is used interchangeably with the term 

"antibody" herein.  

Examples of antigen-binding fragments of an antibody molecule include: (i) a Fab 

fragment, a monovalent fragment consisting of the VL, VH, CL and CHI domains; (ii) a F(ab')2 

fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the 

hinge region; (iii) a Fd fragment consisting of the VH and CHI domains; (iv) a Fv fragment 

5 consisting of the VL and VH domains of a single arm of an antibody, (v) a diabody (dAb) 

fragment, which consists of a VH domain; (vi) a camelid or camelized variable domain; (vii) a 

single chain Fv (scFv), see e.g., Bird et al. (1988) Science 242:423-426; and Huston et al. (1988) 

Proc. Nat. Acad. Sci. USA 85:5879-5883); (viii) a single domain antibody. These antibody 

fragments are obtained using conventional techniques known to those with skill in the art, and 

the fragments are screened for utility in the same manner as are intact antibodies.  
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The term "antibody" includes intact molecules as well as functional fragments thereof.  

Constant regions of the antibodies can be altered, e.g., mutated, to modify the properties of the 

antibody (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).  

Antibody molecules can also be single domain antibodies. Single domain antibodies can 

include antibodies whose complementary determining regions are part of a single domain 

polypeptide. Examples include, but are not limited to, heavy chain antibodies, antibodies 

naturally devoid of light chains, single domain antibodies derived from conventional 4-chain 

antibodies, engineered antibodies and single domain scaffolds other than those derived from 

antibodies. Single domain antibodies may be any of the art, or any future single domain 

antibodies. Single domain antibodies may be derived from any species including, but not limited 

to mouse, human, camel, llama, fish, shark, goat, rabbit, and bovine. According to another 

aspect of the invention, a single domain antibody is a naturally occurring single domain antibody 

known as heavy chain antibody devoid of light chains. Such single domain antibodies are 

disclosed in WO 9404678, for example. For clarity reasons, this variable domain derived from a 

heavy chain antibody naturally devoid of light chain is known herein as a VHH or nanobody to 

distinguish it from the conventional VH of four chain immunoglobulins. Such a VHH molecule 

can be derived from antibodies raised in Camelidae species, for example in camel, llama, 

dromedary, alpaca and guanaco. Other species besides Camelidae may produce heavy chain 

antibodies naturally devoid of light chain; such VHHs are within the scope of the invention.  

The VH and VL regions can be subdivided into regions of hypervariability, termed 

"complementarity determining regions" (CDR), interspersed with regions that are more 

conserved, termed "framework regions" (FR or FW).  

The extent of the framework region and CDRs has been precisely defined by a number of 

methods (see, Kabat, E. A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth 

Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242; 

Chothia, C. et al. (1987) J. Mol. Biol. 196:901-917; and the AbM definition used by Oxford 

Molecular's AbM antibody modeling software. See, generally, e.g., Protein Sequence and 

Structure Analysis ofAntibody Variable Domains. In: Antibody Engineering Lab Manual (Ed.: 

Duebel, S. and Kontermann, R., Springer-Verlag, Heidelberg).  
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The terms "complementarity determining region," and "CDR," as used herein refer to the 

sequences of amino acids within antibody variable regions which confer antigen specificity and 

binding affinity. In general, there are three CDRs in each heavy chain variable region (HCDR1, 

HCDR2, HCDR3) and three CDRs in each light chain variable region (LCDR1, LCDR2, 

5 LCDR3).  

The precise amino acid sequence boundaries of a given CDR can be determined using 

any of a number of well-known schemes, including those described by Kabat et al. (1991), 

"Sequences of Proteins of Immunological Interest," 5th Ed. Public Health Service, National 

Institutes of Health, Bethesda, MD ("Kabat" numbering scheme), Al-Lazikani et al., (1997) JMB 

273,927-948 ("Chothia" numbering scheme). As used herein, the CDRs defined according the 

"Chothia" number scheme are also sometimes referred to as "hypervariable loops." 

For example, under Kabat, the CDR amino acid residues in the heavy chain variable 

domain (VH) are numbered 31-35 (HCDR1), 50-65 (HCDR2), and 95-102 (HCDR3); and the 

CDR amino acid residues in the light chain variable domain (VL) are numbered 24-34 (LCDR1), 

5 50-56 (LCDR2), and 89-97 (LCDR3). Under Chothia the CDR amino acids in the VH are 

numbered 26-32 (HCDR1), 52-56 (HCDR2), and 95-102 (HCDR3); and the amino acid residues 

in VL are numbered 26-32 (LCDR1), 50-52 (LCDR2), and 91-96 (LCDR3). By combining the 

CDR definitions of both Kabat and Chothia, the CDRs consist of amino acid residues 26-35 

(HCDR1), 50-65 (HCDR2), and 95-102 (HCDR3) in human VH and amino acid residues 24-34 

(LCDR1), 50-56 (LCDR2), and 89-97 (LCDR3) in human VL.  

Generally, unless specifically indicated, the anti-PD-i antibody molecules can include 

any combination of one or more Kabat CDRs and/or Chothia hypervariable loops, e.g., described 

in Table 1. In one embodiment, the following definitions are used for the anti-PD-i antibody 

molecules described in Table 1: HCDR1 according to the combined CDR definitions of both 

5 Kabat and Chothia, and HCCDRs 2-3 and LCCDRs 1-3 according the CDR definition of Kabat.  

Under all definitions, each VH and VL typically includes three CDRs and four FRs, arranged 

from amino-terminus to carboxy-terminus in the following order: FRI, CDR1, FR2, CDR2, FR3, 

CDR3, FR4.  

As used herein, an "immunoglobulin variable domain sequence" refers to an amino acid 

sequence which can form the structure of an immunoglobulin variable domain. For example, the 

sequence may include all or part of the amino acid sequence of a naturally-occurring variable 
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domain. For example, the sequence may or may not include one, two, or more N- or C-terminal 

amino acids, or may include other alterations that are compatible with formation of the protein 

structure.  

The term "antigen-binding site" refers to the part of an antibody molecule that comprises 

determinants that form an interface that binds to the PD-I polypeptide, or an epitope thereof 

With respect to proteins (or protein mimetics), the antigen-binding site typically includes one or 

more loops (of at least four amino acids or amino acid mimics) that form an interface that binds 

to the PD-i polypeptide. Typically, the antigen-binding site of an antibody molecule includes at 

least one or two CDRs and/or hypervariable loops, or more typically at least three, four, five or 

six CDRs and/or hypervariable loops.  

The terms "compete" or "cross-compete" are used interchangeably herein to refer to the 

ability of an antibody molecule to interfere with binding of an anti-PD-i antibody molecule, e.g., 

an anti-PD-i antibody molecule provided herein, to a target, e.g., human PD-1. The interference 

with binding can be direct or indirect (e.g., through an allosteric modulation of the antibody 

molecule or the target). The extent to which an antibody molecule is able to interfere with the 

binding of another antibody molecule to the target, and therefore whether it can be said to 

compete, can be determined using a competition binding assay, for example, a FACS assay, an 

ELISA or BIACORE assay. In some embodiments, a competition binding assay is a quantitative 

competition assay. In some embodiments, a first anti-PD-I antibody molecule is said to compete 

for binding to the target with a second anti-PD-I antibody molecule when the binding of the first 

antibody molecule to the target is reduced by 10% or more, e.g., 20% or more, 30% or more, 

40% or more, 50% or more, 55% or more, 60% or more, 65% or more, 70% or more, 75% or 

more, 80% or more, 85% or more, 90% or more, 95% or more, 98% or more, 99% or more in a 

competition binding assay (e.g., a competition assay described herein).  

The terms "monoclonal antibody" or "monoclonal antibody composition" as used herein 

refer to a preparation of antibody molecules of single molecular composition. A monoclonal 

antibody composition displays a single binding specificity and affinity for a particular epitope.  

A monoclonal antibody can be made by hybridoma technology or by methods that do not use 

hybridoma technology (e.g., recombinant methods).  

An "effectively human" protein is a protein that does not evoke a neutralizing antibody 

response, e.g., the human anti-murine antibody (HAMA) response. HAMA can be problematic 
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in a number of circumstances, e.g., if the antibody molecule is administered repeatedly, e.g., in 

treatment of a chronic or recurrent disease condition. A HAMA response can make repeated 

antibody administration potentially ineffective because of an increased antibody clearance from 

the serum (see, e.g., Saleh et al., Cancer Immunol. Immunother., 32:180-190 (1990)) and also 

because of potential allergic reactions (see, e.g., LoBuglio et al., Hybridoma, 5:5117-5123 

(1986)).  

The antibody molecule can be a polyclonal or a monoclonal antibody. In other 

embodiments, the antibody can be recombinantly produced, e.g., produced by phage display or 

by combinatorial methods.  

Phage display and combinatorial methods for generating antibodies are known in the art 

(as described in, e.g., Ladner et al. U.S. Patent No. 5,223,409; Kang et al. International 

Publication No. WO 92/18619; Dower et al. International Publication No. WO 91/17271; Winter 

et al. International Publication WO 92/20791; Markland et al. International Publication No. WO 

92/15679; Breitling et al. International Publication WO 93/01288; McCafferty et al.  

International Publication No. WO 92/01047; Garrard et al. International Publication No. WO 

92/09690; Ladner et al. International Publication No. WO 90/02809; Fuchs et al. (1991) 

Bio Technology 9:1370-1372; Hay et al. (1992) Hum Antibod Hybridomas 3:81-85; Huse et al.  

(1989) Science 246:1275-1281; Griffths et al. (1993) EMBO J 12:725-734; Hawkins et al.  

(1992) JMol Biol 226:889-896; Clackson et al. (1991) Nature 352:624-628; Gram et al. (1992) 

PNAS 89:3576-3580; Garrad et al. (1991) Bio Technology 9:1373-1377; Hoogenboom et al.  

(1991) Nuc Acid Res 19:4133-4137; and Barbas et al. (1991) PNAS 88:7978-7982, the contents 

of all of which are incorporated by reference herein).  

In one embodiment, the antibody is a fully human antibody (e.g., an antibody made in a 

mouse which has been genetically engineered to produce an antibody from a human 

immunoglobulin sequence), or a non-human antibody, e.g., a rodent (mouse or rat), goat, primate 

(e.g., monkey), camel antibody. Preferably, the non-human antibody is a rodent (mouse or rat 

antibody). Methods of producing rodent antibodies are known in the art.  

Human monoclonal antibodies can be generated using transgenic mice carrying the 

human immunoglobulin genes rather than the mouse system. Splenocytes from these transgenic 

mice immunized with the antigen of interest are used to produce hybridomas that secrete human 

mAbs with specific affinities for epitopes from a human protein (see, e.g., Wood et al.  
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International Application WO 91/00906, Kucherlapati et al. PCT publication WO 91/10741; 

Lonberg et al. International Application WO 92/03918; Kay et al. International Application 

92/03917; Lonberg, N. et al. 1994 Nature 368:856-859; Green, L.L. et al. 1994 Nature Genet.  

7:13-21; Morrison, S.L. et al. 1994 Proc. Nat/. Acad. Sci. USA 81:6851-6855; Bruggeman et al.  

1993 Year Immunol 7:33-40; Tuaillon et al. 1993 PNAS 90:3720-3724; Bruggeman et al. 1991 

Eur JImmunol 21:1323-1326).  

An antibody can be one in which the variable region, or a portion thereof, e.g., the CDRs, 

are generated in a non-human organism, e.g., a rat or mouse. Chimeric, CDR-grafted, and 

humanized antibodies are within the invention. Antibodies generated in a non-human organism, 

e.g., a rat or mouse, and then modified, e.g., in the variable framework or constant region, to 

decrease antigenicity in a human are within the invention.  

Chimeric antibodies can be produced by recombinant DNA techniques known in the art 

(see Robinson et al., International Patent Publication PCT/US86/02269; Akira, et al., European 

Patent Application 184,187; Taniguchi, M., European Patent Application 171,496; Morrison et 

al., European Patent Application 173,494; Neuberger et al., International Application WO 

86/01533; Cabilly et al. U.S. Patent No. 4,816,567; Cabilly et al., European Patent Application 

125,023; Better et al. (1988 Science 240:1041-1043); Liu et al. (1987) PNAS 84:3439-3443; Liu 

et al., 1987, J. Immunol. 139:3521-3526; Sun et al. (1987) PNAS 84:214-218; Nishimura et al., 

1987, Canc. Res. 47:999-1005; Wood et al. (1985) Nature 314:446-449; and Shaw et al., 1988, 

J. Natl Cancer Inst. 80:1553-1559).  

A humanized or CDR-grafted antibody will have at least one or two but generally all 

three recipient CDRs (of heavy and or light immuoglobulin chains) replaced with a donor CDR.  

The antibody may be replaced with at least a portion of a non-human CDR or only some of the 

CDRs may be replaced with non-human CDRs. It is only necessary to replace the number of 

CDRs required for binding of the humanized antibody to PD-1. Preferably, the donor will be a 

rodent antibody, e.g., a rat or mouse antibody, and the recipient will be a human framework or a 

human consensus framework. Typically, the immunoglobulin providing the CDRs is called the 

"donor" and the immunoglobulin providing the framework is called the "acceptor." In one 

embodiment, the donor immunoglobulin is a non-human (e.g., rodent). The acceptor framework 

is a naturally-occurring (e.g., a human) framework or a consensus framework, or a sequence 

about 85% or higher, preferably 90%, 95%, 99% or higher identical thereto.  
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As used herein, the term "consensus sequence" refers to the sequence formed from the most 

frequently occurring amino acids (or nucleotides) in a family of related sequences (See e.g., 

Winnaker, From Genes to Clones (Verlagsgesellschaft, Weinheim, Germany 1987). In a family of 

proteins, each position in the consensus sequence is occupied by the amino acid occurring most 

frequently at that position in the family. If two amino acids occur equally frequently, either can be 

included in the consensus sequence. A "consensus framework" refers to the framework region in 

the consensus immunoglobulin sequence.  

An antibody can be humanized by methods known in the art (see e.g., Morrison, S. L., 

1985, Science 229:1202-1207, by Oi et al., 1986, BioTechniques 4:214, and by Queen et al. US 

5,585,089, US 5,693,761 and US 5,693,762, the contents of all of which are hereby incorporated 

by reference).  

Humanized or CDR-grafted antibodies can be produced by CDR-grafting or CDR 

substitution, wherein one, two, or all CDRs of an immunoglobulin chain can be replaced. See 

e.g., U.S. Patent 5,225,539; Jones et al. 1986 Nature 321:552-525; Verhoeyan et al. 1988 

Science 239:1534; Beidler et al. 1988 J. Immunol. 141:4053-4060; Winter US 5,225,539, the 

contents of all of which are hereby expressly incorporated by reference. Winter describes a 

CDR-grafting method which may be used to prepare the humanized antibodies of the present 

invention (UK Patent Application GB 2188638A, filed on March 26, 1987; Winter US 

5,225,539), the contents of which is expressly incorporated by reference.  

Also within the scope of the invention are humanized antibodies in which specific amino 

acids have been substituted, deleted or added. Criteria for selecting amino acids from the donor 

are described in US 5,585,089, e.g., columns 12-16 of US 5,585,089, e.g., columns 12-16 of US 

5,585,089, the contents of which are hereby incorporated by reference. Other techniques for 

humanizing antibodies are described in Padlan et al. EP 519596 Al, published on December 23, 

1992.  

The antibody molecule can be a single chain antibody. A single-chain antibody (scFV) 

may be engineered (see, for example, Colcher, D. et al. (1999) Ann N YAcad Sci 880:263-80; 

and Reiter, Y. (1996) Clin Cancer Res 2:245-52). The single chain antibody can be dimerized or 

multimerized to generate multivalent antibodies having specificities for different epitopes of the 

same target protein.  
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In yet other embodiments, the antibody molecule has a heavy chain constant region 

chosen from, e.g., the heavy chain constant regions of IgGI, IgG2, IgG3, IgG4, IgM, IgAl, 

IgA2, IgD, and IgE; particularly, chosen from, e.g., the (e.g., human) heavy chain constant 

regions of IgGI, IgG2, IgG3, and IgG4. In another embodiment, the antibody molecule has a 

light chain constant region chosen from, e.g., the (e.g., human) light chain constant regions of 

kappa or lambda. The constant region can be altered, e.g., mutated, to modify the properties of 

the antibody (e.g., to increase or decrease one or more of: Fc receptor binding, antibody 

glycosylation, the number of cysteine residues, effector cell function, and/or complement 

function). In one embodiment the antibody has: effector function; and can fix complement. In 

other embodiments the antibody does not; recruit effector cells; or fix complement. In another 

embodiment, the antibody has reduced or no ability to bind an Fc receptor. For example, it is a 

isotype or subtype, fragment or other mutant, which does not support binding to an Fc receptor, 

e.g., it has a mutagenized or deleted Fc receptor binding region.  

Methods for altering an antibody constant region are known in the art. Antibodies with 

altered function, e.g. altered affinity for an effector ligand, such as FcR on a cell, or the C 1 

component of complement can be produced by replacing at least one amino acid residue in the 

constant portion of the antibody with a different residue (see e.g., EP 388,151 Al, U.S. Pat. No.  

5,624,821 and U.S. Pat. No. 5,648,260, the contents of all of which are hereby incorporated by 

reference). Similar type of alterations could be described which if applied to the murine, or other 

species immunoglobulin would reduce or eliminate these functions.  

An antibody molecule can be derivatized or linked to another functional molecule (e.g., 

another peptide or protein). As used herein, a "derivatized" antibody molecule is one that has 

been modified. Methods of derivatization include but are not limited to the addition of a 

fluorescent moiety, a radionucleotide, a toxin, an enzyme or an affinity ligand such as biotin.  

Accordingly, the antibody molecules of the invention are intended to include derivatized and 

otherwise modified forms of the antibodies described herein, including immunoadhesion 

molecules. For example, an antibody molecule can be functionally linked (by chemical coupling, 

genetic fusion, noncovalent association or otherwise) to one or more other molecular entities, 

such as another antibody (e.g., a bispecific antibody or a diabody), a detectable agent, a cytotoxic 

agent, a pharmaceutical agent, and/or a protein or peptide that can mediate association of the 
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antibody or antibody portion with another molecule (such as a streptavidin core region or a 

polyhistidine tag).  

One type of derivatized antibody molecule is produced by crosslinking two or more 

antibodies (of the same type or of different types, e.g., to create bispecific antibodies). Suitable 

crosslinkers include those that are heterobifunctional, having two distinctly reactive groups 

separated by an appropriate spacer (e.g., m-maleimidobenzoyl-N-hydroxysuccinimide ester) or 

homobifunctional (e.g., disuccinimidyl suberate). Such linkers are available from Pierce 

Chemical Company, Rockford, Ill.  

Useful detectable agents with which an antibody molecule of the invention may be 

derivatized (or labeled) to include fluorescent compounds, various enzymes, prosthetic groups, 

luminescent materials, bioluminescent materials, fluorescent emitting metal atoms, e.g., 

europium (Eu), and other anthanides, and radioactive materials (described below). Exemplary 

fluorescent detectable agents include fluorescein, fluorescein isothiocyanate, rhodamine, 

5dimethylamine-1-napthalenesulfonyl chloride, phycoerythrin and the like. An antibody may 

also be derivatized with detectable enzymes, such as alkaline phosphatase, horseradish 

peroxidase, -galactosidase, acetylcholinesterase, glucose oxidase and the like. When an 

antibody is derivatized with a detectable enzyme, it is detected by adding additional reagents that 

the enzyme uses to produce a detectable reaction product. For example, when the detectable 

agent horseradish peroxidase is present, the addition of hydrogen peroxide and diaminobenzidine 

leads to a colored reaction product, which is detectable. An antibody molecule may also be 

derivatized with a prosthetic group (e.g., streptavidin/biotin and avidin/biotin). For example, an 

antibody may be derivatized with biotin, and detected through indirect measurement of avidin or 

streptavidin binding. Examples of suitable fluorescent materials include umbelliferone, 

fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl 

chloride or phycoerythrin; an example of a luminescent material includes luminol; and examples 

of bioluminescent materials include luciferase, luciferin, and aequorin.  

Labeled antibody molecule can be used, for example, diagnostically and/or 

experimentally in a number of contexts, including (i) to isolate a predetermined antigen by 

standard techniques, such as affinity chromatography or immunoprecipitation; (ii) to detect a 

predetermined antigen (e.g., in a cellular lysate or cell supernatant) in order to evaluate the 
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abundance and pattern of expression of the protein; (iii) to monitor protein levels in tissue as part 

of a clinical testing procedure, e.g., to determine the efficacy of a given treatment regimen.  

An antibody molecules may be conjugated to another molecular entity, typically a label 

or a therapeutic (e.g., a cytotoxic or cytostatic) agent or moiety. Radioactive isotopes can be used 

in diagnostic or therapeutic applications.  

The invention provides radiolabeled antibody molecules and methods of labeling the 

same. In one embodiment, a method of labeling an antibody molecule is disclosed. The method 

includes contacting an antibody molecule, with a chelating agent, to thereby produce a 

conjugated antibody.  

As is discussed above, the antibody molecule can be conjugated to a therapeutic agent.  

Therapeutically active radioisotopes have already been mentioned. Examples of other 

therapeutic agents include taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine, 

mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicine, doxorubicin, 

daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1

dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, puromycin, 

maytansinoids, e.g., maytansinol (see U.S. Pat. No. 5,208,020), CC-1065 (see U.S. Pat. Nos.  

5,475,092, 5,585,499, 5,846, 545) and analogs or homologs thereof. Therapeutic agents include, 

but are not limited to, antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, 

cytarabine, 5-fluorouracil decarbazine), alkylating agents (e.g., mechlorethamine, thioepa 

chlorambucil, CC-1065, melphalan, carmustine (BSNU) and lomustine (CCNU), 

cyclothosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, and cis

dichlorodiamine platinum (II) (DDP) cisplatin), anthracyclinies (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, 

vinblastine, taxol and maytansinoids).  

In one aspect, the invention features a method of providing a target binding molecule that 

specifically binds to a target disclosed herein, e.g., PD-i receptor. For example, the target 

binding molecule is an antibody molecule. The method includes: providing a target protein that 

comprises at least a portion of non-human protein, the portion being homologous to (at least 70, 

75, 80, 85, 87, 90, 92, 94, 95, 96, 97, 98% identical to) a corresponding portion of a human target 

protein, but differing by at least one amino acid (e.g., at least one, two, three, four, five, six, 
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seven, eight, or nine amino acids); obtaining an antibody molecule that specifically binds to the 

antigen; and evaluating efficacy of the binding agent in modulating activity of the target protein.  

The method can further include administering the binding agent (e.g., antibody molecule) or a 

derivative (e.g., a humanized antibody molecule) to a human subject.  

Multispecific Antibody Molecules 

In certain embodiments, the antibody molecule is a multi-specific (e.g., a bispecific or a 

trispecific) antibody molecule. Protocols for generating bispecific or heterodimeric antibody 

molecules are known in the art; including but not limited to, for example, the "knob in a hole" 

approach described in, e.g., US 5731168; the electrostatic steering Fc pairing as described in, 

e.g., WO 09/089004, WO 06/106905 and WO 2010/129304; Strand Exchange Engineered 

Domains (SEED) heterodimer formation as described in, e.g., WO 07/110205; Fab arm exchange 

as described in, e.g., WO 08/119353, WO 2011/131746, and WO 2013/060867; double antibody 

conjugate, e.g., by antibody cross-linking to generate a bi-specific structure using a 

heterobifunctional reagent having an amine-reactive group and a sulfhydryl reactive group as 

described in, e.g., US 4433059; bispecific antibody determinants generated by recombining half 

antibodies (heavy-light chain pairs or Fabs) from different antibodies through cycle of reduction 

and oxidation of disulfide bonds between the two heavy chains, as described in, e.g., US 

4444878; trifunctional antibodies, e.g., three Fab' fragments cross-linked through sulfhdryl 

reactive groups, as described in, e.g., US5273743; biosynthetic binding proteins, e.g., pair of 

scFvs cross-linked through C-terminal tails preferably through disulfide or amine-reactive 

chemical cross-linking, as described in, e.g., US5534254; bifunctional antibodies, e.g., Fab 

fragments with different binding specificities dimerized through leucine zippers (e.g., c-fos and 

c-jun) that have replaced the constant domain, as described in, e.g., US5582996; bispecific and 

oligospecific mono-and oligovalent receptors, e.g., VH-CH1 regions of two antibodies (two Fab 

fragments) linked through a polypeptide spacer between the CHI region of one antibody and the 

VH region of the other antibody typically with associated light chains, as described in, e.g., 

US5591828; bispecific DNA-antibody conjugates, e.g., crosslinking of antibodies or Fab 

fragments through a double stranded piece of DNA, as described in, e.g., US5635602; bispecific 

fusion proteins, e.g., an expression construct containing two scFvs with a hydrophilic helical 

peptide linker between them and a full constant region, as described in, e.g., US5637481; 
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multivalent and multispecific binding proteins, e.g., dimer of polypeptides having first domain 

with binding region of Ig heavy chain variable region, and second domain with binding region of 

Ig light chain variable region, generally termed diabodies (higher order structures are also 

disclosed creating bispecifc, trispecific, or tetraspecific molecules, as described in, e.g., 

US5837242; minibody constructs with linked VL and VH chains further connected with peptide 

spacers to an antibody hinge region and CH3 region, which can be dimerized to form 

bispecific/multivalent molecules, as described in, e.g., US5837821; VH and VL domains linked 

with a short peptide linker (e.g., 5 or 10 amino acids) or no linker at all in either orientation, 

which can form dimers to form bispecific diabodies; trimers and tetramers, as described in, e.g., 

US5844094; String of VH domains (or VL domains in family members) connected by peptide 

linkages with crosslinkable groups at the C-terminus futher associated with VL domains to form 

a series of FVs (or scFvs), as described in, e.g., US5864019; and single chain binding 

polypeptides with both a VH and a VL domain linked through a peptide linker are combined into 

multivalent structures through non-covalent or chemical crosslinking to form, e.g., 

homobivalent, heterobivalent, trivalent, and tetravalent structures using both scFV or diabody 

type format, as described in, e.g., US5869620. Additional exemplary multispecific and 

bispecific molecules and methods of making the same are found, for example, in US5910573, 

US5932448, US5959083, US5989830, US6005079, US6239259, US6294353, US6333396, 

US6476198, US6511663, US6670453, US6743896, US6809185, US6833441, US7129330, 

US7183076, US7521056, US7527787, US7534866, US7612181, US2002004587A1, 

US2002076406A1, US2002103345A1, US2003207346A1, US2003211078A1, 

US2004219643A1, US2004220388A1, US2004242847A1, US2005003403A1, 

US2005004352A1, US2005069552A1, US2005079170A1, US2005100543A1, 

US2005136049A1, US2005136051A1, US2005163782A1, US2005266425A1, 

US2006083747A1, US2006120960A1, US2006204493A1, US2006263367A1, 

US2007004909A1, US2007087381A1, US2007128150A1, US2007141049A1, 

US2007154901A1, US2007274985A1, US2008050370A1, US2008069820A1, 

US2008152645A1, US2008171855A1, US2008241884A1, US2008254512A1, 

US2008260738A1, US2009130106A1, US2009148905A1, US2009155275A1, 

US2009162359A1, US2009162360A1, US2009175851A1, US2009175867A1, 

US200923281 1A1, US2009234105A1, US2009263392A1, US2009274649A1, EP346087A2, 
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W00006605A2, W002072635A2, W004081051Al, W006020258A2, W02007044887A2, 

W02007095338A2, W02007137760A2, W02008119353A1, W02009021754A2, 

W02009068630A1, W09103493A1, W09323537A1, W09409131A1, W09412625A2, 

W09509917A1, W09637621A2, W09964460A1. The contents of the above-referenced 

applications are incorporated herein by reference in their entireties.  

In other embodiments, the anti-PD-i antibody molecule (e.g., a monospecific, bispecific, 

or multispecific antibody molecule) is covalently linked, e.g., fused, to another partner e.g., a 

protein e.g., one, two or more cytokines, e.g., as a fusion molecule for example a fusion protein.  

In other embodiments, the fusion molecule comprises one or more proteins, e.g., one, two or 

more cytokines. In one embodiment, the cytokine is an interleukin (IL) chosen from one, two, 

three or more of IL-1, IL-2, IL-12, IL-15 or IL-21. In one embodiment, a bispecific antibody 

molecule has a first binding specificity to a first target (e.g., to PD-1), a second binding 

specificity to a second target (e.g., LAG-3 or TIM-3), and is optionally linked to an interleukin 

(e.g., IL-12) domain e.g., full length IL-12 or a portion thereof 

A "fusion protein" and a "fusion polypeptide" refer to a polypeptide having at least two 

portions covalently linked together, where each of the portions is a polypeptide having a 

different property. The property may be a biological property, such as activity in vitro or in vivo.  

The property can also be simple chemical or physical property, such as binding to a target 

molecule, catalysis of a reaction, etc. The two portions can be linked directly by a single peptide 

bond or through a peptide linker, but are in reading frame with each other.  

This invention provides an isolated nucleic acid molecule encoding the above antibody 

molecule, vectors and host cells thereof. The nucleic acid molecule includes but is not limited to 

RNA, genomic DNA and cDNA.  

Exemplary PD-1 Inhibitors 

PD-i is a CD28/CTLA-4 family member expressed, e.g., on activated CD4+ and CD8+ T 

cells, Tregs, and B cells. It negatively regulates effector T cell signaling and function. PD-I is 

induced on tumor-infiltrating T cells, and can result in functional exhaustion or dysfunction (Keir 

et al. (2008) Annu. Rev. Immunol. 26:677-704; Pardoll et al. (2012) Nat Rev Cancer 12(4):252

64). PD-I delivers a coinhibitory signal upon binding to either of its two ligands, Programmed 

Death-Ligand 1 (PD-Li) or Programmed Death-Ligand 2 (PD-L2). PD-Li is expressed on a 
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number of cell types, including T cells, natural killer (NK) cells, macrophages, dendritic cells 

(DCs), B cells, epithelial cells, vascular endothelial cells, as well as many types of tumors. High 

expression of PD-LI on murine and human tumors has been linked to poor clinical outcomes in a 

variety of cancers (Keir et al. (2008) Annu. Rev. Immunol. 26:677-704; Pardoll et al. (2012) Nat 

Rev Cancer 12(4):252-64). PD-L2 is expressed on dendritic cells, macrophages, and some 

tumors. Blockade of the PD-I pathway has been pre-clinically and clinically validated for 

cancer immunotherapy. Both preclinical and clinical studies have demonstrated that anti-PD-i 

blockade can restore activity of effector T cells and results in robust anti-tumor response. For 

example, blockade of PD-I pathway can restore exhausted/dysfunctional effector T cell function 

(e.g., proliferation, IFN-y secretion, or cytolytic function) and/or inhibit Treg cell function (Keir 

et al. (2008) Annu. Rev. Immunol. 26:677-704; Pardoll et al. (2012) Nat Rev Cancer 12(4):252

64). Blockade of the PD-I pathway can be effected with an antibody, an antigen binding 

fragment thereof, an immunoadhesin, a fusion protein, or oligopeptide of PD-1, PD-LI and/or 

PD-L2.  

As used herein, the term "Programmed Death I" or "PD-i" include isoforms, 

mammalian, e.g., human PD-1, species homologs of human PD-1, and analogs comprising at 

least one common epitope with PD-1. The amino acid sequence of PD-1, e.g., human PD-1, is 

known in the art, e.g., Shinohara T et al. (1994) Genomics 23(3):704-6; Finger LR, et al. Gene 

(1997) 197(1-2):177-87.  

The anti-PD-i antibody molecules described herein can be used alone or in combination 

with one or more additional agents described herein in accordance with a method described 

herein. In certain embodiments, the combinations described herein include a PD-i inhibitor, 

e.g., an anti-PD-i antibody molecule (e.g., humanized antibody molecules) as described herein.  

In some embodiments, the anti-PD-i antibody molecule (e.g., an isolated or recombinant 

antibody molecule) has one or more of the following properties: 

(i) binds to PD-1, e.g., human PD-1, with high affinity, e.g., with an affinity constant of 

at least about 107 M~1 , typically about 108 M~1 , and more typically, about 109 M 1 to 10 " M 1 or 

stronger; 

(ii) does not substantially bind to CD28, CTLA-4, ICOS or BTLA; 

(iii) inhibits or reduces binding of PD-I to a PD-I ligand, e.g., PD-LI or PD-L2, or both; 
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(iv) binds specifically to an epitope on PD-1, e.g., the same or similar epitope as the 

epitope recognized by murine monoclonal antibody BAPO49 or a chimeric antibody BAPO49, 

e.g., BAPO49-chi or BAPO49-chi-Y; 

(v) shows the same or similar binding affinity or specificity, or both, as any of BAPO49

5 hum0l, BAPO49-humO2, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, 

BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, BAPO49-hum10, BAPO49-huml 1, 

BAPO49-hum12, BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, 

BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone

E; 

(vi) shows the same or similar binding affinity or specificity, or both, as an antibody 

molecule (e.g., an heavy chain variable region and light chain variable region) described in Table 

1; 

(vii) shows the same or similar binding affinity or specificity, or both, as an antibody 

molecule (e.g., an heavy chain variable region and light chain variable region) having an amino 

5 acid sequence shown in Table 1; 

(viii) shows the same or similar binding affinity or specificity, or both, as an antibody 

molecule (e.g., an heavy chain variable region and light chain variable region) encoded by the 

nucleotide sequence shown in Table 1; 

(ix) inhibits, e.g., competitively inhibits, the binding of a second antibody molecule to 

PD-1, wherein the second antibody molecule is an antibody molecule described herein, e.g., an 

antibody molecule chosen from, e.g., any of BAPO49-hum0l, BAPO49-hum02, BAPO49-hum03, 

BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, 

BAPO49-hum09, BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, 

BAPO49-hum14, BAPO49-huml5, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, 

5 BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; 

(x) binds the same or an overlapping epitope with a second antibody molecule to PD-1, 

wherein the second antibody molecule is an antibody molecule described herein, e.g., an 

antibody molecule chosen from, e.g., any of BAPO49-hum0l, BAPO49-hum02, BAPO49-hum03, 

BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, 

BAPO49-hum09, BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, 
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BAPO49-hum14, BAPO49-huml5, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, 

BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; 

(xi) competes for binding, and/or binds the same epitope, with a second antibody 

molecule to PD-1, wherein the second antibody molecule is an antibody molecule described 

herein, e.g., an antibody molecule chosen from, e.g., any of BAPO49-hum0l, BAPO49-humO2, 

BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; 

(xii) has one or more biological properties of an antibody molecule described herein, e.g., 

an antibody molecule chosen from, e.g., any of BAPO49-hum01, BAPO49-humO2, BAPO49

hum03, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, 

BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, 

BAPO49-hum14, BAPO49-huml5, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, 

BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; 

(xiii) has one or more pharmacokinetic properties of an antibody molecule described 

herein, e.g., an antibody molecule chosen from, e.g., any of BAPO49-hum0l, BAPO49-humO2, 

BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, 

BAPO49-huml3, BAPO49-huml4, BAPO49-huml5, BAPO49-huml6, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; 

(xiv) inhibits one or more activities of PD-1, e.g., results in one or more of. an increase in 

tumor infiltrating lymphocytes, an increase in T-cell receptor mediated proliferation, or a 

decrease in immune evasion by cancerous cells; 

(xv) binds human PD-i and is cross-reactive with cynomolgus PD-1; 

(xvi) binds to one or more residues within the C strand, CC' loop, C' strand, or FG loop 

of PD-1, or a combination two, three or all of the C strand, CC' loop, C' strand or FG loop of 

PD-1, e.g., wherein the binding is assayed using ELISA or Biacore; or 

(xvii) has a VL region that contributes more to binding to PD-I than a VH region.  

In some embodiments, the antibody molecule binds to PD-I with high affinity, e.g., with 

a KD that is about the same, or at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% or 
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90% higher or lower than the KD of a murine or chimeric anti-PD-I antibody molecule, e.g., a 

murine or chimeric anti-PD-I antibody molecule described herein. In some embodiments, the 

KD of the murine or chimeric anti-PD-I antibody molecule is less than about 0.4, 0.3, 0.2, 0.1, or 

0.05 nM, e.g., measured by a Biacore method. In some embodiments, the KD of the murine or 

chimeric anti-PD-I antibody molecule is less than about 0.2 nM, e.g., about 0.135 nM. In other 

embodiments, the KD of the murine or chimeric anti PD-i antibody molecule is less than about 

10, 5, 3, 2, or I nM, e.g., measured by binding on cells expressing PD-i (e.g., 300.19 cells). In 

some embodiments, the KD of the murine or chimeric anti PD-I antibody molecule is less than 

about 5 nM, e.g., about 4.60 nM (or about 0.69 pg/mL).  

In some embodiments, the anti-PD-I antibody molecule binds to PD-I with a Koff slower 

than I x 10 4, 5X 10 5, or I x 10-5 s-, e.g., about 1.65 X 10-5 s-. In some embodiments, the the 

anti-PD-I antibody molecule binds to PD-I with a Kon faster than I x 104, 5 X 104, 1 x 105, or 

5 x 105 M~1s~1, e.g., about 1.23 x 105 M~ s~ .  

In some embodiments, the expression level of the antibody molecule is higher, e.g., at 

least about 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 or I0-fold higher, than the expression level of a murine or 

chimeric antibody molecule, e.g., a murine or chimeric anti-PD-I antibody molecule described 

herein. In some embodiments, the antibody molecule is expressed in CHO cells.  

In some embodiments, the anti-PD-I antibody molecule reduces one or more PD-1

associated activities with an IC50 (concentration at 50% inhibition) that is about the same or 

lower, e.g., at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% or 90% lower, than the 

IC50 of a murine or chimeric anti-PD-I antibody molecule, e.g., a murine or chimeric anti-PD-I 

antibody molecule described herein. In some embodiments, the IC50 of the murine or chimeric 

anti-PD-i antibody molecule is less than about 6, 5, 4, 3, 2, or I nM, e.g., measured by binding 

on cells expressing PD-i (e.g., 300.19 cells). In some embodiments, the IC50 of the murine or 

chimeric anti-PD-I antibody molecule is less than about 4 nM, e.g., about 3.40 nM (or about 

0.51 pg/mL). In some embodiments, the PD-1-associated activity reduced is the binding of PD

LI and/or PD-L2 to PD-1. In some embodiments, the anti-PD-I antibody molecule binds to 

peripheral blood mononucleated cells (PBMCs) activated by Staphylococcal enterotoxin B 

(SEB). In other embodiments, the anti-PD-i antibody molecule increases the expression of IL-2 

on whole blood activated by SEB. For example, the anti-PD-I antibody increases the expression 
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of IL-2 by at least about 2, 3, 4, or 5-fold, compared to the expression of IL-2 when an isotype 

control (e.g., IgG4) is used.  

In some embodiments, the anti-PD-1 antibody molecule has improved stability, e.g., at 

least about 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10-fold more stable in vivo or in vitro, than a murine or 

chimeric anti-PD-1 antibody molecule, e.g., a murine or chimeric anti-PD-1 antibody molecule 

described herein.  

In one embodiment, the anti PD-i antibody molecule is a humanized antibody molecule 

and has a risk score based on T cell epitope analysis of 300 to 700, 400 to 650, 450 to 600, or a 

risk score as described herein.  

In another embodiment, the anti-PD-I antibody molecule comprises at least one antigen

binding region, e.g., a variable region or an antigen-binding fragment thereof, from an antibody 

described herein, e.g., an antibody chosen from any of BAPO49-hum0i, BAPO49-hum02, 

BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, 

BAPO49-hum08, BAPO49-hum09, BAPO49-humi0, BAPO49-hum 1i, BAPO49-humi2, 

BAPO49-humi3, BAPO49-humi4, BAPO49-humi5, BAPO49-humi6, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1; or a sequence substantially identical 

(e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the 

aforesaid sequences.  

In yet another embodiment, the anti-PD-1 antibody molecule comprises at least one, two, 

three or four variable regions from an antibody described herein, e.g., an antibody chosen from 

any of BAPO49-hum0i, BAPO49-hum02, BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, 

BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, BAPO49-humi0, 

BAPO49-hum 1i, BAPO49-humi2, BAPO49-humi3, BAPO49-humi4, BAPO49-humi5, 

BAPO49-humi6, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; 

or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% 

or higher identical) to any of the aforesaid sequences.  

In yet another embodiment, the anti-PD-1 antibody molecule comprises at least one or 

two heavy chain variable regions from an antibody described herein, e.g., an antibody chosen 

from any of BAPO49-hum01, BAPO49-hum02, BAPO49-hum03, BAPO49-hum04, BAPO49
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hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, BAPO49-huml0, 

BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, BAPO49-huml5, 

BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; 

or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% 

or higher identical) to any of the aforesaid sequences.  

In yet another embodiment, the anti-PD-I antibody molecule comprises at least one or 

two light chain variable regions from an antibody described herein, e.g., an antibody chosen from 

any of BAPO49-hum0l, BAPO49-humO2, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, 

BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, BAPO49-hum10, 

BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, BAPO49-huml5, 

BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; 

or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% 

or higher identical) to any of the aforesaid sequences.  

In yet another embodiment, the anti-PD-I antibody molecule includes a heavy chain 

constant region for an IgG4, e.g., a human IgG4. In one embodiment, the human IgG4 includes 

a substitution at position 228 according to EU numbering (e.g., a Ser to Pro substitution). In still 

another embodiment, the anti-PD-i antibody molecule includes a heavy chain constant region for 

an IgGI, e.g., a human IgGI. In one embodiment, the human IgGI includes a substitution at 

position 297 according to EU numbering (e.g., an Asn to Ala substitution). In one embodiment, 

the human IgGI includes a substitution at position 265 according to EU numbering, a 

substitution at position 329 according to EU numbering, or both (e.g., an Asp to Ala substitution 

at position 265 and/or a Pro to Ala substitution at position 329). In one embodiment, the human 

IgGI includes a substitution at position 234 according to EU numbering, a substitution at 

position 235 according to EU numbering, or both (e.g., a Leu to Ala substitution at position 234 

and/or a Leu to Ala substitution at position 235). In one embodiment, the heavy chain constant 

region comprises an amino sequence set forth in Table 3, or a sequence substantially identical 

(e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) thereto.  

In yet another embodiment, the anti-PD-I antibody molecule includes a kappa light chain 

constant region, e.g., a human kappa light chain constant region. In one embodiment, the light 
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chain constant region comprises an amino sequence set forth in Table 3, or a sequence 

substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher 

identical) thereto.  

In another embodiment, the anti-PD-i antibody molecule includes a heavy chain constant 

region for an IgG4, e.g., a human IgG4, and a kappa light chain constant region, e.g., a human 

kappa light chain constant region, e.g., a heavy and light chain constant region comprising an 

amino sequence set forth in Table 3, or a sequence substantially identical (e.g., at least 80%, 

85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) thereto. In one embodiment, the 

human IgG4 includes a substitution at position 228 according to EU numbering (e.g., a Ser to 

Pro substitution). In yet another embodiment, the anti-PD-I antibody molecule includes a heavy 

chain constant region for an IgGI, e.g., a human IgGI, and a kappa light chain constant region, 

e.g., a human kappa light chain constant region, e.g., a heavy and light chain constant region 

comprising an amino sequence set forth in Table 3, or a sequence substantially identical (e.g., at 

least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) thereto. In one 

embodiment, the human IgGI includes a substitution at position 297 according to EU numbering 

(e.g., an Asn to Ala substitution). In one embodiment, the human IgGI includes a substitution at 

position 265 according to EU numbering, a substitution at position 329 according to EU 

numbering, or both (e.g., an Asp to Ala substitution at position 265 and/or a Pro to Ala 

substitution at position 329). In one embodiment, the human IgGI includes a substitution at 

position 234 according to EU numbering, a substitution at position 235 according to EU 

numbering, or both (e.g., a Leu to Ala substitution at position 234 and/or a Leu to Ala 

substitution at position 235).  

In another embodiment, the anti-PD-i antibody molecule includes a heavy chain variable 

domain and a constant region, a light chain variable domain and a constant region, or both, 

comprising the amino acid sequence of BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, 

BAPO49-Clone-D, or BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide 

sequence in Table 1; or a sequence substantially identical (e.g., at least 80%, 8 5%, 9 0%, 9 2 %, 

95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences. The anti-PD-I 

antibody molecule, optionally, comprises a leader sequence from a heavy chain, a light chain, or 

both, as showin in Table 4; or a sequence substantially identical thereto.  
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In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three complementarity determining regions (CDRs) from a heavy chain variable region of an 

antibody described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49

hum02, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1; or a sequence substantially identical 

(e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the 

aforesaid sequences.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three CDRs (or collectively all of the CDRs) from a heavy chain variable region comprising an 

amino acid sequence shown in Table 1, or encoded by a nucleotide sequence shown in Table 1.  

In one embodiment, one or more of the CDRs (or collectively all of the CDRs) have one, two, 

three, four, five, six or more changes, e.g., amino acid substitutions or deletions, relative to the 

amino acid sequence shown in Table 1, or encoded by a nucleotide sequence shown in Table 1.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

or three CDRs from a light chain variable region of an antibody described herein, e.g., an 

antibody chosen from any of BAPO49-hum0l, BAPO49-hum02, BAPO49-hum03, BAPO49

hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, 

BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, 

BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, 

BAPO49-Clone-D, or BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide 

sequence in Table 1; or a sequence substantially identical (e.g., at least 80%, 8 5 %, 9 0%, 9 2 %, 

95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequence.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

or three CDRs (or collectively all of the CDRs) from a light chain variable region comprising an 

amino acid sequence shown in Table 1, or encoded by a nucleotide sequence shown in Table 1.  

In one embodiment, one or more of the CDRs (or collectively all of the CDRs) have one, two, 

three, four, five, six or more changes, e.g., amino acid substitutions or deletions, relative to the 

amino acid sequence shown in Table 1, or encoded by a nucleotide sequence shown in Table 1.  
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In certain embodiments, the anti-PD-i antibody molecule includes a substitution in a light chain 

CDR, e.g., one or more substitutions in a CDR1, CDR2 and/or CDR3 of the light chain. In one 

embodiment, the anti-PD-I antibody molecule includes a substitution in the light chain CDR3 at 

position 102 of the light variable region, e.g., a substitution of a cysteine to tyrosine, or a 

cysteine to serine residue, at position 102 of the light variable region according to Table 1 (e.g., 

SEQ ID NO: 16 or 24 for murine or chimeric, unmodified; or any of SEQ ID NOs: 34, 42, 46, 

54, 58, 62, 66, 70, 74, or 78 for a modified sequence).  

In another embodiment, the anti-PD-i antibody molecule includes at least one, two, three, 

four, five or six CDRs (or collectively all of the CDRs) from a heavy and light chain variable 

region comprising an amino acid sequence shown in Table 1, or encoded by a nucleotide 

sequence shown in Table 1. In one embodiment, one or more of the CDRs (or collectively all of 

the CDRs) have one, two, three, four, five, six or more changes, e.g., amino acid substitutions or 

deletions, relative to the amino acid sequence shown in Table 1, or encoded by a nucleotide 

sequence shown in Table 1.  

In one embodiment, the anti-PD-I antibody molecule includes all six CDRs from an 

antibody described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49

hum02, BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, 

BAPO49-hum08, BAPO49-hum09, BAPO49-hum10, BAPO49-hum1 1, BAPO49-hum12, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1, or closely related CDRs, e.g., CDRs 

which are identical or which have at least one amino acid alteration, but not more than two, three 

or four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).  

In one embodiment, the anti-PD-I antibody molecule may include any CDR described herein. In 

certain embodiments, the anti-PD-I antibody molecule includes a substitution in a light chain 

CDR, e.g., one or more substitutions in a CDRI, CDR2 and/or CDR3 of the light chain. In one 

embodiment, the anti-PD-I antibody molecule includes a substitution in the light chain CDR3 at 

position 102 of the light variable region, e.g., a substitution of a cysteine to tyrosine, or a 

cysteine to serine residue, at position 102 of the light variable region according to Table 1 (e.g., 

SEQ ID NO: 16 or 24 for murine or chimeric, unmodified; or any of SEQ ID NOs: 34, 42, 46, 

54, 58, 62, 66, 70, 74, or 78 for a modified sequence).  
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In another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three CDRs according to Kabat et al. (e.g., at least one, two, or three CDRs according to the 

Kabat definition as set out in Table 1) from a heavy chain variable region of an antibody 

described herein, e.g., an antibody chosen from any of BAPO49-hum0l, BAPO49-humO2, 

5 BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAP049-huml2, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1; or a sequence substantially identical 

(e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the 

aforesaid sequences; or which have at least one amino acid alteration, but not more than two, 

three or four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative 

substitutions) relative to one, two, or three CDRs according to Kabat et al. shown in Table 1.  

In another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

5 three CDRs according to Kabat et al. (e.g., at least one, two, or three CDRs according to the 

Kabat definition as set out in Table 1) from a light chain variable region of an antibody described 

herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49-hum02, BAPO49-hum03, 

BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, 

BAPO49-hum09, BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, 

BAPO49-huml4, BAPO49-huml5, BAPO49-huml6, BAPO49-Clone-A, BAPO49-Clone-B, 

BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in Table 1, or 

encoded by the nucleotide sequence in Table 1; or a sequence substantially identical (e.g., at least 

80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the aforesaid 

sequences; or which have at least one amino acid alteration, but not more than two, three or four 

5 alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) relative to 

one, two, or three CDRs according to Kabat et al. shown in Table 1.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

three, four, five, or six CDRs according to Kabat et al. (e.g., at least one, two, three, four, five, or 

six CDRs according to the Kabat definition as set out in Table 1) from the heavy and light chain 

variable regions of an antibody described herein, e.g., an antibody chosen from any of BAPO49

hum0l, BAPO49-hum02, BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, 
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BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, BAPO49-hum10, BAPO49-huml 1, 

BAPO49-hum12, BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, 

BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone

E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; or a sequence 

substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher 

identical) to any of the aforesaid sequences; or which have at least one amino acid alteration, but 

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., 

conservative substitutions) relative to one, two, three, four, five, or six CDRs according to Kabat 

et al. shown in Table 1.  

In yet another embodiment, the anti-PD-I antibody molecule includes all six CDRs 

according to Kabat et al. (e.g., all six CDRs according to the Kabat definition as set out in Table 

1) from the heavy and light chain variable regions of an antibody described herein, e.g., an 

antibody chosen from any of BAPO49-hum0l, BAPO49-hum02, BAPO49-hum03, BAPO49

hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, 

BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, 

BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, 

BAPO49-Clone-D, or BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide 

sequence in Table 1; or a sequence substantially identical (e.g., at least 80%, 8 5 %, 9 0%, 9 2 %, 

95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences; or which have at 

least one amino acid alteration, but not more than two, three or four alterations (e.g., 

substitutions, deletions, or insertions, e.g., conservative substitutions) relative to all six CDRs 

according to Kabat et al. shown in Table 1. In one embodiment, the anti-PD-i antibody 

molecule may include any CDR described herein.  

In another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three Chothia hypervariable loops (e.g., at least one, two, or three hypervariable loops according 

to the Chothia definition as set out in Table 1) from a heavy chain variable region of an antibody 

described herein, e.g., an antibody chosen from any of BAPO49-hum0l, BAPO49-hum02, 

BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, 

BAPO49-hum08, BAPO49-hum09, BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, 

BAPO49-huml3, BAPO49-huml4, BAPO49-huml5, BAPO49-huml6, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 
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Table 1, or encoded by the nucleotide sequence in Table 1; or at least the amino acids from those 

hypervariable loops that contact PD-1; or which have at least one amino acid alteration, but not 

more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., 

conservative substitutions) relative to one, two, or three hypervariable loops according to 

Chothia et al. shown in Table 1.  

In another embodiment, the anti-PD-I antibody molecule includes at least one, two, or 

three Chothia hypervariable loops (e.g., at least one, two, or three hypervairalbe loops according 

to the Chothia definition as set out in Table 1) of a light chain variable region of an antibody 

described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49-humO2, 

BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-humiO, BAPO49-hum 1i, BAPO49-humi2, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E; or as described in 

Table 1, or encoded by the nucleotide sequence in Table 1; or at least the amino acids from those 

hypervariable loops that contact PD-1; or which have at least one amino acid alteration, but not 

more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., 

conservative substitutions) relative to one, two, or three hypervariable loops according to 

Chothia et al. shown in Table 1.  

In yet another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

three, four, five, or six hypervariable loops (e.g., at least one, two, three, four, five, or six 

hypervariable loops according to the Chothia definition as set out in Table 1) from the heavy and 

light chain variable regions of an antibody described herein, e.g., an antibody chosen from any of 

BAPO49-hum01, BAPO49-humO2, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, 

BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, BAPO49-humiO, 

BAPO49-hum 1i, BAPO49-humi2, BAPO49-humi3, BAPO49-humi4, BAPO49-humi5, 

BAPO49-humi6, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; 

or at least the amino acids from those hypervariable loops that contact PD-1; or which have at 

least one amino acid alteration, but not more than two, three or four alterations (e.g., 

substitutions, deletions, or insertions, e.g., conservative substitutions) relative to one, two, three, 

four, five or six hypervariable loops according to Chothia et al. shown in Table 1.  
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In one embodiment, the anti-PD-i antibody molecule includes all six hypervariable loops 

(e.g., all six hypervariable loops according to the Chothia definition as set out in Table 1) of an 

antibody described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49

hum02, BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, 

BAPO49-hum08, BAPO49-hum09, BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E, or closely related 

hypervariable loops, e.g., hypervariable loops which are identical or which have at least one 

amino acid alteration, but not more than two, three or four alterations (e.g., substitutions, 

deletions, or insertions, e.g., conservative substitutions); or which have at least one amino acid 

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or 

insertions, e.g., conservative substitutions) relative to all six hypervariable loops according to 

Chothia et al. shown in Table 1. In one embodiment, the anti-PD-i antibody molecule may 

include any hypervariable loop described herein.  

In still another embodiment, the anti-PD-I antibody molecule includes at least one, two, 

or three hypervariable loops that have the same canonical structures as the corresponding 

hypervariable loop of an antibody described herein, e.g., an antibody chosen from any of 

BAPO49-hum0l, BAPO49-humO2, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, 

BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, BAPO49-hum10, 

BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, BAPO49-huml5, 

BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E, e.g., the same canonical structures as at least loop 1 and/or loop 2 of the heavy 

and/or light chain variable domains of an antibody described herein. See, e.g., Chothia et al., 

(1992) J. Mol. Biol. 227:799-817; Tomlinson et al., (1992) J. Mol. Biol. 227:776-798 for 

descriptions of hypervariable loop canonical structures. These structures can be determined by 

inspection of the tables described in these references.  

In certain embodiments, the anti-PD-I antibody molecule includes a combination of 

CDRs or hypervariable loops defined according to the Kabat et al. and Chothia et al.  

In one embodiment, the anti-PD-I antibody molecule includes at least one, two or three 

CDRs or hypervariable loops from a heavy chain variable region of an antibody described 

herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49-hum02, BAPO49-hum03, 
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BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, 

BAPO49-hum09, BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, 

BAPO49-hum14, BAPO49-huml5, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, 

BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E, according to the Kabat and Chothia 

definition (e.g., at least one, two, or three CDRs or hypervariable loops according to the Kabat 

and Chothia definition as set out in Table 1); or encoded by the nucleotide sequence in Table 1; 

or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% 

or higher identical) to any of the aforesaid sequences; or which have at least one amino acid 

alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or 

insertions, e.g., conservative substitutions) relative to one, two, or three CDRs or hypervariable 

loops according to Kabat and/or Chothia shown in Table 1.  

For example, the anti-PD-I antibody molecule can include VH CDR1 according to Kabat 

et al. or VH hypervariable loop 1 according to Chothia et al., or a combination thereof, e.g., as 

shown in Table 1. In one embodiment, the combination of Kabat and Chothia CDR of VH 

CDR1 comprises the amino acid sequence GYTFTTYWMH (SEQ ID NO: 224), or an amino 

acid sequence substantially identical thereto (e.g., having at least one amino acid alteration, but 

not more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g., 

conservative substitutions)). The anti-PD-i antibody molecule can further include, e.g., VH 

CDRs 2-3 according to Kabat et al. and VL CDRs 1-3 according to Kabat et al., e.g., as shown in 

Table 1. Accordingly, in some embodiments, framework regions are defined based on a 

combination of CDRs defined according to Kabat et al. and hypervariable loops defined 

according to Chothia et al. For example, the anti-PD-i antibody molecule can include VH FRI 

defined based on VH hypervariable loop 1 according to Chothia et al. and VH FR2 defined 

based on VH CDRs 1-2 according to Kabat et al., e.g., as shown in Table 1. The anti-PD-i 

antibody molecule can further include, e.g., VH FRs 3-4 defined based on VH CDRs 2-3 

according to Kabat et al. and VL FRs 1-4 defined based on VL CDRs 1-3 according to Kabat et 

al.  

The anti-PD-I antibody molecule can contain any combination of CDRs or hypervariable 

loops according to the Kabat and Chothia definitions. In one embodiment, the anti-PD-i 

antibody molecule includes at least one, two or three CDRs from a light chain variable region of 

an antibody described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49
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hum02, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, 

BAPO49-humO8, BAPO49-humO9, BAPO49-hum1O, BAPO49-hum1 1, BAPO49-hum12, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E, according to the 

Kabat and Chothia definition (e.g., at least one, two, or three CDRs according to the Kabat and 

Chothia definition as set out in Table 1).  

In an embodiment, e.g., an embodiment comprising a variable region, a CDR (e.g., 

Chothia CDR or Kabat CDR), or other sequence referred to herein, e.g., in Table 1, the antibody 

molecule is a monospecific antibody molecule, a bispecific antibody molecule, or is an antibody 

molecule that comprises an antigen binding fragment of an antibody, e.g., a half antibody or 

antigen binding fragment of a half antibody. In certain embodiments the antibody molecule is a 

bispecific antibody molecule having a first binding specificity for PD-I and a second binding 

specificity for TIM-3, LAG-3, CEACAM (e.g., CEACAM-1 and/or CEACAM-5), PD-LI or PD

L2.  

In one embodiment, the anti-PD-I antibody molecule includes: 

(a) a heavy chain variable region (VH) comprising a VHCDR1 amino acid sequence of 

SEQ ID NO: 4, a VHCDR2 amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid 

sequence of SEQ ID NO: 3; and a light chain variable region (VL) comprising a VLCDR1 amino 

acid sequence of SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID NO: 14, and a 

VLCDR3 amino acid sequence of SEQ ID NO: 33; 

(b) a VH comprising a VHCDR1 amino acid sequence chosen from SEQ ID NO: 1; a 

VHCDR2 amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ 

ID NO: 3; and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 10, a 

VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 32; 

(c) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 224, a VHCDR2 

amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid sequence of SEQ ID NO: 3; 

and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 13, a VLCDR2 amino 

acid sequence of SEQ ID NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 33; or 

(d) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 224; a VHCDR2 

amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ ID NO: 3; 
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and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 10, a VLCDR2 amino 

acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ ID NO: 32.  

In one embodiment, the anti-PD-i antibody molecule comprises a VH comprising a 

VHCDR1 amino acid sequence of SEQ ID NO: 4, a VHCDR2 amino acid sequence of SEQ ID 

5 NO: 5, and a VHCDR3 amino acid sequence of SEQ ID NO: 3; and a VL comprising a 

VLCDR1 amino acid sequence of SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID 

NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 33.  

In one embodiment, the anti-PD-i antibody molecule comprises a VH comprising a 

VHCDR1 amino acid sequence of SEQ ID NO: 1; a VHCDR2 amino acid sequence of SEQ ID 

NO: 2; and a VHCDR3 amino acid sequence of SEQ ID NO: 3; and a VL comprising a 

VLCDR1 amino acid sequence of SEQ ID NO: 10, a VLCDR2 amino acid sequence of SEQ ID 

NO: 11, and a VLCDR3 amino acid sequence of SEQ ID NO: 32.  

In one embodiment, the anti-PD-i antibody molecule comprises a VH comprising a 

VHCDR1 amino acid sequence of SEQ ID NO: 224, a VHCDR2 amino acid sequence of SEQ 

5 ID NO: 5, and a VHCDR3 amino acid sequence of SEQ ID NO: 3; and a VL comprising a 

VLCDR1 amino acid sequence of SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID 

NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 33.  

In one embodiment, the anti-PD-i antibody molecule comprises a VH comprising a 

VHCDR1 amino acid sequence of SEQ ID NO: 224; a VHCDR2 amino acid sequence of SEQ 

ID NO: 2; and a VHCDR3 amino acid sequence of SEQ ID NO: 3; and a VL comprising a 

VLCDR1 amino acid sequence of SEQ ID NO: 10, a VLCDR2 amino acid sequence of SEQ ID 

NO: 11, and a VLCDR3 amino acid sequence of SEQ ID NO: 32.  

In one embodiment, the antibody molecule is a humanized antibody molecule. In another 

embodiment, the antibody molecule is a monospecific antibody molecule. In yet another 

5 embodiment, the antibody molecule is a bispecific antibody molecule.  

In one embodiment, the anti-PD-I antibody molecule includes: 

(i) a heavy chain variable region (VH) including a VHCDR1 amino acid sequence chosen 

from SEQ ID NO: 1, SEQ ID NO: 4 or SEQ ID NO: 224; a VHCDR2 amino acid sequence of 

SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ ID NO: 3; and 
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(ii) a light chain variable region (VL) including a VLCDR1 amino acid sequence of SEQ 

ID NO: 10, a VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid 

sequence of SEQ ID NO: 32.  

In another embodiment, the anti-PD-1 antibody molecule includes: 

(i) a heavy chain variable region (VH) including a VHCDR1 amino acid sequence chosen 

from SEQ ID NO: 1, SEQ ID NO: 4 or SEQ ID NO: 224; a VHCDR2 amino acid sequence of 

SEQ ID NO: 5, and a VHCDR3 amino acid sequence of SEQ ID NO: 3; and 

(ii) a light chain variable region (VL) including a VLCDR1 amino acid sequence of SEQ 

ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID NO: 14, and a VLCDR3 amino acid 

sequence of SEQ ID NO: 33.  

In one embodiment, the anti-PD-1 antibody molecule comprises the VHCDR1 amino 

acid sequence of SEQ ID NO: 1. In another embodiment, the anti-PD-1 antibody molecule 

comprises the VHCDRi amino acid sequence of SEQ ID NO: 4. In yet another embodiment, the 

anti-PD-1 antibody molecule comprises the VHCDR1 amino acid sequence of SEQ ID NO: 224.  

5 In one embodiment, the light or the heavy chain variable framework (e.g., the region 

encompassing at least FRI, FR2, FR3, and optionally FR4) of the anti-PD-I antibody molecule 

can be chosen from: (a) a light or heavy chain variable framework including at least 80%, 85%, 

87% 90%, 9 2 %, 9 3 %, 9 5 %, 9 7 %, 98%, or preferably 100% of the amino acid residues from a 

human light or heavy chain variable framework, e.g., a light or heavy chain variable framework 

residue from a human mature antibody, a human germline sequence, or a human consensus 

sequence; (b) a light or heavy chain variable framework including from 20% to 80%, 40% to 

60%, 60% to 90%, or 70% to 95% of the amino acid residues from a human light or heavy chain 

variable framework, e.g., a light or heavy chain variable framework residue from a human 

mature antibody, a human germline sequence, or a human consensus sequence; (c) a non-human 

5 framework (e.g., a rodent framework); or (d) a non-human framework that has been modified, 

e.g., to remove antigenic or cytotoxic determinants, e.g., deimmunized, or partially humanized.  

In one embodiment, the light or heavy chain variable framework region (particularly FRI, FR2 

and/or FR3) includes a light or heavy chain variable framework sequence at least 70, 75, 80, 85, 

87, 88, 90, 92, 94, 95, 96, 97, 98, 99% identical or identical to the frameworks of a VL or VH 

segment of a human germline gene.  
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In certain embodiments, the anti-PD-i antibody molecule comprises a heavy chain 

variable domain having at least one, two, three, four, five, six, seven, ten, fifteen, twenty or more 

changes, e.g., amino acid substitutions or deletions, from an amino acid sequence of BAPO49

chi-HC, e.g., the amino acid sequence of the FR region in the entire variable region, e.g., shown 

in FIGs. 9A-9B, or SEQ ID NO: 18, 20, 22 or 30. In one embodiment, the anti-PD-i antibody 

molecule comprises a heavy chain variable domain having one or more of: E at position 1, V at 

position 5, A at position 9, V at position 11, K at position 12, K at position 13, E at position 16, 

L at position 18, R at position 19, I or V at position 20, G at position 24, I at position 37, A or S 

at position 40, T at position 41, S at position 42, R at position 43, M or L at position 48, V or F at 

position 68, T at position 69, I at position 70, S at position 71, A or R at position 72, K or N at 

position 74, T or K at position 76, S or N at position 77, L at position 79, L at position 81, E or Q 
at position 82, M at position 83, S or N at position 84, R at position 87, A at position 88, or T at 

position 91 of amino acid sequence of BAP049-chi-HC, e.g., the amino acid sequence of the FR 

in the entire variable region, e.g., shown in FIGs. 9A-9B, or SEQ ID NO: 18, 20, 22 or 30.  

5 Alternatively, or in combination with the heavy chain substitutions of BAP049-chi-HC 

described herein, the anti-PD-I antibody molecule comprises a light chain variable domain 

having at least one, two, three, four, five, six, seven, ten, fifteen, twenty or more amino acid 

changes, e.g., amino acid substitutions or deletions, from an amino acid sequence of BAPO49

chi-LC, e.g., the amino acid sequence shown in FIGs. 10A-10B, or SEQ ID NO: 24 or 26. In 

one embodiment, the anti-PD-I antibody molecule comprises a heavy chain variable domain 

having one or more of: E at position 1, V at position 2, Q at position 3, L at position 4, T at 

position 7, D or L or A at position 9, F or T at position 10, Q at position 11, S or P at position 12, 

L or A at position 13, S at position 14, P or L or V at position 15, K at position 16, Q or D at 

position 17, R at position 18, A at position 19, S at position 20, I or L at position 21, T at 

5 position 22, L at position 43, K at position 48, A or S at position 49, R or Q at position 51, Y at 

position 55, I at position 64, S or P at position 66, S at position 69, Y at position 73, G at position 

74, E at position 76, F at position 79, N at position 82, N at position 83, L or I at position 84, E at 

position 85, S or P at position 86, D at position 87, A or F or I at position 89, T or Y at position 

91, F at position 93, or Y at position 102 of the amino acid sequence of BAPO49-chi-LC, e.g., the 

amino acid sequence shown in FIGs. 10A-10B, or SEQ ID NO: 24 or 26.  
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In other embodiments, the anti-PD-I antibody molecule includes one, two, three, or four 

heavy chain framework regions (e.g., a VHIFW amino acid sequence shown in Table 2, or 

encoded by the nucleotide sequence shown in Table 2), or a sequence substantially identical 

thereto.  

In yet other embodiments, the anti-PD-i antibody molecule includes one, two, three, or 

four light chain framework regions (e.g., a VLFW amino acid sequence shown in Table 2, or 

encoded by the nucleotide sequence shown in Table 2), or a sequence substantially identical 

thereto.  

In other embodiments, the anti-PD-I antibody molecule includes one, two, three, or four 

heavy chain framework regions (e.g., a VHIFW amino acid sequence shown in Table 2, or 

encoded by the nucleotide sequence shown in Table 2), or a sequence substantially identical 

thereto; and one, two, three, or four light chain framework regions (e.g., a VLFW amino acid 

equence shown in Table 2, or encoded by the nucleotide sequence shown in Table 2), or a 

sequence substantially identical thereto.  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework region 1 (VIFWI) of BAPO49-hum01, BAPO49-humO2, BAPO49-humO3, BAPO49

hum04, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, 

BAPO49-hum10, BAPO49-hum1 1, BAPO49-hum12, BAPO49-hum13, BAPO49-hum15, 

BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E (e.g., SEQ ID NO: 147). In some embodiments, the antibody molecule 

comprises the heavy chain framework region 1 (VIFWI) of BAPO49-hum14 or BAPO49-hum15 

(e.g., SEQ ID NO: 151).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework region 2 (VHFW2) of BAPO49-humOI, BAPO49-humO2, BAPO49-hum05, BAPO49

hum06, BAPO49-hum07, BAPO49-hum09, BAPO49-hum 11, BAPO49-hum12, BAPO49-hum13, 

BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, or BAPO49-Clone-E (e.g., SEQ ID NO: 

153). In some embodiments, the antibody molecule comprises the heavy chain framework 

region 2 (VHIFW2) of BAPO49-hum03, BAPO49-hum04, BAPO49-hum08, BAPO49-hum10, 

BAPO49-hum 14, BAPO49-hum15, or BAPO49-Clone-D (e.g., SEQ ID NO: 157). In some 

embodiments, the antibody molecule comprises the heavy chain framework region 2 (VIFW2) 

of BAPO49-huml6 (e.g., SEQ ID NO: 160).  
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In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework region 3 (VHFW3) of BAPO49-hum0l, BAPO49-humO2, BAPO49-humO5, BAPO49

hum06, BAPO49-humO7, BAPO49-humO9, BAPO49-hum 11, BAPO49-hum12, BAPO49-hum13, 

BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, or BAPO49-Clone-E (e.g., SEQ ID NO: 

162). In some embodiments, the antibody molecule comprises the heavy chain framework 

region 3 (VHIFW3) of BAPO49-humO3, BAPO49-humO4, BAPO49-humO8, BAPO49-humlO, 

BAPO49-hum14, BAPO49-huml5, BAPO49-huml6, or BAPO49-Clone-D (e.g., SEQ ID NO: 

166).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework region 4 (VIFW4) of BAPO49-humO1, BAPO49-humO2, BAPO49-humO3, BAPO49

hum04, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, 

BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, 

BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, 

BAPO49-Clone-D, or BAPO49-Clone-E (e.g., SEQ ID NO: 169).  

In some embodiments, the anti-PD-i antibody molecule comprises the light chain 

framework region 1 (VLFW1) of BAPO49-humO8, BAPO49-humO9, BAPO49-hum15, BAPO49

hum 16, or BAPO49-Clone-C (e.g., SEQ ID NO: 174). In some embodiments, the antibody 

molecule comprises the light chain framework region 1 (VLFW1) of BAPO49-hum0l, BAPO49

hum04, BAPO49-humO5, BAPO49-hum07, BAPO49-hum 10, BAPO49-hum 11, BAPO49-hum 14, 

BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-D, or BAPO49-Clone-E (e.g., SEQ ID NO: 

177). In some embodiments, the antibody molecule comprises the light chain framework region 

1 (VLFW1) of BAPO49-hum06 (e.g., SEQ ID NO: 181). In some embodiments, the antibody 

molecule comprises the light chain framework region 1 (VLFW1) of BAPO49-huml3 (e.g., SEQ 

ID NO: 183). In some embodiments, the antibody molecule comprises the light chain framework 

region 1 (VLFW1) of BAPO49-hum02, BAPO49-hum03, or BAPO49-huml2 (e.g., SEQ ID NO: 

185).  

In some embodiments, the anti-PD-i antibody molecule comprises the light chain 

framework region 2 (VLFW2) of BAPO49-hum01, BAPO49-hum02, BAPO49-hum03, BAPO49

hum06, BAPO49-hum08, BAPO49-hum09, BAPO49-hum 10, BAPO49-hum 11, BAPO49-hum 14, 

BAPO49-huml5, BAPO49-huml6, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-D, or 

BAPO49-Clone-E (e.g., SEQ ID NO: 187). In some embodiments, the antibody molecule 
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comprises the light chain framework region 2 (VLFW2) of BAPO49-hum04, BAPO49-hum05, 

BAPO49-hum07, BAPO49-hum13, or BAPO49-Clone-C (e.g., SEQ ID NO: 191). In some 

embodiments, the antibody molecule comprises the light chain framework region 2 (VLFW2) of 

BAPO49-hum12 (e.g., SEQ ID NO: 194).  

In some embodiments, the anti-PD-1 antibody molecule comprises the light chain 

framework region 3 (VLFW3) of BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, BAPO49

hum09, BAPO49-hum10, BAPO49-hum 11, BAPO49-hum12, BAPO49-hum13, BAPO49-hum14, 

BAPO49-hum15, BAPO49-huml6, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E 

(e.g., SEQ ID NO: 196). In some embodiments, the antibody molecule comprises the light chain 

framework region 3 (VLFW3) of BAPO49-humO2 or BAPO49-humO3 (e.g., SEQ ID NO: 200).  

In some embodiments, the antibody molecule comprises the light chain framework region 3 

(VLFW3) of BAPO49-humO1 or BAPO49-Clone-A (e.g., SEQ ID NO: 202). In some 

embodiments, the antibody molecule comprises the light chain framework region 3 (VLFW3) of 

BAPO49-hum04, BAPO49-hum05, or BAPO49-Clone-B (e.g., SEQ ID NO: 205).  

In some embodiments, the anti-PD-1 antibody molecule comprises the light chain 

framework region 4 (VLFW4) of BAPO49-humO1, BAPO49-humO2, BAPO49-humO3, BAPO49

hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, 

BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, 

BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, 

BAPO49-Clone-D, or BAPO49-Clone-E (e.g., SEQ ID NO: 208).  

In some embodiments, the anti-PD-1 antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-hum0l, BAPO49-hum02, BAPO49-hum05, BAPO49-hum06, 

BAP-hum07, BAPO49-hum09, BAPO49-hum 11, BAPO49-hum12, BAPO49-hum13, BAPO49

Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, or BAPO49-Clone-E (e.g., SEQ ID NO: 147 

(VIFW1), SEQ ID NO: 153 (VHFW2), and SEQ ID NO: 162 (VIFW3)). In some 

embodiments, the antibody molecule comprises the heavy chain framework regions 1-3 of 

BAPO49-hum03, BAPO49-hum04, BAPO49-hum08, BAPO49-hum10, or BAPO49-Clone-D (e.g., 

SEQ ID NO: 147 (VIFW1), SEQ ID NO: 157 (VHFW2), and SEQ ID NO: 166 (VHFW3)). In 

some embodiments, the antibody molecule comprises the heavy chain framework regions 1-3 of 

BAPO49-huml4orBAPO49-huml5 (e.g., SEQ IDNO: 151 (VIFW1), SEQ ID NO: 157 

(VIFW2), and SEQ ID NO: 166 (VHFW3)). In some embodiments, the antibody molecule 
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comprises the heavy chain framework regions 1-3 of BAPO49-huml6 (e.g., SEQ ID NO: 147 

(VIFW1), SEQ ID NO: 160 (VHFW2), and SEQ ID NO: 166 (VIFW3)). In some 

embodiments, the antibody molecule further comprises the heavy chain framework region 4 

(VIFW4) of BAPO49-hum0l, BAPO49-humO2, BAPO49-humO3, BAPO49-humO4, BAPO49

5 hum05, BAPO49-humO6, BAP049-hum07, BAP049-hum08, BAPO49-humO9, BAPO49-humlO, 

BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, BAPO49-huml4, BAP049-huml5, 

BAPO49-hum16, BAP049-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E (e.g., SEQ ID NO: 169).  

In some embodiments, the anti-PD-i antibody molecule comprises the light chain 

framework regions 1-3 of BAP049-hum01 or BAP049-Clone-A (e.g., SEQ ID NO: 177 

(VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID NO: 202 (VLFW3)). In some 

embodiments, the antibody molecule comprises the light chain framework regions 1-3 of 

BAP049-hum02 or BAP049-hum03 (e.g., SEQ ID NO: 185 (VLFW1), SEQ ID NO: 187 

(VLFW2), and SEQ ID NO: 200 (VLFW3)). In some embodiments, the antibody molecule 

5 comprises the light chain framework regions 1-3 of BAP049-hum04, BAP049-hum05, or 

BAP049-Clone-B (e.g., SEQ ID NO: 177 (VLFW1), SEQ ID NO: 191 (VLFW2), and SEQ ID 

NO: 205 (VLFW3)). In some embodiments, the antibody molecule comprises the light chain 

framework regions 1-3 of BAP049-hum06 (e.g., SEQ ID NO: 181 (VLFW1), SEQ ID NO: 187 

(VLFW2), and SEQ ID NO: 196 (VLFW3)). In some embodiments, the antibody molecule 

comprises the light chain framework regions 1-3 of BAPO49-hum07 (e.g., SEQ ID NO: 177 

(VLFW1), SEQ ID NO: 191 (VLFW2), and SEQ ID NO: 196 (VLFW3)). In some 

embodiments, the antibody molecule comprises the light chain framework regions 1-3 of 

BAPO49-hum08, BAPO49-hum09, BAPO49-hum 15, BAPO49-hum16, or BAPO49-Clone-C (e.g., 

SEQ ID NO: 174 (VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID NO: 196 (VLFW3)). In 

5 some embodiments, the antibody molecule comprises the light chain framework regions 1-3 of 

BAPO49-hum 10, BAPO49-hum 11, BAPO49-hum 14, BAPO49-Clone-D, or BAPO49-Clone-E 

(e.g., SEQ ID NO: 177 (VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID NO: 196 

(VLFW3)). In some embodiments, the antibody molecule comprises the light chain framework 

regions 1-3 of BAPO49-huml2 (e.g., SEQ ID NO: 185 (VLFW1), SEQ ID NO: 194 (VLFW2), 

and SEQ ID NO: 196 (VLFW3)). In some embodiments, the antibody molecule comprises the 

light chain framework regions 1-3 of BAPO49-huml3 (e.g., SEQ ID NO: 183 (VLFW1), SEQ ID 
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NO: 191 (VLFW2), and SEQ ID NO: 196 (VLFW3)). In some embodiments, the antibody 

molecule further comprises the light chain framework region 4 (VLFW4) of BAPO49-hum01, 

BAPO49-humO2, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, 

BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, BAPO49-hum10, BAPO49-huml 1, 

BAPO49-hum12, BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, 

BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E 

(e.g., SEQ ID NO: 208).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-humO1 or BAPO49-Clone-A (e.g., SEQ ID NO: 147 

(VIFW1), SEQ ID NO: 153 (VIFW2), and SEQ ID NO: 162 (VIFW3)) and the light chain 

framework regions 1-3 of BAP049-hum01 or BAP049-Clone-A (e.g., SEQ ID NO: 177 

(VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID NO: 202 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAP049-hum02 (e.g., SEQ ID NO: 147 (VIFW1), SEQ ID NO: 153 

(VIFW2), and SEQ ID NO: 162 (VHFW3)) and the light chain framework regions 1-3 of 

BAP049-hum02 (e.g., SEQ ID NO: 185 (VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID 

NO: 200 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAP049-hum03 (e.g., SEQ ID NO: 147 (VHFW1), SEQ ID NO: 157 

(VIFW2), and SEQ ID NO: 166 (VHFW3)) and the light chain framework regions 1-3 of 

BAP049-hum03 (e.g., SEQ ID NO: 185 (VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID 

NO: 200 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-hum04 (e.g., SEQ ID NO: 147 (VIFW1), SEQ ID NO: 157 

(VIFW2), and SEQ ID NO: 166 (VHFW3)) and the light chain framework regions 1-3 of 

BAPO49-hum04 (e.g., SEQ ID NO: 177 (VLFW1), SEQ ID NO: 191 (VLFW2), and SEQ ID 

NO: 205 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-hum05 or BAPO49-Clone-B (e.g., SEQ ID NO: 147 

(VIFW1), SEQ ID NO: 153 (VIFW2), and SEQ ID NO: 162 (VIFW3)) and the light chain 
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framework regions 1-3 of BAPO49-humO5 or BAPO49-Clone-B (e.g., SEQ ID NO: 177 

(VLFW1), SEQ ID NO: 191 (VLFW2), and SEQ ID NO: 205 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-humO6 (e.g., SEQ ID NO: 147 (VIFW1), SEQ ID NO: 153 

(VIFW2), and SEQ ID NO: 162 (VHFW3)) and the light chain framework regions 1-3 of 

BAPO49-humO6 (e.g., SEQ ID NO: 181 (VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID 

NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-hum07 (e.g., SEQ ID NO: 147 (VIFW1), SEQ ID NO: 153 

(VIFW2), and SEQ ID NO: 162 (VHFW3)) and the light chain framework regions 1-3 of 

BAPO49-hum07 (e.g., SEQ ID NO: 177 (VLFW1), SEQ ID NO: 191 (VLFW2), and SEQ ID 

NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-hum08 (e.g., SEQ ID NO: 147 (VIFW1), SEQ ID NO: 157 

(VIFW2), and SEQ ID NO: 166 (VHFW3)) and the light chain framework regions 1-3 of 

BAPO49-hum08 (e.g., SEQ ID NO: 174 (VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID 

NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-hum09 or BAPO49-Clone-C (e.g., SEQ ID NO: 147 

(VIFW1), SEQ ID NO: 153 (VIFW2), and SEQ ID NO: 162 (VIFW3)) and the light chain 

framework regions 1-3 of BAPO49-hum09 or BAPO49-Clone-C (e.g., SEQ ID NO: 174 

(VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-hum10 or BAPO49-Clone-D (e.g., SEQ ID NO: 147 

(VIFW1), SEQ ID NO: 157 (VIFW2), and SEQ ID NO: 166 (VIFW3)) and the light chain 

framework regions 1-3 of BAPO49-hum10 or BAPO49-Clone-D (e.g., SEQ ID NO: 177 

(VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-hum 11 or BAPO49-Clone-E (e.g., SEQ ID NO: 147 

(VIFW1), SEQ ID NO: 153 (VIFW2), and SEQ ID NO: 162 (VIFW3)) and the light chain 
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framework regions 1-3 of BAPO49-hum 11 or BAPO49-Clone-E (e.g., SEQ ID NO: 177 

(VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-huml2 (e.g., SEQ ID NO: 147 (VIFW1), SEQ ID NO: 153 

(VIFW2), and SEQ ID NO: 162 (VHFW3)) and the light chain framework regions 1-3 of 

BAPO49-huml2 (e.g., SEQ ID NO: 185 (VLFW1), SEQ ID NO: 194 (VLFW2), and SEQ ID 

NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-huml3 (e.g., SEQ ID NO: 147 (VIFW1), SEQ ID NO: 153 

(VIFW2), and SEQ ID NO: 162 (VHFW3)) and the light chain framework regions 1-3 of 

BAPO49-hum13 (e.g., SEQ ID NO: 183 (VLFW1), SEQ ID NO: 191 (VLFW2), and SEQ ID 

NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-huml4 (e.g., SEQ ID NO: 151 (VIFW1), SEQ ID NO: 157 

(VIFW2), and SEQ ID NO: 166 (VHFW3)) and the light chain framework regions 1-3 of 

BAPO49-huml4 (e.g., SEQ ID NO: 177 (VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID 

NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-huml5 (e.g., SEQ ID NO: 151 (VIFW1), SEQ ID NO: 157 

(VIFW2), and SEQ ID NO: 166 (VHFW3)) and the light chain framework regions 1-3 of 

BAPO49-hum15 (e.g., SEQ ID NO: 174 (VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID 

NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule comprises the heavy chain 

framework regions 1-3 of BAPO49-huml6 (e.g., SEQ ID NO: 147 (VIFW1), SEQ ID NO: 160 

(VIFW2), and SEQ ID NO: 166 (VHFW3)) and the light chain framework regions 1-3 of 

BAPO49-hum16 (e.g., SEQ ID NO: 174 (VLFW1), SEQ ID NO: 187 (VLFW2), and SEQ ID 

NO: 196 (VLFW3)).  

In some embodiments, the anti-PD-i antibody molecule further comprises the heavy 

chain framework region 4 (VIFW4) of BAPO49-hum0l, BAPO49-humO2, BAPO49-humO3, 

BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, BAPO49-humO7, BAPO49-humO8, 

BAPO49-hum09, BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, 
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BAPO49-hum14, BAPO49-huml5, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, 

BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E (e.g., SEQ ID NO: 169) and the light 

chain framework region 4 (VLFW4) of BAP049-hum0l, BAP049-hum02, BAP049-hum03, 

BAP049-hum04, BAP049-hum05, BAP049-hum06, BAP049-hum07, BAP049-hum08, 

BAPO49-humO9, BAPO49-humlO, BAPO49-huml 1, BAPO49-huml2, BAPO49-huml3, 

BAPO49-hum14, BAPO49-huml5, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, 

BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E (e.g., SEQ ID NO: 208).  

In some embodiments, the anti-PD-i antibody molecule comprises a heavy chain 

framework region having a combination of framework regions FW1, FW2 and FW3 as showin in 

FIGs. 5 or 7. In other embodiment, the antibody molecule comprises a light chain framework 

region having a combination of framework regions FW1, FW2 and FW3 as showin in FIGs. 5 or 

7. In yet other embodiments, the antibody molecule comprises a heavy chain framework region 

having a combination of framework regions FW1, FW2 and FW3 as showin in FIGs. 5 or 7, and 

a light chain framework region having a combination of framework regions FW1, FW2 and FW3 

as showin in FIGs. 5 or 7.  

In one embodiment, the heavy or light chain variable domain, or both, of the anti-PD-I 

antibody molecule includes an amino acid sequence, which is substantially identical to an amino 

acid disclosed herein, e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher 

identical to a variable region of an antibody described herein, e.g., an antibody chosen from any 

of BAP049-hum0l, BAP049-hum02, BAP049-hum03, BAP049-hum04, BAP049-hum05, 

BAP049-hum06, BAP049-hum07, BAP049-hum08, BAP049-hum09, BAP049-hum10, 

BAP049-huml 1, BAP049-huml2, BAP049-huml3, BAP049-huml4, BAP049-huml5, 

BAP049-Clone-A, BAP049-Clone-B, BAP049-Clone-C, BAP049-Clone-D, or BAP049-Clone

E; or as described in Table 1, or encoded by the nucleotide sequence in Table 1; or which differs 

at least 1 or 5 residues, but less than 40, 30, 20, or 10 residues, from a variable region of an 

antibody described herein.  

In one embodiment, the heavy or light chain variable region, or both, of the anti-PD-I 

antibody molecule includes an amino acid sequence encoded by a nucleic acid sequence 

described herein or a nucleic acid that hybridizes to a nucleic acid sequence described herein 

(e.g., a nucleic acid sequence as shown in Tables 1 and 2) or its complement, e.g., under low 
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stringency, medium stringency, or high stringency, or other hybridization condition described 

herein.  

In another embodiment, the anti-PD-I antibody molecule comprises at least one, two, 

three, or four antigen-binding regions, e.g., variable regions, having an amino acid sequence as 

set forth in Table 1, or a sequence substantially identical thereto (e.g., a sequence at least about 

85%, 90%, 95%, 99% or more identical thereto, or which differs by no more than 1, 2, 5, 10, or 

15 amino acid residues from the sequences shown in Table 1. In another embodiment, the anti

PD-I antibody molecule includes a VH and/or VL domain encoded by a nucleic acid having a 

nucleotide sequence as set forth in Table 1, or a sequence substantially identical thereto (e.g., a 

sequence at least about 85%, 90%, 95%, 99% or more identical thereto, or which differs by no 

more than 3, 6, 15, 30, or 45 nucleotides from the sequences shown in Table 1.  

In yet another embodiment, the anti-PD-1 antibody molecule comprises at least one, two, 

or three CDRs from a heavy chain variable region having an amino acid sequence as set forth in 

Table 1, or a sequence substantially homologous thereto (e.g., a sequence at least about 85%, 

90%, 95%, 99% or more identical thereto, and/or having one, two, three or more substitutions, 

insertions or deletions, e.g., conserved substitutions). In yet another embodiment, the anti-PD-1 

antibody molecule comprises at least one, two, or three CDRs from a light chain variable region 

having an amino acid sequence as set forth in Table 1, or a sequence substantially homologous 

thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or 

having one, two, three or more substitutions, insertions or deletions, e.g., conserved 

substitutions). In yet another embodiment, the anti-PD-1 antibody molecule comprises at least 

one, two, three, four, five or six CDRs from heavy and light chain variable regions having an 

amino acid sequence as set forth in Table 1), or a sequence substantially homologous thereto 

(e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or having 

one, two, three or more substitutions, insertions or deletions, e.g., conserved substitutions).  

In one embodiment, the anti-PD-I antibody molecule comprises at least one, two, or three 

CDRs and/or hypervariable loops from a heavy chain variable region having an amino acid 

sequence of an antibody described herein, e.g., an antibody chosen from any of BAPO49-hum0I, 

BAPO49-hum02, BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, 

BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, BAPO49-humi0, BAPO49-humi 1, 

BAPO49-hum12, BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, 
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BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone

E, as summarized in Table 1, or a sequence substantially identical thereto (e.g., a sequence at 

least about 85%, 90%, 95%, 99% or more identical thereto, and/or having one, two, three or 

more substitutions, insertions or deletions, e.g., conserved substitutions). In another 

embodiment, the anti-PD-I antibody molecule comprises at least one, two, or three CDRs and/or 

hypervariable loops from a light chain variable region having an amino acid sequence of of an 

antibody described herein, e.g., an antibody chosen from any of BAPO49-hum01, BAPO49

hum02, BAPO49-humO3, BAPO49-hum04, BAPO49-hum05, BAPO49-humO6, BAPO49-humO7, 

BAPO49-hum08, BAPO49-hum09, BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, 

BAPO49-huml3, BAPO49-huml4, BAPO49-huml5, BAPO49-huml6, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E, as summarized in 

Table 1, or a sequence substantially identical thereto (e.g., a sequence at least about 8 5 %, 9 0 %, 

95%, 99% or more identical thereto, and/or having one, two, three or more substitutions, 

insertions or deletions, e.g., conserved substitutions). In one embodiment, the anti-PD-1 

antibody molecule comprises all six CDRs and/or hypervariable loops described herein, e.g., 

described in Table 1.  

In one embodiment, the anti-PD-I antibody molecule has a variable region that is 

identical in sequence, or which differs by 1, 2, 3, or 4 amino acids from a variable region 

described herein (e.g., an FR region disclosed herein).  

In one embodiment, the anti-PD-I antibody molecule is a full antibody or fragment 

thereof (e.g., a Fab, F(ab') 2, Fv, or a single chain Fv fragment (scFv)). In certain embodiments, 

the anti-PD-I antibody molecule is a monoclonal antibody or an antibody with single specificity.  

The anti-PD-I antibody molecule can also be a humanized, chimeric, camelid, shark, or an in 

vitro-generated antibody molecule. In one embodiment, the anti-PD-I antibody molecule thereof 

is a humanized antibody molecule. The heavy and light chains of the anti-PD-1 antibody 

molecule can be full-length (e.g., an antibody can include at least one, and preferably two, 

complete heavy chains, and at least one, and preferably two, complete light chains) or can 

include an antigen-binding fragment (e.g., a Fab, F(ab') 2, Fv, a single chain Fv fragment, a single 

domain antibody, a diabody (dAb), a bivalent antibody, or bispecific antibody or fragment 

thereof, a single domain variant thereof, or a camelid antibody).  

- 85 -



WO 2017/106810 PCT/US2016/067430 

In yet other embodiments, the anti-PD-i antibody molecule has a heavy chain constant 

region (Fc) chosen from, e.g., the heavy chain constant regions of IgGI, IgG2, IgG3, IgG4, IgM, 

IgAl, IgA2, IgD, and IgE; particularly, chosen from, e.g., the heavy chain constant regions of 

IgGI, IgG2, IgG3, and IgG4, more particularly, the heavy chain constant region of IgGI or IgG2 

5 (e.g., human IgGI, IgG2 or IgG4). In one embodiment, the heavy chain constant region is human 

IgGI. In another embodiment, the anti-PD-i antibody molecule has a light chain constant region 

chosen from, e.g., the light chain constant regions of kappa or lambda, preferably kappa (e.g., 

human kappa). In one embodiment, the constant region is altered, e.g., mutated, to modify the 

properties of the anti-PD-I 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). For example, the constant region is mutated at positions 296 (M to Y), 

298 (S to T), 300 (T to E), 477 (H to K) and 478 (N to F) to alter Fc receptor binding (e.g., the 

mutated positions correspond to positions 132 (M to Y), 134 (S to T), 136 (T to E), 313 (H to K) 

and 314 (N to F) of SEQ ID NOs: 212 or 214; or positions 135 (M to Y), 137 (S to T), 139 (T to 

5 E), 316 (H to K) and 317 (N to F) of SEQ ID NOs: 215, 216, 217 or 218). In another 

embodiment, the heavy chain constant region of an IgG4, e.g., a human IgG4, is mutated at 

position 228 according to EU numbering (e.g., S to P), e.g., as shown in Table 3. In certain 

embodiments, the anti-PD-i antibody molecules comprises a human IgG4 mutated at position 

228 according to EU numbering (e.g., S to P), e.g., as shown in Table 3; and a kappa light chain 

constant region, e.g., as shown in Table 3. In still another embodiment, the heavy chain constant 

region of an IgGI, e.g., a human IgGI, is mutated at one or more of position 297 according to 

EU numbering (e.g., N to A), position 265 according to EU numbering (e.g., D to A), position 

329 according to EU numbering (e.g., P to A), position 234 according to EU numbering (e.g., L 

to A), or position 235 according to EU numbering (e.g., L to A), e.g., as shown in Table 3. In 

5 certain embodiments, the anti-PD-I antibody molecules comprises a human IgGI mutated at one 

or more of the aforesaid positions, e.g., as shown in Table 3; and a kappa light chain constant 

region, e.g., as shown in Table 3.  

In one embodiment, the anti-PD-i antibody molecule is isolated or recombinant.  

In one embodiment, the anti-PD-I antibody molecule is a humanized antibody molecule.  

In one embodiment, the anti-PD-i antibody molecule has a risk score based on T cell 

epitope analysis of less than 700, 600, 500, 400 or less.  
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In one embodiment, the anti-PD-i antibody molecue is a humanized antibody molecule 

and has a risk score based on T cell epitope analysis of 300 to 700, 400 to 650, 450 to 600, or a 

risk score as described herein.  

In one embodiment, the anti-PD-I antibody molecule includes: 

(a) a heavy chain variable region (VH) comprising a VHCDR1 amino acid sequence of 

SEQ ID NO: 4, a VHCDR2 amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid 

sequence of SEQ ID NO: 3; and a light chain variable region (VL) comprising a VLCDR1 amino 

acid sequence of SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID NO: 14, and a 

VLCDR3 amino acid sequence of SEQ ID NO: 33; 

(b) a VH comprising a VHCDR1 amino acid sequence chosen from SEQ ID NO: 1; a 

VHCDR2 amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ 

ID NO: 3; and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 10, a 

VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 32; 

(c) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 224, a VHCDR2 

amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid sequence of SEQ ID NO: 3; 

and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 13, a VLCDR2 amino 

acid sequence of SEQ ID NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 33; or 

(d) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 224; a VHCDR2 

amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ ID NO: 3; 

and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 10, a VLCDR2 amino 

acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ ID NO: 32.  

In certain embodiments, the anti-PD-i antibody molecule comprises: 

(i) a heavy chain variable region (VH) comprising a VHCDR1 amino acid sequence 

chosen from SEQ ID NO: 1, SEQ ID NO: 4 or SEQ ID NO: 224; a VHCDR2 amino acid 

sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ ID NO: 3; and 

(ii) a light chain variable region (VL) comprising a VLCDR1 amino acid sequence of 

SEQ ID NO: 10, a VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino 

acid sequence of SEQ ID NO: 32.  

In other embodiments, the anti-PD-i antibody molecule comprises: 
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(i) a heavy chain variable region (VH) comprising a VHCDR1 amino acid sequence 

chosen from SEQ ID NO: 1, SEQ ID NO: 4 or SEQ ID NO: 224; a VHCDR2 amino acid 

sequence of SEQ ID NO: 5, and a VHCDR3 amino acid sequence of SEQ ID NO: 3; and 

(ii) a light chain variable region (VL) comprising a VLCDR1 amino acid sequence of 

SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID NO: 14, and a VLCDR3 amino 

acid sequence of SEQ ID NO: 33.  

In embodiments of the aforesaid antibody molecules, the VHCDR1 comprises the amino 

acid sequence of SEQ ID NO: 1. In other embodiments, the VHCDR1 comprises the amino acid 

sequence of SEQ ID NO: 4. In yet other embodiments, the VHCDR1 amino acid sequence of 

SEQ ID NO: 224.  

In embodiments, the aforesaid antibody molecules have a heavy chain variable region 

comprising at least one framework (FW) region comprising the amino acid sequence of any of 

SEQ ID NOs: 147, 151, 153, 157, 160, 162, 166, or 169, or an amino acid sequence at least 90% 

identical thereto, or having no more than two amino acid substitutions, insertions or deletions 

compared to the amino acid sequence of any of SEQ ID NOs: 147, 151, 153, 157, 160, 162, 166, 

or 169.  

In other embodiments, the aforesaid antibody molecules have a heavy chain variable 

region comprising at least one framework region comprising the amino acid sequence of any of 

SEQ ID NOs: 147, 151, 153, 157, 160, 162, 166, or 169.  

In yet other embodiments, the aforesaid antibody molecules have a heavy chain variable 

region comprising at least two, three, or four framework regions comprising the amino acid 

sequences of any of SEQ ID NOs: 147, 151, 153, 157, 160, 162, 166, or 169.  

In other embodiments, the aforesaid antibody molecules comprise a VHIFW1 amino acid 

sequence of SEQ ID NO: 147 or 151, a VHIFW2 amino acid sequence of SEQ ID NO: 153, 157, 

or 160, and a VHIFW3 amino acid sequence of SEQ ID NO: 162 or 166, and, optionally, further 

comprising a VHIFW4 amino acid sequence of SEQ ID NO: 169.  

In other embodiments, the aforesaid antibody molecules have a light chain variable 

region comprising at least one framework region comprising the amino acid sequence of any of 

SEQ ID NOs: 174, 177, 181, 183, 185, 187, 191, 194, 196, 200, 202, 205, or 208, or an amino 

acid sequence at least 90% identical thereto, or having no more than two amino acid 
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substitutions, insertions or deletions compared to the amino acid sequence of any of 174, 177, 

181, 183, 185, 187, 191, 194, 196,200,202,205, or208.  

In other embodiments, the aforesaid antibody molecules have a light chain variable 

region comprising at least one framework region comprising the amino acid sequence of any of 

SEQ ID NOs: 174, 177, 181, 183, 185, 187, 191, 194, 196, 200, 202, 205, or 208.  

In other embodiments, the aforesaid antibody molecules have a light chain variable 

region comprising at least two, three, or four framework regions comprising the amino acid 

sequences of any of SEQ ID NOs: 174, 177, 181, 183, 185, 187, 191, 194, 196, 200, 202, 205, or 

208.  

In other embodiments, the aforesaid antibody molecules comprise a VLFW1 amino acid 

sequence of SEQ ID NO: 174, 177, 181, 183, or 185, a VLFW2 amino acid sequence of SEQ ID 

NO: 187, 191, or 194, and a VLFW3 amino acid sequence of SEQ ID NO: 196, 200, 202, or 205, 

and, optionally, further comprising a VLFW4 amino acid sequence of SEQ ID NO: 208.  

In other embodiments, the aforesaid antibodies comprise a heavy chain variable domain 

comprising an amino acid sequence at least 85% identical to any of SEQ ID NOs: 38, 50, 82, or 

86.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38, 50, 82, or 86.  

In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising an amino acid sequence at least 85% identical to any of SEQ ID NOs: 42, 46, 

54, 58, 62, 66, 70, 74, or 78.  

In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 42, 46, 54, 58, 62, 66, 70, 74, or 78.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 40.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 91.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 50.  
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In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 52 or SEQ ID NO: 102.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 82.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 84.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 86.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 88.  

In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 42.  

In other embodiments, the aforesaid antibody molecules comprise a light chain 

comprising the amino acid sequence of SEQ ID NO: 44.  

In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 46.  

In other embodiments, the aforesaid antibody molecules comprise a light chain 

comprising the amino acid sequence of SEQ ID NO: 48.  

In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 54.  

In other embodiments, the aforesaid antibody molecules comprise a light chain 

comprising the amino acid sequence of SEQ ID NO: 56.  

In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 58.  

In other embodiments, the aforesaid antibody molecules comprise a light chain 

comprising the amino acid sequence of SEQ ID NO: 60.  

In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 62.  

In other embodiments, the aforesaid antibodies comprise a light chain comprising the 

amino acid sequence of SEQ ID NO: 64.  
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In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 66.  

In other embodiments, the aforesaid antibody molecules comprise a light chain 

comprising the amino acid sequence of SEQ ID NO: 68.  

5 In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 70.  

In other embodiments, the aforesaid antibody molecules comprise a light chain 

comprising the amino acid sequence of SEQ ID NO: 72.  

In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 74.  

In other embodiments, the aforesaid antibody molecules comprise a light chain 

comprising the amino acid sequence of SEQ ID NO: 76.  

In other embodiments, the aforesaid antibody molecules comprise a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 78.  

5 In other embodiments, the aforesaid antibody molecules comprise a light chain 

comprising the amino acid sequence of SEQ ID NO: 80.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 42.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 66.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable 

5 domain comprising the amino acid sequence of SEQ ID NO: 70.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 50 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 70.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 46.  
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In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 50 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 46.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 50 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 54.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 54.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 58.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 62.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 50 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 66.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 74.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 78.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 82 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 70.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 82 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 66.  
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In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 86 and a light chain variable 

domain comprising the amino acid sequence of SEQ ID NO: 66.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 91 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 44.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 91 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 56.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 91 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 68.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 91 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 72.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 102 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 72.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 40 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 44.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 40 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 48.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 52 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 48.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 52 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 56.  
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In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 40 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 56.  

In other embodiments, the aforesaid antibodies comprise a heavy chain comprising the 

amino acid sequence of SEQ ID NO: 40 and a light chain comprising the amino acid sequence of 

SEQ ID NO: 60.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 40 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 64.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 52 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 68.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 40 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 68.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 52 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 72.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 40 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 72.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 40 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 76.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 40 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 80.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 84 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 72.  
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In other embodiments, the aforesaid antibodies comprise a heavy chain comprising the 

amino acid sequence of SEQ ID NO: 84 and a light chain comprising the amino acid sequence of 

SEQ ID NO: 68.  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 88 and a light chain comprising the amino 

acid sequence of SEQ ID NO: 68.  

In other embodiments, the aforesaid antibody molecules are chosen from a Fab, F(ab')2, 

Fv, or a single chain Fv fragment (scFv).  

In other embodiments, the aforesaid antibody molecules comprise a heavy chain constant 

region selected from IgGI, IgG2, IgG3, and IgG4.  

In other embodiments, the aforesaid antibody molecules comprise a light chain constant 

region chosen from the light chain constant regions of kappa or lambda.  

In other embodiments, the aforesaid antibody molecules comprise a human IgG4 heavy 

chain constant region with a mutation at position 228 according to EU numbering or position 108 

5 of SEQ ID NO: 212 or 214 and a kappa light chain constant region.  

In other embodiments, the aforesaid antibody molecules comprise a human IgG4 heavy 

chain constant region with a Serine to Proline mutation at position 228 according to EU 

numbering or position 108 of SEQ ID NO: 212 or 214 and a kappa light chain constant region.  

In other embodiments, the aforesaid antibody molecules comprise a human IgGI heavy 

chain constant region with an Asparagine to Alanine mutation at position 297 according to EU 

numbering or position 180 of SEQ ID NO: 216 and a kappa light chain constant region.  

In other embodiments, the aforesaid antibody molecules comprise a human IgGI heavy 

chain constant region with an Aspartate to Alanine mutation at position 265 according to EU 

numbering or position 148 of SEQ ID NO: 217, and Proline to Alanine mutation at position 329 

5 according to EU numbering or position 212 of SEQ ID NO: 217 and a kappa light chain constant 

region.  

In other embodiments, the aforesaid antibody molecules comprise a human IgGI heavy 

chain constant region with a Leucine to Alanine mutation at position 234 according to EU 

numbering or position 117 of SEQ ID NO: 218, and Leucine to Alanine mutation at position 235 

according to EU numbering or position 118 of SEQ ID NO: 218 and a kappa light chain constant 

region.  
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In other embodiments, the aforesaid antibody molecules are capable of binding to human 

PD-I with a dissociation constant (KD) of less than about 0.2 nM.  

In some embodiments, the aforesaid antibody molecules bind to human PD-i with a KD 

of less than about 0.2 nM, 0.15 nM, 0.1 nM, 0.05 nM, or 0.02 nM, e.g., about 0.13 nM to 0.03 

nM, e.g., about 0.077 nM to 0.088 nM, e.g., about 0.083 nM, e.g., as measured by a Biacore 

method.  

In other embodiments, the aforesaid antibody molecules bind to cynomolgus PD-I with a 

KD of less than about 0.2 nM, 0.15 nM, 0.1 nM, 0.05 nM, or 0.02 nM, e.g., about 0.11 nM to 

0.08 nM, e.g., about 0.093 nM, e.g., as measured by a Biacore method.  

In certain embodiments, the aforesaid antibody molecules bind to both human PD-i and 

cynomolgus PD-I with similar KD, e.g., in the nM range, e.g., as measured by a Biacore method.  

In some embodiments, the aforesaid antibody molecules bind to a human PD-I-Ig fusion protein 

with a KD of less than about 0.1 nM, 0.075 nM, 0.05 nM, 0.025 nM, or 0.01 nM, e.g., about 0.04 

nM, e.g., as measured by ELISA.  

In some embodiments, the aforesaid antibody molecules bind to Jurkat cells that express 

human PD-I (e.g., human PD-I-transfected Jurkat cells) with a KD of less than about 0.1 nM, 

0.075 nM, 0.05 nM, 0.025 nM, or 0.01 nM, e.g., about 0.06 nM, e.g., as measured by FACS 

analysis.  

In some embodiments, the aforesaid antibody molecules bind to cynomolgus T cells with 

a KD of less than about lnM, 0.75 nM, 0.5 nM, 0.25 nM, or 0.1 nM, e.g., about 0.4 nM, e.g., as 

measured by FACS analysis.  

In some embodiments, the aforesaid antibody molecules bind to cells that express 

cynomolgus PD-I (e.g., cells transfected with cynomolgus PD-1) with a KD of less than about 

lnM, 0.75 nM, 0.5 nM, 0.25 nM, or 0.01 nM, e.g., about 0.6 nM, e.g., as measured by FACS 

analysis.  

In certain embodiments, the aforesaid antibody molecules are not cross-reactive with 

mouse or rat PD-1. In other embodiments, the aforesaid antibodies are cross-reactive with rhesus 

PD-1. For example, the cross-reactivity can be measured by a Biacore method or a binding assay 

using cells that expresses PD-i (e.g., human PD-i-expressing 300.19 cells). In other 

embodiments, the aforesaid antibody molecules bind an extracellular Ig-like domain of PD-1.  
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In other embodiments, the aforesaid antibody molecules are capable of reducing binding 

of PD-i to PD-Li, PD-L2, or both, or a cell that expresses PD-Li, PD-L2, or both. In some 

embodiments, the aforesaid antibody molecules reduce (e.g., block) PD-Li binding to a cell that 

expresses PD-i (e.g., human PD-i-expressing 300.19 cells) with an IC50 of less than about 1.5 

nM, I nM, 0.8 nM, 0.6 nM, 0.4 nM, 0.2 nM, or 0.1 nM, e.g., between about 0.79 nM and about 

1.09 nM, e.g., about 0.94 nM, or about 0.78 nM or less, e.g., about 0.3 nM. In some 

embodiments, the aforesaid antibodies reduce (e.g., block) PD-L2 binding to a cell that expresses 

PD-i (e.g., human PD-i-expressing 300.19 cells) with an IC50 of less than about 2 nM, 1.5 nM, 

I nM, 0.5 nM, or 0.2 nM, e.g., between about 1.05 nM and about 1.55 nM, or about 1.3 nM or 

less, e.g., about 0.9 nM.  

In other embodiments, the aforesaid antibody molecules are capable of enhancing an 

antigen-specific T cell response.  

In embodiments, the antibody molecule is a monospecific antibody molecule or a 

bispecific antibody molecule. In embodiments, the antibody molecule has a first binding 

specificity for PD-i and a second binding specifity for TIM-3, LAG-3, CEACAM (e.g., 

CEACAM-1, CEACAM-3, and/or CEACAM-5), PD-Li or PD-L2. In embodiments, the 

antibody molecule comprises an antigen binding fragment of an antibody, e.g., a half antibody or 

antigen binding fragment of a half antibody.  

In some embodiments, the aforesaid antibody molecules increase the expression of IL-2 

from cells activated by Staphylococcal enterotoxin B (SEB) (e.g., at 25 ptg/mL) by at least about 

2, 3, 4, 5-fold, e.g., about 2 to 3-fold, e.g., about 2 to 2.6-fold, e.g., about 2.3-fold, compared to 

the expression of IL-2 when an isotype control (e.g., IgG4) is used, e.g., as measured in a SEB T 

cell activation assay or a human whole blood ex vivo assay.  

In some embodiments, the aforesaid antibody molecules increase the expression of IFN-y 

from T cells stimulated by anti-CD3 (e.g., at 0. 1 ptg/mL) by at least about 2, 3, 4, 5-fold, e.g., 

about 1.2 to 3.4-fold, e.g., about 2.3-fold, compared to the expression of IFN-y when an isotype 

control (e.g., IgG4) is used, e.g., as measured in an IFN-y activity assay.  

In some embodiments, the aforesaid antibody molecules increase the expression of IFN-y 

from T cells activated by SEB (e.g., at 3 pg/mL) by at least about 2, 3, 4, 5-fold, e.g., about 0.5 to 

4.5-fold, e.g., about 2.5-fold, compared to the expression of IFN-y when an isotype control (e.g., 

IgG4) is used, e.g., as measured in an IFN-y activity assay.  
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In some embodiments, the aforesaid antibody molecules increase the expression of IFN-y 

from T cells activated with an CMV peptide by at least about 2, 3, 4, 5-fold, e.g., about 2 to 3.6

fold, e.g., about 2.8-fold, compared to the expression of IFN-y when an isotype control (e.g., 

IgG4) is used, e.g., as measured in an IFN-y activity assay.  

In some embodiments, the aforesaid antibody molecules increase the proliferation of 

CD8+ T cells activated with an CMV peptide by at least about 1, 2, 3, 4, 5-fold, e.g., about 1.5

fold, compared to the proliferation of CD8+ T cells when an isotype control (e.g., IgG4) is used, 

e.g., as measured by the percentage of CD8+ T cells that passed through at least n (e.g., n = 2 or 

4) cell divisions.  

In certain embodiments, the aforesaid antibody molecules has a Cmax between about 100 

pg/mL and about 500 pg/mL, between about 150 pg/mL and about 450 pg/mL, between about 

250 pg/mL and about 350 pg/mL, or between about 200 pg/mL and about 400 pg/mL, e.g., 

about 292.5 pg/mL, e.g., as measured in monkey.  

In certain embodiments, the aforesaid antibody molecules has a T1 between about 250 

hours and about 650 hours, between about 300 hours and about 600 hours, between about 350 

hours and about 550 hours, or between about 400 hours and about 500 hours, e.g., about 465.5 

hours, e.g., as measured in monkey.  

In some embodiments, the aforesaid antibody molecules bind to PD-I with a Kd slower 

than 5 X 10 4, 1 X 10 , 5X 10 5, or 1 X 10-5 s , e.g., about 2.13 X 10-4 s , e.g., as measured by a 

Biacore method. In some embodiments, the aforesaid antibody molecules bind to PD-I with a 

Ka faster than I X 104, 5X 104 , 1 X 105, or 5 X 105 M 1 s 1, e.g., about 2.78 X 105 M 1 s1, e.g., as 

measured by a Biacore method.  

In some embodiments, the aforesaid anti-PD-i antibody molecules bind to one or more 

residues within the C strand, CC' loop, C' strand and FG loop of PD-1. The domain structure of 

PD-i is described, e.g., in Cheng et al., "Structure and Interactions of the Human Programmed 

Cell Death I Receptor" J. Biol. Chem. 2013, 288:11771-11785. As described in Cheng et. al., 

the C strand comprises residues F43-M50, the CC' loop comprises S51-N54, the C' strand 

comprises residues Q55-F62, and the FG loop comprises residues L108-I114 (amino acid 

numbering according to Chang et al. supra). Accordingly, in some embodiments, an anti-PD-I 

antibody as described herein binds to at least one residue in one or more of the ranges F43-M50, 

S51-N54, Q55-F62, and L108-114 of PD-1. In some embodiments, an anti-PD-i antibody as 
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described herein binds to at least one residue in two, three, or all four of the ranges F43-M50, 

S51-N54, Q55-F62, and L108-1114 of PD-1. In some embodiments, the anti-PD-i antibody 

binds to a residue in PD-I that is also part of a binding site for one or both of PD-LI and PD-L2.  

In another aspect, the invention provides an isolated nucleic acid molecule encoding any 

of the aforesaid antibody molecules, vectors and host cells thereof 

An isolated nucleic acid encoding the antibody heavy chain variable region or light chain 

variable region, or both, of any the aforesaid antibody molecules is also provided.  

In one embodiment, the isolated nucleic acid encodes heavy chain CDRs 1-3, wherein 

said nucleic acid comprises a nucleotide sequence of SEQ ID NO: 108-112, 223, 122-126, 133

137, or 144-146.  

In another embodiment, the isolated nucleic acid encodes light chain CDRs 1-3, wherein 

said nucleic acid comprises a nucleotide sequence of SEQ ID NO: 113-120, 127-132, or 138

143.  

In other embodiments, the aforesaid nucleic acid further comprises a nucleotide sequence 

encoding a heavy chain variable domain, wherein said nucleotide sequence is at least 85% 

identical to any of SEQ ID NO: 39, 51, 83, 87, 90, 95, or 101.  

In other embodiments, the aforesaid nucleic acid further comprises a nucleotide sequence 

encoding a heavy chain variable domain, wherein said nucleotide sequence comprises any of 

SEQ ID NO: 39, 51, 83, 87, 90, 95, or 101.  

In other embodiments, the aforesaid nucleic acid further comprises a nucleotide sequence 

encoding a heavy chain, wherein said nucleotide sequence is at least 85% identical to any of 

SEQ ID NO: 41, 53, 85, 89, 92, 96, or 103.  

In other embodiments, the aforesaid nucleic acid further comprises a nucleotide sequence 

encoding a heavy chain, wherein said nucleotide sequence comprises any of SEQ ID NO: 41, 53, 

85, 89, 92, 96, or 103.  

In other embodiments, the aforesaid nucleic acid further comprises a nucleotide sequence 

encoding a light chain variable domain, wherein said nucleotide sequence is at least 85% 

identical to any of SEQ ID NO: 45, 49, 57, 61, 65, 69, 73, 77, 81, 94, 98, 100, 105, or 107.  

In other embodiments, the aforesaid nucleic acid further comprises a nucleotide sequence 

encoding a light chain variable domain, wherein said nucleotide sequence comprises any of SEQ 

ID NO: 45, 49, 57, 61, 65, 69, 73, 77, 81, 94, 98, 100, 105, or 107.  
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In other embodiments, the aforesaid nucleic acid further comprises a nucleotide sequence 

encoding a light chain, wherein said nucleotide sequence is at least 85% identical to any of SEQ 

ID NO: 45, 49, 57, 61, 65, 69, 73, 77, 81, 94, 98, 100, 105 or 107.  

In other embodiments, the aforesaid nucleic acid further comprises a nucleotide sequence 

encoding a light chain, wherein said nucleotide sequence comprises any of SEQ ID NO: 45, 49, 

57, 61, 65, 69, 73, 77, 81, 94, 98, 100, 105 or 107.  

In certain embodiments, one or more expression vectors and host cells comprising the 

aforesaid nucleic acids are provided.  

A method of producing an antibody molecule or fragment thereof, comprising culturing 

the host cell as described herein under conditions suitable for gene expression is also provided.  

In one aspect, the invention features a method of providing an antibody molecule 

described herein. The method includes: providing a PD-i antigen (e.g., an antigen comprising at 

least a portion of a PD-I epitope); obtaining an antibody molecule that specifically binds to the 

PD-i polypeptide; and evaluating if the antibody molecule specifically binds to the PD-i 

polypeptide, or evaluating efficacy of the antibody molecule in modulating, e.g., inhibiting, the 

activity of the PD-1. The method can further include administering the antibody molecule to a 

subject, e.g., a human or non-human animal.  

In another aspect, the invention provides, compositions, e.g., pharmaceutical compositions, 

which include a pharmaceutically acceptable carrier, excipient or stabilizer, and at least one of 

the therapeutic agents, e.g., anti-PD-I antibody molecules described herein. In one embodiment, 

the composition, e.g., the pharmaceutical composition, includes a combination of the antibody 

molecule and one or more agents, e.g., a therapeutic agent or other antibody molecule, as 

described herein. In one embodiment, the antibody molecule is conjugated to a label or a 

therapeutic agent. C-Met Receptor Tyrosine Kinase Inhibitor 

c-Met Receptor Tyrosine Kinase Inhibitor of the present invention is disclosed, for 

example, in US Patent 7,767,675, incorporated herein by reference in its entirety.  

In a preferred embodiment, the c-Met receptor tyrosine kinase inhibitor is 2-fluoro-N

methyl-4-[7-quinolin-6-yl-methyl)-imidazo[1,2-b][1,2,4]triazin-2yl]benzamide or 

pharmaceutically acceptable salt thereof.  
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In a preferred embodiment, the c-Met receptor tyrosine kinase inhibitor is 2-fluoro-N

methyl-4-[7-quinolin-6-yl-methyl)-imidazo[1,2-b][1,2,4]triazin-2yl]benzamide dihydrochloric 

acid salt.  

In a preferred embodiment, the c-Met receptor tyrosine kinase inhibitor is capmatinib.  

In a preferred embodiment, the c-Met receptor tyrosine kinase inhibitor is capmatinib 

dihydrochloric acid salt.In one embodiment, capmatinib is administered at a dose of about 400

600 mg (e.g., per day), e.g., about 400, 500, or 600 mg, or about 400-500 or 500-600 mg.  

In one embodiment, capmatinib is administered orally.  

Pharmaceutical Compositions and Kits 

In another aspect, the present invention provides compositions, e.g., pharmaceutically 

acceptable compositions, which include an antibody molecule described herein, formulated 

together with a pharmaceutically acceptable carrier. As used herein, "pharmaceutically 

acceptable carrier" includes any and all solvents, dispersion media, isotonic and absorption 

delaying agents, and the like that are physiologically compatible. The carrier can be suitable for 

intravenous, intramuscular, subcutaneous, parenteral, rectal, spinal or epidermal administration 

(e.g. by injection or infusion).  

The compositions of this invention may be in a variety of forms. These include, for 

example, liquid, semi-solid and solid dosage forms, such as liquid solutions (e.g., injectable and 

infusible solutions), dispersions or suspensions, liposomes and suppositories. The preferred form 

depends on the intended mode of administration and therapeutic application. Typical preferred 

compositions are in the form of injectable or infusible solutions. The preferred mode of 

administration is parenteral (e.g., intravenous, subcutaneous, intraperitoneal, intramuscular). In a 

preferred embodiment, the antibody is administered by intravenous infusion or injection. In 

another preferred embodiment, the antibody is administered by intramuscular or subcutaneous 

injection.  

The phrases "parenteral administration" and "administered parenterally" as used herein 

means modes of administration other than enteral and topical administration, usually by 

injection, and includes, without limitation, intravenous, intramuscular, intraarterial, intrathecal, 

intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, 
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subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal, epidural and intrasternal 

injection and infusion.  

Therapeutic compositions typically should be sterile and stable under the conditions of 

manufacture and storage. The composition can be formulated as a solution, microemulsion, 

dispersion, liposome, or other ordered structure suitable to high antibody concentration. Sterile 

injectable solutions can be prepared by incorporating the active compound (i.e., antibody or 

antibody portion) in the required amount in an appropriate solvent with one or a combination of 

ingredients enumerated above, as required, followed by filtered sterilization. Generally, 

dispersions are prepared by incorporating the active compound into a sterile vehicle that contains 

a basic dispersion medium and the required other ingredients from those enumerated above. In 

the case of sterile powders for the preparation of sterile injectable solutions, the preferred 

methods of preparation are vacuum drying and freeze-drying that yields a powder of the active 

ingredient plus any additional desired ingredient from a previously sterile-filtered solution 

thereof. The proper fluidity of a solution can be maintained, for example, by the use of a coating 

such as lecithin, by the maintenance of the required particle size in the case of dispersion and by 

the use of surfactants. Prolonged absorption of injectable compositions can be brought about by 

including in the composition an agent that delays absorption, for example, monostearate salts and 

gelatin.  

The antibody molecules can be administered by a variety of methods known in the art, 

although for many therapeutic applications, the preferred route/mode of administration is 

intravenous injection or infusion. For example, the antibody molecules can be administered by 

intravenous infusion at a rate of more than 20 mg/min, e.g., 20-40 mg/min, and typically greater 

than or equal to 40 mg/min to reach a dose of about 35 to 440 mg/m 2, typically about 70 to 310 

mg/m 2, and more typically, about 110 to 130 mg/m 2. In embodiments, the antibody molecules 

can be administered by intravenous infusion at a rate of less than 10mg/min; preferably less than 

or equal to 5 mg/min to reach a dose of about I to 100 mg/m 2, preferably about 5 to 50 mg/m 2, 

about 7 to 25 mg/m 2 and more preferably, about 10 mg/m 2. As will be appreciated by the skilled 

artisan, the route and/or mode of administration will vary depending upon the desired results. In 

certain embodiments, the active compound may be prepared with a carrier that will protect the 

compound against rapid release, such as a controlled release formulation, including implants, 

transdermal patches, and microencapsulated delivery systems. Biodegradable, biocompatible 

- 102 -



WO 2017/106810 PCT/US2016/067430 

polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, 

collagen, polyorthoesters, and polylactic acid. Many methods for the preparation of such 

formulations are patented or generally known to those skilled in the art. See, e.g., Sustained and 

Controlled Release Drug Delivery Systems, J. R. Robinson, ed., Marcel Dekker, Inc., New York, 

1978.  

In certain embodiments, an antibody molecule can be orally administered, for example, 

with an inert diluent or an assimilable edible carrier. The compound (and other ingredients, if 

desired) may also be enclosed in a hard or soft shell gelatin capsule, compressed into tablets, or 

incorporated directly into the subject's diet. For oral therapeutic administration, the compounds 

may be incorporated with excipients and used in the form of ingestible tablets, buccal tablets, 

troches, capsules, elixirs, suspensions, syrups, wafers, and the like. To administer a compound of 

the invention by other than parenteral administration, it may be necessary to coat the compound 

with, or co-administer the compound with, a material to prevent its inactivation. Therapeutic 

compositions can also be administered with medical devices known in the art.  

Dosage regimens are adjusted to provide the optimum desired response (e.g., a 

therapeutic response). For example, a single bolus may be administered, several divided doses 

may be administered over time or the dose may be proportionally reduced or increased as 

indicated by the exigencies of the therapeutic situation. It is especially advantageous to formulate 

parenteral compositions in dosage unit form for ease of administration and uniformity of dosage.  

Dosage unit form as used herein refers to physically discrete units suited as unitary dosages for 

the subjects to be treated; each unit contains a predetermined quantity of active compound 

calculated to produce the desired therapeutic effect in association with the required 

pharmaceutical carrier. The specification for the dosage unit forms of the invention are dictated 

by and directly dependent on (a) the unique characteristics of the active compound and the 

particular therapeutic effect to be achieved, and (b) the limitations inherent in the art of 

compounding such an active compound for the treatment of sensitivity in individuals.  

An exemplary, non-limiting range for a therapeutically or prophylactically effective 

amount of an antibody molecule is 0.1-30 mg/kg, more preferably 1-25 mg/kg. Dosages and 

therapeutic regimens of the anti-PD-I antibody molecule can be determined by a skilled artisan.  

In certain embodiments, the anti-PD-i antibody molecule is administered by injection (e.g., 

subcutaneously or intravenously) at a dose of about 1 to 40 mg/kg, e.g., 1 to 30 mg/kg, e.g., 
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about 5 to 25 mg/kg, about 10 to 20 mg/kg, about I to 5 mg/kg, I to 10 mg/kg, 5 to 15 mg/kg, 10 

to 20 mg/kg, 15 to 25 mg/kg, or about 3 mg/kg. The dosing schedule can vary from e.g., once a 

week to once every 2, 3, or 4 weeks. In one embodiment, the anti-PD-1 antibody molecule is 

administered at a dose from about 10 to 20 mg/kg every other week.  

As another example, non-limiting range for a therapeutically or prophylactically effective 

amount of an antibody molecule is 200-500 mg, more preferably 300-400 mg/kg. Dosages and 

therapeutic regimens of the anti-PD-I antibody molecule can be determined by a skilled artisan.  

In certain embodiments, the anti-PD-1 antibody molecule is administered by injection (e.g., 

subcutaneously or intravenously) at a dose (e.g., a flat dose) of about 200 mg to 500 mg, e.g., 

about 250 mg to 450 mg, about 300 mg to 400 mg, about 250 mg to 350 mg, about 350 mg to 

450 mg, or about 300 mg or about 400 mg. The dosing schedule (e.g., flat dosing schedule) can 

vary from e.g., once a week to once every 2, 3, 4, 5, or 6 weeks. In one embodiment the anti

PD-i antibody molecule is administered at a dose from about 300 mg to 400 mg once every three 

or once every four weeks. In one embodiment, the the anti-PD-I antibody molecule is 

administered at a dose from about 300 mg once every three weeks. In one embodiment, the the 

anti-PD-1 antibody molecule is administered at a dose from about 400 mg once every four 

weeks. In one embodiment, the the anti-PD-I antibody molecule is administered at a dose from 

about 300 mg once every four weeks. In one embodiment, the the anti-PD-I antibody molecule 

is administered at a dose from about 400 mg once every three weeks. While not wishing to be 

bound by theory, in some embodiments, flat or fixed dosing can be beneficial to patients, for 

example, to save drug supply and to reduce pharmacy errors.  

In some embodiments, the clearance (CL) of the anti-PD-1 antibody molecule is from 

about 6 to 16 mL/h, e.g., about 7 to 15 mL/h, about 8 to 14 mL/h, about 9 to 12 mL/h, or about 

10 to II mL/h, e.g., about 8.9 mL/h, 10.9 mL/h, or 13.2 mL/h.  

In some embodiments, the exponent of weight on CL of the anti-PD-I antibody molecule 

is from about 0.4 to 0.7, about 0.5 to 0.6, or 0.7 or less, e.g., 0.6 or less, or about 0.54.  

In some embodiments, the volume of distribution at steady state (Vss) of the anti-PD-1 

antibody molecule is from about 5 to 10 V, e.g., about 6 to 9 V, about 7 to 8 V, or about 6.5 to 

7.5 V, e.g., about 7.2 V.  
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In some embodiments, the halft-life of the anti-PD-i antibody molecule is from about 10 

to 30 days, e.g., about 15 to 25 days, about 17 to 22 days, about 19 to 24 days, or about 18 to 22 

days, e.g., about 20 days.  

In some embodiments, the Cmin (e.g., for a 80 kg patient) of the anti-PD-i antibody 

molecule is at least about 0.4 ptg/mL, e.g., at least about 3.6 p.g/mL, e.g., from about 20 to 50 

pg/mL, e.g., about 22 to 42 pg/mL, about 26 to 47 pg/mL, about 22 to 26 pg/mL, about 42 to 47 

pg/mL, about 25 to 35 pg/mL, about 32 to 38 pg/mL, e.g., about 31 pg/mL or about 35 pg/mL.  

In one embodiment, the Cmin is determined in a patient receiving the anti-PD-I antibody 

molecule at a dose of about 400 mg once every four weeks. In another embodiment, the Cmin is 

determined in a patient receiving the anti-PD-I antibody molecule at a dose of about 300 mg 

once every three weeks. In some embodiments, In certain embodiments, the Cmin is at least 

about 50-fold higher, e.g., at least about 60-fold, 65-fold, 70-fold, 75-fold, 80-fold, 85-fold, 90

fold, 95-fold, or 100-fold, e.g., at least about 77-fold, higher than the EC50 of the anti-PD-I 

antibody molecule, e.g., as determined based on IL-2 change in an SEB ex-vivo assay. In other 

embodiments, the Cmin is at least 5-fold higher, e.g., at least 6-fold, 7-fold, 8-fold, 9-fold, or 10

fold, e.g., at least about 8.6-fold, higher than the EC90 of the anti-PD-i antibody molecule, e.g., 

as determined based on IL-2 change in an SEB ex-vivo assay.  

The antibody molecule can be administered by intravenous infusion at a rate of more than 

20 mg/min, e.g., 20-40 mg/min, and typically greater than or equal to 40 mg/min to reach a dose 

of about 35 to 440 mg/m 2, typically about 70 to 310 mg/m 2, and more typically, about 110 to 130 

mg/m 2. In embodiments, the infusion rate of about 110 to 130 mg/m 2 achieves a level of about 3 

mg/kg. In other embodiments, the antibody molecule can be administered by intravenous 

infusion at a rate of less than 10 mg/min, e.g., less than or equal to 5 mg/min to reach a dose of 

about I to 100 mg/m 2, e.g., about 5 to 50 mg/m 2, about 7 to 25 mg/m 2, or, about 10 mg/m 2. In 

some embodiments, the antibody is infused over a period of about 30 min. It is to be noted that 

dosage values may vary with the type and severity of the condition to be alleviated. It is to be 

further understood that for any particular subject, specific dosage regimens should be adjusted 

over time according to the individual need and the professional judgment of the person 

administering or supervising the administration of the compositions, and that dosage ranges set 

forth herein are exemplary only and are not intended to limit the scope or practice of the claimed 

composition.  
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The pharmaceutical compositions of the invention may include a "therapeutically 

effective amount" or a "prophylactically effective amount" of an antibody or antibody portion of 

the invention. A "therapeutically effective amount" refers to an amount effective, at dosages and 

for periods of time necessary, to achieve the desired therapeutic result. A therapeutically 

effective amount of the modified antibody or antibody fragment may vary according to factors 

such as the disease state, age, sex, and weight of the individual, and the ability of the antibody or 

antibody portion to elicit a desired response in the individual. A therapeutically effective amount 

is also one in which any toxic or detrimental effects of the modified antibody or antibody 

fragment is outweighed by the therapeutically beneficial effects. A "therapeutically effective 

dosage" preferably inhibits a measurable parameter, e.g., tumor growth rate by at least about 

20%, more preferably by at least about 40%, even more preferably by at least about 60%, and 

still more preferably by at least about 80% relative to untreated subjects. The ability of a 

compound to inhibit a measurable parameter, e.g., cancer, can be evaluated in an animal model 

system predictive of efficacy in human tumors. Alternatively, this property of a composition can 

be evaluated by examining the ability of the compound to inhibit, such inhibition in vitro by 

assays known to the skilled practitioner.  

A "prophylactically effective amount" refers to an amount effective, at dosages and for 

periods of time necessary, to achieve the desired prophylactic result. Typically, since a 

prophylactic dose is used in subjects prior to or at an earlier stage of disease, the prophylactically 

effective amount will be less than the therapeutically effective amount.  

Also within the scope of the invention is a kit comprising an antibody molecule described 

herein. The kit can include one or more other elements including: instructions for use; other 

reagents, e.g., a label, a therapeutic agent, or an agent useful for chelating, or otherwise coupling, 

an antibody to a label or therapeutic agent, or a radioprotective composition; devices or other 

materials for preparing the antibody for administration; pharmaceutically acceptable carriers; and 

devices or other materials for administration to a subject.  

Uses of the Combination Therapies 

The combinations, e.g., the anti-PD-1 antibody molecules disclosed herein, have in vitro 

and in vivo diagnostic, as well as therapeutic and prophylactic utilities. For example, these 

molecules can be administered to cells in culture, in vitro or ex vivo, or to a subject, e.g., a 
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human subject, to treat, prevent, and/or diagnose a variety of disorders, such as cancers and 

infectious disorders.  

Accordingly, in one aspect, the invention provides a method of modifying an immune 

response in a subject comprising administering to the subject the combination described herein, 

such that the immune response in the subject is modified. In one embodiment, the immune 

response is enhanced, stimulated or up-regulated.  

As used herein, the term "subject" is intended to include human and non-human animals.  

In one embodiment, the subject is a human subject, e.g., a human patient having a disorder or 

condition characterized by abnormal PD-i functioning. The term "non-human animals" includes 

mammals and non-mammals, such as non-human primates. In one embodiment, the subject is a 

human. In one embodiment, the subject is a human patient in need of enhancement of an 

immune response. In one embodiment, the subject is immunocompromised, e.g., the subject is 

undergoing, or has undergone a chemotherapeutic or radiation therapy. Alternatively, or in 

combination, the subject is, or is at risk of being, immunocompromised as a result of an 

infection. The methods and compositions described herein are suitable for treating human 

patients having a disorder that can be treated by augmenting the T-cell mediated immune 

response. For example, the methods and compositions described herein can enhance a number of 

immune activities. In one embodiment, the subject has increased number or activity of tumour

infiltrating T lymphocytes (TILs). In another embodiment, the subject has increased expression 

or activity of interferon-gamma (IFN-y). In yet another embodiment, the subject has decreased 

PD-Li expression or activity.  

Therapeutic Uses 

Blockade of PD-i can enhance an immune response to cancerous cells in a subject. The 

ligand for PD-1, PD-LI, is not expressed in normal human cells, but is abundant in a variety of 

human cancers (Dong et al. (2002) Nat Med 8:787-9). The interaction between PD-I and PD-LI 

can result in a decrease in tumor infiltrating lymphocytes, a decrease in T-cell receptor mediated 

proliferation, and/or immune evasion by the cancerous cells (Dong et al. (2003) JMolMed 

81:281-7; Blank et al. (2005) Cancer Immunol. Immunother. 54:307-314; Konishi et al. (2004) 

Clin. Cancer Res. 10:5094-100). Immune suppression can be reversed by inhibiting the local 

interaction of PD-i to PD-Li; the effect is additive when the interaction of PD-i to PD-L2 is 
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blocked as well (Iwai et al. (2002) PNAS 99:12293-7; Brown et al. (2003) J. Immunol.  

170:1257-66). Thus, inhibition of PD-i can result in augmenting an immune response.  

In one aspect, the invention relates to treatment of a subject in vivo using an anti-PD-I 

antibody molecule such that growth of cancerous tumors is inhibited or reduced. An anti-PD-1 

antibody may be used alone to inhibit the growth of cancerous tumors. Alternatively, an anti

PD-I antibody may be used in combination with one or more of: a standard of care treatment 

(e.g., for cancers or infectious disorders), another antibody or antigen-binding fragment thereof, 

an immunomodulator (e.g., an activator of a costimulatory molecule or an inhibitor of an 

inhibitory molecule); a vaccine, e.g., a therapeutic cancer vaccine; or other forms of cellular 

immunotherapy, as described below.  

Accordingly, in one embodiment, the invention provides a method of inhibiting growth of 

tumor cells in a subject, comprising administering to the subject a therapeutically effective 

amount of an anti-PD-I antibody molecule described herein.  

In one embodiment, the methods are suitable for the treatment of cancer in vivo. To 

achieve antigen-specific enhancement of immunity, the anti-PD-I antibody molecule can be 

administered together with an antigen of interest. When antibodies to PD-I are administered in 

combination with one or more agents, the combination can be administered in either order or 

simultaneously.  

In another aspect, a method of treating a subject, e.g., reducing or ameliorating, a 

hyperproliferative condition or disorder (e.g., a cancer), e.g., solid tumor, a hematological 

cancer, soft tissue tumor, or a metastatic lesion, in a subject is provided. The method includes 

administering to the subject one or more of the combinations disclosed herein.  

As used herein, the term "cancer" is meant to include all types of cancerous growths or 

oncogenic processes, metastatic tissues or malignantly transformed cells, tissues, or organs, 

irrespective of histopathologic type or stage of invasiveness. Examples of cancerous disorders 

include, but are not limited to, solid tumors, hematological cancers, soft tissue tumors, and 

metastatic lesions. Examples of solid tumors include malignancies, e.g., sarcomas, and 

carcinomas (including adenocarcinomas and squamous cell carcinomas), of the various organ 

systems, such as those affecting liver, lung, breast, lymphoid, gastrointestinal (e.g., colon), 

genitourinary tract (e.g., renal, urothelial cells), prostate and pharynx. Adenocarcinomas include 

malignancies such as most colon cancers, rectal cancer, renal-cell carcinoma, liver cancer, non
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small cell carcinoma of the lung, cancer of the small intestine and cancer of the esophagus.  

Squamous cell carcinomas include malignancies, e.g., in the lung, esophagus, skin, head and 

neck region, oral cavity, anus, and cervix. In one embodiment, the cancer is a melanoma, e.g., an 

advanced stage melanoma. Metastatic lesions of the aforementioned cancers can also be treated 

or prevented using the methods and compositions of the invention.  

Exemplary cancers whose growth can be inhibited using the antibodies molecules 

disclosed herein include cancers typically responsive to immunotherapy. Non-limiting examples 

of preferred cancers for treatment include melanoma (e.g., metastatic malignant melanoma), 

renal cancer (e.g., clear cell carcinoma), prostate cancer (e.g., hormone refractory prostate 

adenocarcinoma), breast cancer, colon cancer and lung cancer (e.g., non-small cell lung cancer).  

Additionally, refractory or recurrent malignancies can be treated using the antibody molecules 

described herein.  

Examples of other cancers that can be treated include bone cancer, pancreatic cancer, 

skin cancer, cancer of the head or neck, cutaneous or intraocular malignant melanoma, uterine 

cancer, ovarian cancer, rectal cancer, anal cancer, gastro-esophageal, stomach cancer, testicular 

cancer, uterine cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, 

carcinoma of the cervix, carcinoma of the vagina, carcinoma of the vulva, Merkel cell cancer, 

Hodgkin lymphoma, non-Hodgkin lymphoma, cancer of the esophagus, cancer of the small 

intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid 

gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the 

penis, chronic or acute leukemias including acute myeloid leukemia, chronic myeloid leukemia, 

acute lymphoblastic leukemia, chronic lymphocytic leukemia, solid tumors of childhood, 

lymphocytic lymphoma, cancer of the bladder, multiple myeloma, myelodisplastic syndromes, 

cancer of the kidney or ureter, carcinoma of the renal pelvis, neoplasm of the central nervous 

system (CNS), primary CNS lymphoma, tumor angiogenesis, spinal axis tumor, brain stem 

glioma, pituitary adenoma, Kaposi's sarcoma, epidermoid cancer, squamous cell cancer, T-cell 

lymphoma, environmentally induced cancers including those induced by asbestos (e.g., 

mesothelioma), and combinations of said cancers.  

In some embodiments, the therapies here can be used to treat a patient that has (or is 

identified as having) a cancer associated with an infection, e.g., a viral or bacterial infection.  

Exemplary cancers include cervical cancer, anal cancer, HPV-associated head and neck 
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squamous cell cancer, HPV-associated esophageal papillomas, HHV6-associated lymphomas, 

EBV-associated lymphomas (including Burkitt lymphoma), Gastric MALT lymphoma, other 

infection-associated MALT lymphomas, HCC, and Kaposi's sarcoma.  

In other embodiments, the cancer is a hematological malignancy or cancer including but 

is not limited to a leukemia or a lymphoma. For example, the anti-PD-i antibody molecule can 

be used to treat cancers and malignancies including, but not limited to, e.g., acute leukemias 

including but not limited to, e.g., B-cell acute lymphoid leukemia ("BALL"), T-cell acute 

lymphoid leukemia ("TALL"), acute lymphoid leukemia (ALL); one or more chronic leukemias 

including but not limited to, e.g., chronic myelogenous leukemia (CML), chronic lymphocytic 

leukemia (CLL); additional hematologic cancers or hematologic conditions including, but not 

limited to, e.g., B cell prolymphocytic leukemia, blastic plasmacytoid dendritic cell neoplasm, 

Burkitt's lymphoma, diffuse large B cell lymphoma, Follicular lymphoma, Hairy cell leukemia, 

small cell- or a large cell-follicular lymphoma, malignant lymphoproliferative conditions, MALT 

lymphoma, mantle cell lymphoma, Marginal zone lymphoma, multiple myeloma, 

myelodysplasia and myelodysplastic syndrome, non-Hodgkin lymphoma, plasmablastic 

lymphoma, plasmacytoid dendritic cell neoplasm, Waldenstrom macroglobulinemia, and 

"preleukemia" which are a diverse collection of hematological conditions united by ineffective 

production (or dysplasia) of myeloid blood cells, and the like.  

In one embodiment, the cancer is chosen from a lung cancer (e.g., a non-small cell lung 

cancer (NSCLC) (e.g., a NSCLC with squamous and/or non-squamous histology, or a NSCLC 

adenocarcinoma)), a melanoma (e.g., an advanced melanoma), a renal cancer (e.g., a renal cell 

carcinoma, e.g., clear cell renal cell carcinoma), a liver cancer (e.g., hepatocellular carcinoma), a 

myeloma (e.g., a multiple myeloma), a prostate cancer, a breast cancer (e.g., a breast cancer that 

does not express one, two or all of estrogen receptor, progesterone receptor, or Her2/neu, e.g., a 

5 triple negative breast cancer), a colorectal cancer, a pancreatic cancer, a head and neck cancer 

(e.g., head and neck squamous cell carcinoma (HNSCC), anal cancer, gastro-esophageal cancer, 

thyroid cancer, cervical cancer, a lymphoproliferative disease (e.g., a post-transplant 

lymphoproliferative disease) or a hematological cancer, T-cell lymphoma, a non-Hogdkin's 

lymphoma, or a leukemia (e.g., a myeloid leukemia).  

In another embodiment, the cancer is chosen form a carcinoma (e.g., advanced or 

metastatic carcinoma), melanoma or a lung carcinoma, e.g., a non-small cell lung carcinoma.  
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In one embodiment, the cancer is a lung cancer, e.g., a non-small cell lung cancer.  

In another embodiment, the cancer is a hepatocarcinoma, e.g., an advanced 

hepatocarcinoma, with or without a viral infection, e.g., a chronic viral hepatitis.  

In another embodiment, the cancer is a prostate cancer, e.g., an advanced prostate cancer.  

In yet another embodiment, the cancer is a myeloma, e.g., multiple myeloma.  

In yet another embodiment, the cancer is a renal cancer, e.g., a renal cell carcinoma 

(RCC) (e.g., a metastatic RCC or clear cell renal cell carcinoma).  

Methods and compositions disclosed herein are useful for treating metastatic lesions 

associated with the aforementioned cancers.  

Infectious Diseases 

Other methods of the invention are used to treat patients that have been exposed to 

particular toxins or pathogens. Accordingly, another aspect of the invention provides a method 

of treating an infectious disease in a subject comprising administering to the subject a 

combination as disclosed herein, e.g., a combination including an anti-PD-I antibody molecule, 

such that the subject is treated for the infectious disease.  

In the treatment of infection (e.g., acute and/or chronic), administration of the anti-PD-I 

antibody molecules can be combined with conventional treatments in addition to or in lieu of 

stimulating natural host immune defenses to infection. Natural host immune defenses to 

infection include, but are not limited to inflammation, fever, antibody-mediated host defense, T

lymphocyte-mediated host defenses, including lymphokine secretion and cytotoxic T-cells 

(especially during viral infection), complement mediated lysis and opsonization (facilitated 

phagocytosis), and phagocytosis. The ability of the anti-PD-i antibody molecules to reactivate 

dysfunctional T-cells would be useful to treat chronic infections, in particular those in which 

cell-mediated immunity is important for complete recovery.  

Similar to its application to tumors as discussed above, antibody mediated PD-I blockade 

can be used alone, or as an adjuvant, in combination with vaccines, to stimulate the immune 

response to pathogens, toxins, and self-antigens. Examples of pathogens for which this 

therapeutic approach may be particularly useful, include pathogens for which there is currently 

no effective vaccine, or pathogens for which conventional vaccines are less than completely 

effective. These include, but are not limited to HIV, Hepatitis (A, B, & C), Influenza, Herpes, 
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Giardia, Malaria, Leishmania, Staphylococcus aureus, Pseudomonas Aeruginosa. PD-i 

blockade is particularly useful against established infections by agents such as HIV that present 

altered antigens over the course of the infections. These novel epitopes are recognized as foreign 

at the time of anti-human PD-i administration, thus provoking a strong T cell response that is not 

dampened by negative signals through PD-1.  

Combination Therapies 

Combinations disclosed herein, e.g., combination of PD-i antibody molecules, with one 

or more further therapeutics are provided herein. Many of the combinations in this section are 

useful in treating cancer, but other indications are also described. This section focuses on 

combinations of anti-PD-I antibody molecules. In the combinations herein below, in one 

embodiment, the anti-PD-i antibody molecule includes: 

(a) a heavy chain variable region (VH) comprising a VHCDRi amino acid sequence of 

SEQ ID NO: 4, a VHCDR2 amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid 

sequence of SEQ ID NO: 3; and a light chain variable region (VL) comprising a VLCDRi amino 

acid sequence of SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID NO: 14, and a 

VLCDR3 amino acid sequence of SEQ ID NO: 33; 

(b) a VH comprising a VHCDRi amino acid sequence chosen from SEQ ID NO: 1; a 

VHCDR2 amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ 

ID NO: 3; and a VL comprising a VLCDRi amino acid sequence of SEQ ID NO: 10, a 

VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 32; 

(c) a VH comprising a VHCDRi amino acid sequence of SEQ ID NO: 224, a VHCDR2 

amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid sequence of SEQ ID NO: 3; 

and a VL comprising a VLCDRi amino acid sequence of SEQ ID NO: 13, a VLCDR2 amino 

acid sequence of SEQ ID NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 33; or 

(d) a VH comprising a VHCDRi amino acid sequence of SEQ ID NO: 224; a VHCDR2 

amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ ID NO: 3; 

and a VL comprising a VLCDRi amino acid sequence of SEQ ID NO: 10, a VLCDR2 amino 

acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ ID NO: 32.  
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In the combinations herein below, in another embodiment, the anti-PD-I antibody 

molecule comprises (i) a heavy chain variable region (VH) comprising a VHCDR1 amino acid 

sequence chosen from SEQ ID NO: 1, SEQ ID NO: 4, or SEQ ID NO: 224; a VHCDR2 amino 

acid sequence of SEQ ID NO: 2 or SEQ ID NO: 5; and a VHCDR3 amino acid sequence of SEQ 

5 ID NO: 3; and (ii) a light chain variable region (VL) comprising a VLCDR1 amino acid 

sequence of SEQ ID NO: 10 or SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID 

NO: 11 or SEQ ID NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 32 or SEQ ID 

NO: 33.  

In another embodiment, the combination, e.g., a combination comprising an anti-PD-I 

antibody molecule as described herein, is used in combination with a c-Met receptor tyrosine 

kinase inhibitor inhibitor, 2-fluoro-N-methyl-4-(7-(quinolin-6-ylmethyl)imidazo[1,2

b][1,2,4]triazin-2-yl)benzamide (Capmatinib), or a dihydrochloric salt thereof, or a compound 

disclosed in PCT Publication No. WO 2007/070514, to treat a disorder, e.g., a disorder described 

5 herein. In one embodiment, the c-Met receptor tyrosine kinase inhibitor inhibitor is 2-fluoro-N

methyl-4-(7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl)benzamide (Capmatinib), or 

a dihydrochloric salt thereof, or a compound disclosed in PCT Publication No. WO 

2007/070514. In one embodiment, a PD-I antibody molecule is used in combination with 2

fluoro-N-methyl-4-(7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl)benzamide 

(Capmatinib), or a dihydrochloric salt thereof, or a compound disclosed in PCT Publication No.  

WO 2007/070514, to treat a disorder such as colorectal cancer, myeloid leukemia, liver cancer, 

lung cancer, hematological cancer, autoimmune disease, non-Hodgkin lymphoma, or 

thrombocythemia.  

In one embodiment, the c-Met receptor tyrosine kinase inhibitor inhibitor or a 2-fluoro

5 N-methyl-4-(7-(quinolin-6-ylmethyl)imidazo[1,2-b][1,2,4]triazin-2-yl)benzamide (Capmatinib), 

or a dihydrochloric salt thereof is administered at a dose of about, 200-600mg, preferably 400

600 mg (e.g., per day), e.g., about 400, 500, or 600 mg, or about 400-500 or 500-600 mg.  

In one embodiment, Capmatinib is administered orally.  

In one embodiment, Capmatinib is administered orally, twice daily (BID).  

In one embodiment, Capmatinib is administered orally, 100mg, twice daily (BID).  

In one embodiment, Capmatinib is administered orally, 150mg, twice daily (BID).  
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In one embodiment, Capmatinib is administered orally, 200mg, twice daily (BID).  

In one embodiment, Capmatinib is administered orally, 300mg, twice daily (BID).  

In one embodiment, Capmatinib is administered orally, twice daily (BID) continuously.  

In one embodiment, Capmatinib is administered orally, 100mg, twice daily (BID) 

5 continuously.  

In one embodiment, Capmatinib is administered orally, 150mg, twice daily (BID) 

continuously.  

In one embodiment, Capmatinib is administered orally, 200mg, twice daily (BID) 

continuously.  

In one embodiment, Capmatinib is administered orally, 300mg, twice daily (BID) 

continuously.  

Exemplary huMLR assay and B or T cell proliferation assays are provided below.  

Human mixed lymphocyte reaction 

The Mixed Lymphocyte Reaction (MLR) is a functional assay which measures the 

5 proliferative response of lymphocytes from one individual (the responder) to lymphocytes from 

another individual (the stimulator). To perform an allogeneic MLR, peripheral blood 

mononuclear cells (PBMC) from three donors were isolated from buffy-coats of unknown HLA 

type (Kantonspital Blutspendezentrum from Bern and Aarau, Switzerland). The cells were 

prepared at 2.105 in 0.2mL of culture medium containing RPMI 1640 GlutaMAX TM with 10% 

fetal calf serum (FCS), 100U penicillin/ 100 pg streptomycin, 50 pM 2-Mercaptoethanol.  

Individual 2-way reactions were set up by mixing PBMC from two different donors at a 1:1 ratio 

and co-cultures were done in triplicates in flat-bottomed 96-well tissue culture plates for 6 days 

at 37'C, 5% C02, in presence or not of an 8-point concentration range of test compounds. Cells 

were pulsed with 3H-TdR (1 [tCi/0.2mL) for the last 16h of culture and incorporated 

5 radioactivity was used as a measure of cell proliferation. The concentration that inhibited 50% of 

the maximal huMLR response (IC50) was calculated for each compound. Cyclosporine was used 

as a positive control of huMLR inhibition.  
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Human B cell proliferation assay 

PBMC were freshly isolated by Ficoll-Paque density gradient from human blood and 

subjected to negative B-cell isolation. B cells were resuspended in culture medium (RPMI 1640, 

HEPES, 10% FCS, 50[tg/mL gentamicine, 50[tM 2-Mercaptoethanol, 1x ITS (Insulin, 

Transferrin and Sodium Selenite), 1x Non-Essential Amino-Acids) at a concentration of 9.104 

per well in a flat-bottom 96-well culture plate. B cell stimulation was performed by human anti

IgM antibody molecule (30ug/mL) and IL-4 (75ng/mL) or by CD40 ligand (3ug/mL) and IL-4 

(75ng/mL) in presence or not of a 7-point concentration range of test compounds. After 72h of 

culture at 37'C, 10% C02, cells were pulsed with 3H-TdR (1 [iCi/well) for the last 6h of culture.  

B cells were then harvested and the incorporation of thymidine was measured using a 

scintillation counter. Of each duplicate treatment, the mean was calculated and these data were 

plotted in XLfit 4 to determine the respective IC50 values.  

Human T cell proliferation assay 

PBMC were freshly isolated by Ficoll-Paque density gradient from human blood and 

subjected to negative isolation of T cells. T cells were prepared in culture medium (RPMI 1640, 

HEPES, 10% FCS, 50[tg/mL gentamicine, 50[tM 2-Mercaptoethanol, 1x ITS (Insulin, 

Transferrin and Sodium Selenite), 1x Non-Essential Amino-Acids) at a concentration of 8.104 

per well in a flat-bottom 96-well culture plate. T cell stimulation was performed by human anti

CD3 antibody molecule (1Oug/mL) or by human anti-CD3 antibody molecule (5 tg/mL) and anti

CD28 antibody molecule (1 tg/mL) in presence or not of a 7-point concentration range of test 

compounds. After 72h of culture at 37'C, 10% C02, cells were pulsed with 3H-TdR (1 [tCi/well) 

for the last 6h of culture. Cell proliferation was measured by the incorporation of thymidine 

allowing IC50 determination for each tested compound.  

Nucleic Acids 

The invention also features nucleic acids comprising nucleotide sequences that encode 

heavy and light chain variable regions and CDRs or hypervariable loops of the anti-PD-I 

antibody molecules, as described herein. For example, the invention features a first and second 

nucleic acid encoding heavy and light chain variable regions, respectively, of an anti-PD-1 

antibody molecule chosen from one or more of the antibody molecules disclosed herein. The 
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nucleic acid can comprise a nucleotide sequence as set forth in the tables herein, or a sequence 

substantially identical thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more 

identical thereto, or which differs by no more than 3, 6, 15, 30, or 45 nucleotides from the 

sequences shown in the tables herein.  

In certain embodiments, the nucleic acid can comprise a nucleotide sequence encoding at 

least one, two, or three CDRs or hypervariable loops from a heavy chain variable region having 

an amino acid sequence as set forth in the tables herein, or a sequence substantially homologous 

thereto (e.g., a sequence at least about 8 5%, 9 0%, 95%, 9 9 % or more identical thereto, and/or 

having one or more substitutions, e.g., conserved substitutions). In other embodiments, the 

nucleic acid can comprise a nucleotide sequence encoding at least one, two, or three CDRs or 

hypervariable loops from a light chain variable region having an amino acid sequence as set forth 

in the tables herein, or a sequence substantially homologous thereto (e.g., a sequence at least 

about 85%, 90%, 95%, 99% or more identical thereto, and/or having one or more substitutions, 

e.g., conserved substitutions). In yet another embodiment, the nucleic acid can comprise a 

nucleotide sequence encoding at least one, two, three, four, five, or six CDRs or hypervariable 

loops from heavy and light chain variable regions having an amino acid sequence as set forth in 

the tables herein, or a sequence substantially homologous thereto (e.g., a sequence at least about 

85%, 90%, 95%, 99% or more identical thereto, and/or having one or more substitutions, e.g., 

conserved substitutions).  

In certain embodiments, the nucleic acid can comprise a nucleotide sequence encoding at 

least one, two, or three CDRs or hypervariable loops from a heavy chain variable region having 

the nucleotide sequence as set forth in the tables herein, a sequence substantially homologous 

thereto (e.g., a sequence at least about 8 5%, 9 0%, 9 5%, 9 9 % or more identical thereto, and/or 

capable of hybridizing under the stringency conditions described herein). In another 

embodiment, the nucleic acid can comprise a nucleotide sequence encoding at least one, two, or 

three CDRs or hypervariable loops from a light chain variable region having the nucleotide 

sequence as set forth in the tables herein, or a sequence substantially homologous thereto (e.g., a 

sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or capable of 

hybridizing under the stringency conditions described herein). In yet another embodiment, the 

nucleic acid can comprise a nucleotide sequence encoding at least one, two, three, four, five, or 

six CDRs or hypervariable loops from heavy and light chain variable regions having the 
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nucleotide sequence as set forth in the tables herein, or a sequence substantially homologous 

thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or 

capable of hybridizing under the stringency conditions described herein).  

In another aspect, the application features host cells and vectors containing the nucleic 

acids described herein. The nucleic acids may be present in a single vector or separate vectors 

present in the same host cell or separate host cell, as described in more detail hereinbelow.  

In certain embodiments, one or more nucleic acid molecule that comprises one or both 

nucleotide sequences that encode heavy and light chain variable regions, CDRs, hypervariable 

loops, framework regions of the anti-PD-i antibody molecules is provided. In certain 

embodiments, the nucleotide sequence that encodes the anti-PD-I antibody molecule is codon 

optimized. For example, the invention features a first and second nucleic acid encoding heavy 

and light chain variable regions, respectively, of an anti-PD-I antibody molecule chosen from 

one or more of, e.g., any of BAPO49-hum01, BAPO49-hum02, BAPO49-hum03, BAPO49

hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, BAPO49-hum08, BAPO49-hum09, 

BAPO49-hum10, BAPO49-hum1 1, BAPO49-hum12, BAPO49-hum13, BAPO49-hum14, 

BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, 

BAPO49-Clone-D, or BAPO49-Clone-E, as summarized in Table 1, or a sequence substantially 

identical thereto. For example, the nucleic acid can comprise a nucleotide sequence as set forth 

in Tables 1 and 2, or a sequence substantially identical thereto (e.g., a sequence at least about 

85%, 90%, 95%, 99% or more identical thereto, or which differs by no more than 3, 6, 15, 30, or 

45 nucleotides from the sequences shown in Tables 1 and 2).  

In other embodiments, the nucleic acid molecule comprises a nucleotide sequence that 

encodes a heavy chain variable domain and/or a heavy chain constant region comprising the 

amino acid sequence of BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49

Clone-D, or BAPO49-Clone-E; or as described in Table 1; or the nucleotide sequence in Table 1; 

or a sequence substantially identical (e.g., a sequence at least about 85%, 90%, 95%, 99% or 

more identical) to any of the aforesaid sequences.  

In other embodiments, the nucleic acid molecule comprises a nucleotide sequence that 

encodes a light chain variable domain and/or a light chain constant region comprising the amino 

acid sequence of BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or 

BAPO49-Clone-E; or as described in Table 1; or the nucleotide sequence in Table 1; or a 
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sequence substantially identical (e.g., a sequence at least about 85%, 90%, 95%, 99% or more 

identical) to any of the aforesaid sequences.  

The aforesaid nucleotide sequences encoding the anti-PD-I heavy and light chain 

variable domain and constant regions can be present in a separate nucleic acid molecule, or in the 

same nucleic acid molecule. In certain embodiments, the nucleic acid molecules comprise a 

nucleotide sequence encoding a leader sequence, e.g., a leader sequence as shown in Table 4, or 

a sequence substantially identitical thereto.  

In certain embodiments, the nucleic acid molecule comprises a nucleotide sequence 

encoding at least one, two, or three CDRs, or hypervariable loops, from a heavy chain variable 

region having an amino acid sequence as set forth in Table 1, or a sequence substantially 

homologous thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical 

thereto, and/or having one, two, three or more substitutions, insertions or deletions, e.g., 

conserved substitutions).  

In another embodiment, the nucleic acid molecule comprises a nucleotide sequence 

encoding at least one, two, or three CDRs, or hypervariable loops, from a light chain variable 

region having an amino acid sequence as set forth in Table 1, or a sequence substantially 

homologous thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical 

thereto, and/or having one, two, three or more substitutions, insertions or deletions, e.g., 

conserved substitutions).  

In yet another embodiment, the nucleic acid molecule comprises a nucleotide sequence 

encoding at least one, two, three, four, five, or six CDRs, or hypervariable loops, from heavy and 

light chain variable regions having an amino acid sequence as set forth in Table 1, or a sequence 

substantially homologous thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more 

identical thereto, and/or having one, two, three or more substitutions, insertions or deletions, e.g., 

conserved substitutions).  

In one embodiment, the nucleic acid molecule includes a nucleotide sequence encoding 

an anti-PD-I antibody molecule that includes a substitution in the light chain CDR3 at position 

102 of the light variable region, e.g., a substitution of a cysteine to tyrosine, or a cysteine to 

seine residue, at position 102 of the light variable region according to Table 1 (e.g., SEQ ID 

NO: 16 or 24 for murine or chimeric, unmodified; or any of SEQ ID NOs: 34, 42, 46, 54, 58, 62, 

66, 70, 74, or 78 for a modified sequence).  
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In another embodiment, the nucleic acid molecule includes one or more heavy chain 

framework region (e.g., any of VIFW1 (type a), VHIFW1 (type b), VHIFW2 (type a), VHIFW2 

(type b), VHIFW2 (type c), VHIFW3 (type a), VHIFW3 (type b), or VHIFW4, or any combination 

thereof, e.g., a framework combination as described herein) for any of BAPO49-hum01, 

5 BAPO49-humO2, BAPO49-humO3, BAPO49-humO4, BAPO49-humO5, BAPO49-humO6, 

BAPO49-humO7, BAPO49-humO8, BAPO49-humO9, BAPO49-hum10, BAPO49-huml 1, 

BAPO49-hum12, BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, 

BAPO49-Clone-A, BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone

E, as summarized in Table 1 and 2, or a sequence substantially identical thereto. For example, 

the nucleic acid molecule can comprise a nucleotide sequence as set forth in Tables 1 and 2, or a 

sequence substantially identical thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or 

more identical thereto, or which differs by no more than 3, 6, 15, 30, or 45 nucleotides from the 

sequences shown in Tables 1 and 2).  

In another embodiment, the nucleic acid molecule includes one or more light chain 

5 framework region (e.g., any of VLFW1 (type a), VLFW1 (type b), VLFW1 (type c), VLFW1 

(type d), VLFW1 (type e), VLFW2 (type a), VLFW2 (type b), VLFW2 (type c), VLFW3 (type 

a), VLFW3 (type b), VLFW3 (type c), VLFW3 (type d), or VLFW4, or any combination thereof, 

e.g., a framework combination as described herein) for any of BAPO49-hum01, BAPO49-hum02, 

BAPO49-hum03, BAPO49-hum04, BAPO49-hum05, BAPO49-hum06, BAPO49-hum07, 

BAPO49-hum08, BAPO49-hum09, BAPO49-huml0, BAPO49-huml 1, BAPO49-huml2, 

BAPO49-hum13, BAPO49-hum14, BAPO49-hum15, BAPO49-hum16, BAPO49-Clone-A, 

BAPO49-Clone-B, BAPO49-Clone-C, BAPO49-Clone-D, or BAPO49-Clone-E, as summarized in 

Table 1 and 2, or a sequence substantially identical thereto. For example, the nucleic acid 

molecule can comprise a nucleotide sequence as set forth in Tables 1 and 2, or a sequence 

5 substantially identical thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more 

identical thereto, or which differs by no more than 3, 6, 15, 30, or 45 nucleotides from the 

sequences shown in Tables 1 and 2).  

In another embodiment, the nucleic acid molecule includes one or more heavy chain 

framework region and one or more light chain framework region as described herein. The heavy 

and light chain framework regions may be present in the same vector or separate vectors.  
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Vectors and Host Cells 

In another aspect, the application features host cells and vectors containing the nucleic 

acids described herein. The nucleic acids may be present in a single vector or separate vectors 

present in the same host cell or separate host cell.  

In one embodiment, the vectors comprise nucleotides encoding an antibody molecule 

described herein. In one embodiment, the vectors comprise the nucleotide sequences described 

herein. The vectors include, but are not limited to, a virus, plasmid, cosmid, lambda phage or a 

yeast artificial chromosome (YAC).  

Numerous vector systems can be employed. For example, one class of vectors utilizes 

DNA elements which are derived from animal viruses such as, for example, bovine papilloma 

virus, polyoma virus, adenovirus, vaccinia virus, baculovirus, retroviruses (Rous Sarcoma Virus, 

MMTV or MOMLV) or SV40 virus. Another class of vectors utilizes RNA elements derived 

from RNA viruses such as Semliki Forest virus, Eastern Equine Encephalitis virus and 

Flaviviruses.  

Additionally, cells which have stably integrated the DNA into their chromosomes may be 

selected by introducing one or more markers which allow for the selection of transfected host 

cells. The marker may provide, for example, prototropy to an auxotrophic host, biocide 

resistance (e.g., antibiotics), or resistance to heavy metals such as copper, or the like. The 

selectable marker gene can be either directly linked to the DNA sequences to be expressed, or 

introduced into the same cell by cotransformation. Additional elements may also be needed for 

optimal synthesis of mRNA. These elements may include splice signals, as well as 

transcriptional promoters, enhancers, and termination signals.  

Once the expression vector or DNA sequence containing the constructs has been prepared 

for expression, the expression vectors may be transfected or introduced into an appropriate host 

cell. Various techniques may be employed to achieve this, such as, for example, protoplast 

fusion, calcium phosphate precipitation, electroporation, retroviral transduction, viral 

transfection, gene gun, lipid based transfection or other conventional techniques. In the case of 

protoplast fusion, the cells are grown in media and screened for the appropriate activity.  

Methods and conditions for culturing the resulting transfected cells and for recovering the 

antibody molecule produced are known to those skilled in the art, and may be varied or 
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optimized depending upon the specific expression vector and mammalian host cell employed, 

based upon the present description.  

The invention also provides host cells comprising a nucleic acid encoding an antibody 

molecule as described herein.  

In one embodiment, the host cells are genetically engineered to comprise nucleic acids 

encoding the antibody molecule.  

In one embodiment, the host cells are genetically engineered by using an expression 

cassette. The phrase "expression cassette," refers to nucleotide sequences, which are capable of 

affecting expression of a gene in hosts compatible with such sequences. Such cassettes may 

include a promoter, an open reading frame with or without introns, and a termination signal.  

Additional factors necessary or helpful in effecting expression may also be used, such as, for 

example, an inducible promoter.  

The invention also provides host cells comprising the vectors described herein.  

The cell can be, but is not limited to, a eukaryotic cell, a bacterial cell, an insect cell, or a 

human cell. Suitable eukaryotic cells include, but are not limited to, Vero cells, HeLa cells, COS 

cells, CHO cells, HEK293 cells, BHK cells and MDCKII cells. Suitable insect cells include, but 

are not limited to, Sf9 cells.  

In some embodiments, the host cell is an eukaryotic cell, e.g., a mammalian cell, an 

insect cell, a yeast cell, or a prokaryotic cell, e.g., E. coli. For example, the mammalian cell can 

be a cultured cell or a cell line. Exemplary mammalian cells include lymphocytic cell lines (e.g., 

NSO), Chinese hamster ovary cells (CHO), COS cells, oocyte cells, and cells from a transgenic 

animal, e.g., mammary epithelial cell.  

Table 1. Amino acid and nucleotide sequences for murine, chimeric and humanized antibody 

molecules. The antibody molecules include murine mAb BAPO49, chimeric mAbs BAPO49-chi 

and BAPO49-chi-Y, and humanized mAbs BAPO49-hum01 to BAPO49-huml6 and BAPO49

Clone-A to BAPO49-Clone-E. The amino acid and nucleotide sequences of the heavy and light 

chain CDRs, the heavy and light chain variable regions, and the heavy and light chains are 

shown.  

BAP-49 HC 
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SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

QVQLQQPGSELVRPGASVKLSCKASGYTFTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

SEQ ID NO: 6 VH TTGTGAYWGQGTLVTVSA 

CAGGTCCAGCTGCAGCAACCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

CTTGAGTGGATTGGAAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAAGGG 

SEQ ID NO: 7 DNA VH ACTCTGGTCACTGTCTCTGCA 

QVQLQQSGSELVRPGASVKLSCKASGYTFTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

SEQ ID NO: 8 VH TTGTGAYWGQGTLVTVSA 

CAGGTCCAGCTGCAGCAGTCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

CTTGAGTGGATTGGAAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAAGGG 

SEQ ID NO: 9 DNA VH ACTCTGGTCACTGTCTCTGCA 

BAPO49 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 12 (Kabat) LCDR3 QNDYSYPCT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 15 (Chothia) LCDR3 DYSYPC 

DIVMTQSPSSLTVTAGEKVTMSCKSSQSLLDSG 

NQKNFLTWYQQKPGQPPKLLIFWASTRESGVPD 

RFTGSGSVTDFTLTISSVQAEDLAVYYCQNDYS 

SEQ ID NO: 16 VL YPCTFGGGTKLEIK 

GACATTGTGATGACCCAGTCTCCATCCTCCCTG 

ACTGTGACAGCAGGAGAGAAGGTCACTATGAGC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

SEQ ID NO: 17 DNA VL AAACCAGGGCAGCCTCCTAAACTGTTGATCTTC 

- 122-



WO 2017/106810 PCT/US2016/067430 

TGGGCATCCACTAGGGAATCTGGGGTCCCTGAT 

CGCTTCACAGGCAGTGGATCTGTAACAGATTTC 

ACTCTCACCATCAGCAGTGTGCAGGCTGAAGAC 

CTGGCAGTTTATTACTGTCAGAATGATTATAGT 

TATCCGTGCACGTTCGGAGGGGGGACCAAGCTG 

GAAATAAAA 

BAPO49-chi HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

QVQLQQPGSELVRPGASVKLSCKASGYTFTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

SEQ ID NO: 18 VH TTGTGAYWGQGTTVTVSS 

CAGGTCCAGCTGCAGCAGCCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

CTTGAGTGGATTGGAAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 19 DNA VH ACCACCGTGACCGTGTCCTCC 

QVQLQQPGSELVRPGASVKLSCKASGYTFTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 20 HC HNHYTQKSLSLSLGK 

CAGGTCCAGCTGCAGCAGCCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

CTTGAGTGGATTGGAAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

SEQ ID NO: 21 DNA HC 1 GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 
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AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

QVQLQQSGSELVRPGASVKLSCKASGYT FTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

SEQ ID NO: 22 VH TTGTGAYWGQGTTVTVSS 

CAGGTCCAGCTGCAGCAGTCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

CTTGAGTGGATTGGAAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 23 DNA VH ACCACCGTGACCGTGTCCTCC 

QVQLQQSGSELVRPGASVKLSCKASGYTFTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SEQ iD NO: 30 HC SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 
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HNHYTQKSLSLSLGK 

CAGGTCCAGCTGCAGCAGTCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

CTTGAGTGGATTGGAAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

SEQ ID NO: 31 DNA HC TCTCTGGGTAAA 

BAPO49-chi LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 12 (Kabat) LCDR3 QNDYSYPCT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 15 (Chothia) LCDR3 DYSYPC 

DIVMTQSPSSLTVTAGEKVTMSCKSSQSLLDSG 

NQKNFLTWYQQKPGQPPKLLIFWASTRESGVPD 

RFTGSGSVTDFTLTISSVQAEDLAVYYCQNDYS 

SEQ ID NO:-24 VL YPCTFGQGTKVEIK 
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GACATTGTGATGACCCAGTCTCCATCCTCCCTG 

ACTGTGACAGCAGGAGAGAAGGTCACTATGAGC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCAGGGCAGCCTCCTAAACTGTTGATCTTC 

TGGGCATCCACTAGGGAATCTGGGGTCCCTGAT 

CGCTTCACAGGCAGTGGATCTGTAACAGATTTC 

ACTCTCACCATCAGCAGTGTGCAGGCTGAAGAC 

CTGGCAGTTTATTACTGTCAGAATGATTATAGT 

TATCCGTGCACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 25 DNA VL GAAATCAAA 

DIVMTQSPSSLTVTAGEKVTMSCKSSQSLLDSG 

NQKNFLTWYQQKPGQPPKLLIFWASTRESGVPD 

RFTGSGSVTDFTLTISSVQAEDLAVYYCQNDYS 

YPCTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 26 LC ACEVTHQGLSSPVTKSFNRGEC 

GACATTGTGATGACCCAGTCTCCATCCTCCCTG 

ACTGTGACAGCAGGAGAGAAGGTCACTATGAGC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCAGGGCAGCCTCCTAAACTGTTGATCTTC 

TGGGCATCCACTAGGGAATCTGGGGTCCCTGAT 

CGCTTCACAGGCAGTGGATCTGTAACAGATTTC 

ACTCTCACCATCAGCAGTGTGCAGGCTGAAGAC 

CTGGCAGTTTATTACTGTCAGAATGATTATAGT 

TATCCGTGCACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 27 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-chi-Y HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

QVQLQQPGSELVRPGASVKLSCKASGYTFTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

SEQ ID NO: 18 VH TTGTGAYWGQGTTVTVSS 

CAGGTCCAGCTGCAGCAGCCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

SEQ ID NO: 19 D -NA VH CTTGAGTGGATTGGAAATATTTATCCTGGTACT 
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GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCC 

QVQLQQPGSELVRPGASVKLSCKASGYTFTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 20 HC HNHYTQKSLSLSLGK 

CAGGTCCAGCTGCAGCAGCCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

CTTGAGTGGATTGGAAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

SEQ ID NO: 21 DNA HC TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 
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ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

QVQLQQSGSELVRPGASVKLSCKASGYTFTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

SEQ ID NO: 22 VH TTGTGAYWGQGTTVTVSS 

CAGGTCCAGCTGCAGCAGTCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

CTTGAGTGGATTGGAAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 23 DNA VH ACCACCGTGACCGTGTCCTCC 

QVQLQQSGSELVRPGASVKLSCKASGYTFTTYW 

MHWVRQRPGQGLEWIGNIYPGTGGSNFDEKFKN 

RTSLTVDTSSTTAYMHLASLTSEDSAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 30 HC HNHYTQKSLSLSLGK 

CAGGTCCAGCTGCAGCAGTCTGGGTCTGAGCTG 

GTGAGGCCTGGAGCTTCAGTGAAGCTGTCCTGC 

AAGGCGTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGAGGCAGAGGCCTGGACAAGGC 

CTTGAGTGGATTGGAAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAAAAC 

AGGACCTCACTGACTGTAGACACATCCTCCACC 

ACAGCCTACATGCACCTCGCCAGCCTGACATCT 

GAGGACTCTGCGGTCTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

SEQ ID NO: 31 DNA HC CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 
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CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-chi-Y LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

DIVMTQSPSSLTVTAGEKVTMSCKSSQSLLDSG 

NQKNFLTWYQQKPGQPPKLLIFWASTRESGVPD 

RFTGSGSVTDFTLTISSVQAEDLAVYYCQNDYS 

SEQ ID NO: 34 VL YPYTFGQGTKVEIK 

GACATTGTGATGACCCAGTCTCCATCCTCCCTG 

ACTGTGACAGCAGGAGAGAAGGTCACTATGAGC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCAGGGCAGCCTCCTAAACTGTTGATCTTC 

TGGGCATCCACTAGGGAATCTGGGGTCCCTGAT 

CGCTTCACAGGCAGTGGATCTGTAACAGATTTC 

ACTCTCACCATCAGCAGTGTGCAGGCTGAAGAC 

CTGGCAGTTTATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 35 DNA VL GAAATCAAA 

DIVMTQSPSSLTVTAGEKVTMSCKSSQSLLDSG 

NQKNFLTWYQQKPGQPPKLLIFWASTRESGVPD 

RFTGSGSVTDFTLTISSVQAEDLAVYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 36 LC ACEVTHQGLSSPVTKSFNRGEC 

GACATTGTGATGACCCAGTCTCCATCCTCCCTG 

ACTGTGACAGCAGGAGAGAAGGTCACTATGAGC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCAGGGCAGCCTCCTAAACTGTTGATCTTC 

TGGGCATCCACTAGGGAATCTGGGGTCCCTGAT 

CGCTTCACAGGCAGTGGATCTGTAACAGATTTC 

37 DNA LC -ACTCTCACCATCAGCAGTGTGCAGGCTGAAGAC 
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CTGGCAGTTTATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-humOl HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 39 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 40 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

41 DNA HC -GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 
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AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-humOl LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTEFTLTISSLQPDDFATYYCQNDYS 

SEQ ID NO: 42 VL YPYTFGQGTKVEIK 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCATCA 

AGGTTCAGCGGCAGTGGATCTGGGACAGAATTC 

SEQ ID NO: 43 DNA VL ACTCTCACCATCAGCAGCCTGCAGCCTGATGAT 
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TTTGCAACTTATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAAT CAAA 

EIVLTQSPATLSLSPGERATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTEFTLTISSLQPDDFATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 44 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCATCA 

AGGTTCAGCGGCAGTGGATCTGGGACAGAATTC 

ACTCTCACCATCAGCAGCCTGCAGCCTGATGAT 

TTTGCAACTTATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 45 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum02 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 39 DNA VH ACCACCGTGACCGTGTCCTCC 
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EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 40 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

SEQ ID NO: 41 DNA HC TCTCTGGGTAAA 

BAP-49-hu132 LC 
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SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

DIQMTQSPSSLSASVGDRVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGIPP 

RFSGSGYGTDFTLTINNIESEDAAYYFCQNDYS 

SEQ ID NO: 46 VL YPYTFGQGTKVEIK 

GACATCCAGATGACCCAGTCTCCATCCTCCCTG 

TCTGCATCTGTAGGAGACAGAGTCACCATCACT 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGATCCCACCT 

CGATTCAGTGGCAGCGGGTATGGAACAGATTTT 

ACCCTCACAATTAATAACATAGAATCTGAGGAT 

GCTGCATATTACTTCTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 47 DNA VL GAAATCAAA 

DIQMTQSPSSLSASVGDRVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGIPP 

RFSGSGYGTDFTLTINNIESEDAAYYFCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 48 LC ACEVTHQGLSSPVTKSFNRGEC 

GACATCCAGATGACCCAGTCTCCATCCTCCCTG 

TCTGCATCTGTAGGAGACAGAGTCACCATCACT 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 
TGGGCATCCACTAGGGAATCTGGGATCCCACCT 

CGATTCAGTGGCAGCGGGTATGGAACAGATTTT 

ACCCTCACAATTAATAACATAGAATCTGAGGAT 

GCTGCATATTACTTCTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 49 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum03 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SLEQ ID n: 4 (Chothia) HCDR1 GYTFTTY 
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SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLPAEDTAVYYCTRW 

SEQ ID NO: 50 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 51 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLPAEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 52 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGT GTATTACT GTACAAGAT GG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCT GCAACGTAGAT CACAAGCCCAGCAACACC 

AAGGT GGACAAGAGAGTT GAGT CCAAATAT GGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 
SEQ ID NO: 53 -DNA HC CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 
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GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-hum03 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

DIQMTQSPSSLSASVGDRVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGIPP 

RFSGSGYGTDFTLTINNIESEDAAYYFCQNDYS 

SEQ ID NO: 46 VL YPYTFGQGTKVEIK 

GACATCCAGATGACCCAGTCTCCATCCTCCCTG 

TCTGCATCTGTAGGAGACAGAGTCACCATCACT 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGATCCCACCT 

CGATTCAGTGGCAGCGGGTATGGAACAGATTTT 

ACCCTCACAATTAATAACATAGAATCTGAGGAT 

GCTGCATATTACTTCTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 47 DNA VL GAAATCAAA 

DIQMTQSPSSLSASVGDRVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGIPP 

RFSGSGYGTDFTLTINNIESEDAAYYFCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 48 LC ACEVTHQGLSSPVTKSFNRGEC 

GACATCCAGATGACCCAGTCTCCATCCTCCCTG 

TCTGCATCTGTAGGAGACAGAGTCACCATCACT 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 
TGGGCATCCACTAGGGAATCTGGGATCCCACCT 

CGATTCAGTGGCAGCGGGTATGGAACAGATTTT 

ACCCTCACAATTAATAACATAGAATCTGAGGAT 

S19 3DNA LC -GCTGCATATTACTTCTGTCAGAATGATTATAGT 
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TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum04 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLPAEDTAVYYCTRW 

SEQ ID NO: 50 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 51 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLPAEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 52 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

53 DNA HC -AGATTCACCATCTCCAGAGACAATTCCAAGAAC 

-137-



WO 2017/106810 PCT/US2016/067430 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-hum04 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLQPEDIATYYCQNDYS 

SEQ ID NO: 54 VL YPYTFGQGTKVEIK 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTATCAGCAG 

AAACCAGGGAAAGCTCCTAAGCTCCTGATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCATCA 

AGGTTCAGTGGAAGTGGATCTGGGACAGATTTT 

ACTTTCACCATCAGCAGCCTGCAGCCTGAAGAT 

SEQ ID NO: 55 DNA VL ATTGCAACATATTACTGTCAGAATGATTATAGT 
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TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAA 

EIVLTQSPATLSLSPGERATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLQPEDIATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 56 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTATCAGCAG 

AAACCAGGGAAAGCTCCTAAGCTCCTGATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCATCA 

AGGTTCAGTGGAAGTGGATCTGGGACAGATTTT 

ACTTTCACCATCAGCAGCCTGCAGCCTGAAGAT 

ATTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 57 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum05 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 
GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 39 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

SEQ ID NO: 40 HC MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 
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RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEP VTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHK PSNTKVDKRVESKYGP PCP PC PAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPE VQFNWYVDGVEVHNAKTKP REEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

SEQ ID NO: 41 DNA HC TCTCTGGGTAAA 

BAPO49-hum05 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 
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SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGERATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLQPEDIATYYCQNDYS 

SEQ ID NO: 54 VL YPYTFGQGTKVEIK 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTATCAGCAG 

AAACCAGGGAAAGCTCCTAAGCTCCTGATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCATCA 

AGGTTCAGTGGAAGTGGATCTGGGACAGATTTT 

ACTTTCACCATCAGCAGCCTGCAGCCTGAAGAT 

ATTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 55 DNA VL GAAATCAAA 

EIVLTQSPATLSLSPGERATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLQPEDIATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 56 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTATCAGCAG 

AAACCAGGGAAAGCTCCTAAGCTCCTGATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCATCA 

AGGTTCAGTGGAAGTGGATCTGGGACAGATTTT 

ACTTTCACCATCAGCAGCCTGCAGCCTGAAGAT 

ATTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 57 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum06 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID nO: 3 (Chothia) HCDR3 WTTGTGAY 
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EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 39 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 40 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

SEQ ID NO: 41 DNA HC CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 
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GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-hum06 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

DIVMTQTPLSLPVTPGEPASISCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 58 VL YPYTFGQGTKVEIK 

GATATTGTGATGACCCAGACTCCACTCTCCCTG 

CCCGTCACCCCTGGAGAGCCGGCCTCCATCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 59 DNA VL GAAATCAAA 

DIVMTQTPLSLPVTPGEPASISCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 60 LC ACEVTHQGLSSPVTKSFNRGEC 

GATATTGTGATGACCCAGACTCCACTCTCCCTG 

CCCGTCACCCCTGGAGAGCCGGCCTCCATCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

SEQ ID NO: 61 DNA LC TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 
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TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum07 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 39 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 40 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

SEQ D NO: 41 -DNA HC -ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 
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ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-hum07 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 
SEQ ID NO: 62 VL YPYTFGQGTKVEIK 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 
TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 
TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 
AATCAAAAGAACTTCTTGACCTGGTATCAGCAG 
AAACCAGGGAAAGCTCCTAAGCTCCTGATCTAT 
TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 
ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 
GCTGCAACATATTACTGTCAGAATGATTATAGT 
TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

3EQ ID NO: 63 -DNA VL GAAATCAAA 
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EIVLTQSPATLSLSPGERATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 64 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTATCAGCAG 

AAACCAGGGAAAGCTCCTAAGCTCCTGATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 65 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-humO8 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

SEQ ID NO: 50 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 
GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 51 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

SEQ ID NO: 52 HC RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 
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GVHT FPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGS FFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

SEQ ID NO: 53 DNA HC TCTCTGGGTAAA 

BAPO49-humO8 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 
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SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 66 VL YPYTFGQGTKVEIK 

GAAATTGTGCTGACTCAGTCTCCAGACTTTCAG 

TCTGTGACTCCAAAGGAGAAAGTCACCATCACC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 67 DNA VL GAAATCAAA 

EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 68 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGCTGACTCAGTCTCCAGACTTTCAG 

TCTGTGACTCCAAAGGAGAAAGTCACCATCACC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 69 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum09 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

SEQ ID NO: 38 VH MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

- 148 -



WO 2017/106810 PCT/US2016/067430 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 39 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 40 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

SEQ ID NO: 41 DNA HC GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 
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GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-hum09 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 66 VL YPYTFGQGTKVEIK 

GAAATTGTGCTGACTCAGTCTCCAGACTTTCAG 

TCTGTGACTCCAAAGGAGAAAGTCACCATCACC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 67 DNA VL GAAATCAAA 

EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 68 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGCTGACTCAGTCTCCAGACTTTCAG 

TCTGTGACTCCAAAGGAGAAAGTCACCATCACC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

S9 DNA LC 1 TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 
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AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-humlO HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

SEQ ID NO: 50 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 51 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 52 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 53 DNA HC ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG
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GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-humlO LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 70 VL YPYTFGQGTKVEIK 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 71 DNA VL GAAATCAAA 
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EIVLTQSPATLSLSPGERATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 72 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 73 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-humll HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 
GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 39 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

SEQ ID NO: 40 HC RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 
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GVHT FPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

SEQ ID NO: 41 DNA HC TCTCTGGGTAAA 

BAPO49-humll LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 
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SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 70 VL YPYTFGQGTKVEIK 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 71 DNA VL GAAATCAAA 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 72 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 73 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum12 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

SEQ ID NO: 38 VH MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 
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RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 39 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 40 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

SEQ ID NO: 41 DNA HC GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 
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GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-hum12 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

DIQMTQSPSSLSASVGDRVTITCKSSQSLLDSG 

NQKNFLTWYLQKPGQSPQLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 74 VL YPYTFGQGTKVEIK 

GACATCCAGATGACCCAGTCTCCATCCTCCCTG 

TCTGCATCTGTAGGAGACAGAGTCACCATCACT 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCTGCAG 

AAGCCAGGGCAGTCTCCACAGCTCCTGATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 75 DNA VL GAAATCAAA 

DIQMTQSPSSLSASVGDRVTITCKSSQSLLDSG 

NQKNFLTWYLQKPGQSPQLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 76 LC ACEVTHQGLSSPVTKSFNRGEC 

GACATCCAGATGACCCAGTCTCCATCCTCCCTG 

TCTGCATCTGTAGGAGACAGAGTCACCATCACT 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCTGCAG 

AAGCCAGGGCAGTCTCCACAGCTCCTGATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

SEQ IN NO: 77 DNA LC 1 TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 
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AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum13 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 39 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 40 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCACTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGAGTCACGATTACCGCGGACAAATCCACGAGC 

ACAGCCTACATGGAGCTGAGCAGCCTGAGATCT 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 41 DNA HC ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 
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GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-hum13 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

DVVMTQSPLSLPVTLGQPASISCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 78 VL YPYTFGQGTKVEIK 

GATGTTGTGATGACTCAGTCTCCACTCTCCCTG 

CCCGTCACCCTTGGACAGCCGGCCTCCATCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTAACCTGGTATCAGCAG 

AAACCAGGGAAAGCTCCTAAGCTCCTGATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 79 DNA VL GAAATCAAA 
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DVVMTQSPLSLPVTLGQPASISCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 80 LC ACEVTHQGLSSPVTKSFNRGEC 

GATGTTGTGATGACTCAGTCTCCACTCTCCCTG 

CCCGTCACCCTTGGACAGCCGGCCTCCATCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTAACCTGGTATCAGCAG 

AAACCAGGGAAAGCTCCTAAGCTCCTGATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 81 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum14 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

QVQLVQSGAEVKKPGASVKVSCKASGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

SEQ ID NO: 82 VH TTGTGAYWGQGTTVTVSS 

CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTG 

AAGAAGCCTGGGGCCTCAGTGAAGGTCTCCTGC 

AAGGCTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 
GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTACTGGGGCCAGGGC 

SEQ ID NO: 83 DNA VH ACCACCGTGACCGTGTCCTCC 

QVQLVQSGAEVKKPGASVKVSCKASGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

SEQ ID NO: 84 HC RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 
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GVHT FPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGS FFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

HNHYTQKSLSLSLGK 

CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTG 

AAGAAGCCTGGGGCCTCAGTGAAGGTCTCCTGC 

AAGGCTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTACTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

SEQ ID NO: 85 DNA HC TCTCTGGGTAAA 

BAPO49-hum14 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 
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SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 70 VL YPYTFGQGTKVEIK 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 71 DNA VL GAAATCAAA 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 72 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGTTGACACAGTCTCCAGCCACCCTG 

TCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 73 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum15 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

QVQLVQSGAEVKKPGASVKVSCKASGYTFTTYW 

SEQ ID NO: 82 VH MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 
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RFTISRDNSKNTLYLQMNSLPAEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSS 

CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTG 

AAGAAGCCTGGGGCCTCAGTGAAGGTCTCCTGC 

AAGGCTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTACTGGGGCCAGGGC 

SEQ ID NO: 83 DNA VH ACCACCGTGACCGTGTCCTCC 

QVQLVQSGAEVKKPGASVKVSCKASGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLPAEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 84 HC HNHYTQKSLSLSLGK 

CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTG 

AAGAAGCCTGGGGCCTCAGTGAAGGTCTCCTGC 

AAGGCTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGATCAGGCAGTCCCCATCGAGAGGC 

CTTGAGTGGCTGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTACTGGGGCCAGGGC 

ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 

GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

SEQ ID NO: 85 DNA HC GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 
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GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-hum15 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 66 VL YPYTFGQGTKVEIK 

GAAATTGTGCTGACTCAGTCTCCAGACTTTCAG 

TCTGTGACTCCAAAGGAGAAAGTCACCATCACC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 67 DNA VL GAAATCAAA 

EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 68 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGCTGACTCAGTCTCCAGACTTTCAG 

TCTGTGACTCCAAAGGAGAAAGTCACCATCACC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

S9 DNA LC 1 TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 
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AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-hum16 HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQAPGQGLEWMGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

SEQ ID NO: 86 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCCCTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 87 DNA VH ACCACCGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQAPGQGLEWMGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 88 HC HNHYTQKSLSLSLGK 

GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTG 

AAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGT 

AAGGGTTCTGGCTACACATTCACCACTTACTGG 

ATGCACTGGGTGCGACAGGCCCCTGGACAAGGG 

CTTGAGTGGATGGGTAATATTTATCCTGGTACT 

GGTGGTTCTAACTTCGATGAGAAGTTCAAGAAC 

AGATT CAC CAT CT CCAGAGACAATT CCAAGAAC 

ACGCTGTATCTTCAAATGAACAGCCTGAGAGCC 

GAGGACACGGCCGTGTATTACTGTACAAGATGG 

ACTACTGGGACGGGAGCTTATTGGGGCCAGGGC 

SEQ ID NO: 89 DNA HC ACCACCGTGACCGTGTCCTCCGCTTCCACCAAG 
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GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC 

AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTCAAGGACTACTTCCCCGAACCGGTG 

ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCC 

TCAGGACTCTACTCCCTCAGCAGCGTGGTGACC 

GTGCCCTCCAGCAGCTTGGGCACGAAGACCTAC 

ACCTGCAACGTAGATCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTTGAGTCCAAATATGGT 

CCCCCATGCCCACCGTGCCCAGCACCTGAGTTC 

CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 

AAACCCAAGGACACTCTCATGATCTCCCGGACC 

CCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC 

CAGGAAGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGATGGCGTGGAGGTGCATAATGCCAAGACA 

AAGCCGCGGGAGGAGCAGTTCAACAGCACGTAC 

CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 

GTGTCCAACAAAGGCCTCCCGTCCTCCATCGAG 

AAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 

GAGCCACAGGTGTACACCCTGCCCCCATCCCAG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACC 

TGCCTGGTCAAAGGCTTCTACCCCAGCGACATC 

GCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 

AACAACTACAAGACCACGCCTCCCGTGCTGGAC 

TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTA 

ACCGTGGACAAGAGCAGGTGGCAGGAGGGGAAT 

GTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACAACCACTACACACAGAAGAGCCTCTCCCTG 

TCTCTGGGTAAA 

BAPO49-hum16 LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 66 VL YPYTFGQGTKVEIK 

GAAATTGTGCTGACTCAGTCTCCAGACTTTCAG 

TCTGTGACTCCAAAGGAGAAAGTCACCATCACC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

SEQ ID NO: 67 DNA VL GAAATCAAA 
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EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 68 LC ACEVTHQGLSSPVTKSFNRGEC 

GAAATTGTGCTGACTCAGTCTCCAGACTTTCAG 

TCTGTGACTCCAAAGGAGAAAGTCACCATCACC 

TGCAAGTCCAGTCAGAGTCTGTTAGACAGTGGA 

AATCAAAAGAACTTCTTGACCTGGTACCAGCAG 

AAACCTGGCCAGGCTCCCAGGCTCCTCATCTAT 

TGGGCATCCACTAGGGAATCTGGGGTCCCCTCG 

AGGTTCAGTGGCAGTGGATCTGGGACAGATTTC 

ACCTTTACCATCAGTAGCCTGGAAGCTGAAGAT 

GCTGCAACATATTACTGTCAGAATGATTATAGT 

TATCCGTACACGTTCGGCCAAGGGACCAAGGTG 

GAAATCAAACGTACGGTGGCTGCACCATCTGTC 

TTCATCTTCCCGCCATCTGATGAGCAGTTGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAAT 

AACTTCTATCCCAGAGAGGCCAAAGTACAGTGG 

AAGGTGGATAACGCCCTCCAATCGGGTAACTCC 

CAGGAGAGTGTCACAGAGCAGGACAGCAAGGAC 

AGCACCTACAGCCTCAGCAGCACCCTGACGCTG 

AGCAAAGCAGACTACGAGAAACACAAAGTCTAC 

GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCG 

SEQ ID NO: 69 DNA LC CCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

BAPO49-Clone-A HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTG 

AAGAAGCCTGGCGAGTCCCTGCGGATCTCCTGC 

AAGGGCTCTGGCTACACCTTCACCACCTACTGG 

ATGCACTGGGTGCGACAGGCTACCGGCCAGGGC 

CTGGAATGGATGGGCAACATCTATCCTGGCACC 

GGCGGCTCCAACTTCGACGAGAAGTTCAAGAAC 

AGAGTGACCATCACCGCCGACAAGTCCACCTCC 

ACCGCCTACATGGAACTGTCCTCCCTGAGATCC 
GAGGACACCGCCGTGTACTACTGCACCCGGTGG 

ACAACCGGCACAGGCGCTTATTGGGGCCAGGGC 

SEQ ID NO: 90 DNA VH ACCACAGTGACCGTGTCCTCT 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

SEQ ID NO: 91 HC 1 RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 
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GVHT FPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

HNHYTQKSLSLSLG 

GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTG 

AAGAAGCCTGGCGAGTCCCTGCGGATCTCCTGC 

AAGGGCTCTGGCTACACCTTCACCACCTACTGG 

ATGCACTGGGTGCGACAGGCTACCGGCCAGGGC 

CTGGAATGGATGGGCAACATCTATCCTGGCACC 

GGCGGCTCCAACTTCGACGAGAAGTTCAAGAAC 

AGAGTGACCATCACCGCCGACAAGTCCACCTCC 

ACCGCCTACATGGAACTGTCCTCCCTGAGATCC 

GAGGACACCGCCGTGTACTACTGCACCCGGTGG 

ACAACCGGCACAGGCGCTTATTGGGGCCAGGGC 

ACCACAGTGACCGTGTCCTCTGCTTCTACCAAG 

GGGCCCAGCGTGTTCCCCCTGGCCCCCTGCTCC 

AGAAGCACCAGCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTGAAGGACTACTTCCCCGAGCCCGTG 

ACCGTGTCCTGGAACAGCGGAGCCCTGACCAGC 

GGCGTGCACACCTTCCCCGCCGTGCTGCAGAGC 

AGCGGCCTGTACAGCCTGAGCAGCGTGGTGACC 

GTGCCCAGCAGCAGCCTGGGCACCAAGACCTAC 

ACCTGTAACGTGGACCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGGGTGGAGAGCAAGTACGGC 

CCACCCTGCCCCCCCTGCCCAGCCCCCGAGTTC 

CTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCC 

AAGCCCAAGGACACCCTGATGATCAGCAGAACC 

CCCGAGGTGACCTGTGTGGTGGTGGACGTGTCC 

CAGGAGGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGACGGCGTGGAGGTGCACAACGCCAAGACC 

AAGCCCAGAGAGGAGCAGTTTAACAGCACCTAC 

CGGGTGGTGTCCGTGCTGACCGTGCTGCACCAG 

GACTGGCTGAACGGCAAAGAGTACAAGTGTAAG 
GTCTCCAACAAGGGCCTGCCAAGCAGCATCGAA 
AAGACCATCAGCAAGGCCAAGGGCCAGCCTAGA 
GAGCCCCAGGTCTACACCCTGCCACCCAGCCAA 

GAGGAGATGACCAAGAACCAGGTGTCCCTGACC 

TGTCTGGTGAAGGGCTTCTACCCAAGCGACATC 

GCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAG 

AACAACTACAAGACCACCCCCCCAGTGCTGGAC 

AGCGACGGCAGCTTCTTCCTGTACAGCAGGCTG 

ACCGTGGACAAGTCCAGATGGCAGGAGGGCAAC 

GTCTTTAGCTGCTCCGTGATGCACGAGGCCCTG 

CACAACCACTACACCCAGAAGAGCCTGAGCCTG 

SEQ ID NO: 92 DNA HC TCCCTGGGC 

BAPO49-Clone-A LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 
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SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTEFTLTISSLQPDDFATYYCQNDYS 

SEQ ID NO: 42 VL YPYTFGQGTKVEIK 

GAGATCGTGCTGACCCAGTCCCCTGCCACCCTG 

TCACTGTCTCCAGGCGAGAGAGCTACCCTGTCC 

TGCAAGTCCTCCCAGTCCCTGCTGGACTCCGGC 

AACCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGCCAGGCCCCCAGACTGCTGATCTAC 

TGGGCCTCCACCCGGGAATCTGGCGTGCCCTCT 

AGATTCTCCGGCTCCGGCTCTGGCACCGAGTTT 

ACCCTGACCATCTCCAGCCTGCAGCCCGACGAC 

TTCGCCACCTACTACTGCCAGAACGACTACTCC 

TACCCCTACACCTTCGGCCAGGGCACCAAGGTG 

SEQ ID NO: 93 DNA VL GAAATCAAG 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTEFTLTISSLQPDDFATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 44 LC ACEVTHQGLSSPVTKSFNRGEC 

GAGATCGTGCTGACCCAGTCCCCTGCCACCCTG 

TCACTGTCTCCAGGCGAGAGAGCTACCCTGTCC 

TGCAAGTCCTCCCAGTCCCTGCTGGACTCCGGC 

AACCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGCCAGGCCCCCAGACTGCTGATCTAC 

TGGGCCTCCACCCGGGAATCTGGCGTGCCCTCT 

AGATTCTCCGGCTCCGGCTCTGGCACCGAGTTT 

ACCCTGACCATCTCCAGCCTGCAGCCCGACGAC 

TTCGCCACCTACTACTGCCAGAACGACTACTCC 

TACCCCTACACCTTCGGCCAGGGCACCAAGGTG 

GAAATCAAGCGTACGGTGGCCGCTCCCAGCGTG 

TTCATCTTCCCCCCAAGCGACGAGCAGCTGAAG 

AGCGGCACCGCCAGCGTGGTGTGTCTGCTGAAC 

AACTTCTACCCCAGGGAGGCCAAGGTGCAGTGG 

AAGGTGGACAACGCCCTGCAGAGCGGCAACAGC 

CAGGAGAGCGTCACCGAGCAGGACAGCAAGGAC 

TCCACCTACAGCCTGAGCAGCACCCTGACCCTG 

AGCAAGGCCGACTACGAGAAGCACAAGGTGTAC 

GCCTGTGAGGTGACCCACCAGGGCCTGTCCAGC 

SEQ ID NO: 94 DNA LC CCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC 

BAPO49-Clone-B HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

SEQ ID NO: 38 VH 1 MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 
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RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSS 

GAGGTGCAGCTGGTGCAGTCAGGCGCCGAAGTG 

AAGAAGCCCGGCGAGTCACTGAGAATTAGCTGT 

AAAGGTTCAGGCTACACCTTCACTACCTACTGG 

ATGCACTGGGTCCGCCAGGCTACCGGTCAAGGC 

CTCGAGTGGATGGGTAATATCTACCCCGGCACC 

GGCGGCTCTAACTTCGACGAGAAGTTTAAGAAT 

AGAGTGACTATCACCGCCGATAAGTCTACTAGC 

ACCGCCTATATGGAACTGTCTAGCCTGAGATCA 

GAGGACACCGCCGTCTACTACTGCACTAGGTGG 

ACTACCGGCACAGGCGCCTACTGGGGTCAAGGC 

SEQ ID NO: 95 DNA VH ACTACCGTGACCGTGTCTAGC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 91 HC HNHYTQKSLSLSLG 

GAGGTGCAGCTGGTGCAGTCAGGCGCCGAAGTG 

AAGAAGCCCGGCGAGTCACTGAGAATTAGCTGT 

AAAGGTTCAGGCTACACCTTCACTACCTACTGG 

ATGCACTGGGTCCGCCAGGCTACCGGTCAAGGC 

CTCGAGTGGATGGGTAATATCTACCCCGGCACC 

GGCGGCTCTAACTTCGACGAGAAGTTTAAGAAT 

AGAGTGACTATCACCGCCGATAAGTCTACTAGC 

ACCGCCTATATGGAACTGTCTAGCCTGAGATCA 

GAGGACACCGCCGTCTACTACTGCACTAGGTGG 

ACTACCGGCACAGGCGCCTACTGGGGTCAAGGC 

ACTACCGTGACCGTGTCTAGCGCTAGCACTAAG 

GGCCCGTCCGTGTTCCCCCTGGCACCTTGTAGC 

CGGAGCACTAGCGAATCCACCGCTGCCCTCGGC 

TGCCTGGTCAAGGATTACTTCCCGGAGCCCGTG 

ACCGTGTCCTGGAACAGCGGAGCCCTGACCTCC 

GGAGTGCACACCTTCCCCGCTGTGCTGCAGAGC 

TCCGGGCTGTACTCGCTGTCGTCGGTGGTCACG 

GTGCCTTCATCTAGCCTGGGTACCAAGACCTAC 

ACTTGCAACGTGGACCACAAGCCTTCCAACACT 

AAGGTGGACAAGCGCGTCGAATCGAAGTACGGC 

CCACCGTGCCCGCCTTGTCCCGCGCCGGAGTTC 

CTCGGCGGTCCCTCGGTCTTTCTGTTCCCACCG 

AAGCCCAAGGACACTTTGATGATTTCCCGCACC 

CCTGAAGTGACATGCGTGGTCGTGGACGTGTCA 

CAGGAAGATCCGGAGGTGCAGTTCAATTGGTAC 

GTGGATGGCGTCGAGGTGCACAACGCCAAAACC 

AAGCCGAGGGAGGAGCAGTTCAACTCCACTTAC 

CGCGTCGTGTCCGTGCTGACGGTGCTGCATCAG 

GACTGGCTGAACGGGAAGGAGTACAAGTGCAAA 

SEQ ID NO: 96 DNA HC GTGTCCAACAAGGGACTTCCTAGCTCAATCGAA 
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AAGACCATCTCGAAAGCCAAGGGACAGCCCCGG 

GAACCCCAAGTGTATACCCTGCCACCGAGCCAG 

GAAGAAATGACTAAGAACCAAGTCTCATTGACT 

TGCCTTGTGAAGGGCTTCTACCCATCGGATATC 

GCCGTGGAATGGGAGTCCAACGGCCAGCCGGAA 

AACAACTACAAGACCACCCCTCCGGTGCTGGAC 

TCAGACGGATCCTTCTTCCTCTACTCGCGGCTG 

ACCGTGGATAAGAGCAGATGGCAGGAGGGAAAT 

GTGTTCAGCTGTTCTGTGATGCATGAAGCCCTG 

CACAACCACTACACTCAGAAGTCCCTGTCCCTC 

TCCCTGGGA 

BAPO49-Clone-B LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLQPEDIATYYCQNDYS 

SEQ ID NO: 54 VL YPYTFGQGTKVEIK 

GAGATCGTCCTGACTCAGTCACCCGCTACCCTG 

AGCCTGAGCCCTGGCGAGCGGGCTACACTGAGC 

TGTAAATCTAGTCAGTCACTGCTGGATAGCGGT 

AATCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGTAAAGCCCCTAAGCTGCTGATCTAC 

TGGGCCTCTACTAGAGAATCAGGCGTGCCCTCT 

AGGTTTAGCGGTAGCGGTAGTGGCACCGACTTC 

ACCTTCACTATCTCTAGCCTGCAGCCCGAGGAT 

ATCGCTACCTACTACTGTCAGAACGACTATAGC 

TACCCCTACACCTTCGGTCAAGGCACTAAGGTC 

SEQ ID NO: 97 DNA VL GAGATTAAG 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGKAPKLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLQPEDIATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 56 LC ACEVTHQGLSSPVTKSFNRGEC 

GAGATCGTCCTGACTCAGTCACCCGCTACCCTG 

AGCCTGAGCCCTGGCGAGCGGGCTACACTGAGC 

TGTAAATCTAGTCAGTCACTGCTGGATAGCGGT 

AATCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGTAAAGCCCCTAAGCTGCTGATCTAC 

TGGGCCTCTACTAGAGAATCAGGCGTGCCCTCT 

AGGTTTAGCGGTAGCGGTAGTGGCACCGACTTC 

ACCTTCACTATCTCTAGCCTGCAGCCCGAGGAT 

ATCGCTACCTACTACTGTCAGAACGACTATAGC 

TACCCCTACACCTTCGGTCAAGGCACTAAGGTC 

GAGATTAAGCGTACGGTGGCCGCTCCCAGCGTG 

TTCATCTTCCCCCCCAGCGACGAGCAGCTGAAG 

AGCGGCACCGCCAGCGTGGTGTGCCTGCTGAAC 

SEQ ID NO: 98 DNA LC -AACTTCTACCCCCGGGAGGCCAAGGTGCAGTGG
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AAGGTGGACAACGCCCTGCAGAGCGGCAACAGC 

CAGGAGAGCGTCACCGAGCAGGACAGCAAGGAC 

TCCACCTACAGCCTGAGCAGCACCCTGACCCTG 

AGCAAGGCCGACTACGAGAAGCATAAGGTGTAC 

GCCTGCGAGGTGACCCACCAGGGCCTGTCCAGC 

CCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC 

BAPO49-Clone-C HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTG 

AAGAAGCCTGGCGAGTCCCTGCGGATCTCCTGC 

AAGGGCTCTGGCTACACCTTCACCACCTACTGG 

ATGCACTGGGTGCGACAGGCTACCGGCCAGGGC 

CTGGAATGGATGGGCAACATCTATCCTGGCACC 

GGCGGCTCCAACTTCGACGAGAAGTTCAAGAAC 

AGAGTGACCATCACCGCCGACAAGTCCACCTCC 

ACCGCCTACATGGAACTGTCCTCCCTGAGATCC 

GAGGACACCGCCGTGTACTACTGCACCCGGTGG 

ACAACCGGCACAGGCGCTTATTGGGGCCAGGGC 

SEQ ID NO: 90 DNA VH ACCACAGTGACCGTGTCCTCT 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 91 HC HNHYTQKSLSLSLG 

GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTG 

AAGAAGCCTGGCGAGTCCCTGCGGATCTCCTGC 

AAGGGCTCTGGCTACACCTTCACCACCTACTGG 

ATGCACTGGGTGCGACAGGCTACCGGCCAGGGC 

CTGGAATGGATGGGCAACATCTATCCTGGCACC 

GGCGGCTCCAACTTCGACGAGAAGTTCAAGAAC 

AGAGTGACCATCACCGCCGACAAGTCCACCTCC 

ACCGCCTACATGGAACTGTCCTCCCTGAGATCC 

GAGGACACCGCCGTGTACTACTGCACCCGGTGG 

ACAACCGGCACAGGCGCTTATTGGGGCCAGGGC 

ACCACAGTGACCGTGTCCTCTGCTTCTACCAAG 

SEQ ID NO: 92 DNA HC GGGCCCAGCGTGTTCCCCCTGGCCCCCTGCTCC 
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AGAAGCACCAGCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTGAAGGACTACTTCCCCGAGCCCGTG 

ACCGTGTCCTGGAACAGCGGAGCCCTGACCAGC 

GGCGTGCACACCTTCCCCGCCGTGCTGCAGAGC 

AGCGGCCTGTACAGCCTGAGCAGCGTGGTGACC 

GTGCCCAGCAGCAGCCTGGGCACCAAGACCTAC 

ACCTGTAACGTGGACCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGGGTGGAGAGCAAGTACGGC 

CCACCCTGCCCCCCCTGCCCAGCCCCCGAGTTC 

CTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCC 

AAGCCCAAGGACACCCTGATGATCAGCAGAACC 

CCCGAGGTGACCTGTGTGGTGGTGGACGTGTCC 

CAGGAGGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGACGGCGTGGAGGTGCACAACGCCAAGACC 

AAGCCCAGAGAGGAGCAGTTTAACAGCACCTAC 

CGGGTGGTGTCCGTGCTGACCGTGCTGCACCAG 

GACTGGCTGAACGGCAAAGAGTACAAGTGTAAG 
GTCTCCAACAAGGGCCTGCCAAGCAGCATCGAA 
AAGACCATCAGCAAGGCCAAGGGCCAGCCTAGA 
GAGCCCCAGGTCTACACCCTGCCACCCAGCCAA 
GAGGAGATGACCAAGAACCAGGTGTCCCTGACC 
TGTCTGGTGAAGGGCTTCTACCCAAGCGACATC 
GCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAG 
AACAACTACAAGACCACCCCCCCAGTGCTGGAC 
AGCGACGGCAGCTTCTTCCTGTACAGCAGGCTG 
ACCGTGGACAAGTCCAGATGGCAGGAGGGCAAC 
GTCTTTAGCTGCTCCGTGATGCACGAGGCCCTG 
CACAACCACTACACCCAGAAGAGCCTGAGCCTG 
TCCCTGGGC 

BAPO49-Clone-C LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 66 VL YPYTFGQGTKVEIK 

GAGATCGTGCTGACCCAGTCCCCCGACTTCCAG 

TCCGTGACCCCCAAAGAAAAAGTGACCATCACA 

TGCAAGTCCTCCCAGTCCCTGCTGGACTCCGGC 

AACCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGCCAGGCCCCCAGACTGCTGATCTAC 

TGGGCCTCCACCCGGGAATCTGGCGTGCCCTCT 

AGATTCTCCGGCTCCGGCTCTGGCACCGACTTT 

ACCTTCACCATCTCCAGCCTGGAAGCCGAGGAC 

GCCGCCACCTACTACTGCCAGAACGACTACTCC 

TACCCCTACACCTTCGGCCAGGGCACCAAGGTG 

SEQ ID NO: 99 DNA VL GAAATCAAG 

EIVLTQSPDFQSVTPKEKVTITCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

SEQ ID NO: 68 LC RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 
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YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

ACEVTHQGLSSPVTKSFNRGEC 

GAGATCGTGCTGACCCAGTCCCCCGACTTCCAG 

TCCGTGACCCCCAAAGAAAAAGTGACCATCACA 

TGCAAGTCCTCCCAGTCCCTGCTGGACTCCGGC 

AACCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGCCAGGCCCCCAGACTGCTGATCTAC 

TGGGCCTCCACCCGGGAATCTGGCGTGCCCTCT 

AGATTCTCCGGCTCCGGCTCTGGCACCGACTTT 

ACCTTCACCATCTCCAGCCTGGAAGCCGAGGAC 

GCCGCCACCTACTACTGCCAGAACGACTACTCC 

TACCCCTACACCTTCGGCCAGGGCACCAAGGTG 

GAAATCAAGCGTACGGTGGCCGCTCCCAGCGTG 

TTCATCTTCCCCCCAAGCGACGAGCAGCTGAAG 

AGCGGCACCGCCAGCGTGGTGTGTCTGCTGAAC 

AACTTCTACCCCAGGGAGGCCAAGGTGCAGTGG 

AAGGTGGACAACGCCCTGCAGAGCGGCAACAGC 

CAGGAGAGCGTCACCGAGCAGGACAGCAAGGAC 

TCCACCTACAGCCTGAGCAGCACCCTGACCCTG 

AGCAAGGCCGACTACGAGAAGCACAAGGTGTAC 

GCCTGTGAGGTGACCCACCAGGGCCTGTCCAGC 

SEQ ID NO: 100 DNA LC CCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC 

BAPO49-Clone-D HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

SEQ ID NO: 50 VH TTGTGAYWGQGTTVTVSS 

GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTG 

AAGAAGCCTGGCGAGTCCCTGCGGATCTCCTGC 

AAGGGCTCTGGCTACACCTTCACCACCTACTGG 

ATGCACTGGATCCGGCAGTCCCCCTCTAGGGGC 

CTGGAATGGCTGGGCAACATCTACCCTGGCACC 

GGCGGCTCCAACTTCGACGAGAAGTTCAAGAAC 

AGGTTCACCATCTCCCGGGACAACTCCAAGAAC 

ACCCTGTACCTGCAGATGAACTCCCTGCGGGCC 

GAGGACACCGCCGTGTACTACTGTACCAGATGG 

ACCACCGGAACCGGCGCCTATTGGGGCCAGGGC 

SEQ ID NO: 101 DNA VH ACAACAGTGACCGTGTCCTCC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWIRQSPSRGLEWLGNIYPGTGGSNFDEKFKN 

RFTISRDNSKNTLYLQMNSLRAEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

SEQ I-NO: 102 HC LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 
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QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 
RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

HNHYTQKSLSLSLG 

GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTG 

AAGAAGCCTGGCGAGTCCCTGCGGATCTCCTGC 

AAGGGCTCTGGCTACACCTTCACCACCTACTGG 

ATGCACTGGATCCGGCAGTCCCCCTCTAGGGGC 

CTGGAATGGCTGGGCAACATCTACCCTGGCACC 

GGCGGCTCCAACTTCGACGAGAAGTTCAAGAAC 

AGGTTCACCATCTCCCGGGACAACTCCAAGAAC 

ACCCTGTACCTGCAGATGAACTCCCTGCGGGCC 

GAGGACACCGCCGTGTACTACTGTACCAGATGG 

ACCACCGGAACCGGCGCCTATTGGGGCCAGGGC 

ACAACAGTGACCGTGTCCTCCGCTTCTACCAAG 

GGGCCCAGCGTGTTCCCCCTGGCCCCCTGCTCC 

AGAAGCACCAGCGAGAGCACAGCCGCCCTGGGC 

TGCCTGGTGAAGGACTACTTCCCCGAGCCCGTG 

ACCGTGTCCTGGAACAGCGGAGCCCTGACCAGC 

GGCGTGCACACCTTCCCCGCCGTGCTGCAGAGC 

AGCGGCCTGTACAGCCTGAGCAGCGTGGTGACC 

GTGCCCAGCAGCAGCCTGGGCACCAAGACCTAC 

ACCTGTAACGTGGACCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGGGTGGAGAGCAAGTACGGC 

CCACCCTGCCCCCCCTGCCCAGCCCCCGAGTTC 

CTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCC 

AAGCCCAAGGACACCCTGATGATCAGCAGAACC 

CCCGAGGTGACCTGTGTGGTGGTGGACGTGTCC 

CAGGAGGACCCCGAGGTCCAGTTCAACTGGTAC 

GTGGACGGCGTGGAGGTGCACAACGCCAAGACC 

AAGCCCAGAGAGGAGCAGTTTAACAGCACCTAC 

CGGGTGGTGTCCGTGCTGACCGTGCTGCACCAG 

GACTGGCTGAACGGCAAAGAGTACAAGTGTAAG 
GTCTCCAACAAGGGCCTGCCAAGCAGCATCGAA 
AAGACCATCAGCAAGGCCAAGGGCCAGCCTAGA 
GAGCCCCAGGTCTACACCCTGCCACCCAGCCAA 

GAGGAGATGACCAAGAACCAGGTGTCCCTGACC 

TGTCTGGTGAAGGGCTTCTACCCAAGCGACATC 

GCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAG 
AACAACTACAAGACCACCCCCCCAGTGCTGGAC 

AGCGACGGCAGCTTCTTCCTGTACAGCAGGCTG 

ACCGTGGACAAGTCCAGATGGCAGGAGGGCAAC 

GTCTTTAGCTGCTCCGTGATGCACGAGGCCCTG 

CACAACCACTACACCCAGAAGAGCCTGAGCCTG 

SEQ ID NO: 103 DNA HC TCCCTGGGC 

BAPO49-Clone-D LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

LEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 
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EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 70 VL YPYTFGQGTKVEIK 

GAGATCGTGCTGACCCAGTCCCCTGCCACCCTG 

TCACTGTCTCCAGGCGAGAGAGCTACCCTGTCC 

TGCAAGTCCTCCCAGTCCCTGCTGGACTCCGGC 

AACCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGCCAGGCCCCCAGACTGCTGATCTAC 

TGGGCCTCCACCCGGGAATCTGGCGTGCCCTCT 

AGATTCTCCGGCTCCGGCTCTGGCACCGACTTT 

ACCTTCACCATCTCCAGCCTGGAAGCCGAGGAC 

GCCGCCACCTACTACTGCCAGAACGACTACTCC 

TACCCCTACACCTTCGGCCAGGGCACCAAGGTG 

SEQ ID NO: 104 DNA VL GAAATCAAG 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 72 LC ACEVTHQGLSSPVTKSFNRGEC 

GAGATCGTGCTGACCCAGTCCCCTGCCACCCTG 

TCACTGTCTCCAGGCGAGAGAGCTACCCTGTCC 

TGCAAGTCCTCCCAGTCCCTGCTGGACTCCGGC 

AACCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGCCAGGCCCCCAGACTGCTGATCTAC 

TGGGCCTCCACCCGGGAATCTGGCGTGCCCTCT 

AGATTCTCCGGCTCCGGCTCTGGCACCGACTTT 

ACCTTCACCATCTCCAGCCTGGAAGCCGAGGAC 

GCCGCCACCTACTACTGCCAGAACGACTACTCC 

TACCCCTACACCTTCGGCCAGGGCACCAAGGTG 

GAAATCAAGCGTACGGTGGCCGCTCCCAGCGTG 

TTCATCTTCCCCCCAAGCGACGAGCAGCTGAAG 

AGCGGCACCGCCAGCGTGGTGTGTCTGCTGAAC 

AACTTCTACCCCAGGGAGGCCAAGGTGCAGTGG 

AAGGTGGACAACGCCCTGCAGAGCGGCAACAGC 

CAGGAGAGCGTCACCGAGCAGGACAGCAAGGAC 

TCCACCTACAGCCTGAGCAGCACCCTGACCCTG 

AGCAAGGCCGACTACGAGAAGCACAAGGTGTAC 

GCCTGTGAGGTGACCCACCAGGGCCTGTCCAGC 

SEQ ID NO: 105 DNA LC CCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC 

BAPO49-Clone-E HC 

SEQ ID NO: 1 (Kabat) HCDR1 TYWMH 

SEQ ID NO: 2 (Kabat) HCDR2 NIYPGTGGSNFDEKFKN 

SEQ ID NO: 3 (Kabat) HCDR3 WTTGTGAY 

SEQ ID NO: 4 (Chothia) HCDR1 GYTFTTY 

SEQ ID NO: 5 (Chothia) HCDR2 YPGTGG 

SEQ ID NO: 3 (Chothia) HCDR3 WTTGTGAY 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

SEQ ID NO: 38 VH TTGTGAYWGQGTTVTVSS 

SEQ ID NO: 95 DNA VH GAGGTGCAGCTGGTGCAGTCAGGCGCCGAAGTG 
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AAGAAGCCCGGCGAGTCACTGAGAATTAGCTGT 

AAAGGTTCAGGCTACACCTTCACTACCTACTGG 

ATGCACTGGGTCCGCCAGGCTACCGGTCAAGGC 

CTCGAGTGGATGGGTAATATCTACCCCGGCACC 

GGCGGCTCTAACTTCGACGAGAAGTTTAAGAAT 

AGAGTGACTATCACCGCCGATAAGTCTACTAGC 

ACCGCCTATATGGAACTGTCTAGCCTGAGATCA 

GAGGACACCGCCGTCTACTACTGCACTAGGTGG 

ACTACCGGCACAGGCGCCTACTGGGGTCAAGGC 

ACTACCGTGACCGTGTCTAGC 

EVQLVQSGAEVKKPGESLRISCKGSGYTFTTYW 

MHWVRQATGQGLEWMGNIYPGTGGSNFDEKFKN 

RVTITADKSTSTAYMELSSLRSEDTAVYYCTRW 

TTGTGAYWGQGTTVTVSSASTKGPSVFPLAPCS 

RSTSESTAALGCLVKDYFPEPVTVSWNSGALTS 

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY 

TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIE 

KTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT 

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL 

SEQ ID NO: 91 HC HNHYTQKSLSLSLG 

GAGGTGCAGCTGGTGCAGTCAGGCGCCGAAGTG 

AAGAAGCCCGGCGAGTCACTGAGAATTAGCTGT 

AAAGGTTCAGGCTACACCTTCACTACCTACTGG 

ATGCACTGGGTCCGCCAGGCTACCGGTCAAGGC 

CTCGAGTGGATGGGTAATATCTACCCCGGCACC 

GGCGGCTCTAACTTCGACGAGAAGTTTAAGAAT 

AGAGTGACTATCACCGCCGATAAGTCTACTAGC 

ACCGCCTATATGGAACTGTCTAGCCTGAGATCA 

GAGGACACCGCCGTCTACTACTGCACTAGGTGG 

ACTACCGGCACAGGCGCCTACTGGGGTCAAGGC 

ACTACCGTGACCGTGTCTAGCGCTAGCACTAAG 

GGCCCGTCCGTGTTCCCCCTGGCACCTTGTAGC 

CGGAGCACTAGCGAATCCACCGCTGCCCTCGGC 

TGCCTGGTCAAGGATTACTTCCCGGAGCCCGTG 

ACCGTGTCCTGGAACAGCGGAGCCCTGACCTCC 

GGAGTGCACACCTTCCCCGCTGTGCTGCAGAGC 

TCCGGGCTGTACTCGCTGTCGTCGGTGGTCACG 

GTGCCTTCATCTAGCCTGGGTACCAAGACCTAC 

ACTTGCAACGTGGACCACAAGCCTTCCAACACT 

AAGGTGGACAAGCGCGTCGAATCGAAGTACGGC 

CCACCGTGCCCGCCTTGTCCCGCGCCGGAGTTC 

CTCGGCGGTCCCTCGGTCTTTCTGTTCCCACCG 

AAGCCCAAGGACACTTTGATGATTTCCCGCACC 

CCTGAAGTGACATGCGTGGTCGTGGACGTGTCA 

CAGGAAGATCCGGAGGTGCAGTTCAATTGGTAC 

GTGGATGGCGTCGAGGTGCACAACGCCAAAACC 

AAGCCGAGGGAGGAGCAGTTCAACTCCACTTAC 

CGCGTCGTGTCCGTGCTGACGGTGCTGCATCAG 

GACTGGCTGAACGGGAAGGAGTACAAGTGCAAA 

GTGTCCAACAAGGGACTTCCTAGCTCAATCGAA 

AAGACCATCTCGAAAGCCAAGGGACAGCCCCGG 

GAACCCCAAGTGTATACCCTGCCACCGAGCCAG 

SEQ ID NO: 96 DNA HC GAAGAAATGACTAAGAACCAAGTCTCATTGACT 
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TGCCTTGTGAAGGGCTTCTACCCATCGGATATC 

GCCGTGGAATGGGAGTCCAACGGCCAGCCGGAA 

AACAACTACAAGACCACCCCTCCGGTGCTGGAC 

TCAGACGGATCCTTCTTCCTCTACTCGCGGCTG 

ACCGTGGATAAGAGCAGATGGCAGGAGGGAAAT 

GTGTTCAGCTGTTCTGTGATGCATGAAGCCCTG 

CACAACCACTACACTCAGAAGTCCCTGTCCCTC 

TCCCTGGGA 

BAPO49-Clone-E LC 

SEQ ID NO: 10 (Kabat) LCDR1 KSSQSLLDSGNQKNFLT 

SEQ ID NO: 11 (Kabat) LCDR2 WASTRES 

SEQ ID NO: 32 (Kabat) LCDR3 QNDYSYPYT 

SEQ ID NO: 13 (Chothia) LCDR1 SQSLLDSGNQKNF 

SEQ ID NO: 14 (Chothia) LCDR2 WAS 

SEQ ID NO: 33 (Chothia) LCDR3 DYSYPY 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

SEQ ID NO: 70 VL YPYTFGQGTKVEIK 

GAGATCGTCCTGACTCAGTCACCCGCTACCCTG 

AGCCTGAGCCCTGGCGAGCGGGCTACACTGAGC 

TGTAAATCTAGTCAGTCACTGCTGGATAGCGGT 

AATCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGTCAAGCCCCTAGACTGCTGATCTAC 

TGGGCCTCTACTAGAGAATCAGGCGTGCCCTCT 

AGGTTTAGCGGTAGCGGTAGTGGCACCGACTTC 

ACCTTCACTATCTCTAGCCTGGAAGCCGAGGAC 

GCCGCTACCTACTACTGTCAGAACGACTATAGC 

TACCCCTACACCTTCGGTCAAGGCACTAAGGTC 

SEQ ID NO: 106 DNA VL GAGATTAAG 

EIVLTQSPATLSLSPGEPATLSCKSSQSLLDSG 

NQKNFLTWYQQKPGQAPRLLIYWASTRESGVPS 

RFSGSGSGTDFTFTISSLEAEDAATYYCQNDYS 

YPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK 

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNS 

QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY 

SEQ ID NO: 72 LC ACEVTHQGLSSPVTKSFNRGEC 

GAGATCGTCCTGACTCAGTCACCCGCTACCCTG 

AGCCTGAGCCCTGGCGAGCGGGCTACACTGAGC 

TGTAAATCTAGTCAGTCACTGCTGGATAGCGGT 

AATCAGAAGAACTTCCTGACCTGGTATCAGCAG 

AAGCCCGGTCAAGCCCCTAGACTGCTGATCTAC 

TGGGCCTCTACTAGAGAATCAGGCGTGCCCTCT 

AGGTTTAGCGGTAGCGGTAGTGGCACCGACTTC 

ACCTTCACTATCTCTAGCCTGGAAGCCGAGGAC 

GCCGCTACCTACTACTGTCAGAACGACTATAGC 

TACCCCTACACCTTCGGTCAAGGCACTAAGGTC 

GAGATTAAGCGTACGGTGGCCGCTCCCAGCGTG 

TTCATCTTCCCCCCCAGCGACGAGCAGCTGAAG 

AGCGGCACCGCCAGCGTGGTGTGCCTGCTGAAC 

AACTTCTACCCCCGGGAGGCCAAGGTGCAGTGG 

AAGGTGGACAACGCCCTGCAGAGCGGCAACAGC 

CAGGAGAGCGTCACCGAGCAGGACAGCAAGGAC 

SEQ ID NO: 107 DNA LC TCCACCTACAGCCTGAGCAGCACCCTGACCCTG 
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AGCAAGGCCGACTACGAGAAGCATAAGGTGTAC 

GCCTGCGAGGTGACCCACCAGGGCCTGTCCAGC 

CCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC 

BAPO49 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 115 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTGCACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 
SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 118 (Chothia) LCDR3 GATTATAGTTATCCGTGC 

BAPO49-chi HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-chi LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 115 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTGCACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 118 (Chothia) LCDR3 GATTATAGTTATCCGTGC 

BAPO49-chi Y HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 
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SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-chi Y LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-humOl HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-humOl LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum02 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum02 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum3 HC 
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SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum03 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGT CAGAGT CTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum04 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum04 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum05 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum05 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 
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SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum06 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum06 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGT CAGAGT CTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum07 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum07 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-humO8 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 
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SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-humO8 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum09 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum09 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGT CAGAGT CTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-humlO HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-humlO LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 
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BAPO49-humll HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-humll LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-huml2 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum12 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGT CAGAGT CTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum13 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum13 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 121 (Kabat) LCDR1 CAAAAGAACTTCTTAACC 
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SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum14 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 223 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAC 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 223 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAC 

BAPO49-hum14 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-huml5 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SEQ ID NO: 223 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAC 

SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 223 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAC 

BAPO49-hum15 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGT CAGAGTCT.GTTAGACAGT GGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-hum16 HC 

SEQ ID NO: 108 (Kabat) HCDR1 ACTTACTGGATGCAC 

AATATTTATCCTGGTACTGGTGGTTCTAACTTC 

SEQ ID NO: 109 (Kabat) HCDR2 GATGAGAAGTTCAAGAAC 

SELQ ID n: 110 (Kabat) HCDR3 TGGACTACTGGGACGGGAGCTTAT 
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SEQ ID NO: 111 (Chothia) HCDR1 GGCTACACATTCACCACTTAC 

SEQ ID NO: 112 (Chothia) HCDR2 TATCCTGGTACTGGTGGT 

SEQ ID NO: 110 (Chothia) HCDR3 TGGACTACTGGGACGGGAGCTTAT 

BAPO49-hum16 LC 

AAGTCCAGTCAGAGTCTGTTAGACAGTGGAAAT 

SEQ ID NO: 113 (Kabat) LCDR1 CAAAAGAACTTCTTGACC 

SEQ ID NO: 114 (Kabat) LCDR2 TGGGCATCCACTAGGGAATCT 

SEQ ID NO: 119 (Kabat) LCDR3 CAGAATGATTATAGTTATCCGTACACG 

AGTCAGAGTCTGTTAGACAGTGGAAATCAAAAG 

SEQ ID NO: 116 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 117 (Chothia) LCDR2 TGGGCATCC 

SEQ ID NO: 120 (Chothia) LCDR3 GATTATAGTTATCCGTAC 

BAPO49-Clone-A HC 

SEQ ID NO: 122 (Kabat) HCDR1 ACCTACTGGATGCAC 

AACATCTATCCTGGCACCGGCGGCTCCAACTTC 

SEQ ID NO: 123 (Kabat) HCDR2 GACGAGAAGTTCAAGAAC 

SEQ ID NO: 124 (Kabat) HCDR3 TGGACAACCGGCACAGGCGCTTAT 

SEQ ID NO: 125 (Chothia) HCDR1 GGCTACACCTTCACCACCTAC 

SEQ ID NO: 126 (Chothia) HCDR2 TATCCTGGCACCGGCGGC 

SEQ ID NO: 124 (Chothia) HCDR3 TGGACAACCGGCACAGGCGCTTAT 

BAPO49-Clone-A LC 

AAGTCCTCCCAGTCCCTGCTGGACTCCGGCAAC 

SEQ ID NO: 127 (Kabat) LCDR1 CAGAAGAACTTCCTGACC 

SEQ ID NO: 128 (Kabat) LCDR2 TGGGCCTCCACCCGGGAATCT 

SEQ ID NO: 129 (Kabat) LCDR3 CAGAACGACTACTCCTACCCCTACACC 

TCCCAGTCCCTGCTGGACTCCGGCAACCAGAAG 

SEQ ID NO: 130 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 131 (Chothia) LCDR2 TGGGCCTCC 

SEQ ID NO: 132 (Chothia) LCDR3 GACTACTCCTACCCCTAC 

BAPO49-Clone-B HC 

SEQ ID NO: 133 (Kabat) HCDR1 ACCTACTGGATGCAC 

AATATCTACCCCGGCACCGGCGGCTCTAACTTC 

SEQ ID NO: 134 (Kabat) HCDR2 GACGAGAAGTTTAAGAAT 

SEQ ID NO: 135 (Kabat) HCDR3 TGGACTACCGGCACAGGCGCCTAC 

SEQ ID NO: 136 (Chothia) HCDR1 GGCTACACCTTCACTACCTAC 

SEQ ID NO: 137 (Chothia) HCDR2 TACCCCGGCACCGGCGGC 

SEQ ID NO: 135 (Chothia) HCDR3 TGGACTACCGGCACAGGCGCCTAC 

BAPO49-Clone-B LC 

AAATCTAGTCAGTCACTGCTGGATAGCGGTAAT 

SEQ ID NO: 138 (Kabat) LCDR1 CAGAAGAACTTCCTGACC 

SEQ ID NO: 139 (Kabat) LCDR2 TGGGCCTCTACTAGAGAATCA 

SEQ ID NO: 140 (Kabat) LCDR3 CAGAACGACTATAGCTACCCCTACACC 

AGT CAGT CACT GCT GGATAGCGGTAATCAGAAG 

SEQ ID NO: 141 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 142 (Chothia) LCDR2 TGGGCCTCT 
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SEQ ID NO: 143 (Chothia) LCDR3 GACTATAGCTACCCCTAC 

BAPO49-Clone-C HC 

SEQ ID NO: 122 (Kabat) HCDR1 ACCTACTGGATGCAC 

AACATCTATCCTGGCACCGGCGGCTCCAACTTC 

SEQ ID NO: 123 (Kabat) HCDR2 GACGAGAAGTTCAAGAAC 

SEQ ID NO: 124 (Kabat) HCDR3 TGGACAACCGGCACAGGCGCTTAT 

SEQ ID NO: 125 (Chothia) HCDR1 GGCTACACCTTCACCACCTAC 

SEQ ID NO: 126 (Chothia) HCDR2 TATCCTGGCACCGGCGGC 

SEQ ID NO: 124 (Chothia) HCDR3 TGGACAACCGGCACAGGCGCTTAT 

BAPO49-Clone-C LC 

AAGTCCTCCCAGTCCCTGCTGGACTCCGGCAAC 

SEQ ID NO: 127 (Kabat) LCDR1 CAGAAGAACTTCCTGACC 

SEQ ID NO: 128 (Kabat) LCDR2 TGGGCCTCCACCCGGGAATCT 

SEQ ID NO: 129 (Kabat) LCDR3 CAGAACGACTACTCCTACCCCTACACC 

TCCCAGTCCCTGCTGGACTCCGGCAACCAGAAG 

SEQ ID NO: 130 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 131 (Chothia) LCDR2 TGGGCCTCC 

SEQ ID NO: 132 (Chothia) LCDR3 GACTACTCCTACCCCTAC 

BAPO49-Clone-D HC 

SEQ ID NO: 122 (Kabat) HCDR1 ACCTACTGGATGCAC 

AACATCTACCCTGGCACCGGCGGCTCCAACTTC 

SEQ ID NO: 144 (Kabat) HCDR2 GACGAGAAGTTCAAGAAC 

SEQ ID NO: 145 (Kabat) HCDR3 TGGACCACCGGAACCGGCGCCTAT 

SEQ ID NO: 125 (Chothia) HCDR1 GGCTACACCTTCACCACCTAC 

SEQ ID NO: 146 (Chothia) HCDR2 TACCCTGGCACCGGCGGC 

SEQ ID NO: 145 (Chothia) HCDR3 TGGACCACCGGAACCGGCGCCTAT 

BAPO49-Clone-D LC 

AAGTCCTCCCAGTCCCTGCTGGACTCCGGCAAC 

SEQ ID NO: 127 (Kabat) LCDR1 CAGAAGAACTTCCTGACC 

SEQ ID NO: 128 (Kabat) LCDR2 TGGGCCTCCACCCGGGAATCT 

SEQ ID NO: 129 (Kabat) LCDR3 CAGAACGACTACTCCTACCCCTACACC 

TCCCAGTCCCTGCTGGACTCCGGCAACCAGAAG 

SEQ ID NO: 130 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 131 (Chothia) LCDR2 TGGGCCTCC 

SEQ ID NO: 132 (Chothia) LCDR3 GACTACTCCTACCCCTAC 

BAPO49-Clone-E HC 

SEQ ID NO: 133 (Kabat) HCDR1 ACCTACTGGATGCAC 

AATATCTACCCCGGCACCGGCGGCTCTAACTTC 

SEQ ID NO: 134 (Kabat) HCDR2 GACGAGAAGTTTAAGAAT 

SEQ ID NO: 135 (Kabat) HCDR3 TGGACTACCGGCACAGGCGCCTAC 

SEQ ID NO: 136 (Chothia) HCDR1 GGCTACACCTTCACTACCTAC 

SEQ ID NO: 137 (Chothia) HCDR2 TACCCCGGCACCGGCGGC 

SEQ ID NO: 135 (Chothia) HCDR3 TGGACTACCGGCACAGGCGCCTAC 

BAPO49-Clone-E LC 
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AAATCTAGTCAGTCACTGCTGGATAGCGGTAAT 

SEQ ID NO: 138 (Kabat) LCDRi CAGAAGAACTTCCTGACC 

SEQ ID NO: 139 (Kabat) LCDR2 TGGGCCTCTACTAGAGAATCA 

SEQ ID NO: 140 (Kabat) LCDR3 CAGAACGACTATAGCTACCCCTACACC 

AGT CAGT CACT GCT GGATAGCGGTAAT CAGAAG 

SEQ ID NO: 141 (Chothia) LCDR1 AACTTC 

SEQ ID NO: 142 (Chothia) LCDR2 TGGGCCTCT 

SEQ ID NO: 143 (Cothia) LCDR3 GACTATAGCTACCCCTAC 

Table 2. Amino acid and nucleotide sequences of the heavy and light chain framework regions 

for humanized mAbs BAPO49-hum01 to BAPO49-huml6 and BAPO49-Clone-A to BAPO49

Clone-E 

Amino Acid Sequence Nucleotide Sequence 
VHFW1 EVQLVQSGAEVKKPGESLRISCKGS GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAA 

(type a) (SEQ ID NO: 147) GCCCGGGGAGTCTCTGAGGATCTCCTGTAAGGGTTCT 

(SEQ ID NO: 148) 

GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTGAAGAA 

GCCTGGCGAGTCCCTGCGGATCTCCTGCAAGGGCTCT 

(SEQ ID NO: 149) 

GAGGTGCAGCTGGTGCAGTCAGGCGCCGAAGTGAAGAA 

GCCCGGCGAGTCACTGAGAATTAGCTGTAAAGGTTCA 

(SEQ ID NO: 150) 

VHFW1 QVQLVQSGAEVKKPGASVKVSCKAS CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAA 

(type b) (SEQ ID NO: 151) GCCTGGGGCCTCAGTGAAGGTCTCCTGCAAGGCTTCT 

(SEQ ID NO: 152) 

VHFW2 WVRQATGQGLEWMG TGGGTGCGACAGGCCACTGGACAAGGGCTTGAGTGGAT 

(type a) (SEQ ID NO: 153) GGGT (SEQ ID NO: 154) 

TGGGTGCGACAGGCTACCGGCCAGGGCCTGGAATGGAT 

GGGC (SEQ ID NO: 155) 

TGGGTCCGCCAGGCTACCGGTCAAGGCCTCGAGTGGAT 

GGGT (SEQ ID NO: 156) 

VHFW2 WIRQSPSRGLEWLG TGGATCAGGCAGTCCCCATCGAGAGGCCTTGAGTGGCT 

(typeb) (SEQ ID NO: 157) GGGT (SEQ ID NO: 158) 

TGGATCCGGCAGTCCCCCTCTAGGGGCCTGGAATGGCT 

GGGC (SEQ ID NO: 159) 

VHFW2 WVRQAPGQGLEWMG TGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGAT 

typee) (SEQ ID NO: 160) GGGT (SEQ ID NO: 161) 

VHFW3 RVTITADKSTSTAYMELSSLRSEDTAVY AGAGTCACGATTACCGCGGACAAATCCACGAGCACAGC 

(type a) YCTR (SEQ ID NO: 162) CTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACGG 

CCGTGTATTACTGTACAAGA (SEQ ID NO: 163) 

AGAGTGACCATCACCGCCGACAAGTCCACCTCCACCGC 

CTACATGGAACTGTCCTCCCTGAGATCCGAGGACACCG 
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CCGTGTACTACTGCACCCGG (SEQ ID NO: 164) 

AGAGTGACTATCACCGCCGATAAGTCTACTAGCACCGC 

CTATATGGAACTGTCTAGCCTGAGATCAGAGGACACCG 

CCGTCTACTACTGCACTAGG (SEQ ID NO: 165) 

VHFW3 RFTISRDNSKNTLYLQMNSLPAEDTAVY AGATTCACCATCTCCAGAGACAATTCCAAGAACACGCT 

(type b) YCTR (SEQ ID NO: 166) GTATCTTCAAATGAACAGCCTGAGAGCCGAGGACACGG 

CCGTGTATTACTGTACAAGA (SEQ ID NO: 167) 

AGGTTCACCATCTCCCGGGACAACTCCAAGAACACCCT 

GTACCTGCAGATGAACTCCCTGCGGGCCGAGGACACCG 

CCGTGTACTACTGTACCAGA (SEQ ID NO: 168) 

VHFW4 WGQGTTVTVSS TGGGGCCAGGGCACCACCGTGACCGTGTCCTCC (SEQ 

(SEQ ID NO: 169) ID NO: 170) 

TGGGGCCAGGGCACCACAGTGACCGTGTCCTCT (SEQ 

ID NO: 171) 

TGGGGTCAAGGCACTACCGTGACCGTGTCTAGC (SEQ 

ID NO: 172) 

TGGGGCCAGGGCACAACAGTGACCGTGTCCTCC (SEQ 

ID NO: 173) 

VLFW1 EIVLTQSPDFQSVTPKEKVTITC (SEQ GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGT 

(type a) ID NO: 174) GACTCCAAAGGAGAAAGTCACCATCACCTGC (SEQ 

ID NO: 175) 

GAGATCGTGCTGACCCAGTCCCCCGACTTCCAGTCCGT 

GACCCCCAAAGAAAAAGTGACCATCACATGC (SEQ 

ID NO: 176) 

VLFW1 EIVLTQSPATLSLSPGEPATLSC GAAATTGTGTTGACACAGTCTCCAGCCACCCTGTCTTT 

(type b) (SEQ ID NO: 177) GTCTCCAGGGGAAAGAGCCACCCTCTCCTGC (SEQ 

ID NO: 178) 

GAGATCGTGCTGACCCAGTCCCCTGCCACCCTGTCACT 

GTCTCCAGGCGAGAGAGCTACCCTGTCCTGC (SEQ 

ID NO: 179) 

GAGATCGTCCTGACTCAGTCACCCGCTACCCTGAGCCT 

GAGCCCTGGCGAGCGGGCTACACTGAGCTGT (SEQ 

ID NO: 180) 

VLFW1 DIVMTQTPLSLPVTPGEPASISC (SEQ GATATTGTGATGACCCAGACTCCACTCTCCCTGCCCGT 

(type c) ID NO: 181) CACCCCTGGAGAGCCGGCCTCCATCTCCTGC (SEQ 

ID NO: 182) 

VLFW1 DVVMTQSPLSLPVTLGQPASISC (SEQ GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGT 

(type d) ID NO: 183) CACCCTTGGACAGCCGGCCTCCATCTCCTGC (SEQ 

ID NO: 184) 

VLFW1 DIQMTQSPSSLSASVGDRVTITC (SEQ GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGC 

(type e) ID NO: 185) ATCTGTAGGAGACAGAGTCACCATCACTTGC (SEQ 

ID NO: 186) 
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VLFW2 WYQQKPGQAPRLLIY TGGTACCAGCAGAAACCTGGCCAGGCTCCCAGGCTCCT 

(type a) (SEQ ID NO: 187) CATCTAT (SEQ ID NO: 188) 

TGGTATCAGCAGAAGCCCGGCCAGGCCCCCAGACTGCT 

GATCTAC (SEQ ID NO: 189) 

TGGTATCAGCAGAAGCCCGGTCAAGCCCCTAGACTGCT 

GATCTAC (SEQ ID NO: 190) 

VLFW2 WYQQKPGKAPKLLIY TGGTATCAGCAGAAACCAGGGAAAGCTCCTAAGCTCCT 

(type b) (SEQ ID NO: 191) GATCTAT (SEQ ID NO: 192) 

TGGTATCAGCAGAAGCCCGGTAAAGCCCCTAAGCTGCT 

GATCTAC (SEQ ID NO: 193) 

VLFW2 WYLQKPGQSPQLLIY TGGTACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCCT 

(type c) (SEQ ID NO: 194) GATCTAT (SEQ ID NO: 195) 

VLFW3 GVPSRFSGSGSGTDFTFTISSLEAEDAA GGGGTCCCCTCGAGGTTCAGTGGCAGTGGATCTGGGAC 

(type a) TYYC (SEQ ID NO: 196) AGATTTCACCTTTACCATCAGTAGCCTGGAAGCTGAAG 

ATGCTGCAACATATTACTGT (SEQ ID NO: 197) 

GGCGTGCCCTCTAGATTCTCCGGCTCCGGCTCTGGCAC 

CGACTTTACCTTCACCATCTCCAGCCTGGAAGCCGAGG 

ACGCCGCCACCTACTACTGC (SEQ ID NO: 198) 

GGCGTGCCCTCTAGGTTTAGCGGTAGCGGTAGTGGCAC 

CGACTTCACCTTCACTATCTCTAGCCTGGAAGCCGAGG 

ACGCCGCTACCTACTACTGT (SEQ ID NO: 199) 

VLFW3 GIPPRFSGSGYGTDFTLTINNIESEDAA GGGATCCCACCTCGATTCAGTGGCAGCGGGTATGGAAC 

(typeb) YYFC (SEQ ID NO: 200) AGATTTTACCCTCACAATTAATAACATAGAATCTGAGG 

ATGCTGCATATTACTTCTGT (SEQ ID NO: 201) 

VLFW3 GVPSRFSGSGSGTEFTLTISSLQPDDFA GGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGAC 

(type c) TYYC (SEQ ID NO: 202) AGAATTCACTCTCACCATCAGCAGCCTGCAGCCTGATG 
ATTTTGCAACTTATTACTGT (SEQ ID NO: 203) 

GGCGTGCCCTCTAGATTCTCCGGCTCCGGCTCTGGCAC 

CGAGTTTACCCTGACCATCTCCAGCCTGCAGCCCGACG 

ACTTCGCCACCTACTACTGC (SEQ ID NO: 204) 

VLFW3 GVPSRFSGSGSGTDFTFTISSLQPEDIA GGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGAC 

(type d) TYYC (SEQ ID NO: 205) AGATTTTACTTTCACCATCAGCAGCCTGCAGCCTGAAG 

ATATTGCAACATATTACTGT (SEQ ID NO: 206) 

GGCGTGCCCTCTAGGTTTAGCGGTAGCGGTAGTGGCAC 

CGACTTCACCTTCACTATCTCTAGCCTGCAGCCCGAGG 

ATATCGCTACCTACTACTGT (SEQ ID NO: 207) 

VLFW4 FGQGTKVEIK (SEQ ID NO: 208) TTCGGCCAAGGGACCAAGGTGGAAATCAAA (SEQ ID 

NO: 209) 

TTCGGCCAGGGCACCAAGGTGGAAATCAAG (SEQ ID 

NO: 210) 

TTCGGTCAAGGCACTAAGGTCGAGATTAAG (SEQ ID 

NO: 211) 
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Table 3. Constant region amino acid sequences of human IgG heavy chains and human kappa 

light chain 

HC IgG4 (S228P) mutant constant region amino acid sequence (EU Numbering) 

ASTKGPSVFP LAPCSRSTSE STAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 

GLYSLSSVVT VPSSSLGTKT YTCNVDHKPS NTKVDKRVES KYGPPCPPCP APEFLGGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSQED PEVQFNWYVD GVEVHNAKTK PREEQFNSTY 

RVVSVLTVLH QDWLNGKEYK CKVSNKGLPS SIEKTISKAK GQPREPQVYT LPPSQEEMTK 

NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS DGSFFLYSRL TVDKSRWQEG 

NVFSCSVMHE ALHNHYTQKS LSLSLGK (SEQ ID NO: 212) 

LC Human kappa constant region amino acid sequence 

RTVAAPSVFI FPPSDEQLKS GTASVVCLLN NFYPREAKVQ WKVDNALQSG NSQESVTEQD 

SKDSTYSLSS TLTLSKADYE KHKVYACEVT HQGLSSPVTK 

SFNRGEC (SEQ ID NO: 213) 

HC IgG4 (S228P) mutant constant region amino acid sequence lacing C-terminal lysine (K) (EU 

Numbering) 

ASTKGPSVFP LAPCSRSTSE STAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 
GLYSLSSVVT VPSSSLGTKT YTCNVDHKPS NTKVDKRVES KYGPPCPPCP APEFLGGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSQED PEVQFNWYVD GVEVHNAKTK PREEQFNSTY 

RVVSVLTVLH QDWLNGKEYK CKVSNKGLPS SIEKTISKAK GQPREPQVYT LPPSQEEMTK 

NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS DGSFFLYSRL TVDKSRWQEG 

NVFSCSVMHE ALHNHYTQKS LSLSLG (SEQ ID NO: 214) 

HC IgGI wild type 

ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 

GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELLGG 
PSVFLFPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYN 

STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSREE 

MTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 

QQGNVFSCSV MHEALHNHYT QKSLSLSPGK (SEQ ID NO: 215) 

HC IgGI (N297A) mutant constant region amino acid sequence (EU Numbering) 

ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 

GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELLGG 
PSVFLFPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYA 

STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSREE 

MTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 

QQGNVFSCSV MHEALHNHYT QKSLSLSPGK (SEQ ID NO: 216) 

HC IgGI (D265A, P329A) mutant constant region amino acid sequence (EU Numbering) 

ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 

GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELLGG 
PSVFLFPPKP KDTLMISRTP EVTCVVVAVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYN 

STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LAAPIEKTIS KAKGQPREPQ VYTLPPSREE 
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MTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 

QQGNVFSCSV MHEALHNHYT QKSLSLSPGK (SEQ ID NO: 217) 

HC IgGI (L234A, L235A) mutant constant region amino acid sequence (EU Numbering) 

ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 
GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPEAAGG 
PSVFLFPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYN 

STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSREE 

MTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 

QQGNVFSCSV MHEALHNHYT QKSLSLSPGK (SEQ ID NO: 218) 

Table 4. Amino acid sequences of the heavy and light chain leader sequences for humanized 

mAbs BAPO49-Clone-A to BAPO49-Clone-E 

BAPO49-Clone-A HC MEWSWVFLFFLSVTTGVHS (SEQ ID NO: 219) 

LC MSVPTQVLGLLLLWLTDARC (SEQ ID NO: 220) 

BAPO49-Clone-B HC MAWVWTLPFLMAAAQSVQA (SEQ ID NO: 221) 

LC MSVLTQVLALLLLWLTGTRC (SEQ ID NO: 222) 

BAPO49-Clone-C HC MEWSWVFLFFLSVTTGVHS (SEQ ID NO: 219) 

LC MSVPTQVLGLLLLWLTDARC (SEQ ID NO: 220) 

BAPO49-Clone-D HC MEWSWVFLFFLSVTTGVHS (SEQ ID NO: 219) 

LC MSVPTQVLGLLLLWLTDARC (SEQ ID NO: 220) 

BAPO49-Clone-E HC MAWVWTLPFLMAAAQSVQA (SEQ ID NO: 221) 

LC MSVLTQVLALLLLWLTGTRC (SEQ ID NO: 222) 
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EXAMPLES 

The Examples below are set forth to aid in the understanding of the inventions but are not 

intended to, and should not be construed to, limit its scope in any way.  

Example 1: Pharmacokinetics Analysis of Flat Dosing Schedules 

Based on pharmacokinetic (PK) modeling, utilizing flat dose is expected provide the 

exposure to patients at the appropriate Cmin concentrations. Over 99.5% of patients will be 

above EC50 and over 93% of patients will be above EC90. Predicted steady state mean Cmin 

for the exemplary anti-PD-1 antibody molecule utilizing either 300mg once every three weeks 

(Q3W) or 400 mg once every four weeks (Q4W) is expected to be above 20ug/mL (with highest 

weight, 150 kg) on average.  

Table 5. Exemplary PK parameters based on flat dosing schedules 

Number of patients in PK dataset 46 

CL (mL/h) 10.9 [8.9, 13.2]; IIV: 62% 

Exponent of Weight on CL 0.54 [0.021, 1.06] 

Volume of distribution at SS (L) 7.2 [6.5, 7.9]; IIV: 22% 

Half-Life (days) 20 [17, 23]; IIV: 64% 

Predicted Cmin (ug/mL) for 80 kg patient 31 [22, 42] (400mg q4w) 
35 [26, 47] (300mg q3w) 

The expected mean steady state Cmin concentrations for the exemplary anti-PD-I 

antibody molecule observed with either doses/regimens (300 mg q3w or 400 mg q4w) will be at 

least 77 fold higher than the EC50 (0.42ug/mL) and about 8.6 fold higher than the EC90. The ex 

vivo potentcy is based on IL-2 change in SEB ex-vivo assay.  
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Less than 10% of patients are expected to achieve Cmin concentrations below 3.6ug/mL 

for either 300 mg Q3W or 400 mg Q4W. Less than 0. 5% of patients are expected to achieve 

Cmin concentrations below 0.4 pg/mL for either 300 mg Q3W or 400 mg Q4W.  

Predicted Ctrough (Cmin) concetrations across the different weights for patients while 

receiving the same dose of the exemplary anti-PD-I antibody molecule are shown in Figure 12.  

Body weight based dosing is compared to fixed dose (3.75 mg/kg Q3W vs. 300 mg Q3W and 5 

mg/kg Q4W vs. 400 mg Q4W). Figure 12 supports flat dosing of the exemplary anti-PD-I 

antibody molecule.  

The PK model further is validated. As shown in Figure 13, the observed versus model 

predicted concentrations lie on the line of unity. Figure 14 shows that the model captures 

accumulation, time course, and within subject variability.  

Example 2: A phase lb/II, open-label, multi-center study of Capmatinib in combination with an 

anti-PD-i antibody molecule ("Antibody Molecule A", detailed below) or Antibody Molecule A 

single agent in advanced hepatocellular carcinoma 

Antibody Molecule A: 

Antibody Molecule A is a high-affinity fully humanized anti-human-PD-I monoclonal 

antibody that belongs to the IgG4/K isotype subclass. It is expressed in a Chinese hamster ovary 

cell line (CHO-C8TD) and consists of two heavy chains and two light chains. Both heavy chains 

of Antibody Molecule A contain oligosaccharide chains linked to the protein backbone at 

Asn294.  

The amino acid sequences of the light chain (220 amino acids) and the heavy chain (443 

amino acids) respectively, as deduced from the DNA sequence, are shown in Figure 15 and 

Figure 16. The expected disulfide linkages derived from primary sequence are listed in Table 6.  

Table 6. Expected disulfide linkages 

Intra-light chain Cys 23-Cys 94, Cys 14o-Cys 2oo (x2) 

Intra-heavy chain Cys 22 -Cys 96, Cys144-Cys 2oo, Cys 25s-Cys 3 1s, Cys 364-Cys 422  (x2) 

Inter-chain light chain Cys 220 - heavy chain Cys131 (x2) 
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heavy chain Cys 223 - heavy chain Cys 22 3 

heavy chain Cys 226 - heavy chain Cys 226 

The theoretical average molecular mass of Antibody Molecule A based on the amino acid 

composition as deduced from DNA sequence is 145759 Da. This mass takes into account the 

expected peptide 

bonds and formation of disulfide bonds. Other post-translational modifications are disregarded, 

e.g. N-terminal glutamine is not considered as pyroglutamate, asparagine glycosylation sites 

are considered unchanged (Asn instead of Asp) and no other chemical modification is 

considered in the calculation.  

Antibody Molecule A in the form of lyophilisate in vial for i.v. infusion. The starting 

dose is 300mg, and it is administered every 3 weeks (Q3W).  

Antibody Molecule A will be administered via i.v. infusion over 30 minutes (up to 2 

hours, if clinically indicated) once every 3 weeks. The next scheduled dose may be delayed by 

up to 7 days to recover from previous AEs. If the next dose cannot be administered within the 

above mentioned 7-days delay, then the assessments should be shifted accordingly.  

Capmatinib 

Capmatinib tablet will be administered orally on a continuous twice daily (BID) dosing 

schedule, on a flat scale of mg/day and not individually adjusted by weight or body surface area.  

Except on days of PK sampling, patients should take Capmatinib tablets twice daily (BID) 

at approximately the same time each day starting at Cycle 1 Day 1.  

Each dose of Capmatinib is to be taken with a glass of water (at least 8 ounces 

- approximately 250 mL) and consumed over as short a time as possible (i.e., not slower than 1 

tablet every 2 minutes).  

The dose of Capmatinib is 200mg BID.  

Patients should be instructed to swallow the tablets whole and not to chew them.  

Capmatinib should be administered in the fasted state, at least 1 hour before or 2 hours 

after a meal. The morning and the evening doses should be taken 12 (± 4) hours apart, although 

12-hour interval is highly recommended. If a dose is not taken within 4 hours of the planned 

dosing time, the missed dose should not be replaced.  
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On days when PK blood samples are to be collected, patients will be instructed to 

hold their dose until arrival at the study center. Capmatinib will be administered at the site in 

the morning. The exact time of drug administration should be recorded in the appropriate eCRF.  

The PK blood draws will be supervised by a member of the research team. If a patient vomits 

5 within 4 hours of Capmatinib dosing, the time of vomiting should be recorded on the eCRF.  

Patients should be instructed not to make up for missed doses or partial doses (i.e., 

when the entire dose is not taken as instructed). A missed or partial dose will be defined as a 

case when the full dose is not taken within 4 hours of the scheduled twice daily dosing. If that 

occurs, then the dose (or part remaining dose) should not be taken and dosing should restart with 

the next scheduled dose. If vomiting occurs, no attempt should be made to replace the vomited 

dose before the next scheduled dose.  

During the whole duration of treatment with Capmatinib , the patient is recommended to 

use precautionary measures against ultraviolet exposure (e.g., use of sunscreen, protective 

clothing, avoid sunbathing or using a solarium).  

Objective of the trial: 

Main objective: 

1. Phase lb part: 

To characterize the safety and tolerability of Capmatinib in combination with Antibody 

Molecule A and identify the MTD and/or RP2D 

2. Phase II part: 

(a) For cMET low HCC patients, to compare the efficacy of Capmatinib in combination 

with Antibody Molecule A vs. Antibody Molecule A single agent.  

5 (b) For cMET high HCC patients, to estimate the efficacy of Capmatinib in combination 

with Antibody Molecule A and Antibody Molecule A single agent, respectively.  

Secondary objectives: 

1. Phase lb/II part: 
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To characterize the efficacy of Capmatinib in combination with Antibody Molecule A and 

Antibody Molecule A single agent in cMET high and low HCC.  

2. Phase II part: 

To characterize the safety and tolerability of Capmatinib in combination with Antibody 

Molecule A and Antibody Molecule A single agent.  

3. Phase II part: 

To investigate the association between Antibody Molecule A single agent efficacy and the 

cMET status in HCC patients.  

4. Phase lb/II parts: 

To characterize the pharmacokinetic profile of Capmatinib and Antibody Molecule A.  

5. Phase Ib/II parts: 

To assess the pharmacodynamic effect of Capmatinib in combination with Antibody 

Molecule A and Antibody Molecule A single agent in tumor biopsy and peripheral blood in 

cMET high and low HCC.  

5 6. Phase II part: 

To compare the efficacy of Capmatinib in combination with Antibody Molecule A vs.  

Capmatinib single agent in cMET high HCC patients by using the historical data from a 

Capmatinib single agent study in 1st line Asian HCC patients.  

) PRINCIPAL INCLUSION CRITERIA 

1. Histologically documented locally advanced recurrent or metastatic HCC. Current cirrhotic 

status of Child Pugh Class A (5-6 points), with no encephalopathy and/or ascites. Child 

Pugh status must be calculated based on clinical and laboratory results during the screening 

period.  

5 2. Baseline tumor tissue (newly obtained) must be available at screening. Patient must have a 

site of disease amenable to biopsy, and be a candidate for tumor biopsy according to the 

treating institution's guidelines and requirements for such procedure.  

3. Phase II: Documented evidence of cMet amplification (gene copy number) by FISH and 

cMet expression by IHC by a designated laboratory.  
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The cMET status will be classified as high or low according to the cMET expression 

assessed by IHC and the gene amplification assessed by FISH: 

cMET high: if any one of the following criteria is satisfied 

5 IHC = 3+ in at least 50% of tumor cells and any gene (regardless of gene copy number 

(GCN)) 

- IHC = 2+ in at least 50% of tumor cells and GCN 5 

cMET low: if any one of the following criteria is satisfied 

- IHC = 2+ in at least 50% of tumor cells and GCN < 5 

- IHC = 2+ in less than 50% of tumor cells and any GCN 

- IHC = 0 or 1+ (regardless ofand any GCN) 

4. Patients must be willing to undergo a new tumor biopsy during the study (6-9 weeks after 

start of study treatment, if medically feasible).  

For patients in the phase II part of the study, exceptions may be granted after documented 

discussion with Novartis. After a sufficient number of paired biopsies are collected, the 

decision may be taken to stop collecting the biopsies.  

5. Patients must have received prior systemic sorafenib treatment for HCC with documented 

progression during or after discontinuation of sorafenib treatment (for France only: patients 

must have received at least 8 weeks of prior sorafenib treatment), are intolerant to sorafenib 

(defined as documented Grade 3 or 4 adverse events that led to sorafenib discontinuation) or 

refused sorafenib treatment.  

6. Patients must be tested during screening for Hepatitis-B-Virus surface antigen (HbsAg) 

status. Patients are included in the study if they have adequately controlled hepatitis B, 

defined by: 

* receiving a nucleoside analog anti-viral drug for 3 or more months, 

and 

* serum hepatitis B virus (HBV) deoxyribonucleic acid (DNA) level of less than 100 

IU/ml via polymerase chain reaction quantification assays prior to enrollment.  
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7. Patients must be tested during study screening for hepatitis C virus ribonucleic acid (HCV 

RNA) status, patients are included in the study if they have adequately controlled hepatitis C; 

defined by having undetectable level of serum HCV RNA level prior to enrollment.  

PRINCIPAL EXCLUSION CRITERIA 

1. Patient has received the following therapies prior to the first dose of study treatment: 

- Previous systemic anti-cancer therapy (including therapeutic cancer vaccines and 

immunotherapeutics) other than sorafenib (sorafenib must be completed within > 1 week 

prior to the first dose of study treatment) or Capmatinib.  

Previous locoregional therapy (e.g. hepatic arterial embolization, radio-frequency 

ablation, radiation therapy) if: 

- administered after sorafenib treatment with the exception of palliative 

radiotherapy to a limited field, such as for the treatment of bone pain. Loco regional therapy 

for the focally painful liver tumor mass will be discussed on a case by case with trial sponsor.  

- completed within 4 weeks prior to the dosing and, if present any related acute 

toxicity > grade 1.  

- Use of any vaccines (except inactivated seasonal influenza vaccines) within 4 weeks of 

initiation of study treatment.  

- Major surgery within 2 weeks of the first dose of study treatment (mediastinoscopy, 

insertion of a central venous access device, and insertion of a feeding tube are not 

considered major surgery).  

- Participation in an interventional, investigational study within 2 weeks of the first dose 

of study treatment, unless agreed otherwise with trial sponsor.  

- Presence of CTCAE grade >1 toxicity (except alopecia, peripheral neuropathy and 

ototoxicity, which are excluded if CTCAE grade > 3) due to prior cancer therapy, unless 

agreed otherwise with trial sponsor.  

- Use of hematopoietic colony-stimulating growth factors (e.g. G-CSF, GM-CSF, M-CSF) 

< 2 weeks prior start or study drug. An erythroid stimulating agent is allowed as long as it 

was initiated at least 2 weeks prior to the first dose of study treatment and the patient is on a 

stable dose.  
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2. History of severe hypersensitivity reactions to other mAbs.  

3. Known history of testing positive for human immunodeficiency virus (HIV) or known 

acquired immunodeficiency syndrome (testing is not required).  

4. Clinically significant pleural effusion that either required pleurocentesis or is associated 

with shortness of breath.  

5. Patients receiving treatment with medications that are either strong inducers or inhibitors 

of CYP3A, or CYP3A or CYP1A2 substrates with narrow therapeutic index, and cannot be 

discontinued at least 1 week prior to the start of treatment with Capmatinib and for the 

duration of the study.  

6. Unable to stop herbal/food supplements or treatments which are considered to be capable 

of significantly causing either PK or PD herb/food-drug interactions.  

7. Active autoimmune disease or a documented history of autoimmune disease, including 

ulcerative colitis and Crohn's disease or any condition that requires systemic steroids or any 

immunosuppressive therapy, except vitiligo or resolved asthma/atopy that is treated with 

bronchodilators (e.g., albuterol).  

8. Clinically significant, uncontrolled heart diseases.  

- Unstable angina within 6 months prior to screening 

- Myocardial infarction within 6 months prior to screening 

- History of documented congestive heart failure (New York Heart Association functional 

classification III-IV) 

- Uncontrolled hypertension defined by a Systolic Blood Pressure (SBP) > 160 mm Hg 

and/or Diastolic Blood Pressure (DBP) > 100 mm Hg, with or without antihypertensive 

medication. Initiation or adjustment of antihypertensive medication(s) is allowed prior to 

screening 

- Ventricular arrhythmias 

- Supraventricular and nodal arrhythmias not controlled with medication 

* Other cardiac arrhythmia not controlled with medication 

- QTcF > 450 ms (male patients), > 460 ms (female patients) on the screening ECG (as 

mean of triplicate ECG) 
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END POINTS: 

Primary End Point 

Phase Ib part: 

Safety: Incidence and severity of AEs and SAEs, including changes in laboratory values, 

vital signs and ECGs. Incidence of DLT during the first 2 cycles of treatment.  

Tolerability: Dose interruptions, reductions, and dose intensity 

Phase II part: 

Overall response rate (ORR) per Response Evaluation Criteria in Solid 

Tumors (RECIST v1.1) 

Secondary End Point: 

1. Best overall response (BOR), duration of overall response (DOR), time to response 

(TTR), progression-free survival (PFS), time to progression (TTP), overall survival (OS), 

Overall response rate (ORR) 

2. Safety: Incidence and severity of adverse events (AEs) and serious adverse events, 

including changes in laboratory parameters, vital signs and electrocardiograms (ECGs).  

Tolerability: Dose interruptions, reductions and dose intensity 

3. Best overall response (BOR), time to progression (TTP), cMET IHC score and GCN 

4. Plasma/serum PK parameters (e.g., AUC, Cmax, Tmax) Plasma/serum concentration vs.  

time profiles.  

5. H&E TIL & TIL characterization (CD8, CD3, CD4), TReg (FoxP3), PDL1, p-cMet on 

tumor biopsy (IHC) 

6. Best overall response (BOR) and TTP 

Preliminary Clinical Finding 

As of mid December 2016, 4 patients have been enrolled and treated on this study and 1 

tumor shrinkage that meets criteria for a confirmed partial response has been observed. The 

clinical trial is still on-going.  
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INCORPORATION BY REFERENCE 

Other embodiments and examples including figures and tables are disclosed in 

International Patent Application Publication No. WO 2015/112900 and U.S. Patent Application 

Publication No. US 2015/0210769, entitled "Antibody Molecules to PD-I and Uses Thereof," 

which are incorporated by reference in its entirety.  

All publications, patents, and Accession numbers mentioned herein are hereby 

incorporated by reference in their entirety as if each individual publication or patent was 

specifically and individually indicated to be incorporated by reference.  

EQUIVALENTS 

While specific embodiments of the subject invention have been discussed, the above 

specification is illustrative and not restrictive. Many variations of the invention will become 

apparent to those skilled in the art upon review of this specification and the claims below. The 

full scope of the invention should be determined by reference to the claims, along with their full 

scope of equivalents, and the specification, along with such variations.  
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CLAIMS 

What is claimed is: 

1. A method of treating a cancer in a subject, comprising 

(A) administering to the subject a c-Met receptor tyrosine kinase inhibitor which is 2

fluoro-N-methyl-4-[7-quinolin-6-yl-methyl)-imidazo[1,2-b][1,2,4]triazin-2yl]benzamide or 

pharmaceutically acceptable salt thereof; and 

(B) administering to the subject an anti-PD-1 antibody molecule at a dose of about 300 

mg to 400 mg once every three weeks or once every four weeks, 

wherein the anti- PD-I antibody molecule comprises: 

(a) a heavy chain variable region (VH) comprising a VHCDR1 amino acid 

sequence of SEQ ID NO: 4, a VHCDR2 amino acid sequence of SEQ ID NO: 5, and a VHCDR3 

amino acid sequence of SEQ ID NO: 3; and a light chain variable region (VL) comprising a 

VLCDRi amino acid sequence of SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID 

NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 33; 

5 (b) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 1; a 

VHCDR2 amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ 

ID NO: 3; and a VL comprising a VLCDRi amino acid sequence of SEQ ID NO: 10, a 

VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 32; 

(c) a VH comprising a VHCDRi amino acid sequence of SEQ ID NO: 224, a 

VHCDR2 amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid sequence of SEQ 

ID NO: 3; and a VL comprising a VLCDRi amino acid sequence of SEQ ID NO: 13, a 

VLCDR2 amino acid sequence of SEQ ID NO: 14, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 33; or 

5 (d) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 224; a 

VHCDR2 amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ 

ID NO: 3; and a VL comprising a VLCDRi amino acid sequence of SEQ ID NO: 10, a 

VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 32.  
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2. The method of claim 1 wherein the c-Met receptor tyrosine kinase inhibitor and 

the anti-PD-1 antibody molecule are administered separately, simultaneously or sequentially.  

3. The method of claim 1 or 2, wherein the anti-PD-I antibody molecule is 

administered at a dose of about 300 mg once every three weeks.  

4. The method of any of claims 1-2, wherein the anti-PD-I antibody molecule is 

administered at a dose of about 400 mg once every four weeks.  

5. The method of any of claims 1-3, wherein the c-Met receptor tyrosine kinase 

inhibitor is administered at 200 mg twice daily on a continuous schedule.  

6. The method of any of claims 1-5, wherein the anti-PD-I antibody molecule is 

administered intravenously.  

7. The method of any of claims 1-6, wherein the c-Met receptor tyrosine kinase 

inhibitor is administered orally.  

8. The method of any of claims 1-7, wherein the anti-PD-I antibody molecule 

comprises: 

(a) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

42; 

(b) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

5 NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

66; 

(c) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

70; 
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(d) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 50 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

70; 

(e) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

46; 

(f) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 50 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

46; 

(g) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 50 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

54; 

(h) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

54; 

(i) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

58; 

(j) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

62; 

(k) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 50 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

66; 

(1) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

74; 

(m) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

78; 
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(n) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 82 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

70; 

(o) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

5 NO: 82 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

66; or 

(p) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 86 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

66.  

9. The method of any of claims 1-8, wherein the cancer is chosen from a lung 

cancer, a squamous cell lung cancer, a melanoma, a renal cancer, a liver cancer, a myeloma, a 

prostate cancer, a breast cancer, an ER+ breast cancer, an IM-TN breast cancer, a colorectal 

cancer, a colorectal cancer with high microsatellite instability, an EBV+ gastric cancer, a 

5 pancreatic cancer, a thyroid cancer, a hematological cancer, a non-Hogdkin's lymphoma, or a 

leukemia, or a metastatic lesion of the cancer.  

10. The method of any of claims 1-9, wherein the cancer is chosen from a non-small 

cell lung cancer (NSCLC), a NSCLC adenocarcinoma, a NSCLC squamous cell carcinoma, a 

hepatocellular carcinoma.  

11. A pharmaceutical combination comprising 

(A) a c-Met receptor tyrosine kinase inhibitor which is 2-fluoro-N-methyl-4-[7-quinolin

6-yl-methyl)-imidazo[1,2-b][1,2,4]triazin-2yl]benzamide or pharmaceutically acceptable salt 

5 thereof; and 

(B) an anti-PD-1 antibody molecule for use in a dose of about 300 mg to 400 mg once 

every three weeks or once every four weeks, 

wherein the anti- PD-I antibody molecule comprises: 

(a) a heavy chain variable region (VH) comprising a VHCDR1 amino acid 

sequence of SEQ ID NO: 4, a VHCDR2 amino acid sequence of SEQ ID NO: 5, and a VHCDR3 

amino acid sequence of SEQ ID NO: 3; and a light chain variable region (VL) comprising a 
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VLCDR1 amino acid sequence of SEQ ID NO: 13, a VLCDR2 amino acid sequence of SEQ ID 

NO: 14, and a VLCDR3 amino acid sequence of SEQ ID NO: 33; 

(b) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 1; a 

VHCDR2 amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ 

5 ID NO: 3; and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 10, a 

VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 32; 

(c) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 224, a 

VHCDR2 amino acid sequence of SEQ ID NO: 5, and a VHCDR3 amino acid sequence of SEQ 

ID NO: 3; and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 13, a 

VLCDR2 amino acid sequence of SEQ ID NO: 14, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 33; or 

(d) a VH comprising a VHCDR1 amino acid sequence of SEQ ID NO: 224; a 

VHCDR2 amino acid sequence of SEQ ID NO: 2; and a VHCDR3 amino acid sequence of SEQ 

5 ID NO: 3; and a VL comprising a VLCDR1 amino acid sequence of SEQ ID NO: 10, a 

VLCDR2 amino acid sequence of SEQ ID NO: 11, and a VLCDR3 amino acid sequence of SEQ 

ID NO: 32.  

12. The pharmaceutical combination of claim 11 wherein the c-Met receptor tyrosine 

kinase inhibitor is in oral dosage form.  

13. The pharmaceutical combination of claim 11 wherein the anti-PD-i antibody 

molecule is injectable dosage form.  

5 14. The pharmaceutical combination of any of claims 11-13 wherein the anti-PD-I 

antibody molecule is for use in a dose of about 300 mg to 400 mg once every three weeks or 

once every four weeks.  

15. The pharmaceutical combination of any of claims 11-14 wherein c-Met receptor 

tyrosine kinase inhibitor is for use in a oral dosage form for continuously dosing at 200mg BID.  
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16. The pharmaceutical combination of any of claim 11-15, wherein the dose of the 

anti-PD-1 antibody molecule is about 300 mg once every three weeks.  

17. The pharmaceutical combination of any of claim 11-15, wherein the dose is about 

400 mg once every four weeks.  

18. The pharmaceutical composition or dose formulation of any of claims 11-17, 

wherein the anti-PD-1 antibody molecule comprises: 

(a) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

42; 

(b) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

5 NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

66; 

(c) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

70; 

(d) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 50 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

70; 

(e) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

5 46; 

(f) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 50 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

46; 

(g) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 50 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

54; 
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(h) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

54; 

(i) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

58; 

(j) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

62; 

(k) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 50 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

66; 

(1) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

74; 

(m) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 38 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

78; 

(n) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 82 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

70; 

(o) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 82 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

66; or 

(p) a heavy chain variable domain comprising the amino acid sequence of SEQ ID 

NO: 86 and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 

66.  

19. The pharmaceutical combination of any of claims 11-18, for use in the treatment 

of a cancer.  
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20. The pharmaceutical combination of claim 19, wherein the cancer is chosen from a 

lung cancer, a squamous cell lung cancer, a melanoma, a renal cancer, a liver cancer, a myeloma, 

a prostate cancer, a breast cancer, an ER+ breast cancer, an IM-TN breast cancer, a colorectal 

cancer, a colorectal cancer with high microsatellite instability, an EBV+ gastric cancer, a 

pancreatic cancer, a thyroid cancer, a hematological cancer, a non-Hogdkin's lymphoma, or a 

leukemia, or a metastatic lesion of the cancer.  

21. The pharmaceutical combination of claim 19, wherein the cancer is chosen from a 

non-small cell lung cancer (NSCLC), a NSCLC adenocarcinoma, a NSCLC squamous cell 

carcinoma, a hepatocellular carcinoma.  
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