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ANTI-PB-1/LAG3 BISPECIFIC ANTIBODIES

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority to International Serial No.
PCT/UN2018/074918 filed February 1, 2018, the disclosure of which is incorporated by reference
herein m its entirety.
SEQUENCE LISTING
{6001] The present specification 1s bemng filed with a computer readable form (CRF) copy of the
Sequence Listing. The CRF entitfed 14463-001-228 SEQ LISTING TXT, which was created on
Fanuary 2, 2019 and 1s 208390 bytes in size, also serves as the paper copy of the Sequence Listing
and 18 mcorporated herein by reference i s entirety.
i. FIELD
{6002] Provided herein are treatments of conditions ameliorated by counteracting tumor
mediated imnwne suppression. More specifically provided heremn are anti-PD-1LAG3 bispecific
antibodies, as well as use of these antibodies in the treatment of diseases such as cancer and
infectious disease.
2. BACKGROUND
{6003] PD-11s recognized as an wnportant molecule m mumune regulation and the mamntenance
of peripheral tolerance. PD-1is moderately expressed on nawve T, B and NKT cells and up-
regulated by T/B cell receptor signaling on lymphocytes, monocytes and myeloid cells (1}
{6004} Two known higands for PD-1, PD-L1 (B7-H1) and PD-L2 (B7-DC), are expressed in
human cancers arising i various tissues. o large sample sets of e.g. ovarian, renal, colorectal,
pancreatic, liver cancers and melanoma, it was shown that PID-L1 expression correlated with poor
prognosis and reduced overall survival irrespective of subsequent treatment (2-13). Similarly, PD-1
expression on tumor mfiltrating lyrophocytes was found to mark dysfunctional T cells i breast
cancer and melanoma {14-15) and to correlate with poor prognosis in renal cancer (16). Thus, # has
been proposed that PD-L1 expressing tumor cells mteract with PD-1 expressing T cells to attenuate
T cell activation and evasion of immune surveillance, thereby contributing to anmpaired mmune

response against the tumor.
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{6005] Several monoclonal antibodies {mAb) that mhibit the interaction between PD-1 and one
or both of its ligands PD-L1 and PD-L2 are in clinical development for treating cancer. It has been
proposed that the efficacy of such antibodies might be enhanced if administered in combination with
other approved or experimental cancer therapies, e.g., radiation, surgery, chemotherapeutic agents,
targeted therapies, agents that hibit other signaling pathways that are dysregulated i tumors, and
other immune enhancing agents.

{6006] LAG3 (CD223) 15 a cell surface molecule expressed on activated T cells (Huard ef o/,
Immunogenetics 39:213-217, 1994), NK cells (Triebel ef o/, J Exp Med 171:1393-1405, 1990), B
cells (Kisielow efa/ Eur I Immunol 3520812088, 2005}, and plasmacytoid dendritic cells
(Workman eraf J Imnunol 182:1885-1891, 2009) that plays an mmportant role i the function of
these lymphocyte subsets. In addition, the mteraction between LAGS and its major ligand, Class 11
MHC, is thought to play arole in modulating dendritic cell function {Andreae era/. J Immunol
16838743880, 2002). Recentprechnical studies have documented a role for LAG-3 in CD8 T-cell
exhaustion (Blackburn er of NatImmunol 1029-37, 2009). As with chronic viral infection, tumor
antigen-specific CD4"and CD8 T cells display impaired effector function and an exhausted
phenotype characterized by decreased production of pro-inflammatory cytokines and
hyporesponsiveness to antigenic re-stimulation. This 15 mediated by cell extrnsic mechanisms, such
as regulatory T-cells (Treg), and cell intrinsic mechanisms, such as inhibitory molecules that are
upregulated on exhausted, tumor-infiltrating lymphocytes (TIL). These inhibitory mechanisms
represent a formidable barrier to effective antitumor rumunity.

{B087] LAG3 13 expressed on tolerized TILs suggesting that they contribute to tumor-mediated
imnwne suppression. Inhibition of LAG3 may lead to enhanced activation of antigen-specific T
cells from which a therapeutic benefit may be gained. There is a need in the art for high efficacy
therapeutic antibodies which antagonize the activity of LAG3 and PD-1 which can be used to
generate a robust immune response to fUmMors.

3. SUMMARY

{6008} Provided herein 15 an anti-PD-1/LAG-3 bispecific antibody comprising: an anti-PD-1
antigen-binding fragment comprising humanized 08A affinity matured Fab9g, 99, 100, 101, 102,
103 or 104 heavy and light chain complementarity determining regions (CDRs) with or without a

S61N glycosviation site correction and/or GS6A deamudation site correction (sequential numbering)
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n the CDRHZ region, and an anti-LAG3 antigen-binding fragment comprising the heavy and light
chain CDR regions of anti-L AG3 humanized antibody 22132 Ab6.

{3009} Also provided herein s an ant-PD-1/LAG-3 bispecific antibody comprising: an anti-PD-
I antigen-binding fragment comprising humanized O8A affinity matured Fab98, 99, 100, 101, 102,
103 or 104 heavy and hght chain variable regions with or without a S61N glycosylation site
carrection and/or G56A deamidation site correction (sequential numbering) in the CDRH2 region,
and an anti-LAG3 antigen-binding fragment comprising the heavy and hight cham variable regions
of anti-LAG3 humantzed antbody 22D2 Ab6.

{601 0] Also provided is an anti-PD-1EAG-3 bispecific antibody comprising: an anti-PD-1
antigen-binding fragment comprising humanized 08A heavy and hght chain CDR regions with or
without a S6IN glycosylation site correction and/or GS6A deanudation site correction m the
CDRHZ region and an anti-LAG3 antigen-binding fragment comprising the heavy and light chain
CDR regions of the anti-LAG3 antbody 22D2 Ab6. Also provided herein is an anti-PD-1/LAG-3
bispecific antibody comprising: an anti-PD-1 antigen-binding fragment comprising humanized 083A
heavy and light chain variable regions with or without a S61N glycosylation site correction and/or
G56A deamidation site correction in the CDRHZ2 region and an anti-LAG3 antigen-binding

fragment comprising the heavy and light chain vanable regions of the anti-L AG3 antibody 22D2
Abb.

{00111 Also provided herein is an anti-PD-1/LAG-3 bispecific antibody comprising: an anti-PD-
I antigen-binding fragment comprising humanized 08A atfinty matured Fabl28, 133, 138 or 139
heavy and light chain CDR regions with or without an S6IN glycosylation site correction and/or
G56A deamidation site correction in the CDRHZ2 region and an anti-LAG3 antigen-binding

fragment comprising the heavy and light chain CDR regions of anti-LAG3 antibody 22D2 Abo.
Also provided heremn is an anti-PD-UVLAG-3 bispecific antibody comprising: an anti-PD-1 antigen-
binding fragment comprising humanized 08A affinity matured Fabi28, 133, 138 or 139 heavy and
light chain variable regions with or without an S61N glycosylation site correction and/or G56A
deanmudation site correction m the CDRH2Z region and an anti-LAG3 antigen-binding fragment
comprising the heavy and light chain variable regions of anti-LAG3 antibody 22D2 Ab6.

{0012} In certam embodiments, the anti-PD-1 antigen-bmding fragment comprises a heavy cham

corprising an IgGG1 constant region comprising CH1I mutations atL145E, K147T, Q175E, and
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S183L (EU numbering), and a hght cham kappa constant region comprising mutations at (Q124R,
T178R (EU numbering);, and the anti-LAG3 antigen-binding fragment comprises an anti-LAG3
heavy chain comprising an IgGl constant region comprising CH1 mutations at S181K (EUJ
numbering), and an anti-LAG3 light chain kappa constant region comprising mutations at Q124E,
S131T, T178Y, and T180E, wherein the mutations are in EUJ numbering,

{6013} In other embodiments, the IgG1 heavy chain constant regions of the anti-PD-1 and anti-
LAGS antigen-binding fragments further comprise pars of CH3 mutations selected from the group
consisting oft L351Y/F405A/Y407V and T366I/K392M/T394W, T3SOV/L3STY/FA0SA/Y 407V and
T350V/T3661L/K392L/T394W,; and T3S0V/L351Y/F40SA/Y4A0TV and
T350V/T366L/K392M/T394W | wherem the mutations are n EU numbering.

[6014] In certain embodiments, the anti-LAG3 and anti-PD-1 heavy chains each comprises one
or more of L234A or L234D; L235A or L2335, D265S or D265A; G237A; and N297A, N297(3, or
N297D nutations it the CHZ region, wherem the mutations are in EU numbering,

{G015] Also provided herein are isolated nucleic acuds encoding anyone of the anti-PD-1/LAG3
bispecific antibodies, or antigen-binding fragments provided herein. Also provided herein are
expression vectors comprising such nucleic acid (wherein said polypeptides can optionally comprise
a leader sequence). These 1solated nucleic acids and the expression vectors comprising them can be
used to express the antibodies or antigen-binding fragments thereof in recombinant host cells. Thus,
Also provided herein are host cells comprising such isolated nucleic acids. In one embodiment, the
host cell is Chinese hamster ovary cell. In one embodiment, the host cell 1s a yeast cell, for example
a Pichia cell or a Pichia pastoris host cell.

4. BRIEF DESCRIPTION OF THE FIGURES

{6016} FIG, 1 depicts the testing of the Fab and the bispecific antibodies provided herein in the
engmeered Jurkat hPD-1.11L2kc + THP-1.PD-L1 Assay. Bispecific antibodies and Fabs were able to
reverse the immune suppression produced by the PDI-PDL1 interactions. This was measured as an
ncrease in 1L.2 mediated luciferase levels when antibodies/Fab was incubated with Jurkat cells (PD1
+vey and THPIPDLI cells (+ LPS, IFNg, aCD3).

{6017] FIG. 2 depicts 1L-2 (bottom panel) and IFN-y (top panel) production induced by

bispecific antibodies in Mixed Lymphocyte Reaction.
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{6018} FIG. 3 depicts IFN-y production of CD4+ T cell Clone 4-49 restimulated with PD-L1
transfected Y cells by bispecific antibodies.

{6019} FIG. 4 depicts a 3D representation of the CH1 {grey) and CL {white} mterface formed in
the anti-PD1 arm of the 90ASU or 18ASS bispecific antibody upon introduction of the Azymetric'™
mutations {sticks). A different set of mutations is introduced i the anti-LAG3 second arm to drive
selective formation of the correctly paired interface and avoid heavy-light chain mispairing.

{6020} FIG. 5 depicts a 3D representation of the CHI (grey) and CL (white) interface formed n
the anti-LAG3 second arm of the 90ASU or 18ASS bispecific antibody upon mtroduction of the
Azymetric™ mutations (sticks). A different set of mutations is introduced in the anti-PD-1 first arm
to drive selective formation of the correctly paired interface and avoud heavy-hight chain mispairing.
6021} FIG. 6 depicts a 3D representation of the CH3 heterodimer mnterface formed in a
bispecific antibody (18ASS and 90ASU) by heavy chain 1 {grey) and heavy chain 2 {white} upon
mtroduction of the Azymetrict™ mutations (sticks).

3. DETAILED DESCRIPTION

34 Terminology

¥

{6022] So that the mvention can be more readily understood, certam technical and scientific
terms are specifically defined below. Unless specifically defined elsewhere in this document, all
other technical and scientific terms used herein have the meaning commonly understood by one of
ordinary skill in the artto which this mvention belongs.

{6023} Asused herein, including the appended claims, the singular forms of words such as “a,”
“an,” and “the,” include their corresponding plural references unless the context clearly dictates
otherwise.

[6024] “Administration” and “treatment,” asit applies to an animal, buman, experimental
subject, cell, tissue, organ, or biological fluid, refers to contact of an exogenous pharmaceutical,
therapeutic, diagnostic agent, or composition to the animal, human, subject, cell, tissue, organ, or
biclogical flud. Treatment of a cell encompasses contact of a reagent to the cell, as well as contact
of a reagent to a fhud, where the fluid 15 in contact with the cell. “Admimistration” and “treatment”
also means i vifro and ex vivo treatments, e.g., of a cell, by a reagent, diagnostic, binding

compound, or by ancther cell
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[6025] “Treat” or “treating” means to administer a therapeutic agent, such as a composition
countaining any of the antibodies or antigen-binding fragments provided herewn, internally or
externally to a subject or patient having one or more disease symptoms, or being suspected of
having a disease, for which the agent has therapeutic activity. Typically, the agent is admimstered
i an amount effective to alleviate one or more disease symptoms in the treated subject or
population, whether by inducing the regression of or nhibiting the progression of such symptom(s)
by any chmcally measurable degree. The amount of a therapeutic agent that is effective to alleviate
any particular disease symptom can vary according to factors such as the disease state, age, and
weight of the patient, and the ability of the drug to elicit a desired response in the subject. Whether
a disease symptom has been alleviated canbe assessed by any clinical measurement typically used
by physicians or other skilled healthcare providers to assess the severity or progression status of that
symptom.

{6026] Asused herein, the term “antibody” refers to any form of antbody that exhibits the
desired biological activity. Thus, it 15 used i the broadest sense and specifically covers, but is not
iimited to, moneclonal antibodies (including full length monoclonal antibodies comprising two hight
chams and two heavy chains}, polvclonal antibodies, multispecific antibodies (e.g., bispecific
anttbodies), humanized antibodies, fully human antibodies, and chimeric antibodies.

{6027] In general, the basic antibody structural unit comprises a tetramer. Each tetramer
nchudes two identical pairs of polypeptide chains, each pair having one “hight” (about 25 kDa) and
one “heavy” chain (about 50-70 kDa). The arino-terminal portion of each chain ncludes a variable
region of about 100 to 110 or more amino acids primartly responsible for antigen recognition. The
carboxy-terminal portion of the heavy chain can define a constant region primarily responsible for
effector function,

[6028] The term “light cham” when used in reference to an antibody refers to a polypeptide
chain of about 25 kDa, wherein the amino-terminal portion includes a vanable region of about 100
to about 110 or more amino acids, and a carboxy-terminal portion includes a constant region. The
approximate length of a light cham is 211 to 217 amino acids. Typically, human hght chams are
classified as kappa (k) and lambda (1) light chains based on the amino acid sequence of the constant
domains. Light chain amino acid sequences are well known mn the art. Alight chain canbea

human light chain,
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[6029] The term “heavy cham” when used i reference to an antibody refers to a polypeptide
cham of about 50-70 kDa, wherein the ammo-terminal portion includes a variable region of about
120 to 130 or more amino acids, and a carboxy-terminal portion inclides a constant region. The
constant region canbe one of five distinct types, {e.g., isotypes) referred to as alpha (a), delta (&),
epstlon (g}, gamma (y), and mu (), based on the amino acid sequence of the heavy chain constant
region. The distinct heavy chains differ in size: o, 6, and v contain approximately 450 amino acids,
while pand ¢ contaim approximately 550 amino acids. When combined with a hight chain, these
distinct types of heavy chams give rise to five well known classes {e.g., isotypes) of
mmunoglobulin (Ig), IgA, 1gh, Igk, 1g(, and IgM, respectively, mcluding four subclasses of Ig(,
namely IgGl, 1¢G2, TgG3, and IgG4. A heavy chain canbe a human heavy chain

[6036] Within hight and heavy chams, the variable and constant regions are joined by a“l”
region of about 12 or more amino acids, with the heavy chain also including a “D” region of about
10 more amino acids. See generally, Fundamental Immunology, Ch. 7 (Paul, W, ed,, 2nd ed. Raven
Press, N Y. (1989)).

{6031} The variable regions of each light/heavy chain pair form the antibody binding site. Thus,
in general, an intact antibody has two binding sites. Except in bifunctional or bispecific antibodies,
the two binding sites are, in general, the same.

{6032 The term “variable region,” “variable domain,” “V region,” or “V domam” referstoa
portion of the light or heavy chains of an antibody that 15 generally located at the amino-terminal of
the light or heavy chain and has a length of about 120 to 130 amino acids m the heavy chain and
about 100 to 110 amino acids i the light chain, and are used in the binding and spectficity of each
particular antibody for its particular antigen. The segment of Ig chains which is variable in sequence
between different antibodies.  In some mstances, it extends to Kabat residue 109 in the hght chain
and 113 m the heavy chain. The variable region of the heavy chain may be referred to as “VH.” The
variable region of the light chain may be referred to as “VL.” The term “variable” refers to the fact
that certain segments of the variable regions differ extensively m sequence among antibodies. The
V region mediates antigen binding and defines specificty of a particular antibody for its particular
antigen. However, the variability is not evenly distributed across the 110-amino acid span of the
variable regions. Instead, the V regions consist of less variable (e g, relatively invariant) stretches

called framework regions (FRs) of about 15-30 amino acids separated by shorter regions of greater
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variability {(e.g., extreme variability) called “hypervariable regions” that are each about 9-12 amino
acids long. The variable regions of heavy and light chains each comprise four FRs, largely adopting
a [} sheet contiguration, connected by three hypervariable regions, which form loops connecting, and
i some cases form part of, the P sheet structure. The hypervariable regions i each chain are held
together in close proximity by the FRs and, with the hypervaniable regions from the other chain,
contribute to the formation of the antigen-binding site of antibodies (see, e.g., Kabatesal,
Sequences of Proteins of Immmunological Interest (5th ed. 1991)). The constant regions are not
involved directly in binding an antibody to an antigen, but exhibit various effector tunctions, such as
participation of the antibody in antibody dependent cellular cytotoxicity (ADCC) and complement
dependent cytotoxicity (CDC). The variable regions differ extensively i sequence between
different antibodies.  In specific embodiments, the variable region 1s a human vanable region.
[6033] The term “vartable region residue numbering asin Kabat” or “amino acid position
numbering as in Kabat”, and variations thereof, refer to the numbering system used for heavy cham
variable regions or hight chain varable regions of the compilation of antibodies n Kabat et af.,
supra. Using this numbering system, the actual linear amino acid sequence may contain fewer or
additional amino acids corresponding to a shortening of, or insertion into, an FR or CDR of the
variable domain. For example, a heavy chamn variable domam may nclude a single amino acid
insert (residue 52a according to Kabat) after residue 52 and three inserted residues {e.g., residues
82a, 82b, and 82c, efc. according to Kabat) after residue 82, The Kabat numbering of residues may
be deterruined for a given antibody by alignment atregions of homology  of the sequence of the
antibody with a “standard” Kabat numbered sequence. The Kabat numbering system is generally
used when referring to a residue in the variable domain (approximately residues 1-107 of the hight
chain and residues 1-113 of the heavy chain) (e.g., Kabater af, supra). The “EU numbering
systent” or “EU mdex” is generally used when referring to a residue in an snmunoglobulin heavy
chain constant region (e.g.,the EU index reported in Kabat er g/, supra}. The “EU mdex asin
Kabat” refers to the residue numbering of the human IgG 1 EU antibody.  Other numbering systems
have been described, for example, by AbM, Chothua, Contact, IMGT, and AHon

{6034] Typically, the variable domains of both the heavy and light chains comprise three
hypervariable regions, also called complementarity determining regions (CDRs), located within

relatively conserved framework regions (FR). The CDRs are usually aligned by the framework
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regions, enabling binding to a specific epitope. In general, from N-ternunal to C-ternunal, both light
and heavy chains variable domams comprise FR1, CBR1, FR2, CDRZ, FR3, CDR3 and FR4. The
assignment of amino acids to each domain is, generally, in accordance with the definitions of
Sequencesof Proteins of Immunological Interest, Kabat, ef al ; National Institutes of Health,
Bethesda, Md. ; 5t ed.; NIH Publ. No. 91-3242 (1991);, Kabat (1978} Adv. Prot. Chem. 32:1-75,
Kabat, er al., (1977} J. Biol Chem. 252:6609-6016; Chothia, ef o/, (1987} J Mol Biol 196:901-917
or Chothia, et af., (1989} Narure 342:.878-883; and for EU numbering, see Edelman, GM. et al,
Proc. Natl Acad. USA, 63, 78-85 (1969).

{6035] The hypervartable region comprises amino acid residues from a “complementarity
determining region” or “CDR” (i.e., CDRL1, CDRL2 and CDRL3 in the light chain variable domain
and CDRH1, CDRH2 and CDRH3 in the heavy chain variable domain). A “CDR” refers to one of
three hypervariable regions (H1, HZ or H3) within the non-framework region of the

mnunoglobulin (Ig or antibody) VH B-sheet framework, or one of three hypervariable regions (L1,
L2 or L3) within the non-frarmework region of the antibody VL B-sheet framework. Accordingly,
CDRs are variable region sequences interspersed within the framework region sequences. CDR
regions are well known to those skilled in the art and have been defined by, for example, Kabat as
the regions of most hypervariability within the antibody variable (V) domains (Kabat efal., 1997, 1.
Biol. Chem. 252:6609-16; Kabat, 1978, Adv. Prot. Chem. 32:1-75; Kabateral (1991} Sequences of
Protemns of Imnmunological Interest, Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, Md. (defining the CDR regions of an antibody by sequence}). CDR region sequences also
have been defined structurally by Chothia as those residues that are not part of the conserved B-sheet
tframework, and thus are able to adapt different conformations (Chothia and Lesk (1987} J. Mol
Biol 196: 901-917 (defining the CDR regions of an antibody by structure)). Both terminologies are
well recognized m the art. CDR region sequences have also been defined by AbM, Contact, and
IMGT. The positions of CDRs within a canonical antibody variable region have been determined
by comparison of numerous structures (Al-Lazikani erad, 1997, T Mol Biol 273:927-48; Morea ef
al., 2000, Methods 20:267-79). Because the number of residues within a hypervariable region
varies in different antibodies, additional residues relative to the canonical positions are

conventionally numbered with a, b, ¢ and so forth next to the residue number in the canonical
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variable region numbering scheme (Al-Lazikani et ol supra). Such nomenclature is similarly well
known to those skilled in the art.

{0036} The term “hypervariable region,” “"HVR,” or “HV,” when used herein refers to the
regions of an antibody variable region that are hypervanable mn sequence and/or form structurally
defined loops. Generally, antibodies comprise six hypervariable regions, three in the VH (H1, H2,
H3} and three in the VL (L1, L2, L3}, A number of hypervariable region delineations are in use and
are encompassed herein. The Kabat Complementarity Determining Regions (CDRs) are based on
sequence variability and are the most coromonly used {(see, e.g., Kabat et o/, supra). Chothia refers
mstead to the location of the structural loops (see, e.g., Chothia and Lesk, 1987, J. Mol Biol.
196901-17). The end of the Chothia CDR-H1 loop when numbered using the Kabat numnbering
convention varies between H32 and H34 depending on the length of the loop (this 18 because the
Kabat numbering scheme places the msertions at H35A and H35B; if neither 35A nor 358 15
present, the loop ends at 32; if only 35A is present, the loop ends at 33; if both 35A and 35B are
present, the loop ends at 34). The AbM hypervariable regions represent a compromise between the

Kabat CDRs and Chothia structural loops, and are used by Oxford Molecular’s AbM antibody

modeling software (see, e.g., Antibody_Engmeering Vol 2 (Kontermann and Diibel eds., 2d ed.
2010)). The “contact” hypervariable regions are based on an analysis of the available complex
crystal structures. The residues from each of these hypervariable regions or CDRs are noted below.
{6037} Recently, auniversal numbering system has been developed and widely adopted,
ImMunoGeneTics (IMGT) Information System® (Lafranc ef ¢/, 2003, Dev. Comp. Immunol.
27(13:55-77). IMGT s an integrated mformation system specializing in immunoglobuling (1G), T
cell receptors (TCR), and major histocompatibility complex (MHC) of human and other vertebrates.
Herem, the CDRs are referred to in terms of both the amino acid sequence and the location within
the light or heavy chain. Asthe “location” of the CDRs within the structure of the mmunoglobulin
vartable domain is conserved between species and present in structures called loops, by using
numbering systems that align variable domain sequences according to structural features, CDR and
framework residues are readily dentified.  This mformation canbe used in grafting and replacement
of CDR residues from immunoglobulins of one species into an acceptor framework from, typically,
a human antibody. An additional numbering system {AHon} has been developed by Honegger and

Plickthun, 2001, J. Mol Biol. 309: 657-70. Correspondence between the numbering system,
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mcluding, for example, the Kabat numbering and the IMGT unique numbering system, is well
known to one skilled in the art(see, e.g., Kabat, supra, Chothia and Lesk, supra; Martin, supra,
Lefranc ef o/, supra). Insome embodiments, the CDRs are as defined by the IMGT numbering
system. In other embodiments, the CDRs are as defined by the Kabat numbering system. In certain
embodiments, the CDRs are as defined by the AbM numbering system. In other embodiments, the
CDRs are as defined by the Chothia system. In yet other embodiments, the CDRs are as defined by

the Contact numabering system.

MGT Kabat AbM Chothia Cortact
Vq CDR1 | 27-38 31-35 26-35 26-32 30-35
Vu CDR2 | 56-65 50-65 50-58 33-55 47-58
Yy CDR3 105-117 93-102 95-102 96-101 93-101
Vi CBR1 27-38 24-34 24-34 26-32 30-36
Vi CBR2 56-65 30-56 50-56 50-52 46-55
Vi CDR3 105-117 89-97 89-97 91-96 39-96

{6038]  Hypervariable regions may comprise “extended hypervariable regions” as follows: 24-36
or 24-34 (1.1}, 46-56 or 50-56 (L2}, and &9-97 or 89-96 (L.3) m the VL, and 26-35 or 26-35A (H1),
50-65 or 49-65 (H2), and 93-102, 94-102, or 95-102 (H3) in the VH. Asused herein, the terms
“HVR” and “CDR” are used mterchangeably.

[86039]  Asused herein, the term “framework” or “FR” refers to those variable region residues
flanking the CDRs. FR residues are present, for example, in chimeric, humanized, human, domain
anttbodies, diabodies, linear antibodies, and bispecific antibodies. FR residues refers to those
variable domain residues other than the hypervariable region residues defined herein as CDR
residues.

0040} An “F¢” region contains two heavy chain fragments comprising the Cg3 and Cy2
domains of an antibody. The two heavy chain fragments are held together by two or more disulfide
bonds and by other interactions including hydrophobic interactions of the Cy3 domains. Fe regions

are defined as a C-terminal region of an immunoglobulin heavy chain, including, for example,
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native sequence Fe regions, recombinant Fc regions, and variant Fe regions.  Although the
boundaries of the Fe region of an immunoglobulin heavy chain might vary, the human Ig(G heavy
chaimn Fc region is often defined to stretch from an amino acid residue at position Cys226, or from
Pro230, to the carboxyl-terminus thereof. The C-termunal lysine (residue 447 according to the EU
numbering system) of the Fe region may be removed, for example, during production or purification
of the antibody, or by recombinantly engineering the nucleic acid encoding a heavy chain of the
antibody. Accordingly, a composition of mtact antibodies may comprise antibody populations with
all K447 residues removed, antibody populations with no K447 residues reroved, and antibody
populations having a mixture of antibodies with and without the K447 residue.

{06041} The term “constant region” or “constant domain” refers to a carboxy termimal portion of
the light and heavy chamm which is not directly mvolved i binding of the antibody to antigen but
exhibits various effector function, such as interaction with the Fc receptor. The term refers to the
portion of an mmunoglobulin molecule having a more conserved amino acid sequence relative to
the other portion of the immunoglobulin, the vanable region, which contains the antigen binding
site. The constant region may contain the CH1, CH2, and CH3 regions of the heavy chain and the
CL region of the light chain. An “IgG1 constant domain” includes all allotypes of the heavy chamn
IgGl protein with or without the C-terminal lysine (K), mcluding but not kuted to Gim3,
Gimi7,1, Giml7, Gimi7,1,2, GIm{f), Glm(za), and Glm{zax). See Table 1 of Jefferisefal,
mAbs 14, 1.7, 2009, and Lefranc G and Lefranc MP, IMGT®, the nternational
ImMunoGeneTics® mformation system (world wide web:

imgt.org/textes/IMGTreperioire/Proteins/allotypes/human/1GH/AIGHC/Hu 1GHCallotvpes] htmi).

In one embodiment, the IgGl constant domain without a C-terminal lysine is SEQ ID NG:124.
{60421 A “Kappa constant region” mcludes all allotypes of the hght chain kappa protein,
mncluding but not mited 1o Kmi, K2 and Km3. See Jefferis ¢7 o/, mAbs 14, 1-7, 2009, In one
embodiment, the kappa constant domain s SE(Q 1D NG:125.

{6043} The term “single-chain Fv” or “scFv” antibody refers to antibody fragments comprising
the Vg and Vi, domains of an antibody, wherein these domains are present i a single polypeptide
chain. Generally, the Fv polypeptide further comprises a polypeptide linker between the Vi and Vi
domains which enables the scFv to torm the desired structure for antigen-binding.  For a review of

scFy, see Pluckthun (1994) The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and
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Moore eds. Springer-Verlag, New York, pp. 269-315. See also, International Publ. No. WO
B3/01649 and U.S. Pat. Nos. 4,946, 778 and 5260203, In one embodiment, the scFv comprises
tfrom Nto C terminal the Vy region, the peptide linker and the Vi region. In ancther embodiment,
the scFv comprises from N to C terminal the Vi, region, the peptide hnker and the Vy region.
{6044 Asused herein, the term “diabodies” refers to small antibody fragments with two
antigen-binding sites, which fragments comprise a heavy chain variable domain (Vy) connected to a
light chain variable domam (Vi) i the same polypeptide chan (Vy-Vi or Vi-Vy). By using a
linker that is too short to allow pawring between the two domains on the same chain, the domains are
forced to parr with the complementary domains of ancther chain and create two antigen-binding
sites. Diabodies are described more fully n, e.g., EP 404,097, WG 93/11161; and Holliger ef al
(1993) Proc. Natl. Acad. Sci. US4 90: 6444-6448. For areview of engineered antibody varants
generally see Holliger and Hudson (2005) Nar. Biotechnol 23:1126-1136.

[0045] A “Fab” is comprised of the VH and CH1 regions of a heavy cham and the VL and CL
regions of a hight chain, which are typically joined together by disulfide bonds and have a single
antigen binding site. The VH, CH1, VL and CL regions in a Fab can be arranged in various ways 1o
confer an antigen binding capability according to the present disclosure. For example, the VH and
CH1 regions can be on one polypeptide, and the VL and CL regions can be on a separate
polypeptide. Alternatively, VH, CH1, VL and CL regions can all be on the same polypeptide,
optionally arranged in different orders.

[6046] Also provided herein are anti-PD-1/LAG3 bispecific antibodies and methods of use
thereof. An “anti-PD-1/LAGS bispecific antibody” comprises an anti-PD-1 antigen-binding arm
comprising a heavy chain variable region and a light chain vanable region, and an anti-LAG3
antigen-binding arm comprising a heaving cham variable region and a light cham variable region.
In a specific erbodiment, the bispecific antibody is a heterodimer with an anti-PD-1 antigen-
binding arm comprising a heavy and light chain, and an anti-LAG3 antigen-binding arm comprising
a heavy and light chain. The two antigen-binding arms associate to form a heterodimer via the two
heavy chain constant regions that have mutations in the CH3 region (see, for example, FIG. 6).
{00471 Also provided herein are anti-PD-1/LAG3 antigen-binding fragments and anti-PD-1 or
LAG3 antigen-binding fragments and methods of use thereof. As used herem, unless otherwise

ndicated, “antibody fragment” or “antigen-binding fragmeunt” refers to antigen-binding fragmeuts of
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antibodies or hispecific antibodies, ie. antibody fragments that retain the ability to bind specifically
to the antigen bound by the full-length antibody, e.g. fragments that retaim one or more CDR
regions. Examples of antigen-binding fragments include, but are not limited to, Fab, Fab’, F(ab'),,
and Fv fragments; diabodies; linear antibodies; single-chain antibody molecules, e.g., scFv; half
bispecific molecule comprising the heavy and light chain of one antigen-binding arm.

{G048] Typically, an antibody, bispecific antibody or antigen-binding fragment provided herein
which 15 modified in some way retains at least 10% of its binding activity (when compared to the
parental antibody) when that activity is expressed on a roolar basis. In certain embodiments, an
antibody or bispecific antibody or antigen-binding fragment provided herein retains at least 20%,
50%, 70%, 80%, 90%, 95% or 100% or more of the PD-1 or LAG3 binding affmity as the parental
antibody. It 1s also miended that an antibody, bispecific antibody or antigen-binding fragment
provided heremn can mclude conservative or non-conservative amino acid substitutions (referred to
as “conservative variants” or “function conserved variants” of the antibody) that do not substantially
alter its biologic activity.

{6049 In certain aspects, provided herein are isolated anti-PD-1/LAG3 bispecific antibodies and
antigen-binding fragments thereof and methods of use thereof. “Isclated” antibodies or bispecific
anttbodies or antigen-binding fragments thereot are at least partially free of other biclogical
molecules from the cells or cell cultures in which they are produced. Such biological molecules
nclude nucleic acids, proteins, lipids, carbohydrates, or other material such as cellular debris and
growth medium.  Anisolated antibody or antigen-binding fragment can further be at least partially
free of expression system components such as biological molecules from a host cell or of the growth
medmim thereof. Generally, the term “isolated” is not intended to referto a complete absence of
such biclogical molecules or to an absence of water, buffers, or salts or to components of a
pharmaceutical formulation that mcludes the antibodies or fragments.

[3050] “Isolated nucleic acid molecule” or “isolated polynuclectide” means a DNA or RNA of
genomic, mBRNA, cDNA, or synthetic origin or some combmation thereof which is not associated
with all or a portion of a polynucleotide 1 which the 1solated polynucleotide s found in nature, or i
linked to a polynuclectide to which it 15 not linked in nature. For purposes of this disclosure, it
should be understood that “a nucleic acid molecule comprising” a particular nucleotide sequence

does not encompass wtact chromosomes. Isolated nucleic acid molecules “comprising” specified
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nucleic acid sequences can include, m addition to the specified sequences, coding sequences for up
to ten of even up to twenty or more other proteins or portions or fragments therecf, or can include
operably linked regulatory sequences that control expression of the coding region of the recited
nucleic acid sequences, and/or can mclude vector sequences.

{6051 The phrase “control sequences” refers to BNA sequences necessary for the expression of
an operably linked coding sequence in a particular host organism. The control sequences that are
suitable for prokaryotes, for example, mclude a promoter, optionally an operator sequence, and a
ribosore binding site. Eukaryotic cells are known to use promoters, polyadenylation signals, and
enhancers.

{6052] A nucleic acid or polynucleotide s “operably linked” when it 15 placed into a functional
relationship with ancther nucleic acid sequence. For example, DNA for a presequence or secretory
leader 13 operably linked to BNA for a polypeptide if i is expressed as a preprotemn that participates
i the secretion of the polypeptide; a promoter or enhancer is operably hinked to a coding sequence if
it affects the transcription of the sequence; or a ribosome binding site is operably hoked to a coding
sequence if it is positioned so as to facilitate translation. Generally, but not always, “operably
linked” means that the DNA sequences being linked are contiguous, and, in the case of a secretory
leader, contiguous and i reading phase. However, enhancers do ot have to be contiguous.

Linking s accomplished by ligation atconvenient restriction sites. I such sites do not exist, the
synthetic oligonucleotide adaptors or linkers are used i accordance with conventional practice.
[6053] Asused herem, the expressions “cell” “cell ine,” and “cell culture” are used
nterchangeably and all such designations include progeny. Thus, the words “transformants” and
“transformed cells” inchide the primary subject cell and cultures derived therefrom without regard
for the number of transfers. It 15 also understood that not all progeny will have precisely identical
DNA content, due to deliberate or madvertent mutations. Mutant progeny that have the same
function or biclogical activity as screened for in the originally transformed cell are included. Where
distinct designations are intended, it will be clear from the context.

{6054] Asused herein, “germline sequence” refers to a sequence of unrearranged
mmunoglobulin DNA sequences. Any suitable source of unrearranged immunoglobulin sequences
can be used. Human germhine sequences canbe obtamed, for example, from JOINSOLVER

germiing databases on the websie for the National Instiiute of Arthritis and Musculoskeletal and
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Skin Diseases of the United States National Institutes of Health. Mouse germline sequences canbe
obtained, for example, as described in Gudicelli ef a/l. (2005 Nucleic Acids Res. 33.D256-D261.
5.2 Anti-PD-1/LAGS Bispecific Antibodies and Antige n-binding Fragme nts
{60S5] In one aspect, provided herein is an anti-PD-VLAG-3 bispecific antibody comprising an
anti-PD-1 antigen binding fragment, and an ant-LAG3 antigen binding fragment.
[0056] I one embodiment, provided herein is an ant-PD-1/LAG-3 bispecific antibody
comprising:
(A) ananti-PD-1 antigen-binding fragment comprising: (1) a heavy chain variable region CDR1
comprising the amino acid sequence of SEQ D NOS8, (it} a heavy chain variable region CDR2
comprising the aminc acid sequence of SEQ ID NO 91, (i} a heavy chain varable region CDR3
comprising the amino acid sequence of SEQ ID NO:10, (iv) alight chain variable region CDR1
comprising the amino acid sequence of SEQ ID NO3, (v) alight chain variable region CDR2
comprising the amino acid sequence of SEQ 1D NQs:15, 18, 21, 25, 29, 32, or 35, and (vi} light
chain variable region CDR3 comprising the amino acid sequence of SEQ ID NO'S, 22, or 26, and
(B)  anaoti-LAG3 antigen-binding fragment comprising: (1) a heavy chaim variable region CDR1
comprising the amino acid sequence of SEQ ID NO:112, (i) a heavy chain varable region CDR2
comprising the amino acid sequence of SEQ ID NO:113, (it} a heavy chain vanable region CDR3
comprising the anmno acid sequence of SEQ 1D NO:114, (iv) a light chamn variable region CDR1
comprising the amino acid sequence of SEQ 1D NO:115, (v} alight cham variable region CDR2
comprising the amino acid sequence of SEQ ID NO:116, and (vi} alight cham varable regon
CDR3 comprising the amimo acid sequence of SEQ D NO:117.
{6057] In some embodiments, the light chamn vartable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ ID NO:15, and the light chain variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
B NGS5, Insome embodiments, the hght chain variable region CBR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ ID NO:18, and the hght chain variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the ammno acid sequence of SEQ
ID NOS. In some embodiments, the light chain variable region CDRZ2 of the anti-PD-1 antigen-
binding fragment comprises the ammno acid sequence of SEQ ID NO:21, and the light chain variable

region CDR3 of the anti-PD-1 antigen-binding fragment comprises the ammo acid sequence of SEQ
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D NO:S. In some embodunents, the light chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ ID NO:25, and the light chain variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
D NOS. Insome embodiments, the light cham vanable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ [D NO:29, and the hight cham variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
D NO:S. In some embodunents, the light chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the ammno acid sequence of SEQ D NG 32, and the light cham variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
D NO:S. In some embodiments, the light chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ 1D NO:35, and the hght cham vanable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
D NOS.

{6058] In some embodients, the hght chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ ID NO: 15, and the hight chain variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
D NO22. In some embodunents, the hight chain varable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ [D NO:18, and the hght cham variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
ID NO22  In some embodiments, the light chain variable region CDR2 of the ant-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ ID NO:21, and the light chain variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
D NO22 In some embodiments, the light chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ 1D NO:25, and the hght cham varable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
D NO22 Insome embodiments, the light chain variable region CDRZ of the anti-PD-1 antigen-
binding f{ragment comprises the amino acid sequence of SEQ ID NO:29, and the hght cham variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
D NO22 Insome embodiments, the hight cham varable region CDR2 of the anti-PD-1 antigen-

binding fragment comprises the amino acid sequence of SEQ 1D NO:32, and the hght cham vanable
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region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
I3 NO22  Insome embodiments, the hight chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the ammno acid sequence of SEQ ID NO:35, and the light chain variable
region CDR3 of the anti-PD-1 antigen-binding fragrent comprises the amino acid sequence of SEQ
1 NO 22,

{0059] In some embodiments, the light chain variable region COR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ D NG:15, and the light chain varable
region CDR3 of the anti-PD-1 antigen-binding fragroent comprises the amino acid sequence of SEQ
D NO26. 1o some embodiments, the light chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ D NG:18, and the light chain varable
region CDR3 of the anti-PD-1 antigen-binding fragment compnises the amino acid sequence of SEQ
I3 NO26. Insome embodiments, the hight chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ ID NO:21, and the hght cham variable
region CDR3 of the anti-PD-1 antigen-binding fragroent comprises the amino acid sequence of SEQ
D NO:26. In some embodiments, the light chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amno acid sequence of SEQ ID NO:25, and the light chain variable
region CDR3 of the anti-PD-1 antigen-binding fragroent comprises the amino acid sequence of SEQ
3 NO26. In some embodiments, the light chain variable region CDR2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ ID NO:29, and the hght chain variable
region CDR3 of the anti-PD-1 antigen-binding fragment compnises the amino acid sequence of SEQ
I3 NO26. Insome embodiments, the light chain variable region CDRZ2 of the anti-PD-1 antigen-
binding fragment comprises the amino acid sequence of SEQ ID NO:32, and the light chain variable
region CDR3 of the anti-PD-1 antigen-binding fragroent comprises the amino acid sequence of SEQ
ID NO:26  In sore embodiments, the light chain variable region CDR2 of the ant-PD-1 antigen-
binding fragment comprises the amno acid sequence of SEQ ID NO:35, and the light chain variable
region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino acid sequence of SEQ
D NG 26

{3060] In one embodiment, the anti-PD-1 antigen-binding fragment comprises: (i} a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ ID NO:3B, (i} a heavy cham

variable region CDR2 comprising the amino acid sequence of SEQ 1D NOS1, (w) aheavy chain
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variable region CDR3 comprising the amino acid sequence of SEQ ID NO:10, (iv) alight chain
variable region CDRI1 comprising the amino acid sequence of SEQ 1D NO3, (v) a light chain
variable region CDR2 comprising the amine acid sequence of SEQ 1D NO:21, and (vi} a hight chain
variable region CDR3 comprising the amino acid sequence of SEQ D NO:22.

{6061 In another embodiment, the anti-PD-1 heavy chain variable region CDR2 comprises the
amine acid sequence of SEQ ID NOS6.

[6062] In a further embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy
cham variable region comprising the amino acid sequence set forth m SEQ 1D NO 92, and a hght
chain variable region comprising the amino acid sequence set forth in SEQ 1D NOs:14, 17, 20, 24,
28, 31, or 34; and the anti-L AG3 antigen-binding fragment comprises an ant-L AG3 heavy cham
variable region comprising the amino acid sequence of SEQ 1D NO:97, and alight chamn variable
region comprising the amino acid sequence of SEQ ID NG99, In vet a further embodiment, the
anti-PD-1 antigen-binding fragment comprises a heavy chain variable region comprising the amino
acid sequence set forth m SEQ 1D NO92, and a light chain variable region comprising the amino
acid sequence set forth in SEQ ID NO20; and the anti-LAG3 antigen-binding fragment comprises
an anti-LAG3 heavy chamn variable region comprising the amino acid sequence of SEQ ID NO:97,
and a light chain variable region comprising the amino acid sequence of SEQ ID NG99, Invyeta
further embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain variable
region comprising the amino acid sequence setforth in SEQ ID N(G:92, and a light chain variable
region comprising the amino acid sequence set forth in SEQ ID NG:14; and the ant-LAG3 antigen-
binding fragment comprises an anti-LAG3 heavy chain variable region comprising the amino acid
sequence of SEQ ID NO:97, and a light chain vaniable region comprising the amino acid sequence
of SEQ 1D NO99. Iuyet a turther embodiment, the anti-PD-1 antigen-binding fragmeunt comprises
a heavy chain variable region comprising the amino acid sequence set forth m SEQ ID NGO:92, and a
light chain variable region comprising the ammo acid sequence set forth in SEQ ID NO:17; and the
anti-LAG3 antigen-binding fragment comprises an anti-LAG3 heavy chain variable region
comprising the amino acid sequence of SEQ ID NO:O7, and alight chain variable region comprising
the amino acid sequence of SEQ 1D NO:99. In yet a further embodiment, the anti-PD-1 antigen-
binding fragrment comprises a heavy chain variable region comprising the ammo acid sequence set

forth n SEQ 1D NO92, and a hight chain vanable region comprising the amino acid sequence set
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forth in SEQ ID NO 24, and the anti-LAG3 antigen-binding fragment comprises an anti-LAG3
heavy chain variable region comprising the amino acid sequence of SEQ 1D NO:97, and a light
chain variable region comprising the amino acid sequence of SEQ ID NG99, In vet a further
embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy cham variable region
comprising the amino acid sequence set forth in SEQ ID N(G:92, and a light chain variable region
comprising the amino acid sequence set forth in SEQ [D NO:28&; and the anti-LAG3 antigen-binding
fragment comprises an ant-LAG3 heavy chain variable region comprising the amino acid sequence
of SEQ 1D NO97, and a light chain variable region comprising the armino acid sequence of SEQ ID
NO99. Invet a further embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy
chain variable region comprising the ammo acid sequence set forth m SEQ 1D NG 92, and a light
chain variable region comprising the amino acid sequence set forth m SEQ 1D NO31; and the anti-
LAG3S antigen-binding fragment comprises an anti-LAG3 heavy chain variable region comprising
the ammno acid sequence of SEQ 1D NO97, and a light chain variable region comprisimg the amino
acid sequence of SEQ ID NG99, In yet a further embodiment, the anti-PD-1 antigen-binding
fragment comprises a heavy chain variable region comprising the amino acid sequence set forth
SEQ ID NO©92, and a light cham varable region comprising the amino acid sequence set forth in
SEQ ID NO34; and the anti-LAG3 antigen-binding fragment comprises an anti-LAG3 heavy cham
variable region comprising the amino acid sequence of SEQ ID NO97, and a hight chain variable
region comprising the amino acid sequence of SEQ D NO:99.

[6063] In yet a further erobodiment, the anti-PD-1 antigen-binding fragment comprises a heavy
chain variable region comprising the amino acid sequence set forth in SEQ ID NO:85, and a light
cham variable region comprising the ammo acid sequence set forth in SEQ ID NO20; and the anti-
LAG3 antigen-binding fragment comprises an anti-LAG3 heavy chain variable region comprising
the amino acid sequence of SEQ ID NO97, and a light chain variable region comprising the amno
acid sequence of SEQ ID NG99

0064} In one embodiment, the anti-PD-1/LAG-3 bispecific antibody comprises: (A)an anti-
PD1 antigen-binding fragment comprising a heavy chain comprising a heavy chain variable region
comprising the amino acid sequence set forth in SEQ [D NG:92 and an 1gGl constant region
comprising CHI mutations 145E, 147T, 175E, and 1831, and CH3 mutations 350V, 351V, 4054,

and 407V, and alight chain comprising a light chain variable region comprising the amino acud
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sequence set forth in SEQ ID NO:Z0 and a kappa constant region comprising Cx mutations 124R
and 178R; and (B) an anti-LAG3 antigen-binding fragment comprising a heavy chain comprising a
heavy cham variable region comprising the amino acid sequence of SEQ ID NO:97 and an IgGl
constant region comprising CH1 mutation 181K, and CH3 mutations 350V, 366L, 3921, and 394W,
and a light chain comprising a light chain variable region comprising the amino acid sequence of
SEQ 1D NO:99 and a kappa constant region comprising Cx mutations 124E, 1317, 178Y, and 18CE
(EU numberg).

{6065} In another embodiment, the ant-PD-1/LAG-3 bispecific antibody comprises: (A) an anti-
PD-1 antigen-binding fragment comprising a heavy chain comprising a heavy chain variable region
comprising the amino acid sequence set forth in SEQ ID NO92 and an IgGl constant region
comprising CHT mutations 14SE, 147T, 175E, and 1831, and CH3 mutations 350V, 366L, 3921,
and 394W, and a light chain comprising a light chain variable region comprising the amino acid
sequence set forth in SEQ ID NO:20 and a kappa constant region comprising Cx mutations 124R
and 178R; and (B) an anti-LAG3 antigen-binding fragrment comprising a heavy chain comprising a
heavy chamn variable region comprising the amino acid sequence of SEQ ID NO97 and an Ig(!
constant region comprising CH1 mutation 181K, and CH3 mutations 350V, 351Y, 405A, and 407V,
and a light chain comprising a hight chamn varable region comprising the amino acid sequence of
SEQ 1D NO:99 and a kappa constant region comprising Cx mutations 124E, 1317, 178Y, and 180E
(EU numbering).

[6066] In a further erbodiment, the anti-PD-1/LAG-3 bispecific antibody comprises: (A) an
anti-P13-1 antigen-binding fragment comprising a heavy chain comprising a heavy chain variable
region comprising the amino acid sequence set forth in SEQ ID NG:92 and an IgGl constant region
comprising CHI mutations 145E, 147T, 175E, and 183L, and a light chain comprising a light chain
variable region comprising the amino acid sequence set forth in SEQ 1D NO:20 and a kappa
constant region comprising Cx mutations 124R and 178R; and (B) ananti-LAG3 antigen-binding
fragment comprising a heavy chain comprising a heavy chain variable region comprising the amino
acid sequence of SEQ ID NG97 and an IgGl constant region comprising CHI mutation 181K, and
a light chain comprising a light chain variable region comprising the amino acid sequence of SEQ
D NO:99 and a kappa constant region comprising Cx mutations 124E, 1317, 178Y, and 180E;

wherein the IgGl heavy chain constant regions of the anti-PD-1 and anti-LLAG3 antigen-binding
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fragments further comprise pairs of CH3 mutations selected from the group consisting of:
351Y/405A/407V and 3661/392M/394W; 351Y/405A/407V and 366L/392L./394W,; and
351Y/405A/407V and 366L/392M/394W (EU numbering).  In some embodiments, the pair of CH3
mutations 15 351Y/405A/407V and 3661/392M/394W.  In some embodiments, the pair of CH3
mutations 18 351Y/405A/407V and 3661./392L./394W.  In some embodiments, the pair of CH3
mutations 18 351Y/405A/407V, and 366L/392M/394W.

[6067] In one embodiment, the pairs of CH3 mutations are selected from the group consisting
of: 350V/351Y/405A4/407V and 3661/392M/394W; 350V/351Y/405A/407V and 366L/392L/394W;
and 350V/351Y/405A/407V and 366L/392M/394W . 1n some embodiments, the pair of CH3
mutations 18 350V/351Y/405SA/407V and 3661/392M/394W.  In some embodiments, the pair of CH3
routations s 350V/351Y/405A/407V and 3661/3921./394W.  In some embodiments, the pair of CH3
mutations is 350V/351Y/405A/407V and 366L/392M/394W .

{6068] In yet a further embodiment, the anti-PD-VLAG-3 bispecific antibody comprises: (A) an
anti-PD-1 antigen-binding fragroent coraprising a heavy chain comprising a heavy chain vanable
region comprising the amino acid sequence set forth in SEQ ID NO:92 and an 1gG1 constant region
comprising CH1 mutations 145E, 147T, 175E, and 1831, and CH3 mutations 350V, 351Y, 4054,
and 407V, and a light chain comprising a light chain variable region comprising the amino acid
sequence set forth in SEQ 1D NOs:14, 17, 20, 24, 28, 31, or 34 and a kappa constant region
comprising Cx mutations 124R and 178R; and (B) an anti-LAG3 antigen-binding fragment
comprising a heavy chain comprising a heavy chain variable region comprising the amino acid
sequence of SEQ 1D NO:97 and an IgG1 constant region comprising CH1 mutation 181K, and CH3
mutations 350V, 360L, 3921, and 394W, and alight chain comprising a light chain variable region
comprising the amino acid sequence of SEQ ID NO:99 and a kappa constant region comprising Cx
mutations 124E, 1317, 178Y, and 180E.

{0069} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
comprising a heavy chain variable region comprising the amino acid sequence set forth n SEQ ID
NO 92 and an IgGl constant region comprising CHT mutations 145E, 1477, 175E, and 1831, and
CH3 ntations 350V, 351Y, 405A, and 407V, and a light cham comprising a light chain variable
region comprising the amino acid sequence set forth in SEQ ID NG:14 and a kappa constant region

comprising Cx mutations 124R and 178R.
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[6070] In one embodment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn
comprising a heavy chain variable region comprising the amino acid sequence set forth in SEQ ID
NO:92 and an IgGl constant region comprising CHI1 mutations 145E, 1477, 175E, and 1831, and
CH3 mutations 350V, 351Y, 405A, and 407V, and a hight chaim comprising a light chain vanable
region comprising the amino acid sequence setforth in SEQ 1D NG:17 and a kappa constant region
comprising Cx mutations 124R and 178R.

{6071} In another embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn
comprising a heavy chain variable region comprising the amino acid sequence set forth in SEQ ID
NO92 and an Ig(G1 constant region comprising CH1T mutations 145E, 1471, 175E, and 183L, and
CH3 mutations 350V, 351Y, 405A, and 407V, and a light cham comprising a hght chain variable
region comprising the amino acid sequence set forth m SEQ ID NG:20 and a kappa constant region
comprising Cx mutations 124R and 178R.

{6072] In another embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
comprising a heavy chain variable region comprising the amino acid sequence set forth in SEQ ID
NO:92 and an Ig(31 constant region comprising CHT mutations 145E, 1471, 175E, and 183L, and
CH3 mutations 350V, 351Y, 4054, and 407V, and a light chain comprising a light chain variable
region comprising the amino acid sequence set forth in SEQ 1D NO:24 and a kappa constant region
comprising Cx mutations 124R and 178R.

{607 3] In yet ancther embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy
chain comprising a heavy cham variable region comprising the amino acid sequence set forth m
SEQ D NO92 and an Ig(Gl constant region comprising CHT mutations 145E, 147T, 175E, and
I83L, and CH3 mutations 350V, 351Y, 405A, and 407V, and a light chain comprising a light chain
variable region comprising the amino acid sequence set forth in SEQ ID NO 28 and a kappa
constant region comprising Cw mutations 124R and 178R.

{6674} In yet another embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy
chain comprising a heavy chain varable region comprising the amino acid sequence set forth in
SEQ ID NO92 and an IgGl constant region comprising CHI mutations 14SE, 1471, 17SE, and
183L, and CH3 mutations 350V, 351Y, 405A, and 407V, and a light chain comprising a light cham
variable region comprising the ammo acid sequence set forth m SEQ ID NO:31 and a kappa

constant region comprising Cw mutations 124R and 178R.
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{6075] In yet ancther embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy
chamn comprising a heavy chain variable region comprising the amino acid sequence setforth in
SEQ ID NO92 and an IgGl constant region comprising CHT mutations 1458, 1471, 175E, and
1831, and CH3 mutations 350V, 351Y, 405A, and 407V, and a hight chain comprising a light chain
variable region comprising the amino acid sequence set forth in SEQ 1D NO 34 and a kappa
constant region comprising Cx nutations 124R and 178R.

{6076] In some specific embodiments, the anti-PD-1/LAG3 bispecitic antibody comprises: an
anti-PD-1 heavy chain comprising the amino acid sequence of SEQ ID NO:102 and a light chan
comprising the amino acid sequence of SEQ ID NG:103, and an anti-LAG3 heavy chain comprising
the amino acid sequence of SEQ ID NO:96 and a light chain comprising the amino acid sequence of
SEQ ID NO98.

10077] In another aspect, provided herein is an ant-PD-1/LAG-3 bispectfic antibody
COMprising:

(A) an ant-PD-1 antigen-binding fragment comprising: (i) a heavy chain variable region
CDR1 comprising the amino acid sequence of SEQ ID NOE, (i) a heavy chain variable region
CDR2 comprising the amino acid sequence of SEQ ID NO:91, (i) a heavy chain variable region
CDR3 comprising the ammmo acid sequence of SEQ 1D NO:10, or 41, (iv) a hight chain variable
region CDRI1 comprising the amino acid sequence of SEQ 1D NO3, (v) a ight chain variable region
CDR2Z comprising the amino acid sequence of SEQ ID NO4, and (vi) a light chain variable region
CDR3 comprising the amino acid sequence of SEQ ID NO'S; and

(B) ananti-LAG3 antigen-binding fragment comprising: (i) a heavy chain variable region CDR1
comprising the amino acid sequence of SEQ ID NO:112, (i1} a heavy chain variable region CDRZ
comprising the amino acid sequence of SEQ 1D NG:113, (ui) a heavy chain variable region CDR3
corprising the anmino acid sequence of SEQ 1D NO:114, (vi) a light chamn variable region CDR1
comprising the amino acid sequence of SEQ ID NO:115, (v) a light chain variable region CDR2
comprising the amino acid sequence of SEQ ID NO:116, and (vi} alight cham variable region
CDR3 comprising the amimo acid sequence of SEQ D NO:117.

{6078] In some embodiments, the heavy chain vaniable region CDR3 of the anti-PD-1 antigen-

binding fragrment comprises the amino acid sequence of SEQ ID NO:10. In other embodiments, the
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heavy chain variable region CDR3 of the anti-PD-1 antigen-binding fragment comprises the amino
actd sequence of SEQ ID NO 41

{6079} In one embodiment, the anti-PD-1 heavy cham variable region CDR2 comprises the
amino acid sequence of SEQ ID NO:86.

{6080] In another embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn
variable region comprising the amino acid sequence set forth in SEQ 1D NO:95 and a light chain
variable region comprising the ammo acid sequence set forth i SEQ 1D NGO76; and wherem the
anti-LAG3 astigen-binding fragment comprises an anti-LAG3 heavy chain varable region
comprising the amino acid sequence of SEQ ID NO:97 and hght chain variable region comprising
the amino acid sequence of SEQ ID NO99.

{6081} Also provided herem is an anti-PD-1/LAG-3 bispecific antibody comprising: (A) an anti-
PD-1 antigen-binding fragment comprising a heavy chain comprising a heavy chain variable region
comprising the amino acid sequence set forth in SEQ ID NG93 and an IgGl constant region
comprising CHI mutations 145E, 147T, 173E, and 183L, and CH3 mutations 350V, 351Y, 4054,
and 407V, and a light chain comprising a light chain variable region comprising the amino acid
sequence set forth in SEQ ID NG:76 and a kappa constant region comprising Cx mutations 124R|
and T178R; and (B) an anti-LAG3 antigen-binding fragment comprising a heavy chain comprising a
heavy chain variable region comprising the amino acid sequence of SEQ ID NO:97 and an IgGl
constant region comprising CHI mutation 181K, and CH3 mutations 350V, 360L, 3921, and 394W,
and a light chain comprising a light chain variable region comprising the amino acid sequence of
SEQ 1D NO©99 and a kappa constant region comprising Cwx mutations 124E, 1317, 178Y, and 180E.
{6082} Also provided herein is an anti-PD-1/LAG-3 bispecific antibody comprising: (A} an anti-
PD-1 antigen-binding fragment comprising a heavy chain comprising a heavy chain variable region
comprising the anmino acid sequence set forth i SEQ ID NGO 93 and an IgGl constant region
comprising CH1 nmutations 145E, 1471, 175E, and 1831, and CH3 mutations 350V, 366L, 3921,
and 394W, and a light cham comprising a light cham variable region comprising the amino acid
sequence set forth in SEQ ID NO:76 and a kappa constant region coroprising Cx mutations 124R,
and 178R; and (B) an anti-LAG3 antigen-binding fragment comprising a heavy chain comprising a
heavy chaim variable region comprising the amino acid sequence of SEQ ID NO97 and an IgGl

constant region comprising CHI mutation 181K, and CH3 routations 350V, 351Y, 4054, and 407V,
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and a light chain comprising a light chain variable region comprising the amino acid sequence of
SEQ I NO©99 and a kappa constant region comprising Cx mutations 124E, 1317, 178Y, and 180E.
{6083} Also provided herein is an anti-PD-1/LAG-3 bispecific antibody comprising: (A) an anti-
PD-1 antigen-binding fragment comprising a heavy chain comprising a heavy chain variable region
comprising the amino acid sequence set forth in SEQ [D NG:93 and an IgGl constant region
comprising CH1 mutations 145E, 147T, 175E, and 183L, and a light chain comprising a light chain
variable region comprising the amino acid sequence set forth in SEQ ID NO:76 and a kappa
constant region comprising Cx mutations 124R and 178R; and (B) ananti-LAG3 antigen-binding
fragment comprising a heavy chain comprising a heavy chain variable region comprising the amino
acid sequence of SEQ ID NO 97 and an IgGl constant region comprising CHI mutation 181K, and
a light chamm comprising a light chain variable region comprising the amino acid sequence of SEQ
I3 NO99 and a kappa constant region comprising Cx mutations 124E, 1317, 178Y, and 180E;
wherein the IgGl heavy chain constant regions of the anti-PD-1 and anti-LAG3 antigen-binding
fragments further comprise pairs of CH3 mutations selected from the group counsisting of
351Y/405A7407V and 3601/392M/394W,; 351Y/405A/407V and 366L/3921L./394W; and
351Y/405A/407V and 366L/392M/394W.  In some embodiments, the pair of CH3 mutations is
351Y/405A/407V and 3601/392M/394W.  Tn some embodiments, the pair of CH3 mutations 5
351Y/405A/407V and 3661./3921./394W.  In some embodiments, the pair of CH3 mutations is
351Y/405A/407V and 360L/392M/394W.

{6084] In one embodiment, the pairs of CH3 mutations are selected from the group consisting
of: 350V/351Y/405A/407V  and 366I/392M/394W; 350V/3S1Y/405A/407V and 366L/392L/394W;
and 350V/351Y/405A/407Y and 366L/392M/394W . In some embodiments, the pair of CH3
mutations 18 350V/351Y/405A/407V and 3661/392M/394W . In some embodiments, the pair of CH3
routations s 350V/351Y/405A/407V and 3661/3921./394W. In some embodiments, the pair of CH3
mutations is 350V/351Y/405A/407V and 366L/392M/394W .

0085] Inn a specific embodiment, the anti-PD-1/LAG3 bispecific antibody comprises: (A) an
anti-PD-1 heavy chain comprising: the amino acid sequence of SEQ 1D NO:101 and a light cham
comprising the amino acid sequence of SEQ ID NG:100, and (B) an anti-LAG3 heavy chain
comprising the amino acid sequence of SEQ ID NO:96 and a light cham comprising the anmino acid

sequence of SEQ 1D NO98. o another embodiment, the anti-PD-1/LAG3 bispecific comprises: (A)
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an anti-PD-1 heavy chain variable region comprising the amino acid sequence of SEQ ID NO:109
and a light chain variable region comprising the amino acid sequence of SEQ ID NO:111, and (B)
an anti-LAG3 heavy chamn vartable region comprising the amino acid sequence of SEQ ID NO:105
and hght chain varable region comprising the amino acid sequence of SEQ 1D NO:107. In a further
embodiment, the anti-PD-1/LAG3 bispecific antibody comprises: (A) ananti-PD-1 heavy chain
comprising the amino acid sequence of SEQ ID NOG:108 and a light chain comprising the amino acid
sequence of SEQ ID NO:110, and (B) anti-LAG3 heavy chain comprising the amino acid sequence
of SEQ 1D NO:104 and hight chain comprising the amino acid sequence of SEQ ID NG:106.

{6086} In a further aspect, provided herein is an anti-PD-1VELAG-3 bispecific antibody
Comprising;

(A) an anti-PD-1 antigen-binding fragment comprising: (1) a heavy cham variable region
CDR1 comprising the amino acid sequence of SEQ ID NO40 or 53, (i) a heavy chain variable
region CDRZ comprising the amino acid sequence of SEQ 1D NO® or 54, (i) a heavy cham
variable region CDR3 comprising the amine acid sequence of SEQ ID NO 41, (v) alight cham
variable region CDR1 comprising the amino acid sequence of SEQ ID NO3, (v) a light chain
variable region CDR2 comprising the amine acid sequence of SEQ 1D NO4, 42, 47, or 60, and (vi)
a hight chamn vanable region CDR3 comprising the ammo acid sequence of SEQ ID NG5S, 48, or 55,
and

(By  ananti-LAG3 antigen-binding fragment comprising: (1) a heavy chain variable region CDRI
corprising the anmino acid sequence of SEQ 1D NO:112, (i) aheavy chamn vanable region CDR2
comprising the anuno acid sequence of SEQ 1D NO:113, (it} a heavy chain varable region CDR3
comprising the amino acid sequence of SEQ ID NO:114, (iv) a light chain variable region CDR1
comprising the amino acid sequence of SEQ ID NO:115, (v) a light chain variable region CDR2
corprising the anmno acid sequence of SEQ 1D NO:116, and (vi) a light chamn variable region
CDR3 comprising the amino acid sequence of SEQ D NO:117

{60871 In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy and light
chain variable region, wherein the heavy and light chain CDRGs are selected from the group
consisting of: (a) a heavy chain variable region CDR1 comprising the amino acid sequence of SEQ
D NGO 40, a heavy chain variable region CDR2 comprising the amino acid sequence of SEQ ID

NO:9, a heavy chain vanable region CDR3 comprising the anino acid sequence of SEQ ID NG 41
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and a hght chain variable region CDR1 comprising the amino acid sequence of SEQ ID NO3, a
light chain variable region CDR2 comprising the amino acid sequence of SEQ 1D NG 42 and a light
chamn variable region CDR3 comprising the amino acid sequence of SEQ D NG5, (b) a heavy
chain variable region CDRI comprising the amino acid sequence of SEQ ID NG:40, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ 1D NG9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NOG41; and a light chain variable
region CDRI comprising the amino acid sequence of SEQ ID NGO3, alight cham variable region
CDR2 comprising the ammo acid sequence of SEQ 1D NO 47 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ 1D N(O 48, (c)a heavy chain variable region
CDR1 comprising the amino acid sequence of SEQ ID NO:53, a heavy chain variable region CDR2
comprising the anmio acid sequence of SEQ D NO:54, a heavy chain variable region CDR3
comprising the amino acid sequence of SEQ ID NO 41, and alight chain variable region CDR]
comprising the amino acid sequence of SEQ 1D NO3, a hght chain variable region CDR2
comprising the amino acid sequence of SEQ ID NO 4 and a light chain variable region CDR3
comprising the amino acid sequence of SEQ ID NO:35; and (d) a heavy chamn variable region CDR1
comprising the amino acid sequence of SEQ ID NO 40, a heavy cham variable region CDR2
comprising the amino acid sequence of SEQ 1D NG9, a heavy chain variable regon CDR3
comprising the amino acid sequence of SEQ 1D NG 41, and alight cham varable region CDR1
comprising the amino acid sequence of SEQ ID NO3, alight chain variable region CDR2
comprising the ammo acid sequence of SEQ 1D NO:60 and a light cham variable region CDR3
comprising the anino acid sequence of SEQ [D NG5,

{0088} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amine acid sequence of SEQ ID NG40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NO9, a heavy cham variable
region CDR3 comprising the amine acid sequence of SEQ ID NO41; and a light chain variable
region CDR1 comprising the amino acid sequence of SEQ ID NQO3, alight chain variable region
CDR2 comprising the ammo acid sequence of SEQ 1D NO4 and a light chamn variable region CDR3
comprising the ammo acid sequence of SEQ ID NG5,

{6089 In one embodment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn

variable region CDR1 comprising the amino acid sequence of SEQ 1D NO40, a heavy cham
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variable region CDRZ comprising the amino acid sequence of SEQ ID NO.9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NGO 41, and a light chain variable
region CDR1 comprising the amine acid sequence of SEQ ID NO3, alight chain variable region
CDR2 comprising the ammo acid sequence of SEQ ID NO4 and a light chain variable region CDR3
comprising the amino acid sequence of SEQ ID NG 48,

{6090} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ ID NG9, a heavy chain varable
region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chain variable
region CDRI comprising the amino acid sequence of SEQ ID NO3, alight cham variable region
CDR2 comprising the amino acid sequence of SEQ ID NO4 and a light chain variable region CDR3
comprising the anuno acid sequence of SEQ D N(O:55.

0091} In one embodiment, the anti-PD-1 antigen-bmding fragment comprises a heavy chain
variable region CDR1 comprising the amine acid sequence of SEQ ID NG40, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ ID NO:9, a heavy chain variable
region CDR3 comprising the amine acid sequence of SEQ ID NO41; and a light chain variable
region CDRI comprising the amino acid sequence of SEQ 1D NO3, a light chain vanable region
CDRZ comprising the amino acid sequence of SEQ 1D N(O:42 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ D NOS.

{6092] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO40, a heavy chain
variable region CDR2 comprising the aming acid sequence of SEQ ID NG9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NG41; and a light chamn variable
region CDR1 comprising the amino acid sequence of SEQ ID NG3, alight chain variable region
CDR2 comprising the amino acid sequence of SEQ ID NO:42 and a light chamn varnable region
CDR3 comprising the ammo acid sequence of SEQ ID NO48.

{6093] In one embodinent, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ ID NO:9, a heavy chain variable

region CDR3 comprising the amino acid sequence of SEQ ID NGO 41, and a light chain variable
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region CDRI comprising the amino acid sequence of SEQ ID NO3, alight cham variable region
CDR2 comprising the amino acid sequence of SEQ ID NO42 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ ID NO:55.

0094] In one embodiment, the anti-PD-1 antigen-bmding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ ID N340, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ ID NO:9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NO41; and a light chain variable
region CDRI comprising the amino acid sequence of SEQ 1D NO3, a light chain vanable region
CDRZ comprising the amino acid sequence of SEQ 1D N(O:47 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ D NOS.

[6095] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy cham
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NG9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NG41; and a light chamn variable
region CDR1 comprising the amino acid sequence of SEQ 1D NG3, alight chain variable region
CDR2 comprising the amino acid sequence of SEQ ID NO:47 and a light chamn varniable region
CDR3 comprising the ammno acid sequence of SEQ 1D NO 48

{6096] In one embodiment, the anti-PD-1 antigen-binding fragmeunt comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NO9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NGO 41, and a light chain variable
region CDR1 comprising the aminc acid sequence of SEQ ID NO3, alight chain variable region
CDR2 comprising the ammo acid sequence of SEQ 1D NO47 and a ight chain variable region
CDR3 comprising the amino acid sequence of SEQ ID NO 55,

16097} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDRI comprising the amino acid sequence of SEQ 1D NG 40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NG9, a heavy chain varable
region CDR3 comprising the amino acid sequence of SEQ 1D NOG41; and a light chain variable

region CDRI comprising the ammo acid sequence of SEQ ID NO3, alight chain variable region
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CDR2 comprising the amino acid sequence of SEQ ID NO:60 and a ight chain variable region
CDR3 comprising the amino acid sequence of SEQ ID NO'S.

{0098} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDRI comprising the amuno acid sequence of SEQ 1D NG 40, a heavy chain
variable region CDR2Z comprising the amino acid sequence of SEQ 1D NO:9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NOG41; and a light chain variable
region CDRI comprising the amino acid sequence of SEQ ID NGO3, alight cham variable region
CDR2 comprising the ammo acid sequence of SEQ D NO:60 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ 1D N 48

[6099] In one embodment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO40, a heavy cham
vartable region CDR2 comprising the amino acid sequence of SEQ I3 NG9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chain variable
region CDRI comprising the amino acid sequence of SEQ 1D NG3, a light chain vaniable region
CDR2Z comprising the amino acid sequence of SEQ D NO:60 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ ID NG5S,

{6190} In one embodinent, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D N340, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chain
vartable region CDR1 comprising the amino acid sequence of SEQ I3 NG3, alight chain varable
region CDRZ comprising the amino acid sequence of SEQ ID NO4 and a light chain variable region
CDR3 comprising the ammo acid sequence of SEQ 1D NO:S.

{0101} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
vartable region CDRI comprising the amino acid sequence of SEQ ID NG 40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NG:54, a heavy chain
variable region CDR3 comprising the amine acid sequence of SEQ ID NGO 41, and a hght cham
variable region CDRI1 comprising the amino acid sequence of SEQ ID NO:3, alight chain variable
region CDR2 comprising the amino acid sequence of SEQ D NO 4 and alight chan variable region

CDR3 comprising the amino acid sequence of SEQ ID NO 48
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[6102] In one embodment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO40, a heavy chain
vartable region CDR2 comprising the amino acid sequence of SEQ ID NG54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ ID NG41; and a light cham
variable region CDRI comprising the amino acid sequence of SEQ 1D N(O3, a light chain variable
region CDR2 comprising the amino acid sequence of SEQ 1D NO4 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ ID NO:55.

{6193] In one embodinent, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ ID N340, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ T NO41; and a light chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO3, a light chain variable
region CDRZ comprising the amino acid sequence of SEQ 1D NQO42 and a light chain vanable
region CDR3 comprising the amino acid sequence of SEQ 1D NQOS.

{0104] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
vartable region CDRI comprising the amino acid sequence of SEQ ID NG 40, a heavy chain
variable region CDRZ comprising the amine acid sequence of SEQ ID NG54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ ID NO41; and a hight chain
variable region CDRI1 comprising the amino acid sequence of SEQ ID NO:3, alight chain variable
region CDR2 comprising the amino acid sequence of SEQ ID NG42 and a light chan variable
region CDR3 comprising the amino acid sequence of SEQ ID NG 48.

[0105] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amine acid sequence of SEQ ID NG 40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NO:54, a heavy cham
vartable region CDR3 comprising the amino acid sequence of SEQ ID NG 41, and a light cham
variable region CDRI comprising the amuno acid sequence of SEQ ID NG3, alight cham variable
region CDR2 comprising the amine acid sequence of SEQ 1D NGO 42 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NG5S,

{0106} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy cham

variable region CDR1 comprising the amino acid sequence of SEQ 1D NO40, a heavy cham
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variable region CDRZ comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain
variable region CIDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chain
variable region CDRI comprising the aming acid sequence of SEQ D NO3, a light chain variable
region CDRZ comprising the amino acid sequence of SEQ 1D NO47 and a light chain vaniable
region CDR3 comprising the amino acid sequence of SEQ 1D NGS5,

{0107] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO40, a heavy chain
variable region CDRZ comprising the amine acid sequence of SEQ ID NG54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ ID NO41; and a hight chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:3, alight chamn variable
region CDR2 comprising the amino acid sequence of SEQ ID NG47 and a light cham variable
region CDR3 comprising the amino acid sequence of SEQ ID NG 48.

{0108] In one embodiment, the anti-PD-1 antigen-bmding fragment comprises a heavy chain
variable region CDR1 comprising the amine acid sequence of SEQ ID NG40, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain
vartable region CDR3 comprising the amino acid sequence of SEQ ID NG41; and a light cham
variable region CDR1 comprising the amino acid sequence of SEQ ID NO3, alight chain variable
region CDR2 comprising the amino acid sequence of SEQ 1D NO47 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NG5S,

{0109] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ ID NG54, a heavy chain
variable region CDR3 comprising the amine acid sequence of SEQ ID NGO 41, and a hght cham
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:3, alight chain variable
region CDRZ comprising the amino acid sequence of SEQ ID NO:60 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NO:S.

6110} In one embodinent, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:40, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ ID NG54, a heavy chain

variable region CDR3 comprising the amino acid sequence of SEQ 1D NG 41, and a light chain
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variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:3, alight chamn variable
region CDRZ comprising the amino acid sequence of SEQ ID NO:©60 and a light chain variable
region CDR3 comprising the amine acid sequence of SEQ ID NO48.

{0111} In one embodiment, the anti-PD-1 antigen-bmding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ ID N340, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ ID NO41; and a light chain
variable region CDR1 comprising the amino acid sequence of SEQ ID NO3, alight chain variable
region CDR2 comprising the amino acid sequence of SEQ 1D NO:60 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NGS5,

{6112} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy cham
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:S53, a heavy chain
variable region CDR2 comprising the amuno acid sequence of SEQ ID NG9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chain variable
region CDR1 comprising the amino acid sequence of SEQ 1D NG3, a light chain variable region
CDR2 comprising the amino acid sequence of SEQ ID NO4 and a light cham variable region CDR3
comprising the amino acid sequence of SEQ ID NG:S.

{G113] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:53, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NO:9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NGO 41, and a light chain variable
region CDR1 comprising the amine acid sequence of SEQ ID NO3, alight chain variable region
CDR2 comprising the amino acid sequence of SEQ 1D NO 4 and a light cham variable region CDR3
corprising the anmno acid sequence of SEQ D NO 48

{011 4] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDRI comprising the amino acid sequence of SEQ 1D NG:53, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ ID NG9, a heavy chain varable
region CDR3 comprising the amino acid sequence of SEQ ID NOG41; and a light chain variable

region CDRI comprising the amino acid sequence of SEQ ID NO3, alight chain variable region
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CDR2Z comprising the amino acid sequence of SEQ ID NGO 4 and a light chain variable region CDR3
comprising the anuno acid sequence of SEQ D N(O:55.

{011 5] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDRI comprising the amuno acid sequence of SEQ 1D NG:53, a heavy chain
variable region CDR2Z comprising the amino acid sequence of SEQ 1D NO:9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chan vanable
region CDRI comprising the amino acid sequence of SEQ ID NGO3, alight cham variable region
CDR2 comprising the ammo acid sequence of SEQ 1D NO42 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ 3 NG5,

{6116] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:S3, a heavy cham
vartable region CDR2 comprising the amino acid sequence of SEQ I3 NG9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NO41; and a light chain variable
region CDR1 comprising the amino acid sequence of SEQ 1D NG3, a light chain vanable region
CDR2Z comprising the amino acid sequence of SEQ D N(O:42 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ ID NG48.

61171 In one embodinent, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ ID N33, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ ID NO:9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NGO 41, and a light chain variable
region CDR1 comprising the amino acid sequence of SEQ ID NO:3, alight chain variable region
CDR2 comprising the amino acid sequence of SEQ ID NO:42 and a light chain variable region
CDR3 comprising the ammo acid sequence of SEQ D NO:55.

{0118] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
vartable region CDRI1 comprising the amino acid sequence of SEQ ID NG:53, a heavy chain
variable region CDR2 comprising the amuno acid sequence of SEQ 1D NG9, a heavy chain variable
region CDR3 comprising the amine acid sequence of SEQ 1D NG41; and a light cham varable
region CDR1 comprising the amino acid sequence of SEQ 1D NG3, alight chain variable region
CDR2 comprising the amino acid sequence of SEQ ID NO47 and a ight chain variable region

CDR3 comprising the amino acid sequence of SEQ ID NOS.
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[6119] In one embodment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:S53, a heavy chain
variable region CDR2 comprising the amine acid sequence of SEQ 1D NG9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chain variable
region CDRI1 comprising the amino acid sequence of SEQ 1D NQO3, a light chain variable region
CDR2Z comprising the amino acid sequence of SEQ D NO:47 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ ID NO 48,

{6120} In one embodinent, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ ID N33, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ ID NO:9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NGO 41, and a light chain variable
region CDR1 comprising the amino acid sequence of SEQ ID NO:3, alight chain variable region
CDR2 comprising the amino acid sequence of SEQ 1D NO47 and a light chain variable region
CDR3 comprising the ammo acid sequence of SEQ D NO:55.

{0121} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
vartable region CDRI1 comprising the amino acid sequence of SEQ 1D NG:53, a heavy chain
variable region CDR2Z comprising the amino acid sequence of SEQ ID NG9, a heavy chain varable
region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chain variable
region CDR1 comprising the amino acid sequence of SEQ 1D NG3, alight chain variable region
CDR2 comprising the amino acid sequence of SEQ ID NO:60 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ ID NO'S.

0122} I one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amine acid sequence of SEQ ID NG:A3, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NO9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NO41; and a light chain variable
region CDR1 comprising the amino acid sequence of SEQ ID NO3, alight chain varniable region
CDR2 comprising the ammo acid sequence of SEQ D NO:60 and a light chain variable region
CDR3 comprising the amino acid sequence of SEQ D NO:48.

{0123} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy cham

variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:S3, a heavy cham
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variable region CDRZ comprising the amino acid sequence of SEQ 1D NO9, a heavy chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NGO 41, and a light chain variable
region CDR1 comprising the amine acid sequence of SEQ ID NO3, alight chain variable region
CDR2 comprising the ammo acid sequence of SEQ ID NO:60 and a light cham variable region
CDR3 comprising the amino acid sequence of SEQ D NG 55,

{0124} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ ID NO:S3, a heavy chain
variable region CDRZ comprising the amine acid sequence of SEQ ID NG54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ ID NO41; and a hight chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:3, alight chamn variable
region CDR2 comprising the amino acid sequence of SEQ ID NO4 and a light chamn variable region
CDR3 comprising the amino acid sequence of SEQ ID NO'S.

[0125] In one embodiment, the anti-PD-1 antigen-bmding fragment comprises a heavy chain
variable region CDR1 comprising the amine acid sequence of SEQ ID NG:53, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain
vartable region CDR3 comprising the amino acid sequence of SEQ ID NG41; and a light chamn
variable region CDR1 comprising the amino acid sequence of SEQ ID NO3, alight chain variable
region CDR2 comprising the amino acid sequence of SEQ 1D NO4 and a ight chain variable region
CDR3 comprising the amino acid sequence of SEQ D NO:48.

{6126] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy cham
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:S53, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ ID NG54, a heavy chain
variable region CDR3 comprising the amine acid sequence of SEQ ID NGO 41, and a hght cham
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:3, alight chain variable
region CDRZ comprising the amino acid sequence of SEQ ID NO4 and a light chain variable region
CDR3 comprising the ammo acid sequence of SEQ ID NO:5S.

{61271 In one embodinent, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:53, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain

variable region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chain
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variable region CDR1 comprising the amino acid sequence of SEQ 1D NO3, a hight chamn variable
region CDRZ comprising the amino acid sequence of SEQ ID NO42 and a light chain variable
region CDR3 comprising the amine acid sequence of SEQ ID NOS.

0128] In one embodiment, the anti-PD-1 antigen-bmding fragment comprises a heavy chain
variable region CDRI comprising the amino acid sequence of SEQ 1D N33, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ ID NO 41, and a hight chain
variable region CDR1 comprising the amino acid sequence of SEQ ID NO3, alight chain variable
region CDR2 comprising the amino acid sequence of SEQ 1D NG42 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NO 48,

{6129] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy cham
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:S53, a heavy chain
variable region CDR2 comprising the ammno acid sequence of SEQ ID NO:54, a heavy chain
variable region CDR3 comprising the amine acid sequence of SEQ ID NGO 41, and a hght cham
variable region CDRI1 comprising the amino acid sequence of SEQ ID NO:3, alight chain variable
region CDRZ comprising the amino acid sequence of SEQ ID NO42 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NQ:SS,

{3130] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:53, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D NO:54, a heavy cham
variable region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chain
variable region CDRI1 comprising the aminc acid sequence of SEQ ID NQG3, alight chain variable
region CDR2 comprising the amino acid sequence of SEQ 1D NO47 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NGS5

{0131} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDRI comprising the amino acid sequence of SEQ 1D NG:53, a heavy chain
variable region CDRZ comprising the amine acid sequence of SEQ ID NG54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ ID NO41; and a light chain

variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:3, alight chamn variable
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region CDR2 comprising the amino acid sequence of SEQ ID NG 47 and a light chamn variable
region CDR3 comprising the amino acid sequence of SEQ D NG 48.

{0132} In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDRI comprising the amuno acid sequence of SEQ 1D NG:53, a heavy chain
variable region CDR2 comprising the amino acid sequence of SEQ 1D N34, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ ID NO41; and a light chain
variable region CDR1 comprising the amino acid sequence of SEQ 1D NO:3, alight chamn variable
region CDR2 comprising the amino acid sequence of SEQ 1D NG47 and a light chain varable
region CDR3 comprising the amino acid sequence of SEQ 1D NG5S,

{6133] In one embodment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn
variable region CDRI1 comprising the amino acid sequence of SEQ 1D NO:S3, a heavy cham
variable region CDR2 comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ ID NG41; and a light cham
variable region CDRI comprising the amino acid sequence of SEQ ID NO3, alight chain variable
region CDR2 comprising the amino acid sequence of SEQ 1D NOG:60 and a light chain variable
region CDR3 comprising the amine acid sequence of SEQ ID NOS.

{0134] In one embodinent, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region CDR1 comprising the amino acid sequence of SEQ ID N33, a heavy chain
variable region CDRZ comprising the amino acid sequence of SEQ 1D NO:54, a heavy chain
variable region CDR3 comprising the amino acid sequence of SEQ 1D NO41; and a light chan
vartable region CDR1 comprising the amino acid sequence of SEQ I3 NG3, alight chain varnable
region CDRZ comprising the amino acid sequence of SEQ ID NO:60 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NQ 48,

{0135] In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
vartable region CDRI comprising the amino acid sequence of SEQ ID NG:53, a heavy chain
variable region CDR2 comprising the ammno acid sequence of SEQ ID NO:54, a heavy chain
variable region CDR3 comprising the amine acid sequence of SEQ ID NG 41, and a hght cham
variable region CDRI1 comprising the amino acid sequence of SEQ ID NO:3, alight chain variable
region CDR2 comprising the amino acid sequence of SEQ ID NG:60 and a light chamn variable

region CDR3 comprising the amino acid sequence of SEQ ID NG5S,
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{6136} In another embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chamn
vartable region and a light chain variable region selected from the group consisting of: (a) a heavy
chain variable region comprising the amino acid sequence set forth in SEQ 1D NOs37 or 119 and a
light chain varable region comprising the amino acid sequence set forth in SEQ ID NO:39; (b) a
heavy chain variable region comprising the amino acid sequence set forth in SEQ ID NOs:44 or 121
and a light chain variable region comprising the amino acid sequence set forth in SEQ 1D NG 46; (¢}
a heavy chain variable region comprising the amino acid sequence set forth m SEQ ID NO:50 and a
light chain variable region comprising the amino acid sequence set forth in SEQ ID NO:S2; and (d)
a heavy chain variable region comprising the amino acid sequence set forth m SEQ ID NQGs:57 or
123 and alight cham variable region comprising the amino acid sequence set forth m SEQ 1D
NO:59; and wherem the anti-LAG3 antigen-binding fragmeunt comprises an ant-LAG3 heavy cham
vartable region comprising the ammo acid sequence of SEQ 1D NO:97 and light chain variable
region comprising the amino acid sequence of SEQ ID NO:99.

{61371 In one embodinent, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region comprising the amino acid sequence set forth in SEQ ID NO37 and a light chain
vartable region comprising the amino acid sequence set forth in SEQ 1D NO 39 1n one
embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy cham variable region
comprising the amino acid sequence set forth in SEQ ID NG:119 and a light chain vanable region
comprising the amino acid sequence set forth in SEQ ID NG 39, In one embodiment, the anti-PD-1
antigen-binding fragment comprises a heavy chain variable region comprising the amino acid
sequence set forth in SEQ 1D NO 44 and a light chamn variable region comprising the amino acid
sequence set forth in SEQ ID NO46. Inone embodiment, the anti-PD-1 antigen-binding fragment
comprises a heavy cham variable region comprising the amino acid sequence set forth in SEQ ID
NO:121 and a hight chain variable region comprising the amino acid sequence set forth in SEQ 1D
NO:46. In one embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain
variable region comprising the anuno acid sequence set forth m SEQ ID NO:50 and a hght chain
variable region comprising the amino acid sequence set forth in SEQ ID NO:S2. In one
embodiment, the anti-PD-1 antigen-binding fragment comprises a heavy chain variable region
comprising the amino acid sequence set forth in SEQ [D NQO:S7 and a light chamn variable region

comprising the anmino acid sequence set forth i SEQ ID NO:S9. In one embodiment, the anti-PD-1
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antigen-binding fragment comprises a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO:123 and alight chain variable region comprising the amino acid
sequence set forth in SEQ ID NG:59. In a specific embodiment, the bispecific antibody further
comprises an anti-LAG3 antigen-binding fragment comprising an anti-L AG3 heavy chain variable
region comprising the amino acid sequence of SEQ 1D NO:97 and ight chain variable region
comprising the amino acid sequence of SEQ ID NG99,

{6138] In one embodiment, the anti-PD-1 heavy chain variable region further comprises an IgGl
constant region comprising CHI mutations 145K, 1477, 17SE, and 1831, and CH3 mutations 350V,
351Y, 405A, and 407V, and the anti-PD-1 light chain variable region further comprises a kappa
chain constant region comprising Cx mutations 124R, and 178R; and the anti-LAG3 heavy cham
variable region further comprises an IgG1 constant region comprising CHI mutation 181K, and

CH3 mutations 350V, 3661, 3920, and 394W, and the anti-LAG3 light chain vanable region further

comprises a kappa constant region comprising Cx mutations 124E, 1317, 178Y, and 180E.

{0139] In another erbodiment, the anti-PD-1 heavy chain variable region further comprises an
Ig(Gl constant region comprising CHI mutations 145E, 147T, 175E, and 183L, and CH3 mutations
350V, 366L, 3921, and 394W, and the anti-PD-1 light chain vanable region further comprises a
kappa chain constant region comprising Cx mutations 124R, and 178R; and the anti-LAG3 heavy
chain variable region further comprises an IgGl constant region comprising CH1 mutation 181K,
and CH3 mutations 350V, 351Y, 405A, and 407V, and the anti-LAG3 light chain variable region
further comprises a kappa constant region comprising Cx mutations 124, 1317, 178Y, and 180E.
{3140 In another embodiment, the anti-PD-1 heavy cham variable region further comprises an
IgGl constant region comprising CHI mutations 145, 147T, 175E, and 183L, and the anti-PD-1
light chain variable region further comprises a kappa chain constant region comprising Cx mutations
124R, and 178R; and the anti-LLAG3 heavy chain variable region further comprises an IgGl constant
region comprising CHT mutation 181K, and the anti-LAG3 light chain variable region further
comprises a kappa constant region comprising Cx mutations 124E, 1317, 178Y, and 180E, and the
Ig(G1 heavy cham constant regions of the anti-PD-1 and anti-LAG3 antigen-binding fragments
further comprise pairs of CH3 mutations selected from the group consisting of: 351Y/405A/407V
and 3661/392M/394W; 351Y/40SA/407V and 366L/392L/394W; and 351Y/405A/407V and
366L/392M/394W.  In some embodiments, the pair of CH3 mutations 18 351Y/405A/407V and
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3661/392M/394W.  In some embodiments, the pair of CH3 mutations s 351Y/405A/407V and
366L/392L/394W.  In some embodiments, the pair of CH3 mutations is 351Y/405A/407V and
366L/392M/394W . In one embodiment, the pairs of CH3 mutations are selected from the group
consisting of: 350V/351Y/405A/407V and 3661/392M/394W; 350V/351Y/405A/407V and
366L/3921./304W; and 350V/351Y/405A/407V and 366L/302M/394W.  In some embodiments, the
pair of CH3 mutations is 350V/351Y/405A/407V  and 3661/392M/394W . In some embodiments, the
pair of CH3 mutations is 350V/351Y/405A/407V  and 366L/392L/394W.  In some embodiments, the
pair of CH3 mutations is 350V/351Y/405A/407V  and 366L/392M/394W.

{6141} In one aspect of the foregoing embodiments, the anti-PD-1/LAG-3 bispecific antibody
further comprises one or more of 234A or 234D; 235A or 235D; 2658 or 265A; 237A; and 297A,
297¢ or 297D (EU numbering) mutations w the CH2 region of the anti-LAG3 and/or anti-PD-1
heavy chain. ln ancther embodiment, the IgGl heavy chain constant region of the anti-LAG3 and/or
anti-PD-1 heavy chain further comprises L234A, L235A, and D265S mutations i the CH2 region
(EU numbering). In a further embodiment, the TgGl heavy chain constant region of the anti-L AG3
and/or anti-PD-1 heavy chain further comprises L234A, L235A, and D265A mutations in the CHZ
region (EUJ numbering). In yet a further embodiment, the IgGl heavy chain constant region of the
anti-LAG3 and/or anti-PD-1 heavy chain further comprises L234A, L235A) and G237A mutations
in the CHZ region (EU numbering). In ancther embodiment, the IgG1 heavy chain constant region
of the anti-LAG3 and/or anti-PD-1 heavy chain further comprises the mutation N297A, N297( or
N297D (EU numbering). In another aspect of the foregoing embodiments, the IgGl constant
domain of the anti-LAG3 and/or anti-PD-1 heavy chain further comprises M252Y, 52547 and
T256E nmutations (EU numbering). In one embodiment, the antibody or antigen-binding fragment
thereot comprises a glycosylation pattern characteristic of expression by a mammalian cell

[0142] Also provided heremn is an anti-PD-1 antbody or antigen-binding fragment thereof
comprising the heavy and light chain CDRs or variable regions in any of the above anti-PD-1/LAG3
bispecific antibodies. In one embodiment, the anti-PD-1 antibody or antigen-binding fragrment
comprises: (i) a heavy cham variable region CDRI1 comprising the amino acid sequence of SEQ ID
NGS, (1) aheavy chain variable region CDR2 comprising the amino acid sequence of SEQ ID
NOOT or 86, (1) aheavy cham variable region CDR3 comprising the amino acid sequence of SEQ

ID NO:10, (1v) a hght cham variable region CDRI1 comprising the amino acid sequence of SEQ ID
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NO3, (v) alight cham variable region CDR2 comprising the amino acid sequence of SEQ D
N(21, and (vi) a light cham variable region CDR3 comprising the amino acid sequence of SEQ 1D
NO:22.

{6143} In some embodiments, the heavy chain vanable region CDR2 comprises the amino acid
sequence of SEQ ID NO:S1. In some embodiments, the heavy chain variable region CDR2
comprises the amino acid sequence of SEQ D NO 86,

[6144] In another embodiment, the anti-PD-1 antibody or antigen-binding fragment comprises a
heavy chamn variable region comprising the ammo acid sequence set forth in SEQ 1D NOs:92 or 85,
and a light chain variable region comprising the amino acid sequence set forth in SEQ 1D NG 20, In
one embodiment, the anti-PD-1 antibody or antigen-binding tragment comprises a heavy chamn
variable region comprising the amino acid sequence set forth in SEQ 1D NO92, and a light chain
variable region comprising the amino acid sequence set forth in SEQ 1D NO:20. In one
embodiment, the anti-PD-1 antibody or antigen-binding fragment comprises a heavy chamn variable
region comprising the amimo acid sequence setforth i SEQ ID NO:BS, and a light chain varable
region comprising the amino acid sequence setforth in SEQ ID NG:20. In one embodiment, the
anti-PD-1 antibody or antigen-binding fragment comprises a heavy chaim variable region comprising
the amino acid sequence set forth in SEQ D NO.7, and a light chain variable region comprising the
amine acid sequence set forth m SEQ 1D NO:20. In one embodiment, the anti-PD-1 antibody or
antigen-binding fragment comprises a heavy chain variable region comprising the amino acid
sequence set forth in SEQ 1D NO:8B, and a light cham variable region comprising the amino acid
sequence set forth m SEQ 1D NO76.

{3145} In a further embodiment, the anti-PD-1 antibody or antigen-binding fragment comprises:
(1) a heavy cham variable region CDR1 comprising the amino acid sequence of SEQ IDNOE, () a
heavy chain variable region CDR2 comprising the arino acid sequence of SEQ ID NO9S1, 79 or 86,
(i1} a heavy cham variable region CDR3 comprising the amino acid sequence of SEQ 1D NO:10, or
41, (iv) a light chain vanable region CDR1 comprising the amino acid sequence of SEQ ID NQO3,
(v} a light chain variable region CDR2 comprising the anuno acid sequence of SEQ ID NGO 4, and
{(vi} a light chain variable region CDR3 comprising the amino acid sequence of SEQ ID NO:5.
[6146] In some embodiments, the heavy chain variable region CDR2 comprises the amino acid

sequence of SEQ 1D NO 91, and the heavy chain variable region CDR3 comprises the amino acid
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sequence of SEQ ID NO:10. In some embodiments, the heavy chain varable region CDR2
comprises the amino acid sequence of SEQ 1D NO:86, and the heavy chain variable region CDR3
comprises the amino acid sequence of SEQ ID NO:10. In some embodiments, the heavy chain
variable region CDR2 comprises the ammno acid sequence of SEQ ID NGO 91, and the heavy chain
variable region CDR3 comprises the amino acid sequence of SEQ ID NO41. Insome
embodiments, the heavy chain varnable region CDR2 comprises the amino acid sequence of SEQ 1D
NO:86, and the heavy chain variable region CDR3 comprises the amino acid sequence of SEQ 1D
NO 41 In some embodiments, the heavy cham variable region CDRZ comprises the amino acid
sequence of SEQ ID NG:79, and the heavy cham variable region CDR3 comprises the amino acid
sequence of SEQ ID NO#41.

{6147] In yet further embodiment, the anti-PD-1 antbody or antigen-binding fragment
comprises a heavy chain variable region comprising the amino acid sequence setforth in SEQ ID
NOs:95 or 93, and a hight chain varable region comprising the amino acid sequence set forth
SE(Q ID NO76. In one embodiment, the anti-PD-1 antibody or antigen-binding fragment comprises
a heavy chain variable region comprising the amino acid sequence set forth m SEQ ID NG9S, and a
light chain variable region comprising the amino acid sequence set forth in SEQ ID NO:76. Inyeta
further embodiment, the anti-PD-1 antibody or antigen-binding fragment comprises a heavy chain
variable region comprising the amino acid sequence set forth in SEQ 1D NO:93, and a light chain
variable region comprising the amino acid sequence set forth in SEQ ID NG:76. In yet a further
embodiment, the anti-PD-1 antibody or antigen-binding fragment comprises a heavy cham varnable
region comprising the amino acid sequence set forth in SEQ ID NO.75, and a light chain variable
region comprising the amino acid sequence set forth in SEQ ID NOG:76. In yet a further embodiment,
the anti-PD-1 antibody or antigen-binding fragment comprises a heavy chamn variable region
comprising the anmmo acid sequence setforth n SEQ IDNQO78, and a hight chain vanable region
comprising the amino acid sequence set forth in SEQ ID NG76. In yet a further embodiment, the
anti-PD-1 antibody or antigen-binding fragment comprises a heavy chain variable region comprising
the amino acid sequence set forth in SEQ D NO:3B1, and a light chain vanable region comprising
the amino acid sequence setforth in SEQ ID NG76.

[6148] In yet a further aspect, provided herein is a composition comprising the foregoing

antibody or antigen-binding fragment and a pharmaceutically acceptable carrier or diluent.  In one
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embodiment, the composition further comprises an agent selected from the group consisting of: (1)
an ant-LAG3 antibody or an antigen-binding fragment thereof; (it} an anti-TIGIT antibody or an
antigen-binding fragment thereof;, (i) an anti-VISTA antibody or an antigen-binding fragment
thereof, (iv) an anti-BTLA antibody or an antigen-binding fragment thereof, (v} ananti-TIM3
antibody or an antigen-binding fragment thereof, (vi) an anti-CTLA4 antibody or an antigen-binding
fragment thereof, (vii} an anti-HVEM antibody or an antigen-binding fragment thereof; (viii} an
ant-CD70 antibody or an antigen-binding fragment thereof, (ix) an anti-OX40 antibody or an
antigen-binding fragment thereof;, (x) an anti-CD28 antibody or an antigen-binding fragment
thereof; (xi} an anti-PDL1 antbody or an antigen-binding fragment thereof, (xi) an anti-PDL2
antibody or an antigen-binding fragment thereof; (xut) an anti-GITR antibody or an antigen-binding
fragroent thereof, (xiv) an anti-JCOS antibody or an antigen-binding  fragment thereof, (xv) an anti-
SIRPo antibody or an antigen-binding fragment thereof;, (xvi) an anti-ILT2 antibody or an antigen-
binding fragment thereof, (xvi) an anti-ILT3 antibody or an antigen-binding fragrment thereof;
(xvin} anant-ILT4 antbody or an antigen-binding fragment thereof; (xix) an anti-ILT5 antbody or
an antigen-binding fragment thereof, (xx) an anti-4-1BB antibody or an antigen-binding fragment
thereof, (xx1} an ant-NK2GA antibody or an antigen-binding fragment thereof, (ooxii) an anti-
NK2GC antibody or an antigen-binding  fragment thereof, () an anti-NK2GE antibody or an
antigen-binding fragment thereof, (xxiv} an anti-TSLP antibody or an antigen-binding fragment
thereof, (xxv) an anti-IL10 antibody or an antigen-binding fragment thereof, (xxvi) a STING
agonist; (xxvii) a CXCR2 antagonist; and (xxviit) a PARP whibitor.

13149} In ong embodiment, the agentis an anti-LAG3 antibody or antigen-binding fragment
thereof. In one embodiment, the agent is an anti-TIGIT antibody or antigen-binding fragment
thereof. In one embodiment, the agentis an anti-VISTA antibody or antigen-binding fragment
thereof. In one embodument, the agent 5 an anti-BTLA antibody or antigen-binding fragment
thereof. In one embodiment, the agent is an anti-TIM3 antibody or antigen-binding fragment
thereof. In one embodiment, the agent is an anti-CTLA4 antibody or antigen-binding fragment
thereot. In one embodiment, the agent s an anti-HVEM antibody or antigen-binding  fragment
thereof. In one embodiment, the agent is an anti-CID70 antibody or antigen-binding fragment
thereof. In one embodiment, the agent is an anti-OX40 antibody or antigen-binding fragment

thereof. In one emboduvent, the agent 5 an anti-CD28 antibody or antigen-binding fragment
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thereof In one embodiment, the agent 15 an anti-PDL1 antibody or antigen-binding fragment
thereof. In one embodiment, the agent is an anti-PDL2 antibody or antigen-binding fragment
thereof. In one embodiment, the agent is an anti-GITR antibody or antigen-binding fragment
thereof. In one embodiment, the agent is an ant-ICOS antibody or antigen-binding fragment thereof.
In one embodiment, the agent is an anti-SIRPa antibody or antigen-binding fragment thereof. In one
embodiment, the agent is ananti-ILT2 antibody or antigen-binding fragment thereof. In one
embodiment, the agent 15 ananti-ILT3 antibody or antigen-binding fragment thereof. In one
embodiment, the agent is anant-ILT4 antbody or antigen-binding fragment thereof In one
embodiment, the agent is ananti-ILTS antibody or antigen-binding fragment thereof In one
embodiment, the agent is ananti-4-1BB antibody or antigen-binding fragment thereof. In one
embodiment, the agent 18 ananti-NK2GA antibody or antigen-binding  fragment thereof. fn one
embodiment, the agent 18 anant-NK2ZGE antibody or antigen-binding fragment thereof In one
embodiment, the agent is ananti-IL10 antibody or antigen-binding fragment thereof. In one
embodiment, the agent is ananti-TSLP antbody or antigen-binding fragment thereof. In one
embodiment, the agent is a STING agonist. In one embodiment, the agent is a CXCRZ antagonist.
In one embodiment, the agent is a PARP mhibitor.
{0150] The present disclosure includes any antibody or antigen-binding fragrment described
Table & below. In some embodiments, the antibody or antigen-binding fragment provided herein
comprises a CDR sequence listed in Table 8. In some embodiments, the antibody or antigen-
binding fragment provided herein comprises CDRs set forth in a VH sequence listed m Table 8 and
CDRs set forth in a VL sequence listed in Table 8 In some embodiments, the antibody or antigen-
binding fragment provided herein comprises 2 VH sequence listed in Table 8 and a VL sequence
listed in Table 8.

5.3 Physical and Functional Properties of the Exemplary Antibodies
6151} “Conservatively modified variants™ or “conservative substitution” refers to substifutions
of amino acids i a protein with other amino acids having similar characteristics {e.g. charge, side-
chain size, hydrophobicity/hydrophilicity, backboune conformation and rigidity, etc.), such that the
changes can frequently be made without altering the biological activity of the protein. Those of skill
in this artrecognize that, in general, single amino acid substitutions in non-essential regions of a

polypeptide do not substantially alter biological activity (see, e.g., Watson ef al. (1987) Molecular
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Bicology of the Gene, The Benjanun/Cummings Pub. Co., p. 224 (4th Ed.}). In addition, substitutions
of structurally or functionally similar amino acids are less bkely to disrupt biological activity.

Exemplary conservative substitutions are set forth in Table 1.

TABLE 1. Exemplary Conservative Amino Acid Subs titutions

Original residue Conservative substitution
Ala (A} Gly; Ser
Arg (R) Lys; His
Asn (N} Gln;, His
Asp (I3) Gl Asn
Cys{(C) Ser; Ala
Gl () Asn
Glu (E) Asp; Gin
Gly () Ala
His (H) Asn; Gin
fle (1) Leu; Val
Leu (L) He; Val
Lys (K) Arg; His
Met (M) Leu; le, Tyr
Phe (F) Tyr, Met; Leu
Pro(P) Ala
Ser (S) Thr
Thr (T) Ser
Trp (W) Tyr; Phe
Tyr (Y) Trp, Phe
Val (V) He; Leu

{3152} Function-conservative variants of the antibodies provided herein are also contemplated.
“Function-conservative variants,” as used herein, refers to antibodies or fragments in which one or
more amino acid residues have been changed without altering a desired property, such as an antigen
affintty and/or specificity. Such variants include, but are not limited to, replacement of an amino
acid with one having similar properties, such as the conservative amino acid substitutions of Table
I. Also provided are isolated anti-PD-1/LAG3S, ant-PD-1 antibodies or antigen-binding fragments
having upto 0, 1, 2,3, 4,5, 6,7, 8 9, 10 or more anmno acid substitutions, for example, i the
framework region.

5.4 Polynucle otides and Polype ptides
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[6153] Also provided heremn are polynucleotides encoding any of the polypeptides or
immunoglobulin chains of anti-PB-V/LAGS, ant-PD-1 or anti-LAG3 antigen-binding fragments
thereof provided herein. For example, provided herein are polynucleotides enceoding the amino
acids described in any one of SEQ ID NOs: 1-117.
{6154} In one embodiment, an isolated polynucleotide, for example DNA, encoding the
polypeptide chains of the isolated bispecific antibodies or antigen-binding fragments set forth herein
is provided. In one embodiment, the isolated polynucleotide encodes an anti-PD-1 antigen-binding
fragment thereof comprising one mature mrnunoglobulin hght cham provided herein, and one
mature immunoglobulin heavy chain provide herein. In one embodiment, the isolated
polynucleotide further encodes ananti-LAG3 antigen-binding fragment thereof comprising one
roature romunoglobulin hight chain provided herein, and one mature immunoglobulin heavy chain
provided herein. In some embodiments the isolated polynucleotide encodes both a light chain and a
heavy chain on a single polynuclectide molecule. In other embodiments the hight and heavy chams
are encoded on separate polynucleotide molecules. Tn another embodiment, the polynucleotides
further encodes a signal sequence.
{3155} Also provided herein are vectors, e.g., expression vectors, such as plasmids, comprising
the solated polynucleotides, wherein the polynucleotide is operably hinked to control sequences that
are recognized by a host cell when the host cell is transfected with the vector. Also provided are
host cells comprising a vector and methods for producing the antibodies or antigen-binding fragment
thereof or polypeptide disclosed herem comprising culturing a host cell harboring an expression
vector or a nucleic acid encoding the mmunoglobulin chains of the antibodies or antigen-binding
tragment thereof n culture medium, and isolating the antibodies or antigen-binding fragment thereof
from the host cell or culture medim.

5.8 Methods of Making Antibodies and Antigen-binding Fragments Thereof
{6156] The antibodies disclosed herein can also be produced recombinantly {(e.g.,in an /.
coli/T7 expression system, a mammalian cell expression system or a lower eukaryote expression
system}. In one embodiment, nucleic acids encoding the antibody molecules provided herein (e.g.,
scFv, Vg or Vi) canbe inserted into a pET-based plasmid and expressed in the £ cofi/T7 system.
In some embodments, provided herein are methods for expressing antibodies or antigen-binding

fragments thereof or immunoglobulin chains thereof m a host cell {e.g., bacterial host cell such as
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F£.coli such as BL21 or BL2IDE3) comprising expressing T7 RNA polymerase i the cell, which
also mchides a polynucleotide encoding an immunoglobulin chain that is operably hinked toa 17
promoter. In one embodiment, a bacterial host cell, such as a £ cofi, nclades a polynucieotide
encoding the T7 RNA polymerase gene operably linked to a Jac promoter, and expression of the
polymerase and the chain is induced by mcubation of the host cell with IPTG (isopropyl-beta-D-
thiogalactopyrancside}.

[6157] There are several methods by which to produce recombinant antibodies which are known
in the art. One exarople of a method for recombinant production of antibodies is disclosed n U.S.
Patent No. 4,816,567,

{6158} Transformation can be by any known method for introducing  polynuclectides into a host
cell. Methods for mtroduction of heterologous polynucleotides into mammalian cells are well known
in the art and include dextran-mediated transtection, caicium phosphate precipitation, polybrene-
mediated transfection, protoplast fusion, electroporation, encapsulation of the polynucleotide(s) n
liposomes, biolistic mjection and direct micromjection of the DNA into nucler.  In addition, nucleic
acid molecules can be introduced into mammalian cells by viral vectors. Methods of transforming
cells are well known i the art. See, for example, U.S. Patent Nos. 4399216, 4,912.040; 4,740,461
and 4,959 455.

[6159] Thus, also provided herein are recombinant methods for making antibodies or antigen-
binding fragments thereof disclosed herem, or an immunoglobulin chain thereof, comprising
mtroducing a polynucleotide encoding one or more mmunoglobulin chains of the antibodies or
fragments {e.g., heavy and/or light immunogiobulin chain, sc¥Fv); culturing the host cell {e.g.,
Chinese Hamster Ovary (CHO) or Pichia or Pichia pastorisyunder conditions favorable to such
expression. o certain embodiments, the method further comprses isolating the antibodies or
fragments or immunoglobulin chaims from the host cell and/or medium in which the host cell is
grown.

[0160] Eukaryotic and prokaryotic host cells, ncluding mammalian cells as hosts for expression
of the antibodies or fragments or mmmunoglobulin chains disclosed herem are well known n the art
and mclude many immortalized cell lines available from the American Type Culture Collection
(ATCC). These include, infer alia, Chinese hamster ovary (CHO) cells, NSO, SP2 cells, Hela

cells, baby hamster kiduey (BHK) cells, monkey kidoey cells (COR), human hepatocellular
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carcinoma cells (e.g., Hep G2), A549 cells, 313 cells, HEK-293 cells and a number of other cell
lines. Mammalian host cells mclude human, mouse, rat, dog, monkey, pig, goat, bovine, horse and
hamster cells. Cell lines of particular preference are selected through determining which cell lines
have high expression levels. Other cell hnes that can be used are insect cell hines, such as Sf9 cells,
amphibian cells, bacterial cells, plant cells and fungal cells. Fungal cells include yeast and
filamentous fungus cells including, for example, Pichia pastoris, Pichia finlandica, Pichia
frehalophila, Pichia koclamae, Pichia membranacfaciens, Fichia minuta (Ogataea minuta, Pichia
lindneriy, Pichia opuntiae, Pichia thermoiolerans, Pichia salictaria, Pichia guercuuwm, Pichia
pijperi, Pichia stiptis, Pichia methanolica, Pichia sp., Saccharomyces cerevisiae, Saccharomyces
sp., Hansenula polymorpha, Kluyveromyces sp., Kluyveromyces lactis, Candida albicans,
Aspergillus nidulons, Aspergillus niger, Aspergillus orvzae, Trichoderma reesei, Chrysosporium
lucknowense, Fusarium sp., Fusarium gramineum, fusarium venenatum, Physcomitrella patens and
Neurospora crassa. Pichia sp., any Saccharomyces sp., Hansemila polymorpha, any Kluyveromyces
sp., Candida albicans, any Aspergillus sp., Trichoderma reesei, Chrysosporium buicknowense, any
Fusarium sp., Yarrowia lipolytica, and Neurospora crassa. When recombinant expression vectors
encoding the heavy cham or antigen-binding portion or fragment thereof, the light chain and/or
antigen-binding fragment thereof, or scFv are miroduced nto mammahan host cells, the antbodies
are produced by culturing the host cells for a period of time sufficient to allow for expression of the
antibodies or fragments or cham in the host cells or secretion into the culture medium i which the
host cells are grown.

0161} Antibodies and antigen-binding fragmeunts thereof and immunoglobulin chains canbe
recovered from the culture medium using standard protein purification methods. Further, expression
of antibodies and antigen-binding fragments thereof and womunoglobulin chans (or other moieties
therefrom) from production cell lines can be enhanced using a number of known techniques. For
example, the glutamine synthetase gene expression system {(the GS system) is a common approach
for enhancing expression under certain conditions.  The GS system 1s discussed n whole or part in
connection with European Patent Nos. 0 216 846, 0 256 055, and 0 323 997 and European Patent
Application No. 89303964.4. Thus, in an embodiment, the mammalian host cells {e.g., CHO) lack a

ghitamine synthetase gene and are grown i the absence of glutanune m the medium wheren,

50



WO 2019/152642 PCT/US2019/016038

however, the polynucieotide encoding the immunoglobulin chain comprises a glutamine synthetase
gene which complements the lack of the gene in the host cell.

0162} In general, glycoproteins produced in a particular cell line or transgenic animal will have
a set of glveosylation patterns that is characteristic for glycoproteins produced in the cell ine or
transgenic animal  Therefore, the particular glycosylation pattern of an antibody will depend on the
particular cell line or transgenic animal used to produce the antibody. However, all antibodies
comprising the amino acid sequences provided herein are contemplated, independent of the antibody
glycosylation pattern. Similarly, m particular embodiments, antibodies with a glycosylation pattern
comprising only non-fucosylated N-glycans canbe advantageous, because these antibodies have
been shown to typically exhibit more potent etficacy than thewr fucosylated counterparts both in
vitro and in vivo (See for example, Shinkawa eraf., J. Biol Chem. 278: 3466-3473 (2003), U S,
Patent Nos. 6,940,292 and 7,214,775). These antibodies with non-fucosylated N-glycans are not
iikely to be inumunogenic because their carbohydrate structures are a normal component of the
population that exists in human serum IgG.

{6163} Immunoglobuling can be assigned to different classes depending on the amino acid
sequences of the constant domain of their heavy chains. In some embodiments, different constant
domains canbe appended to Vi, Vyor Vg -V regions. There are at least five major classes of
immunoglobuling: IgA, IgD, Igk, 1gG and IgM, and several of these can be further divided nto
subclasses (subtypes), e.g. IgGl, 1gG2, 1gG3 and 1g(G4; 1gAl and IgAZ.

{6164] In one embodment, the antibodies or antigen-binding fragments comprise a heavy chamn
constant region, e.g. a human constant region, such asyl, v2, v3, or y4 human heavy chain constant
region or a variant thereof. In another embodiment, the antibody or antigen-binding fragment
comprises a light chain constant region, ¢.g. a human light cham constant region, such as lambda or
kappa human light chain region or variant thereof.

{0165} In one embodiment, the anti-PD-1 or anti-LAG3 antigen-binding fragment or anti-PD-
VLAGS bispecific antibody comprises a heavy chain constant region of the IgG1 subtype. In
another embodiment, the 1gG1 heavy chain constant region of the anti-PD-1 and/or anti-LAG3 arm
further comprises one or more of L234A or L.234D; L23SA or L235D; D265S or D265SA; and

G237A mutations m the CHZ region (EU numbering). In another embodiment, the IgGl heavy
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chain constant region of the anti-PD-1 and/or anti-LAG3 arm further comprises the mutation
N297A, N297B, or N297( (EU numbering).

{3166} In other aspects of the anti-PD-1/LAG3 mutispectfic antibody, the Ig(Gl heavy chain
constant region of the anti-PD-1 and anti-LAG3 arm further comprises pairs of CH3 mutations
selected from the group consisting of! one or more mutations of L35TY/F405A/Y407V and one or
more mutations of T366I/K392M/T394W; one or more mutations of T350V/L351Y/F405A/Y407V
and one or more mutations of T350V/T366L/K392L/T394W; and one or more mutations of
T3SOV/L3STY/FA05A/Y 407V and one or more mutations of T350V/T366L/K39ZM/T394W (EU
numbering).  In a further embodiment, the IgGl heavy chain constant region of the anti-PD-1 arm
further comprises CH3 mutations of T350V/L351Y/F405A/Y407V and the IgGl heavy chamn
constant region of the anti-LAG3 arro further comprises CH3 mutations
TISOV/TIOOL/K3I92M/T394W.  In a further embodiment, the IgGl heavy chain constant region of
the anti-LAG3 arm further comprises CH3 mutations of T350V/L351Y/F405A/Y 407V and the IgGl
heavy chain constant region of the anti-PD-1 arm further comprises CH3 mutations
T350V/T366L/K392M/T394W.  In yet a further embodiment, the Ig(G1 heavy chain constant region
of the anti-PD-1 arm further comprises CH3 mutations of L351Y/F405A/Y407V and the 1gGl
heavy chamn constant region of the anti-LAG3 arm further comprises CH3 mutations
T366L/K392M/T394W . In yet a further embodiment, the IgGl heavy cham constant region of the
anti-LAG3 arm further comprises CH3 mutations of E351Y/F405A/Y407V and the IgGl heavy
chain constant region of the anti-PD-1 arm further comprises CH3 mutations
T366L/K392M/T394W . These mutations in the heavy chain constant region of the anti-PD-1 arm
and anti-LAG3 arm promote the heterodmer formation of the bispecific antibody. See
WO2012058768 and WO2013063702.  Other CH3 mutations to promote heterodimer formation of
the bispecific antibodies mcludes those described m WO2012058768, W(2013063702,
USS731168, USBS92562, US9828619, UUS9248181 or WO2012131555, which are incorporated
herein by reference i their entireties.

{6167 In another embodiment, the anti-PD-1 heavy cham further comprises CHI mutations at
LI45E, K147T, Q175E, and S183L, and the anti-PD-1 hght chain comprises Cx mutations at
Q124R, T178R; and the anti-LAG3 heavy chain further comprises CH1 mutations at SISIK, hght
chain Cx mutations at Q124E, S131T, T178Y, and TI1BOE (EU numberning). In another
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embodiment, the anti-PD-1 heavy chamn further comprises FR and CHT mutations at Q39E, L145E,
K147T, and Q175E
Q160K and T178R; and the anti-LAG3 heavy chain further comprises FR and CH1 mutations at

(Q39R, H168R, Q175K light chamn FR and Cx mutations at Q38E, Q124E, Q160E, and T180E (EU

and the anti-PD-1 light chamn comprises FR and Cx mutations at Q38R, Q124R,

2

numbering). These mutations assist in the correct pairing of the anti-PD-1 heavy and light chain,
and ant-L AG3 heavy and light chain. See FIG. 4 and FIG, §, and WO2015181805. Other CH1
and Ck mutations that promote correctlight and heavy chain pairing include those described m
WO2015181805, W02016172485, WO2015173756, US20160039947, W02014124326,
US20140154254, or US20140370020, which are incorporated herein by reference in their entireties.
5.6 Amntibedy Engineering
{6168] Further included are embodiments in which the antibodies and antigen-binding fragments
thereof are engineered antibodies to include modifications to framework residues within the variable
domains of the sequences provided herein, e.g. to improve the properties of the antibody or
fragment. Typically, such framework modifications are made to decrease the mnwnogenicity of the
antibody or fragment. This 15 usually accomplished by replacing non-CDR residues i the varable
domains {7.e. framework residues) in a parental {e.g. rodent) antibody or fragment with analogous
residues from the immune repertoire of the species in which the antibody is to be used, e.g. human
residues m the case of human therapeutics. Such an antibody or fragment is referredto as a
“humanized” antibody or fragment. One approach is to mutate one or more framework residues to
the corresponding germline sequence. More specifically, an antibody or fragment that has
undergone somatic mutation can contain framework residues that ditfer from the germhine sequence
from which the antibody s derived. Such residues can be wdentified by comparing the antibody or
tragment framework sequences to the germbline sequences from which the antibody or fragment is
derived. Another approach is to revert to the origmal parental (e.g., rodent) residue at one or more
posttions  of the engineered {e.g. humanized) antibody, e.g. to restore binding affinity that may have
been lost in the process of replacing the framework residues. (See, e.g., U.S. Patent No. 5,093,762,
U.S. Patent No. 5,585,089 and U.S Patent No. 5,530,101 )
{3169} In certain embodiments, the antibodies and antigen-binding fragments thereof are
engineered {e.g., humanized) to include modifications i the framework and/or CDRs to improve

their propertics. Such engmeered changes canbe based on molecular modelling A molecular
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model for the variable region for the parental (non-human) antibody sequence can be constructed to
understand the structural features of the antibody and used to identify potential regions on the
antibody that can interact with the antigen. Conventional CDRs are based on alignment of
mnnoglobulin sequences and dentifying variable regions. Kabates o/, (1991) Sequences of
Proteins of Immunological Interest, Kabat, ef o/ National Institutes of Health, Bethesda, Md. | 5t

ed.; NIH Publ. No. 91-3242; Kabat (1978} Adv. Prot. Chem. 32:1-75; Kabat, etal., (1977} J. Biol.

Chem. 252:6609-6616. Chothia and coworkers carefully examined conformations of the loops m
crystal structures of antibodies and proposed hypervariable loops. Chotlha, eral., (1987) J Mol
Biol 196:501-917 or Chothia, er o/, (1989 Nature 342:.878-883.  There are variations between
regions classified as “CDRs” and “hypervanable loops”. Later studies (Raghunathan ef o/, (2012) J.
Mol Recog. 25,3, 103-113) analyzed several antibody-antigen crystal complexes and observed that
the antigen-binding regions in antibodies do not necessarily conform strictly to the “CDBR” residues
or “hypervarible” loops. The molecular model for the variable region of the non-human antibody
can be used to guide the selection of regions that can potentially bind to the antigen. In practice the
potential antigen-binding regions based on model differ from the conventional “CDR”s or
“hypervariable” loops. Commercial scientific software such as MOE (Chemical Computing Group)
can be used for molecular modeling Human trameworks can be selected based on best matches
with the non-human sequence both i the frameworks and in the CDRs. For FR4 (framework 4} in
VH, V] regions for the human germlines are compared with the corresponding non-human

region.  In the case of FR4 (framework 4) in VL, J-kappa and J-Lambda regions of human germline
sequences are compared with the corresponding non-human region. Once suitable human
trameworks are identified, the CDRs are grafied into the selected human frameworks. In some cases
certain residues in the VL-VH mterface canbe retained as m the non-human (parental) sequence.
Molecular models can also be used for identifying residues that can potentially alter the CDR
conformations and hence binding to antigen. In some cases, these residues are retained as i the
non-human (parental) sequence. Molecular models can also be used to Wdentify solvent exposed
amino acids that can result m unwanted etfects such as glycosylation, deamidation and oxadation.
Developability filters canbe introduced early on in the design stage to eliminate/minimize these

potential problems.
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{6176] Anocther type of framework modification involves mutating one or more residues within
the framework region, or even within one or more CDR regions, to remove T cell epitopes to
thereby reduce the potential immunogenicity of the antibody. This approach is also referredto as
“detmmumnization’” and is described m further detadl in U S, Patent No. 7,125,689,

{6171} In particular embodiments, #t will be desirable to change certain amino acids containing
exposed side-chains to another amine acid residue in order to provide for greater chemical stability
of the final antibody, so asto avoid deanudation or isomerization. The deamidation and/or
somerization of asparagme and ghutamine canoccur on DG, NG, NS, NA, NT, QG or QS
sequences and result in the creation of an isocaspartic acid residue that introduces a kink to the
polypeptide cham and decreases its stability (isoaspartic acid etfect). Isomerization can occur at
DG, DS, DA or DT sequences. In certain embodiments, the antbodies of the present disclosure do
not contain deamdation or asparagme isomerism sites. In one embodiment, the anti-PD1 heavy
chain CDRH2 comprises a GS6A correction to remove a deamidation site.

{6172}  For example, an asparagine {Asn) residue can be changed to Gln or Ala to reduce the
potential for formation of isoaspartate at any Asn-Gly sequences, particularly within a CDR. A
similar problem can occur ata Asp-Gly sequence. Reissner and Aswad (2003) Cell. Mol Life Sci.
60:1281. Isoaspartate formation can debilitate or completely abrogate binding of an antibody to its
target antigen. See, Presta (2005) J. Allergy Clin. lmmmunol. 1167731 at734. In one embodiment,
the asparagine 1s changed to glutamme {Gln). It can also be desirable to alter an amino acid adjacent
to an asparagme {Asn) or ghutamine {Gln) residue to reduce the likehhood of deamndation, which
occurs at greater rates when small amino acids occur adjacent to asparagine or glutamine.  See,
Bischoff & Kolbe (1994} J. Chromatog. 662261, In addition, any methionine residues (typically
solvent exposed Met) m CDRs canbe changed to Lys, Leu, Ala, or Phe or other amino acids in
order to reduce the possibility that the methionine sulfur would oxidize, which could reduce antigen-
binding affinity and also contribute to molecular heterogeneity m the final antibody preparation. 7d.
Additionally, in order to prevent or mirsmize potential scissile Asn-Pro peptide bonds, it can be
destrable to alter any Asn-Pro combmations found m a CDR to Gin-Pro, Ala-Pro, or Asn-Ala.
Antibodies with such substitutions are subsequently screenedto ensure that the substitutions do not
decrease the affinity or specificity of the antibody for PD-1 or LAGS, or other desired biological

activity to unacceptable levels,
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TABLE 2. Exemplary stabilizing CDR variants

CDR Residue Stabilizing Variant Sequence

Asn-Gly Gin-Gly, Ala-Gly, or Asn-Ala
(N-G} (Q-G), (A-G), or (N-A)
Asp-Gly Glu-Gly, Ala-Gly or Asp-Ala
{D-(G3) (E-G), (A-G), or (B-A)
Met {typically sclvent exposed) Lys, Leu, Ala, or Phe
(M) (), (L), (A), or (F)
Asn Gln or Ala
) Q) or (A)
Asn-Pro Gin-Pro, Ala-Pro, or Asn-Ala
(N-P) (Q-P), (A-P), or (N-A)

8.7 Antibody Engineering of the Fe region

{6173] The antibodies and antigen-binding fragments thereot disclosed herein can also be
engineered to include modifications within the Fo region, typically to alter one or more properties of
the antibody, such as serum half-life, complement fixation, Fe receptor binding, and/or effector
function {e.g., antigen-dependent cellular cytotoxicity). Furthermore, the antibodies and antigen-
binding fragrments thercof disclosed herem can be chemically moditied (e.g., one or more chemical
moieties can be attached to the antibody) or be modified to alter its glycosylation, again to alter one
or more properties of the antibody or fragment. Each of these embodiments s described in further
detail below. The numbering of residues in the Fe region is that of the EU index of Kabat.

{6174} The antibodies and antigen-binding fragments thereof disclosed herein also include
antibodies and fragments with modified {or blocked) Fc regions to provide altered effector
functions. See,e.g.,U.S. Pat. No. 5,624,821, WO2003/086310; WO2005/120571
WO2006/0057702.  Such meodifications canbe used to enhance or suppress various reactions of the
mmune system, with possible beneficial effects in diagnosis and therapy. Alierations of the Fe
region include amino acid changes (substitutions, deletions and insertions), glycosylation or
deglycosylation, and adding muliiple Fc regions. Changes to the Fe can also alter the halt-life of
antibodies in therapeutic antibodies, enabling less frequent dosing and thus increased convenience
and decreased use of material. See Presta (2005) .. Allergy Clin. Inmmumnol 116731 at 734-35.
{3175] In one embodiment, the antbody or antigen-binding fragment 1s an IgG4 sotype

antibody or fragment comprising a Serine to Proline mutation at a position corresponding to position
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228 (8228P; EU mndex) n the hinge region of the heavy chan constant region. This mutation has
been reported to abolish the heterogeneity of mter-heavy chain disulfide bridges m the hinge region
(Angal ef al supra; position 241 is based on the Kabat numbering system).

6176} In one embodiment, the hinge region is modified such that the number of cysteine
residues in the hinge region is increased or decreased. This approach is described fusther in U.S.
Patent No. 5,677,425, The number of cysteine residues in the hinge region of CH1 is altered, for
example, to facilitate assembly of the light and heavy chamns or to mcrease or decrease the stability
of the antibody.

{01771 In another embodiment, the Fc hinge region of an antibody or antigen-binding fragment
is mutated to decrease the biological half-hife of the antibody or fragment. More specifically, one or
more amino acid mutations are introduced mto the CH2-CH3 domain mterface region of the Fe-
hinge fragment such that the antibody or fragment has impatred Staphylococeyl protemn A (SpA)
binding relative to native Fe-hinge domain SpA binding  This approach is described m further detail
in J.S. Patent No. 6,165,745,

{6178] In ancther embodiment, the antbody or antigen-binding fragment is modified to increase
its biological half-life. Various approaches are possible. For example, one or more of the following
mutations canbe miroduced: T2S2L, T2534S8, T256F, as described in U.S. Patent No. 6,277,375
Alternatively, to increase the biclogical half-life, the antibody canbe altered within the CH1 or CL
region to contain a salvage receptor binding epitope taken from two loops of a CHZ domain of an Fc
region of an Ig(5, as described m U.S. Patent Nos. 5,869,046 and 6,121,022

16179} In yet other embodiments, the Fc region is altered by replacing atleast one amino acid
residue with a different amino acid residue to alter the effector function{s) of the antibody or
antigen-binding fragment. For example, one or more amino acids selected from amino acid residues
234, 235, 236, 237, 297, 318, 320 and 322 canbe replaced with a different amino acid residue such
that the antibody has an altered affimty for an effector igand and retains the antigen-binding ability
of the parent antibody. The effector higand to which affinity is altered can be, for exarple, an Fe
receptor or the C1 component of complement. This approach is described w further detad m U.S.
Patent Nos. 5,624 821 and 5,648,260.

[0180] In another embodiment, one or more ammno acids selected from anuno acid residues 329,

331 and 322 canbe replaced with a different amino acid residue such that the antibody has altered
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Clg binding and/or reduced or abolished complement-dependent cytotoxicity (CDC). This
approach s described in further detail in U.S. Patent No. 6,194,551
{3181} In another embodiment, one or more amino acid residues within amino acid positions
231 and 239 are altered to thereby alter the ability of the antibody to tix complement. This approach
is described further in PCT Publication WO 94/29351.
{6182] In yet ancther embodiment, the Fc region is modified to decrease the ability of the
antibody or antigen-binding fragment to mediate antibody-dependent cellular cytotoxicity (ADCC)
and/or to decrease the affinity of the antibody or fragroent for an Fey receptor by modifying one or
more amino acids at the following positions: 238, 239, 243, 248, 249, 252, 254, 255, 256, 258, 264,
265, 267, 268, 269, 270, 272, 276, 278, 280, 283, 285, 286, 289, 200, 292, 293, 294, 205, 296, 298,
301, 303, 305, 307, 309, 312, 315, 320, 322, 324, 326, 327, 329, 330, 331, 333, 334, 335, 337, 338,
340, 360, 373, 376, 378, 382, 388, 389, 398, 414, 416, 419, 430, 434, 435, 437, 438 or 439, This
approach is described further in PCT Publication WO 00/42072. Moreover, the binding sites on
human IgGl for FeyR1, FeyRIL FeyREI and FeRn have been mapped and variants with wnproved
binding have been described (see Shields etal (2001} J. Biol Chem 276:6591-6004).
{3183} In one embodiment, the Fc region is modified to decrease the ability of an antibody
provided herein to mediate effector function and/or to increase ant-inflammatory properties by
moditying residues 243 and 264, In one embodiment, the Fe region of the antibody or fragment is
modified by changing the residues at positions 243 and 264 to alanine. In one embodiment, the Fc
region is modified to decrease the ability of the antibody or fragment to mediate effector function
and/or to increase anti-inflammatory properties by modifving residues 243, 264, 267 and 328,

5.8 Effector Function Regulation
{3184} The term “Effector Function” asused herein is meant to refer to one or more of Antibody
Dependant Cell mediated Cytotoxic activity (ADCC), Complement-dependant cytotoxic activity
(CDC) mediated responses, Fe-mediated phagocytosis or antibody dependant cellular phagocyiosis
{ADCP) and antibody recycling via the FcRa receptor.
{6185] The nteraction between the constant region of an antigen-binding protein and various Fe
receptors (FcR) mcluding FegammaRI (CDo4), FegammaR1l (CD32) and FegammaRHI (CD16) is

believed to mediate the effector functions, such as ADCC and CDC, of the antigen-binding protein.
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The Fc receptor 1s also important for antibody cross-inking, which can be mportant for anti-tumor
imnunity.
{3186} Eftector function canbe measured in a number of ways including for example via
binding of the FegammaRIT to Natural Killer cells or via FcgammaRT to monocytes/macrophages to
measure for ADCC effector function. In certain embodiments, an antigen-binding protemn provided
herein can be assessed for ADCC effector function in a natural killer (NK) cell assay. Examples of
such assays can be found i Shields eral 2001 J. Biol Chem. Vol 276, p 6591-6604; Chappel et
al, 1993 1. Biol. Chem., Vol 268, p 25124-25131; Lazar ef o, 2006 PNAS, 103; 4005-4010.
6187] The ADCC or CDC properties of antibodies provided herein, or their cross-linking
properties, can be reduced m a number of ways. Human IgGl constant regions contaning specific
routations or altered glycosylation on residue Asn297 have been shown to reduce binding to Fe
receptors. In other cases, these mutations have also been shown to enhance ADCC and CDC (Lazar
et al 2006, PNAS, 103; 4005-4010; Shields et/ J Biol Cherm 2001, 276; 6591-6604; Nechansky et
al., 2007, Mol Inmumol., 44, 1815-1817). In addition, L.234A or L235A, 1.236A, G237A mutations
result m reductions in FoyRI recognition. Lund eral, 1991, Jof Immmunol, 147, 2657-2663. In one
embodiment, such mutations are in one or more of positions selected from 239, 332 and 330 (IgG1),
or the equivalent positions in other IgG isotypes. Examples of suitable mutations are 8239D and
I332E and A330L. In one embodiment, an antigen-binding protein providedherein is mutated at
positions 239 and 332, for example S2390 and I332E. In another embodiment an antigen-binding
protein provided herein is mutated at three or more positions  selected from 239 and 332 and 330, for
example S239D and I332E and A330L. (EU index numbering).

5.9 Production of Antibodies with Medified Glycosylation
{0188} In still another embodiment, the bispecific antibodies or antigen-binding fragments
provided herem comprise a particular glycosylation pattern. For example, an afucosylated or an
aglycosylated antibody or fragment can be made (7.e., the antibody lacks fucose or glycosylation,
respectively). The glycosylation pattern of an antibody or fragment can be altered to, for example,
to merease the affinity or avidity of the antibody or fragment for a PD-1 or LAGS antigen. Such
modifications can be accomplished by, for example, altering one or more of the glycosylation sites
within the antibody or fragment sequence. For example, one or more amino acid substitutions can

be made that result in removal of one or more of the variable region framework glycosylation sites
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to thereby ehminate glycosylation at that site. Such aglycosylation can increase the affinity or
avidity of the antibody or fragment for antigen. See,e.g., U.S. Patent Nos. 5,714,350 and 6,350,861,
In one embodiment, the anti-PD-1 CDRHZ region has a S61N glycosylation correction.

0189] Antibodies and antigen-binding fragments disclosed heremn can further include those
produced m lower eukarvote host cells, in particular fungal bost cells such as yeast and filamentous
fungt that have been genetically engineered to produce glycoproteins that have mammahan- or
human-like glycosylation patterns (See for example, Chat efaf, (2003) Proc. Natl Acad. Sci. 100
5022-5027, Hamlton ef o/, (2003) Science 301: 1244-1246;, Hamilton eral, (2006} Science 313:
1441-1443; Netter ol , Yeast 28(3y237-52 (2011}, Hamilton ef al,, Curr Opin Biotechnol.

Oct; 18(5)387-92 (2007)). A particular advantage of these genetically modified host cells over
currently used mammahan cell lines is the ability to control the glycosylation profile of
glycoproteins that are produced in the cells such that compositions of glycoproteins can be produced
wherein a particular N-glycan structure predominates (see, e.g., U.S. Patent No. 7029872 and U.S.
Patent No. 7449308). These gevetically modified host cells have been used to produce antibodies
that have predominantly particular N-glycan structures (See for example, Li e al | (2006} Nat.
Biotechnol 24: 210-215).

{0196} In particular embodiments, the antibodies and antigen-binding fragments thereof
disclosed herein further include those produced in lower eukaryotic host cells and which comprise
fucosylated and non-fucosylated hybrid and complex N-glycans, incliding bisected and
multiantennary  species, mcluding but not limited to N-glycans such as GleNAc . MamGleNAc);
Galg 4 GleNAc gMans GleNAc,; NANAq.4,Galy o GleNAcqMan; GleNAc,.

3191} In particular embodiments, the antibodies and antigen-binding fragments thereof
provided herein can comprise antibodies or fragments having atleast one hybrid N-glycan selected
from the group consisting of GlcNAcMansGleNAc,, GalGleNAcMansGleNA¢,, and
NANAGalGlceNAcMansGleNAc,.  In particular aspects, the hybrid NM-glycan is the predominant N-
glycan species in the composition.

{6192] In particular embodiments, the antibodies and antigen-binding fragments thereof
provided herein comprise antibodies and fragments having at least one complex N-glycan selected
from the group consisting of GleNAcMan;GleNA¢,; GalGleNAcManGleNAc,;
NANAGalGleNAcManGleNA¢,, GleNAce,ManGlcNAg,, GalGleNAcManyGleNAC;
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Gal,GleNAo,MamGleNA¢;, NANAGalhGleNAc,Man:GlcNA¢,, and
NANA;GaLGIleNAcMan;GlcNAc,.  In particular aspects, the complex N-glycan are the
predominant N-glycan species in the composition.  In further aspects, the complex N-glycan is a
particular M-glycan species that comprises about 30%, 40%, 50%, 60%, T0%, 80%, 90%, 95%,
7%, 98%, 99%, or 100% of the complex N-glycans in the composttion. In one embodiment, the
bispecific antibody and antigen-binding fragments thereof provided herein comprise complex N-
glyvcans, wherein at least S0%, 60%, 70%, 80%, 90%, 95%, 97%, 98%, 99%, or 100% of the
complex N-glycans comprise the structure NANA,Gal,GleNA ¢, Man;GleNAc,, wherein such
structure 18 afucosylated. Such structures can be produced, e.g., in engineered Pichia pasioris host
cells.

{0193] In particular embodiments, the N-glycan is fucosylated. In general, the fucose is i an
a1,3-linkage with the GleNAge at the reducing end of the N-glycan, an o1,6-linkage with the GlceNAc
at the reducing end of the N-glycan, an «l 2-lnkage with the Gal at the non-reducing end of the N-
glycan, an ol 3-linkage with the GleNac at the nov-reducing end of the N-glycan, or an al 4-linkage
with a GlcNAc atthe non-reducing end of the N-glycan.

{3194} Therefore, in particular aspects of the above the glycoprotein compositions, the
glycoform is m an gl 3-linkage or ol 6-linkage fucose to produce a glyeoform selected from the
group consisting of MansGleNAc{Fue), GleNAcMansGleNA¢(Fuc), Man:GleNAc,(Fuc),
GleNAcManGleNAcy(Fue), GleNAc;Man;GleNAc(Fuc), GalGleNAcMansGleNA¢,(Fuc),
GabGicNAo,MamGlcNA¢)(Fuc), NANAGahGleNAc,Man;GleNAcy{Fue), and
NANA;GaLGleNAcMan;GleNAc(Fuc), 1 an ol 3-linkage or o1,4-linkage fucose to produce a
glycoform selected from the group consisting of GleNAc{Fuc)MansGleNAc,,
GleNAc(Fuc)Man;GleNAc), GleNAcy(Fuco)ManGlcNAc,, GalGlcNAc)(Fuc,»)ManGlcNAC,
Gab,GleNA ¢y (Fue1-2)0Man3 GleNAc,, NANAGaLGlcNAc{(Fuc ) Man;GleNAc,, and
NANA;GabGleNAc {(Fuci o )MamGleNA¢c,; or in an al 2-linkage fucose to produce a glycoform
selected from the group consisting of Gal{Fuc)GleNAc,Man;GleNAc,, Gah(Fuc,.
HGIeNACManGleNA¢,, NANAGah{Fuc ) GleNAe,Man;GleNAc¢,, and NANA,Gab(Fuc,.
2NGIcNAcMan; GleNAC,.
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[6195] In further aspects, the antbodies or antigen-binding fragments thereof comprise high
mannose V-glycans, including but not imited to, MangGleNAc,;, Man,GlcNAc,, MangdcNAc,,

MansGleNAc,, ManGicNAc;, or N-glycans that consist of the ManyGlcNAcy N-glycan structure.

{3196] In further aspects of the above, the complex N-glycans further include fucosylated and
non-fucosylated bisected and multiantennary species.

{0197} Asused herein, the terms “N-glycan” and “glycoform”™ are used interchangeably and
refer to an N-linked oligosacchanide, for example, one that is attached by an asparagine-N-
acetylglucosamine linkage to an asparagine residue of a polypeptide.  N-linked glycoprotens
contain an N-acetylglucosamine residue hoked to the amide nitrogen of an asparagme residue in the
protein.  The predominant sugars found on glycoproteins are ghicose, galactose, mannose, fucose,
N-acetylgalactosamme (GalNAc), N-acetylglucosamine (GlcNAc) and sialic acid {e.g., N-acetyl-
neuraminic acid (NANA)). The processing of the sugar groups occurs co-translationally i the
umen of the ER and continues post-transiationally in the Golgi apparatus for N-linked
glycoproteimns.

{0198]  N-glycans have a common pentasaccharide core of MamGleNAc, (“Man” refers to
mannose, “Glc” refers to glucose; and “NAc” refers to N-acetyl, GleNAc refers to V-
acetylglucosamine). Usually, N-glvcan structures are presented with the non-reducing end to the left
and the reducimg end to the night.  The reducing end of the N-glycan is the end that is attached to the
Asn residue comprising the glycosylation site on the protein.  N-glvcans differ with respectto the
number of branches {antennae) comprising peripheral sugars {e.g., GlcNAc, galactose, fucose and
sialic acid) that are added to the Man;GleNA¢, ("Man3”) core structure which is also referred to as
the “trimannose core”, the “pentasaccharide core” or the “paucimannose core”. N-glycans are
classified according to their branched constituents (e.g., high mannose, complex or bybrid). A “high
mannose” type N-glycan has five or more mannose residues. A “complex” type N-glycan typically
has atleast one GlcNAc¢ attached to the 1,3 mannose arm and at least one GleNAc¢ attached to the
1,6 mannose arm of a “trimannose” core. Complex N-glycans can also have galactose (“Gal”) or M-
acetylgalactosammne (“GalNAc”) residues that are optionally modified with sialic acid or denvatives
(e.g.. “NANA” or “NeuAc”, where “Neu” refers to neuraminic acid and “Ac” refers to acetyl).

Complex N-glycans can also have intrachain substitutions comprising “bisecting” GleNAc and core
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fucose (“Fuc”). Complex N-glycans can also have nuiltiple antennae on the “trimannose core,”
often referred to as “multiple antennary glycans.” A “hybrid” N-glycan has atleast one GlcNAc¢ on
the terminal of the 1,3 mannose arm of the trimannose core and zerc or more mannoses on the 1,6
mannose arm of the trimannose core. The various N-glycans are also referred to as “glycoforms.”
{6199 With respectto complex N-glycans, the terms “G-27, “G-17, “G0”, “G17, “G27, “A17,
and “A2” mean the following “G-2"” refersto an N-glycan structure that canbe characterized as
Man,GlcNAc ; the term “G-17 refers to an N-glycan structure that canbe characterized as
GleNAcManzGleNAco; the term “GU” refers to an N-glycan structure that can be characterized as
GleNAc, Man, GicNAc ; the term “G1” refers to an N-glycan structure that can be characterized as
GalGleNAc Man, GleNAc,; the term “G27 refers to an N-glycan structure that can be characterized
as Gal GleNAc Man GleNAc,; the term “A1” refers to an N-glycan structure that can be
characterized as NANAGal, GleNAc,Man GleNAc,; and, the term “AZ” refers to an N-glycan
structure that can be characterized as NANA Ga;, GleNAc Man, GleNAc,. Unless otherwise
mdicated, the terms -27, “G-17, “GO”, “G17, “G27, “A17, and “A2” refer to N-glycan species that
lack fucose attached to the GlcNAc residue at the reducing end of the N-glycan. When the term
mncludes an “F7, the “F” mdicates that the N-glycan species contamns a fucose residue on the GieNAc
residue at the reducing end of the N-glvcan. For example, GOF, GIF, G2F, AIF, and AZF all
ndicate that the N-glycan further includes a fucose residue attached to the GleNAc residue at the
reducing end of the N-glycan. Lower eukaryotes such as yeast and filamentous fung: do not
normally produce N-glycans that produce fucose.

{3200] With respect to multiantennary N-glycans, the term “multiantennary N-glycan” refersto
N-glycans that further comprise a GleNAc residue on the mannose residue comprising the non-
reducing end of the 1,6 arm or the 1.3 arm of the N-glycan or a GlcNAc¢ residue on each of the
mannose residues comprising the non-reducing end of the 1,6 arm and the 1,3 arm of the N-glycan.
Thus, multiantennary N-glycans canbe characterized by the formulas GicNAc(2_4)1\4&113(}101\3‘%02,
Gal,  GicNAc ) Man GleNAc, or NANA, | Gal | GicNAc, Man GleNAc, The term “1-47

refersto 1, 2, 3, or 4 residues.
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[6201] With respect to bisected N-glycans, the term “bisected N-glycan” refers to N-glycans m
which a GleINAc¢ residue is linked to the mannose residue at the reducing end of the N-glycan. A
bisected N-glycan canbe characterized by the formula GleNAc Man GleNAc, wherein each
mannose residue 18 linked at its non-reducing end to a GicNAc residue. 1n contrast, when a
muitiantennary N-glycan is characterized as GleNAc Man GleNAc , the formula indicates that two
GleNAc residues are linked to the mannose residue at the non-reducing end of one of the two arms
of the N-glycans and one GleNAc residue s inked to the mannose residue at the non-reducing end
of the other arm of the M-glycan.

5,16 Antibody Physical Properties
{6202] The antibodies and antigen-binding fragments thereof disclosed herem can turther
contamn one or more glycosylation sites in etther the light or heavy chain immunoglobulin variable
region. Such glvcosylation sites can result in increased immunogenicity of the antibody or fragment
or an alteration of the pK of the antibody due to altered antigen-binding (Marshall ef o/ (1972) Annu
Rev Biochem 41.673-702; Gala and Morrison (2004} J fmmmnol 172:5489-94; Wallick efaf (1988) J
Fxp Med 168:1099-109; Spire (2002) Glveobiology 1243R-56R,;, Parekh eral (1985) Nature
316:452-7; Mimwra efal (2000) Aol Insmunol 37:697-706).  Glycosylation has been known to
occur at motifs contaming an N-X-5/T sequence.
{0203 Each antibody or antigen-binding fragment will have a unique isoelectric pont (pl},
which generally falls in the pH range between 6 and 9.5 The pl for an 1gGl antibody typically falls
within the pH range of 7-9.5 and the pl for anfgG4 antibody typically falls within the pH range of
6-8.
{6204}  Each antibody or antigen-binding fragment will have a characteristic melting
temperature, with a higher melting temperature indicating greater overall stability i vivo
(Krishnamurthy R and Manning MC (2002} Curr Pharm Bictechnol3361-71). In general, the Ty
(the temperature of mnmial unfolding) canbe greater than 60°C, greater than 65°C, or greater than
70°C. The melting pomnt of an antibody or fragment can be measured using differential scanning
calorimetry (Chen e/ a/(2003) Pharm Res 20:1952-60; Ghulando esal (1999) Immunol Lett 68:47-
52y or circular dichroism (Murray er af (2002} J. Chromatogr Sci 40:343-9).
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[6205] In a further embodiment, antibodies and antigen-binding fragments thereof are selected
that do not degrade rapidly. Degradation of an antibody or fragment can be measured using
capillary electrophoresis {CE) and MALDI-MS {Alexander AJ and Hughes DE (1995) Anal Chem
67:3626-32).
{6206] In a further embodiment, antibodies and antigen-binding fragments thereof are selected
that have minimal aggregation effects, which can lead to the triggering of an unwanted immune
response and/or altered or unfavorable pharmacokinetic properties. Generally, antibodies and
fragments are acceptable with aggregation of 25% or less, 20% or less, 15% or less, 10% or less, or
5% or less. Aggregation can be measured by several techniques, mcluding size-exclusion column
(SEC), high performance liguid chromatography (HPLC), and light scattering,

5.1 Antibody Conjugates
{6207] The antibodies and antigen-binding fragments thereof disclosed herein can also be
conjugated to a chemical moiety. The chemical moiety canbe, fnrer afia, a polymer, a radionuclide
or a small molecule that binds to immunomodulators.  In particular embodiments, the chemical
moiety is a polymer which mncreases the halt-life of the antbody or fragmeunt in the body of a
subject. Suitable polymers mchide, but are not hmited to, hydrophilic polymers which include but
are not hmited to polyethylene glycol (PEG) (e.g., PEG with a molecular weight of 2kDa, S kDa, 10
kDa, 12 kDa, 20 kDa, 30 kDa or 40 kDa), dextran and monomethoxypolyethylene glycol (mPEG).
Lee, ef al, (1999) (Bioconj. Chem. 10.973-981) discloses PEG conjugated single~-chain antibodies.
Wen, efal., (2001) (Bioconj. Chem. 12:545-553) disclose conjugating antibodies with PEG which 1s
attached to a radiomoetal chelator (diethylenetriaminpentaacetic acid (DTPA)).
{3208] The antibodies and antigen-binding fragments thereot disclosed herein can also be
conpugated with labels such as ®7T¢ VY, tiln 32P W 125] JH 11} 1C 1O BN 8F 338 SiCr,
ST, 26Ra, 0Co, ¥Fe, TSe, 92Ey, 7CU, 2V7CH, 2LAL 212Ph, 478¢, 109Pd, 234Th, 40K 157Gd, SSMn,
2Ty, and 2Fe,
{3209] The antibodies and antigen-binding fragments disclosed herein can also be PEGylated,
for example to mcrease its biclogical (e.g., serum) half-lite. To PEGylate an antibody or fragment,
the antibody or fragment, typically is reacted with a reactive form of polyethylene glycol (PEG),
such as a reactive ester or aldehyde derivative of PEG, under conditions in which one or more PEG

groups become attached to the antibody or antibody fragment In particular embodiments, the
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PEGylation 15 carried out via an acylation reaction or an alkylation reaction with a reactive PEG
molecule (or an analogous reactive water-soluble polymer). As used herein, the term “polyethylene
glycol” is intended to encompass any of the forms of PEG that have been used to derivatize other
protems, such as mono {CH-C10) alkoxy- or arvioxy-polyethylene glycol or polyethylene glycol-
maleimide. In certain embodiments, the antibody or fragment to be PEGylated s an aglycosylated
antibody or fragment. Methods for PEGylating proteins are known in the art and can be apphed to
the antibodies provided herein. See, e.g., EP0154316 and EP0401384.
{6210] The antibodies and antigen-binding fragments disclosed herein can also be conjugated
with fluorescent or chemilluminescent labels, including fluorophores such as rare earth chelates,
fluorescein and #s derivatives, rhodamine and #ts derivatives, isothiocyanate, phycoerythrin,
phycocyanin, allophycocyanin, o-phthaladehyde, fluorescamine, WEuy, dansyl, umbelliferone,
luciferin, luminal label, isoluminal label, an aromatic acridinkum ester label, an imidazole label, an
acridimium  salt label, an oxalate esterlabel, an aequorin label, 2 3-dihydrophthalazinediones,
biotin/avidin, spin labels and stable free radicals.
{6211} Any method known in the art for conjugating the antibodies and antigen-binding
tragments thereof to the various moieties can be employved, including those methods described by
Hunter ef af |, (1962) Nature 144:945; David efal., (1974) Biochemistry 13:1014; Pam ef af , (1981)
J Irnmunol. Meth. 40:219; and Nygren, (1982) Histochem. and Cytochem. 30407, Methods for
conjugating antibodies and fragments are conventional and known in the art.

532 Therapeutic Uses of Antibodies
{6212] Further provided are methods for treating subjects, including human subjects, in need of
treatment with the antibodies or antigen-binding fragments thereof disclosed herein. In one
embodiment, such subject suftfers from cancer or infectious disease.
{0213} A “subject” can be a mammal such as a human, dog, cat, horse, cow, mouse, rat, monkey
{e.g., cynomolgous monkey, e.g., Macaca fascicularisy or rabbit. In certain embodiments, the
subject is a human subject.
[0214] The term “n association with” indicates that the components administered m a method
provided heremn can be formulated mto a single composition for simultaneous delivery or formulated
separately into two or more compositions {(e.g., akit). Each component can be administered to a

subject at a ditferent time than when the other component s administered. In certain embodiments,
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each administration is given non-simultanecusly (e.g., separately or sequentially) at several intervals
over a given period of time. Moreover, the separate components can be administered 1o a subject by
the same or by a different route.

{6215] Further provided are methods for treating subjects, mcluding human subjects, in need of
treatment with the isolated antibodies or antigen-binding fragments thereof disclosed herein. In one
embodiment, such subject suffers from an mfection or an infectious disease. In some embodiments,
provided herem is an antibody or antigen-binding fragment tor use in treatment of cancer. In other
embodiments, provided herein is an antibody or antigen-binding fragment for use in the treatment of
an infection or infectious disease. In some embodiments, provided herein 13 the use of the antibody
or antigen-binding fragment for the manufacture of a medicament for treating cancer. In other
ermbodiments, provided herem is the use of the antibody or antigen-binding fragment for the
manufacture of a medicament for freating an infection or infectious disease. In one embodiment,
provided herem is a method of treating cancerin a human subject, comprising admimstering to the
subject an effective amount of an antibody or antigen-binding fragment provided herem. In one
embodiment, provided herem is a method of treating cancer m a human subject, comprising
administering to the subject an effective amount of an expression vector comprising a nucleic acid
encoding an antibody or antigen-binding fragment provided heremn. In certain ernbodiments, the
methods provided herein further comprise or are otherwise associated with a further therapeutic
agent or therapeutic procedure.

{6216] In one embodiment, the further therapeutic agent 1s selected from the group cousisting
of: (i) an antt-TIGIT antibody or an antigen-binding fragment thereof; (1) an anti-VISTA antibody
or an antigen-binding fragment thereof; (i) an anti-BTLA antbody or an antigen-binding fragment
thereot; (iv) an ant-TIM3 antibody or an astigen-binding fragroent thereof; (v) ananti-CTLA4
antibody or an antigen-binding fragment thereof; (vi) an anti-HVEM antibody or an antigen-binding
OX40 antibody or an antigen-binding fragment thereof;, () an anti-CD28 antbody or an antigen-
binding fragment thereof, (x) an anti-PDL1T antibody or an antigen-binding fragment thereof, (xi) an
anti-PDL2 antibody or an antigen-binding fragment thereof, (xi) an anti-GITR antibody or an
antigen-binding fragment thereof, (xit} an ant-ICOS antibody or an antigen-binding fragment

thereof: (xiv) an anti-SIRPu antibody or an antigen-binding {ragment thereof, (xv) an anti-ILT2
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antibody or an antigen-binding fragment thereof, (xvi} an anti-ILT3 antibody or an antigen-binding

fragment thereof, (xvi} an ant-ILT4 antibody or an antigen-binding fragment thereof, (xvii) an

anti-ILTS antibody or an antigen-binding fragment thereof, (xix} an anti-4-1BB antibody or an

antigen-binding  fragment thereof, (o) an anti-NK2GA antibody or an antigen-bnding fragment

thereof, (xxi} an anti-NK2GC antbody or an antigen-binding  fragment thereof, (xxi} an anti-

NK2ZGE antibody or an antigen-binding fragment thereof, (o) anant-TSLP antibody or an

antigen-binding fragment thereof, (xxiv} an anti-1L10 antibody or an antigen-binding fragment

thereot; (xxv) a STING agonist; (xxvi) a CXCR2 antagomist; and Ooovity a PARP inhibitor.

(0217}

thereof. In one
thereof. In one
thereof. In one
thereof. In one
thereof. In one
thereof. In one
thereof. In one
thereof. In one
thereof. In one
thereof. In one
thereof. In one
thereof. In one

thereof. In one

embodiment,

embodiment,

In one embodiment, the agent 15 an anti-LAGS3 antibody or antigen-binding fragment

the agent 15 an ant-TIGIT antibody or antigen-binding  fragment

the agent 3 an anti-VISTA antibody or antigen-binding fragment

embodiment,
embodiment,

embodiment,

the agent 8
the agent is

the agent is

an anti-BTLA antbody or antigen-binding fragment
an anti-TIM3 antibody or antigen-binding  fragment

an anti-CTLA4 antbody or antigen-binding fragment

embodiment,
embodiment,
embodiment,
embodiment,
embodiment,
embodiment,
embodiment,

embodiment,

the agent is an anti-HVEM antibody or antigen-binding fragment

the agent is an anti-CD70 antibody or antigen-binding fragment

the agent 18 an anti-OX40 antibody or antigen-binding fragment

the agent is an anti-CD28 antibody or antigen-binding fragment

the agent is an anti-PDL1 antbody or antigen-binding fragment

the agent 5 an anti-PDL2 antibody or antigen-binding fragment

the agent 5 an anti-GITR antibody or antigen-binding fragment

the agent is an anti-ICOS antibody or antigen-binding fragment thereof.

In one embodiment, the agent is an anti-SIRPa antibody or antigen-binding fragment thereof. fn one

embodiment,
embodiment,
embodiment,
embodiment,
embodiment,
embodiment,

embodiment,

the agent 18
the agent is
the agent is
the agent is
the agent is
the agent is

the agent is

ananti-1L T2 antibody or antigen-binding fragmeut thereof. In one

ananti-lL T3 antibody or antigen-binding fragment thereof. In one

ananti-IL T4 antibody or antigen-binding fragment thereof. In one

ananti-ILTS antbody or antigen-binding fragment thereof. In one
ananti-4-1BB antibody or antigen-binding fragment thereof. In one
an anti-NK2GA antibody or antigen-binding  fragment thereof. In one

an anti-NK2GE antibody or antigen-binding fragment thereof. In one
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embodiment, the agent 15 ananti-IL10 antibody or antigen-binding fragment thereof. In one
embodiment, the agent i3 an anti-TSLP antibody or antigen-binding fragment thereof. In one
embodiment, the agent is a STING agonist. In one embodiment, the agent is a CXCR2 antagonist.
In one embodiment, the agent is a PARP mhibitor.

{6218] In another embodiment, the subject suffers from cancer. In one embodiment, the cancer
is osteosarcoma, rhabdomyosarcoma, neuroblastoma, kidney cancer, leukemia, renal transitional cell
cancer, bladder cancer, Wilm’s cancer, ovarian cancer, pancreatic cancer, breast cancer, prostate
cancer, bone cancer, lung cancer (e.g., non-small cell lung cancer), gastric cancer, colorectal cancer,
cervical cancer, synovial sarcoma, head and neck cancer, squamous cell carcinoma, multiple
myeloma, renal cell cancer, retinoblastoma, hepatoblastoma, hepatocellular carcinoma, melanoma,
rhabdoid tumor of the kidney, Ewing’s sarcoma, chondrosarcoma, bramn cancer, ghoblastoma,
meningioma, pituitary adenoma, vestibular schwannoma, a primitive neurcectodermal tumor,
medulloblastoma, astrocytoma, anaplastic astrocytoma, ohigodendroglioma, ependymoma, chorod
plexus paplloma, polycythemia vera, thrombocythemia, idiopathic myelfibrosis, soft tissue
sarcoma, thyroid cancer, endometrial cancer, carcinoid cancer or liver cancer, breast cancer or
gastric cancer. Inan embodiment, the canceris metastatic cancer, e.g., of the varieties described
above.

{6219] Cancers that can be treated by the antibodies or antigen-binding fragments, compositions
and methods provided herein include, but are not imited to: Cardiac: sarcoma {angiosarcoma,
fibrosarcoma, rhabdomyosarcoma, liposarcoma), myxoma, rhabdomyoma, fibroma, lipoma and
teratoma; Lung: bronchogenic carcinoma (squamous cell, undifferentiated small cell,
unditferentiated large cell, adenocarcinoma), alveolar {(bronchiclar) carcinoma, bronchial adenoma,
sarcoma, lymphoma, chondromatous hamartoma, mesothehoma, Gastrontestinal: esophagus
(squamous cell carcinoma, adenocarcinoma, lelomyosarcoma, lymphoma), stomach {(carcmoma,
lymphoma, leiomyosarcoma), pancreas (ductal adenccarcinoma, insulinoma, glicagonoma,
gastrinoma, carcinoid tumors, vipoma), small bowel (adenocarcinoma, lymphoma, carcinoid tumors,
Karposi’s sarcoma, leiomyoma, hemangioma, lipoma, veurofibroma, fibroma), large bowel
{adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, leiomyoma) colorectal;
Genttourinary tract: kidney (adenocarcinoma, Wilm’s tumor [nephroblastoma], lymphoma,

leukemia), bladder and urethra (squamous cell carcinoma, transitional cell carcmoma,
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adenocarcinoma), prostate (adenocarcinoma, sarcoma), testis (seminoma, teratoma, embryonal
carcinoma, teratocarcinoma, choriocarcinoma, sarcoma, mterstitial cell carcinoma, fibroma,
tibroadenoma, adenomatoid tumors, lipoma}; Liver: hepatoma (hepatocellular carcinoma),
cholangiocarcinoma, hepatoblastoma, angiosarcoma, hepatocellular adenoma, hemangioma; Bone:
osteogenic sarcoma {ostecsarcoma), fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma,
Ewing’s sarcoma, malignant lymphoma (reticulum cell sarcoma)}, nuiltiple myeloma, malignant
giant cell tumor chordoma, osteochronfroma (osteocartilaginous exostoses), benign chondroma,
chondroblastoma, chondromyxofibroma, osteoid osteoma and giant cell tumors; Nervous system:
skull {osteoma, hemangioma, granuloma, xanthoma, osteitis deformans), meninges {meningioma,
meningiosarcoma, ghomatosis), brain (astrocytoma, medulloblastoma, ghoma, ependymoma,
germinoma {pinealomal, ghoblastoma multiform, oligodendroglioma, schwannoma, retinoblastoma,
congenital tumors), spinal cord neurofibroma, meningioma, ghoma, sarcoma), Gynecological:
uterus {endometrial carcinoma), cervix {cervical carcinoma, pre tumor cervical dysplasia), ovaries
(ovarian carcinoma [serous cystadenocarcinoma, muciious cystadenocarcinoma, unclassified
carcinomal, granulosa thecal cell tumors, Sertoli-Leydig cell tumors, dysgerminoma, malignant
teratoma}, vulva (squamous cell carcinoma, mtraepithelial carcinoma, adenocarcinoma,
fibrosarcoma, melanoma), vagina {clear cell carcinoma, squamous cell carcinoma, botryoid sarcoma
{embryonal rhabdomyosarcoma}, fallopian tubes (carcinoma), breast; Hematologic: blood (myeloid
leukemia [acute and chronic], acute lymphoblastic leukemia, chronic lymphocytic leukemua,
royeloproliferative diseases, multiple myeloma, myelodysplastic syndrome), Hodgkin’s disease,
non-Hodgkin’s lymphoma [malignant lymphoma]; Skin: malignant melanoma, basal cell carcinoma,
squamous cell carcinoma, Karposi's sarcoma, moles dysplastic nevi, lipoma, angioma,
dermatofibroma, kelods, psoriasis; and Adrenal glands: neuroblastoma. Thus, the term “cancerous
cell” as provided herein, includes a cell afflicted by any ove of the above-identitied conditions.
[6220] In one embodiment, cancers that can be treated by the antibodies or antigen-binding
fragments thereof, compositions, and methods provided herein include, but are not limited to: lung
cancer, pancreatic cancer, colon cancer, colorectal cancer, myelod leukenua, acute myelogenous
leukemia, chronic myelogenous leukemia, chronic myelomonocytic leukemia, thyroid cancer,
myelodysplastic syndrome, bladder carcinoma, epidermal carcinoma, melanoma, breast cancer,

prostate cancer, head and neck cancers, ovarian cancer, brain cancers, cancers of rmesenchymal
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origin, sarcomas, tefracarcinomas, neuroblastomas, ladney carcinomas, hepatomas, non-Hodglan’s
lymphoma, multiple myeloma, and anaplastic thyroid carcinoma.

6221} In an embodiment, provided are methods for treating subjects using an antibody or
antigen-binding fragment thereof disclosed herein, wheremn the subject suffers from a viral infection.
In one embodiment, the viral infection is an mfection with a virus selected from the group consisting
of human mmunodeficiency virus (HIV}, hepatitis virus (A, B, or C), herpes virus {e.g., VZV,
HSV-I, HAV-6, HSV-1I, and CMV, Epstein Barr virus), adenovirus, mfluenza virus, flaviviruses,
echovirus, rhinoviras, coxsackie virus, coronavirus, respiratory syncytial virus, mumps virus,
rotavirus, measles virus, rubella virus, parvovirus, vaccinia virus, HTLV virus, dengue virus,
papillomavirus, molluscum virus, poliovirus, rabies virus, JC virus or arboviral encephalitis virus.
{6222] In an embodiment, provided are methods for treating a subject using an antibody or
antigen-binding fragment thereof disclsosed herein, wherein the subject suffers from a bacterial
infection. In one embodiment, the bacterial infection is mfection with a bacteria selected from the
group cousisting of Chlamydia, rickettsial bacteria, mycobactena, staphylococet, streptococc,
preumonococct, meningococei and gonococct, klebsiella, proteus, serratia, pseudomonas,
Legionella, Corynebacterium diphtheriae, Salmone lla, bacill, Vibrio cholerae, Clostridium tetan,
Clostridinm botulinum, Bocillus anthricis, Yersinia pestis, Mycobacterivm leprae, Mycobacterium
lepromutosis, and Borriella.

{6223] In an embodiment, provided herein is a method for treating a subject using an antibody
or antigen-binding fragment thereof provided herein, wheremn the subject suffers from a fungal
nfection. In one embodiment, the fungal infection is an infection with a fungus selected from the
group consisting of Candida (albicans, krusei, glabrata, tropicalis, etc ), Cryptococcus neoformans,
Aspergillus (fumigatus, niger, etc ), Genus Mucorales (mucor, absidia, rhizopus), Sporothix
schenkii, Blastomyces dermatitidis, Paracoccidioides brasiliensis, Coccidicides mmitis and
Histoplasma capsulatum.

[0224] In an embodiment, provided herein is a method for treating subjects using an antibody or
antigen-binding fragment provided herein, wherein the subject suffers from a parasitic mfection. In
one embodiment, the parasitic infection is an infection with a parasite selected tfrom the group
consisting of Lntamoeba histolytica, Balantidium coli, Naegleria fowleri, Acanthamoeba, Giardia

lambia, Cryptosporidium, Prneumocystis carinii, Plasmodium vivax, Babesia microti, Trypanosona
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brucei, Trypanosoma cruzi, Leishmania donovani, Toxoplasma gondii and Nippostrongylus
brasiliensis.

{3225} In particular embodiments, the antibodies or antigen-binding fragments thereof disclosed
herein can be used alone, or in association with other, further therapeutic agents and/or therapeutic
procedures, for treating or preventing any disease such as cancer, e.g., as discussed herein, in a
subject in need of such treatment or prevention. Compositions, e.g., pharmaceutical compositions
comprising a pharmaceutically acceptable carrier, comprising such antibodies and fragments in
association with further therapeutic agents are also contemplated.

{6226] Therefore, provided herein 15 a method of treating cancer in a human subject, comprising
admmistermg to the subject an effective amount of the antibody or antigen-binding fragment
disclosed herem. In certamn embodiments, the admimstration s in association with a further
therapeutic agent or therapeutic procedure.

6227] Also provided herein 15 a method of treating an mfection or mfectious disease m a human
subject, comprising administering to the subject an effective amount of the antibody or antigen-
binding fragment disclosed herein. In certain embodiments, the administration is in association with
a further therapeutic agent or therapeutic procedure.

{62238] In another erbodiment, provided is an antibody or antigen-binding fragment thereof
provided herein for use in the treatment of cancer; or treatment of an infection or nfectious disease
in combination with a further therapeutic agent. In one embodiment, the antibody or antigen-
binding fragment thereof 1s for use in the treatment of cancer. In one embodiment, the antbody or
antigen-binding fragment thereof s for use m the treatment of an infection. In one embodiment, the
antibody or antigen-binding fragment thereof is for use in the treatment of an infectious disease. In
certain embodiments, the treatment comprises a further therapeutic agent.

{6229] In a further ermbodiment, provided s the use of the antibody or antigen-binding fragment
disclosed herein for the manufacture of a medicament for treating cancer; or treating an infection or
mnfectious disease in combination with a further therapeutic agent. In another embodiment, provided
i3 a combination of an antibody or antigen-binding fragment of the mvention and a further
therapeutic agent for the treatment of cancer; or treatment of an infection or infectious disease. In
one embodiment, provided 15 an antibody or antigen-binding fragment thereof for the manufacture

of a medicament for treating cancer. o one embodiment, provided is an antibody or antigen-binding
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fragment thereof for the manufacture of a medicament for treating an infection. In one embodiment,
provided 15 an antibody or antigen-binding fragment thereof for the manufacture of a medicament
for treating an infectious disease. In certain embodiments, the medicament s formulated with a
further therapeutic agent.

{6230} In other embodiments, the provided s a method of treating cancer or treating an infection
or infectious disease in a human subject, comprising administering to the subject an effective
amount of an antibody or antigen-binding fragment disclsosed heremn, or an expression vector or a
host cell disclsosed herein, optionally i association with a further therapeutic agent or therapeutic
procedure. In one embodiment, provided is a method of treating cancer in a human subject,
comprising administering to the subject an effective amount of an antibody or antigen-binding
fragroent disclosed herein. In ancther embodimment, provided 15 a method of treating an wfection o
a human subject, comprising administering to the subject an effective amount of an antibody or
antigen-binding fragment disclosed herem. In yet another embodiment, provided is a method of
treating anmfection disease in a human subject, comprising administering to the subject an effective
amount of an antibody or antigen-binding fragment disclosed herein. In one embodiment, provided
is a method of treating cancer in a human subject, comprising administering to the subject an
effective amount of an expression vector comprising a polynucleotide encoding an antibody or
antigen-binding fragment disclosed herein. In another embodiment, provided is a method of treating
an infection m a human subject, comprising administering to the subject an effective amount of an
expression vector comprising a polynucleotide encoding an antibody or antigen-binding  fragment
disclosed herein. In yet another embodiment, provided is a method of treating an infection disease
i a human subject, comprising administering to the subject an effective amount of an expression
vector comprising a polynucleotide encoding anantibody or antigen-binding fragment disclosed
herein. Tn one embodiment, provided 1s a method of treating cancer m a human subject, comprising
administering to the subject an effective amount of host cell comprsing an expression vector
comprising a polynuclectide encoding an antibody or antigen-binding fragment disclosed herein. In
another embodiment, provided 1s a roethod of treating an infection mn a human subject, comprising
admmistering to the subject an effective amount of host cell comprising an expression vector
comprising a polynucleotide encoding an antibody or antigen-binding fragment disclosed herem. In

vet another embodiment, provided i3 a method of treating an infection disease in a human subject,
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comprising administering to the subject an effective amount of a host cell comprising an expression
vector comprising a polynucleotide encoding an antibody or antigen-binding  fragment disclosed
herein. In certain embodiments, the method further comprises administration of an additional
therapeutic agent. In other embodiments, the method further comprises an additional therapeutic
procedure.

{6231} In particular embodiments, the antibodies or antigen-binding fragments thereof disclosed
herein can be used alone, or in association with tumor vaccmes. Examples of tumor vaccines
include but are not bmited to vaccines for Human Papllomavirus (HPV) infection caused cancer
such as Gardasil®, Gardasil® and Cervarix®; vaccines that prevent hepatitis B virus caused liver
cancer such as Engerix-B® and Recombivax HB®; oncolytic virus therapy that triggers immune
response such as Imlygic®; DNA vaccines such as Synchotrope MA2ZM plasmid DNA vaccine and
Z2Y (101, mammaglobin-a DNA vaccine (see Clinical Cancer Res. 2014 20(23).5964-75), vector
based vaccmes such as PSA-TRICOM (prostvac), PANVAC-VF, Listeria monocytogenes-based
PSA vaccine (see Therapeutic Advances o Vaccines, 2014, 2(5) 137-148), Listeria~-mesotheln
Adeno-CEA,; allogeneic vaccines such as GVAX, BLP-25 (anti-Ankara-mucin 1),
Belagenpumatucel-L, TG4010, CIMAvax epidermal growth factor vaccine, NY-ESQO, GM.CD40L-
CCL21; autologous vaccines such as:Adeno-CD40L, BCG, INGN-225, Dendritic cell vaccines such
as Provenge®(Sipuleucel-T), sF-CEA-MUCI-TRICOM (panvac-DC), antigen vaccines such as
MUC-1 (stimuvax), NY-ESO-1, GP-100, MAGE-A3 (melanoma antigen encoding gene A3),
INGN-225 (see Pharmacology & Therapeutics 153 (2015) 1-9).

16232} In particular embodiments, the antibodies or antigen-binding fragments thereof disclosed
herein can be used alone, or in association with chemotherapeutic agents.

{6233} In particular embodiments, the antbodies or antigen-binding fragments thereof disclosed
herein can be used alone, or in association with radiation therapy.

16234} In particular embodiments, the antibodies or antigen-binding fragments thereof disclosed
herein can be used alone, or in association with targeted therapies. Examples of targeted therapies
include: hormoune therapies, signal transduction mhibitors (e.g., EGFR whibitors, such as cetuxmab
{(Erbitux®) and erlotinib (Tarceva®));, HER2 inhibitors {(e.g., trastuzumab (Herceptin®) and
pertuzumab (Perjeta®)); BCR-ABL mhibitors (such as imatinib {Gleevec®) and dasatinib
(Sprycel®)), ALK mhibitors (such as crizotimb  (Xalkori®) and certiib (Zyvkadia®)), BRAF

74



WO 2019/152642 PCT/US2019/016038

mhibitors {(such as venwrafenib (Zeboraf®) and dabratenib (Tafinlar®}), gene expression
modulators, apoptosis inducers {e.g.,bortezomib (Velcade®) and carfilzomib (Kyprolis®}),
angiogenesis inhibitors (e.g., bevacizumab (Avastin®) and ramucirumab {Cyramza®), monoclonal
antibodies attached to toxins {(e.g., brentuximab vedotin {Adcetris®) and ado-trastuzumab emtansine
(Kadcyla®)),

{(3235] In particular embodiments, the antibodies or antigen-binding fragments thereof provided
herein are used in combination with an anti-cancer therapeutic agent. In other embodiments, the
antibodies or antigen-binding fragments thereof provided heremn are used in combimation with an
mmunomodulatory drug. In some embodiments, the immunomodulatory drug is an
mmunomodulatory receptor nhibitor. In certam embodiments, the mmunomodulatory drug is an
antibody or antigen-binding fragment thereof that specifically binds to the receptor.

16236} In an embodiment, an antibody or antigen-binding fragment thereof provided heremn is
used m association with one or more of: anti-PDL1 antibody, ant-TIGIT antibody, anti-CTLA4
antibody, anti-CS1 antibody {e.g., elotuzumab), anti-KIR2D1L.1/2/3 antibody (e.g.. lirlumab), anti-
CD137 antibody {(e.g., urelumab), anti-GITR antibody (e.g., TRX518), anti-PD1 antibody (e.g.,
pembrolizumab, nivolumab, piditizumab (CT-011)), anti-PD-L1 antibody {e.g., BMS-936559,
Durvalumab, MSB0010718C or MPDL3280A), anti-PD-L2 antibody, anti-ILT1 antibody, anti-ILT2
antibody, anti-ILT3 antibody, antt-ILLT4 antibody, ant-ILTS antibody, anti-1LT6 antibody, anti-
ILT7 antibody, anti-lLT8 antibody, anti-CD40 antibody, anti-0X40 antibody, anti-ICOS, anti-
SIRPq, ant-KIR2DL1 antibody, anti-KIRZDL2/3 antibody, anti-KIRZDL4 antibody, anti-
KIRZDLSA antibody, anti-KIRZDILSB antibody, anti-KIR3DL1 antibody, anti-KIR3DBL2 auntibody,
anti-KIR3DL3 antibody, anti-NKGZA antibody, anti-NKG2C antibody, anti-NKGZE antibody, anti-
4-1BB antbody {(e.g., PF-05082566), anti-TSLP antibody, anti-IL-10 antibody, [L-10 or PEGylated
IL-10, or any small organic molecule whibitor of such targets.

16237} In an embodiment, an antibody or antigen-binding fragment thereof is used i association
with an anti-PDLT antibody (e.g., BMS-936559, Durvalumab, MSBOO10718C or MPDL3280A).
{06238] In an embodiment, an antibody or antigen-binding fragment thereof provided herein is
used in association with an anti-CTLA4 antibody.

[6239] In an embodiment, an antibody or antigen-binding fragment thereof provided heremn is

used in association with an anti-CS81 antibody.
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In an embodiment, an antibody or antigen-binding
association with an anti-KIR2D1L1/2/3 antibody.

In an embodiment, an antibody or antigen-binding
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fragment thereof provided heremn is

fragment thereof provided herem is

association with an anti-CD 137 (e.g., urelumab} antibody.

In an embodiment, an antibody or antigen-binding

fragment thereof provided herein is

assoctation with an anti-GITR {(e.g., TRX518) antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-PD-1L.2 antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-ITL1 antibody.

In an embodinent, an antibody or antigen-binding
association with an anti-IT1.2 antibody.

I an embodiment, an antibody or antigen-binding
association with an anti-JITL3 antibody.

in an embodiment, an antibody or antigen-binding
association with an anti-ITL4 antibody.

In an embodiment, an antibody or antigen-binding
assoctation with an anti-ITL5 antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-ITLG antibody.

I an embodiment, an antibody or antigen-binding
association with an anti-ITL7 antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-ITL8 antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-CD40 antibody.

In an embodiment, an antibody or antigen-binding
assoctation with an anti-OX40 antibody.

In an embodiment, an antibody or antigen-binding

association with an anti-KIRZDL1 antibody.
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In an embodiment, an antibody or antigen-binding
association with an anti-KIR2DDL2/3 antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-KIR2DL4 antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-KIRZDLSA antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-KIR2ZDLSB auntibody.

In an embodiment, an antibody or antigen-binding
association with an anti-KIR3DL1 antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-KIR3DL2 antibody.

In an emnbodiment, an antibody or antigen-binding
association with an anti-KIR3DL3 antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-NKG2ZA antibody.

In an embodiment, an antibody or antigen-binding
assoctation with an anti-NKGZC antibody.

In an embodiment, an antibody or antigen-binding
association with an anti-ICOS antibody.

I an embodiment, an antibody or antigen-binding
association with an anti-SIRPg antibody.

In an embodiment, an antbody or antigen-binding
association with an anti-4-1BB antibody.

In an embodiment, an antibody or antigen-binding
assoctation with an anti-IL-10 antibody.

In an embodiment, an antbody or antigen-binding
association with an anti-TSLP antibody.

In an embodiment, an antibody or antigen-binding

association with IL-10 or PEGylated 1L-10.
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[6276] In an embodiment, an antibody or antigen-binding fragment thereof provided heremn is
used in association with one or more of an inhibttor {e.g., a small organic molecule or an anttbody or
antigen-binding fragment thereof} such as: an MTOR (mammakan target of rapamycin) mhibitor, a
cytotoxic agent, a platinum agent, an EGFR inhibitor, a VEGF miubitor, a microtubule stabilizer, a
taxane, a CD20 mhibitor, a CD32 mhibtor, a CD30 mhibitor, a RANK (Receptor activator of
nuclear factor kappa-B) inhibitor, a STING agonist, a CXCR2 antagonist, a RANKL (Receptor
activator of nuclear factor kappa-B ligand) mhibitor, an ERK mhibitor, a MAP Kinase mhibitor, an
AKT inhibitor, a MEK mhibitor, a PARP mhibitor, a PI3K mhibitor, a HERI imhibitor, a HER2
inhibttor, a HER3 mhibitor, a HER4 inhibitor, a Bel2 inhibitor, a CID22 mhibitor, a CDB79% inhibitor,
an ErbB2 mhibitor, or a farnesyl protein transferase nhibitor.

{6271} In an embodiment, an antibody or antigen-binding fragment thereof provided herein is
used in association with any one or more of. 13-cis-retinoic acid, 3-[5-

(methylsulfonylpiperadine methyl}-indolvi}-quinolone, 4-hydroxytamoxiten, S-decoxyuridine, 5°-
deoxy-S-fluorouridine, S-fluorouracil, G-mecaptopurine, 7-hydroxystauvrosporine, A-443654,
abirateroneacetate, abraxane, ABT-378, acolbifene, ADS-100380, ALT-110, altretamine,
amifostine, aminoghutethimide, amrubicin, Amsacrine, anagrelide, anastrozole, angiostatin, AP-
23573, ARQ-197, arzoxitene, AS-252424, AS-605240, asparaginase, AT-9263, atrasentan, axitinub,
AZDVI52, Bacillus Calmetie-Guerin (BCG) vaccine, batabulin, BC-210, besodutox, bevacizumab,
bicalwtamide, Biolll, BIO 140, bleomycin, BMS-214662, BMS-247550, BMS-275291, BMS-
310705, bortezub, buserelin, busulfan, calcitniol, camptothecin, canertinb, capecitabine,
carboplatin, carmustine, CCB490, cediranb, C(G-1321, CG-781, chlamydocin, chlorambuc,
chlorotoxin, cilengitide, cimitidine, cisplatin, cladribine, clodronate, COL-3, CP-724714,
cyclophosphamide, cyproterone, cyproteroneacetate, cytarabine, cytosinearabinoside, dacarbazine,
dacinostat, dactinomycin, dalotuzumab, danusertib, dasatanib, daunorubicin, decatamb, degueln,
dentleukin, deoxycotormycin, depsipeptide, diarvipropionttrile, diethyistilbestrol, diftitox,
docetaxel, dovitinib, doxorubicin, droloxifene, edotecarin, yttrum-90 labeled-edotreotide,
edotreotide, EKB-569, EMD121974, endostatin, enzahstamide, enzastaurn, epirubicin, epithilone
B, ERA-923, ERBITUX erlotinib, estradicl, estramusting, etoposide, everohmus, exemestane,
ficlatuzumab, finasteride, flavopiridol, floxuridine, fludarabine, fludrocortisone, fluoxymesterone,

flutamide, FOLFOX regimen, Fulvestrant, galeterone, gefitmib, gemcitabine, gimatecan, goserelin,
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goserelin acetate, gossypol, GSK461364, GSK690693, HMR-3339, hydroxyprogesteronecaproate,
hydroxyurea, 1C87114, darubicin, idoxyfene, fostamide, IMB62, imatib, IMC-1C11,
INCB24360, INO1001, mterferon (IFN), interleukin-12, ipllinmumab, wnotecan, JNJ-16241199,
ketoconazole, KRX-0402, lapatinib, lasofoxifene, letrozole, leucovorin, leuprolide, leuprolide
acetate, levamisole, liposome entrapped pacltaxel, lomustine, lonafarnib, lcanthone, 1.Y292223,
LY292696, 1Y293646, LY203684, LY294002, LY317615, marimastat, mechlorethamine,
medroxyprogesteroneacetate, megestrolacetate, melphalan, mercaptopurine, mesna, methotrexate,
mithramycin, mitomycin, mitotane, mitoxantrone, tozasertib, MLN8054, neovastat, neratinib,
neuradiab, niotinib, nilutimide, nolatrexed, NVP-BEZ235, oblimersen, octreotide, ofatumumab,
olapartb, oregovomab, orteronel, oxaliplatin, paclitaxel, palbocichb, panmudronate, panitumumab,
pazopanib, PD0325901, PD184352, PEG-interferon, pemetrexed, pentostatin, perifosine,
phenylalaninemustard, PI-103, pictilisib, PIK-75, pipendoxifene, PKI-166, plicamycin, porfimer,
prednisone, procarbazing, progesting, PX-866, R-763, raloxifene, raltitrexed, razoxin, ridaforolimus,
rituximab, romidepsin, RTA744, rubttecan, scriptaid, Sdx102, seliciclhb, selumetiub, sernaxanib,
SF1126, sirolimus, SN36093, sorafemb, spironolactone, squalamine, SR13068, streptozocin,
SU6668, suberoylanalide hydroxamic acid, sunitinib, synthetic estrogen, talampanel, talimogene
laherparepvec, tamoxifen, temozolomide, temsirobmus, teniposide, tesmilifene, testosterone,
tetrandring, TGX-221, thalidomide, thioguanine, thiotepa, ticlimumab, tipifarnib, tivozamb, TKI-
258, TLK286, topotecan, toremifene citrate, trabectedin, trastuzumab, tretinoin, trichostatin A,
triciribinephosphate  monohydrate, triptorelin pamoate, TSE-424, vracil mustard, valproic acid,
valrubicin, vandetanib, vatalanb, VEGF trap, vinblastine, vincristing, vindesine, vinorelbing,
vitaxin, vitespan, vorinostat, VX-745, wortmannin, Xr311, zanolimumab, ZK186619, ZK-304709,
ZM336372, or ZSTK474.

{6272}  Noo-bmiting examples of suitable anti-cancer agents to be used m combmation with an
antibody or antigen-binding fragment thereof provided herein include cytostatic agents, cytotoxic
agents, targeted therapeutic agents {small molecules, biologics, siRNA and microRNA) against
cancer and neoplastic diseases. In one embodiment, the agent is an ant-metabolites (such as
methoxtrexate, S-fluorcuracil, gemcitabine, fludarabine, capecitabine}. In one embodiment, the
agent s an alkylating agents, such as temorzolomide or cyclophosphamide. In one embodiment, the

agent is a DNA mteractive or DNA damaging agents, such as cisplatin, oxaliplatin, or doxorubicin,
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In one embodiment, the agent 1s iomzing wradiation, such as radiation therapy. In one embodiment,
the agent is a topoisomerase I inhibitor, such as etoposide or doxorubici/ In one embodiment, the
agent is a topoisomerase | mhibitor, such as irinotecan or topotecan In one embodiment, the agent is
atubulin interacting agent, such as paclitaxel, docetaxel, Abraxaner or epothilones. In one
embodiment, the agent is a kinesin spindle protein mnhibitor. In one embodiment, the agent is a
spindle checkpoint inhibitor. In one embodiment, the agent is a Poly{ ADP-ribose) polymerase
(PARP) nhubitor, such as olaparih, niraparib or veliparib. In one embodiment, the agent is a matrix
metalloprotease (MMP) wnbubitor. In one embodiment, the agent 5 a rotease whubitor, such as
cathepsin I3 or cathepsin K mhibitors. In one embodiment, the agent is a protecsome or
ubiquitination nhibitors, such as bortezonub. In one embodiment, the agent is an ctivator of mutant
pS3 to restore its wild-type p33 activity. In one embodiment, the agent is an adenoviral-p53. In one
embodiment, the agent i3 aBcl2 mhibttor, such as ABT-263. In one embodiment, the agent is a heat
shock protem (HSP) modulators, such as geldanamycin and 17-AAG. In one embodiment, the agent
3 aistone deacetylase (HDAC) mhibitors, such as vorinostat (SAHA). In one embodiment, the
agent is a sex hormone modulating agent. In one embodiment, the agent is an anti-estrogen, such as
tamoxifen or fulvestrant. In one embodiment, the agent is a selective estrogen receptor modulators
(SERM), such as raloxifene. In one embodiment, the agent is an anti-androgen, such as bicalutarmde
or flutamide. In one embodiment, the agent 18 a LHRH agonist, such as leuprolide. In one
ermmbodiment, the agent is a So-reductase mhibitors, such as finasteride. In one embodiment, the
agent 1s a cytochrome P450 C17 lvase (CYP450c17, also called 17aC). In one embodiment, the
agent is an aromatase inhibitor, such as letrozole, anastrozole or exemestane. In one embodiment,
the agent 18 an EGFR kinase inhibitor, such as geftimb, erlotinb or laptimb. In one embodiment, the
agent is a dual erbB1 and erbB2 mhubitors, such as lapatinb. In one embodiment, the agentis a
multi-targeted kinase (serine/threonine and/or tyrosine kinase) inhibitor.  In one embodiment, the
agent is an ABL kinase mhibttors, such as imatinb and nilotinib or dasatimb. In one embodiment,
the agent is a VEGFR-1, VEGFR-2, PDGFR, KDR, FLT, ¢-Kit, Tie2, Raf, MEK or BRK inhibitor,
such as sunitinib, sorafenib, vandetanib, pazopanib, PLX-4032, Axitimb, PTK787 or GSK-1120212.
In one embodiment, the agent is a polo-like kinase mhibitor. In one embodiment, the agentis an
aurora kinase inhibitor. In one embodiment, the agent is a JAK hibitor. In one embodiment, the

agent is a ¢-MET kinase inhibitor. In one embodiment, the agent is a PI3K or mTOR inhibitors, such
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as GDC-0941, BEZ-235, BKM-120 or AZD-8055. In one embodiment, the agent is rapamycin or a
rapamycin analog, such as temsirclimus, everolimus, or deforolimus. In one embodiment, the agent
is a STING (Sumulator of Interferon Genes) agonist. In one embodiment, the agent is a CXCR
(CXC Chemokine Receptor) mhibitor, CXCR2 antagonist.

16273} Other anti~cancer {also known as anti-neoplastic} agents include but are not mited to
ara-C, adriamycin, cytoxan, Carboplatin, Uraci mustard, Clormethine, Ifosfsmide, Melphalan,
Chiorambucil, Pipobroman, Triethylenemelamine, Triethylenethiophosphoramine, Busulfan,
Carmustine, Lomustine, Streptozocmn, Dacarbazine, Floxundine, Cytarabine, 6-Mercaptopurine, 6-
Thioguanine, Fludarabine phosphate, Pentostatine, Vinblastine, Vincristine, Vindesine, Vinorelbine,
Navelbine, Bleomycin, Dactimomycin, Daunorubicin, Doxorubicin, Bpirubicin, tenmiposide,
cytarabine, persetrexed, Idarubicin, Mithramyein, Deoxycoformycn, Mitomyen-C, L-
Asparaginase, Teniposide, Ethinylestradiol, Diethylstibestrol, Testosterone, Prednisone,
Fluoxymesterone, Dromostanolone propionate, Testolactone, Megestrolacetate,
Methylprednisolone, Methyltestosterone, Prednisolone, Triamciolone, Chlorotrianisene,
Hydroxyprogesterone, Aminoglutethimide, Estramustine, Flutamide Medroxyprogesteroneacetate,
Toremifene, goserelin, Carboplatin, Hydroxyurea, Amsacrine, Procarbazine, Mitotane,
Mitoxantrone, Levamisole, Drolloxatine, Hexamethylmelamine, Bexxar®, Zevaln®, Trisenox®,
Profimer, Thiotepa, Altretamine, Doxid, Ontak, Depocyt, Aranesp, Neupogen®, Neulasta®, or
Kepivance®. In one embodiment, the agent s a farnesyl protein transferase inhibitor, such as
SARASAR™(4-2-14-[(11R}-3,10-dibromo-8-chloro-6, 11-dihydro-SH-benzo| 5,6]cycloheptaf 1,2~
bipyridin-11-yl-I- t-piperidiny1}-2-oxoethyl}-piperidinecarboxamide, tipifarmb. In one embodiment,
the agent is an interferon, such as Intron A or Peg-Intron. In one embodiment, the agent is an anti-
erbB1 antbody, such as cetindmab or paniturmumab. In one embodiment, the agent 15 an anti-erbB2
antibody, such as trastuzumab. In one embodiment, the agent 8 an anti-CDS2 antibody, such as
alemtuzumab. In one embodiment, the agent is an anti-CD20 antibedy, such as rituximab. In one
embodiment, the agent is anti-CD33 antibody, such as gemtuzumab ozogamicin. In one
embodiment, the agent 1s ananti-VEGEF aotibody, such as AVASTIN. In one embodimment, the agent
is a TRIAL higand, such as lexatunumab, mapatumumab, or AMG-655. In one embodiment, the
agent is an anti-CTLA-4 antibody, such as ipllimmumab. In one embodiment, the agent is an antibody

against any of CTA1, CEA, CD5, CDI9, CD22, CD30, CD44, CD44V6, CD55, CD56, EpCAM,
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FAP, MHCI, HGF, IL-6, MUC1, PSMA, TAL6, TAG-72, TRAILR, VEGFR, IGF-2, or FGF. In
one embodiment, the agent is an anti-IGF-1R antibodies, such as dalomzumab (MK-0646) or
robatumumab (SCH 717454,

{6274] “Estrogen receptor modulators” refers to compounds that mterfere with or mhibit the
binding of estrogen to the receptor, regardless of mechanism. Examples of estrogen receptor
modulators include, but are not limited to, tamoxifen, raloxifene, idoxifene, LY353381, LY 117081,
toremifene, fulvestrant, 4-[7-(2 2-dimethyl-1-oxopropoxy-4-methyl-2-[4-[2-(1-

piperidiny Bethoxylphenyll-2H-1-benzopyran-3-ylj-phenyl-2,2-dimethylpropancate, 4.4’-
dihydroxvbenzophenone-2 4-dmnitrophenyl-hvdrazone, and SHo646.

{6275] “Androgen receptor modulators” refers to compounds which interfere or mhibit the
binding of androgens to the receptor, regardless of mechanism. Examples of androgen receptor
modulators mclude fmastenide and other So-reductase inhibitors, nilutamide, flutamide,
bicalutanude, harozole, and abiraterone acetate.

{6276] “Retinoid receptor modulators” refers to compounds which mterfere or inhubit the
binding of retinoids to the receptor, regardiess of mechanism. Examples of such retinoid receptor
modulators include bexarctene, tretinomn, 13-cis-retincic acid, 9-cis-retinoic acid, o-
diftuoromethylornithine, H.X23-7553, trans-N-(4’-hydroxyphenyl} retinamide, and N-4-
carboxyphenyl retinanmude.

6277} “Cytotoxic/cytostatic agents” refer to compounds which cause cell death or whibit cell
profiferation primartly by mterfering directly with the cell’s functioning or inhibit or interfere with
cell myosis, mcluding alkvlating agents, tumor necrosis factors, intercalators, hypoxia activatable
compounds, microtubule nhibitors/microtubule-stabilizing agents, inhibitors of mutotic kinesins,
tustone deacetylase mhibitors, mhibitors of kinases mvolved i nutotic progression, mhibitors of
kinases nvolved in growth factor and cytokine signal transduction pathways, antimetabolites,
biological response modifiers, hormonalVanti-hormonal therapeutic agents, haematopoietic growth
factors, monoclonal antibody targeted therapeutic agents, toposomerase inhibitors, proteosome
inhibitors, ubiquitin ligase inhibitors, and aurora kinase mhibitors.

[6278] Examples of cytotoxic/cytostatic agents imclude, but are not hmited to, platinum
coordmator compounds, sertenef, cachectin, fosfamude, tasonermin, lonidamine, carboplatin,

altretamine, prednimustine, dibromodulcitol, ranmustine, fotemustine, nedaplatin, oxaliplatin,
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temozolomide, heptaplatin, estramustine, improsulfan tostlate, trofostanmide, mmustine,
dibrospidium chloride, pumitepa, lobaplatin, satraplatin, profiromycin, cisplatin, wofulven,
dexifosfammde, cis-aminedichloro(2-methykpyridine jplatinum, benzylguanine, ghifosfamide,

GP X100, (trans, trans, trans}-bis-mu-Chexane-1,6-diamine }-mu-{diamine-
platinum(Il) Ibis{dia mine(chloro)platinum (1D jtetrachlonide, diarizidimylspermine, arsenic trioxide,
1-{11-dodecylamine- 10-hydroxyundecy}-3, 7-dimethyixanthine, zorubicin, idarubicin,
daunorubicin, bisantrene, mitoxantrone, pirarubicin, pinafide, valrubicin, amrubicin, antineoplaston,
3 -deamino-3’-morpholino-13-deoxo- 10-hy droxycarminomycin, anvamycin, galatubicin, ehnafide,
MENT10755, 4-demethoxy-3-deamimno-3-aziridinyi-4-methylsulphonyl-daunorubicin {see WO
00/50032).

{6279] An example of a hypoxia activatable compound 15 tirapazamine.

{6280] Examples of proteocsome inhibitors nchude but are not imited to lactacystin and MLN-
341 (Velcade).

{6281]  Examples of microtubule mwhibitors/microtubule-stabilising ageuots include taxanes n
general Specific compounds mnclude paclitaxel (Taxol®), vindesine sulfate, 3° 4 -didehydro-4’-
deoxy-8 -norvincaleukoblastine, docetaxol (Taxotere®), rhizoxin, dolastatin, mivobulin isethionate,
aurstatin, cemadotin, RPR109881, BMS184476, vintlunine, cryptophycin, 23,45 6-pentafluoro-N-
{(3-fluoro-4-methoxy phenyl) benzene sulfonanude, ashydrovinblastine, N N-dimethyl-L-valyl-L-
valyl-N-methyl-L-valyl-L-prolyl-L-proline-t-butylamide, ("L-valyl-L-valy:-N-methyl-L-valyl-L-
prolyl-L-proline” disclosed as SEQ ID NO: 128) , TDX258, the epothilones (see for example U.S.
Pat. Nos. 6,284,781 and 6,288,237) and BMS188797.

{6282} Some examples of topoisomerase mhibitors are topotecan, hycaptamine, irinotecan,
rubitecan, 6-ethoxypropionyl-3’ 4’ -0-exo-benzylidene-chartreusin, 9-methoxy-NN-dimethyl-5-
nitropyrazolof 3,4, 5-kHacridine-2-(6H) propasamine, l-amino-9-ethyl-5-fluoro-2 3-dihydro-9-
hydroxy-4-methyi- 1H, 12H-benzolde]pyranc]{3’ 4’ b, 7]-indolizino{ 1, 2blquinocline-
10,13(9H,15H)dione, lurtotecan, 7-{2-{N-isopropylaminojethyi}-(208)camptothecin, BNP 1350,
BNPIT100, BN80S1IS, BNB0942, etoposide phosphate, teniposide, scbuzoxane, 2~dimethylamino-
2’ -deoxy-etoposide, GL331, N-[2-(dimethylaminojethy}-9-hydroxy-5,6-dimethyi-6H-pyrido[4,3-
blcarbazole-1-carboxamide, asulacrine, (5a, 5aB, 8aa 9b)-9-{2-[N-[2-(dmethylamino)ethyl}-N-

methylaminolethyl]- S-[4-hy droOxy-3,S-dimethoxyphenyl]-5,5a,6,8.83 9-
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hexohydrofuro(3’,4° .6, Tinaphtho(2,3-d}- 1 3-dioxol-6-one, 23-(methylenedioxy)-S-methyl-7-
hydroxy-8-methoxybenzofc]-phenanthridinium, 69-bis{(Z-aminoethybaminolbenzo| glisoguinoline-
5,10-dione, S-(3-aminopropylamino}-7, 10-dihydroxy-2-(2-hydroxyethylaminomethyl}-6H-
pyrazolof4.5,1-dejacridin-6-one, N-[i-[2(diethylaminojethylamino]-7-methoxy-9-ox0-9H-
thioxanthen-4-yimethyliformamide, N-(2-(dimethylaminojethyhacridine-4-carboxamide, 6-{[2-
{dimethylaminojethylaminol-3-hydroxy-7H-indeno[2,1-c] quinolin-7-one, and dimesna.

[6283] Examples of mhibitors of mitotic kinesins, and m particular the human mitotic kinesin
KSP, are described in Publications W(03/039460, WO03/050064, WO03/050122, W(03/049527,
WO03/049679, WO03/049678, WO04/039774, WO03/079973, WO03/099211, WO03/105855,
WO03/106417, WO04/037171, WO04/058148, WO04/058700, WO04/126699, WO05/018638,
WO05/019206, WO05/01920S, WO05/018547, WO05/017190, US2005/0176776. Inan
embodiment inhibitors of mitotic kinesins inchude, but are not limited to inhibitors of KSP,
nhibitors of MKLP 1, mhibitors of CENP-E, mhibitors of MCAK and inhibitors of Rab6-KIFL.
{36284] Examples of “histone deacetylase nlubitors” mclude, but are not imited to, SAHA,
TSA, oxamflatin, PXD 101, MGY98 and scriptaid.  Further reference to other histone deacetylase
inhibitors can be found i the following manuscript; Miller, T.A efal J. Med Chem. 46(24.5097-
5116 (2003).

{B285] “Inhibitors  of kinases mvolved in mitotic progression” tnclude, but are not mited to,
inhibitors of aurora kinase, inhibitors of Polo-like kinases (PLK; in particular inhibitors of PLK-1},
mnhibitors of bub-1 and mwhibitors of bub-R1. An example of an “auwrora kinase mhubitor” 15 VX-
630

[0286] “Antiproliferative agents” includes antisense RNA and DNA oligonucleotides such as
(33139, ODNe9R, RVASKRAS, GEM231, and INX3001, and antimetabolites such as enocitabine,
carmofur, tegafur, pentostatin, doxifluridine, trimetrexate, tludarabine, capecitabine, galocitabine,
cytarabine ocfosfate, fosteabine sodium hydrate, raltitrexed, paltitrexid, emitefur, tiazofurin,
decitabine, nolatrexed, pemetrexed, nelzarabine, 2’-deoxy-2’-methyhidenecytidine, 2°-
fluoromethylene-2"~deoxyeytidine, N-[5-(23-dihydro-benzofuryhsulfonyl}-N"-(3 4~
dichlorophenvhurea, N6-[4-deoxy-4-[N2-[2(E)4(E)-tetradecadienoyliglycylamino]-L-glycero-B-L-
manno-heptopyranosylladenme, aphdine, ectemnascidin, troxacitabme, 4-[{2-amino-4-oxo-4,6,7 8-

tetrahydro-3H-pyrimidinof5 4-bi[ 1, 4jthiazin-6-y1-(S)-ethyl}-2, S-thienoyl-L-glutamic acid,
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aminopterin, S-flurouracd, alanosime, 1l-acetyk-8-(carbamoyloxyvmethyl}-4-formyl-6-methoxy-14-
oxa-1,11-diazatetracyclo(7.4.1.0.0)-tetradeca-2 4 ,6-trien-9-y1 acetic acid ester, swainsonine,
lometrexol, dexrazoxane, methioninase, 2'-cyano-2’-deoxy-N4-palmitoyl-1-B-D-arabino furanosyl
cytosine, 3-aminopyridine-2-carboxaldehyde thicsermcarbazone and trastuzumab.

{6287] Examples of monoclonal antibody targeted therapeutic agents include those therapeutic
agents which have cytotoxic agents or radicisotopes attached to a cancer cell specific or target cell
specific monoclonal antibody. Examples mchide Bexxar

{3288] “Prenvl-protein transferase mhibitor” refers to a compound which inhibits any one or any
combination of the prenyl-protein transferase enzymes, including farnesyl-protemn transferase
(FPTase), geranyigeranyl-protein transferase type I (GGPTase-1}, and geranylgeranyl-protein
transferase type-ll (GGPTase-1i, also called Rab GGPTase).

{0289] Examples of prenyl-protein transferase inhibtors canbe found m the following
publications and patents: WO 96/30343, WO 97/18813, WO 97/21701, WO 97/23478, WO
97/38665, WO 98/28980, WO 98/29119, W 95/32087, U.S. Patent No. 5420245, U.S. Patent No.
5,523,430, U.S PatentNo. 5532359, U.S. PatentNo. 5,510,510, U.S. Patent No. 5580485, U.S.
Patent No. 5,602,098, Eurcopean Patent Publ 0 618 221, European Patent Publ. 0 675 112, European
Patent Publ 0 604 181, European Patent Publ 0696 593, WO 94/19357, W 95/08542, WO
95/11917, WO 95/12612, WO 95/12572, W 95/10514, UK. Patent No. 5,661,152, WO 95/10515,
WO 95710516, WO 95/24612, WO 95/34535, WO 95/25086, WO 96/05529, W0 96/06138, WO
96/06193, WO 96/16443, WO 96/21701, WO 96/21456, WO 96/22278, W 96/24611, WO
96/24612, WO 96/05168, WO 96/05169, WO 96/00736, U.S. Patent No. 5,571,792, WO 96/17861,
WO 96/33159, WO 96/34850, WO 96/34851, WO 96/30017, WO 96/30018, WO 96/30362, WO
96/30363, WO 96/31111, WO 96/31477, WO 96/31478, WO 96/31501, WO 97/00252, WO
97/03047, WO 97/03050, WO 97/04785, WO 97/02920, WO 97/17070, W0 97/23478, WO
97/26246, WO 97/30053, WO 97/44350, WO 98/02436, and U.S. Patent No. 5,532,359, For an
example of the role of a prenyl-protein transferase mhibitor on angiogenesis see Fauropean J. of
Cancer, Vol 35, No. 9, pp.1394-1401 (1999).

{290} “Angiogenesis inhibitors” refers to compounds that inhibit the formation of new blood
vessels, regardless of mechansm. Examples of angiogenesis inhibitors mclude, but are not hmited

to, tyrosine kinase mhibitors, such as mhibitors of the tyrosine kinase receptors Fit-1 (VEGFR1) and
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Flk-I/KDR (VEGFRZ), inhubitors of epidermal-derived, fibroblast-derived, or platelet derived
growth factors, MMP {(matrix metalloprotease) mhibitors, integrin blockers, interferon-ct,
mterleukin-12, pentosan polysulfate, cyclooxygenase mhibitors, mchiding nonsteroidal anti-
wflammatories (NSAIDs) Iike aspiin and ibuprofen as well as selective cyclooxy-genase-2
nhibitors like celecoxib and rofecoxib (PNAS, Vol 89, p. 7384 (1992);, JNCY, Vol 69, p. 475
(1982), Arch. Opthalmol Vol 108, p.573 (1990}, Anat. Rec., Vol 238, p. 68 (1994);, FEBS Letters,
Vol. 372, p. 83 (1995); Clin, Orthop. Vol 313, p. 76 (1995); J. Mol Endocrinol Vol 16, p 107
(1990), Jpn. J. Pharmacol Vol 75, p. 105 (1997}, Cancer Res., Vol 57, p. 1625 (1997), Cell, Vol
93, p. 705 (1998); Intl J. Mol Med. Vol 2, p. 715 (1998); J. Biol Chem., Vol 274, p. 9116
(1999)), steroidal anti-inflammatories (such as corticosteroids, mineralocorticoids, dexamethasone,
predaisone, predmisolone, methylpred, betamethasone), carboxyamidotriazole, combretastatin A-4,
squalamine, 6-O-chlorcacetyl-carbonyl-fumagiliol, thalidomide, angostatin, troponm-1,
angiotensin 1 antagonists {(see Fernandez ef al.,J. Lab. Clin. Med . 105:141-145 (1985)), and
antibodies to VEGF (see, Nuture Biotechnology, Vol 17, pp.963-968 (October 1999);, Kim ez al.,
Nature, 362, 841-844 (1993);, WO 00/44777;, and WO 00/611863.

0291} Other examples of angiogenesis mhibitors mclude, but are not kmited to, endostatin,
ukrain, ranpirnase, IME62, S-methoxy-4-[2-methyl-3-(3-methyl-2-butenyloxiranylj-1-

oxaspirof 2, 5joct-6-yi(chloroacetyljcarbamate, acetyldinanaline, S-amino-1-{{3,5-dichloro-4-(4-
chiorobenzoyDphenyllmethyl}- 1H-1.2 3-triazole-4-carboxamide, CM1 01, squalamine,
combretastatin, RPI14610, NX31838, sulfated mannopentacse phosphate, 7,7-(carbonyl-bis{imino-N-
methylk-4,2-pyrrolocarbonylimino]N-methyl-4 Z-pyrrole}-carbonylimino}-bis-(1,3-naphthalene
disulfonate), and 3-{(2 4-dimethylpyrrol-5-yhmethylene}-2-indolmone (SU5416).

[6292] Other therapeutic agents that modulate or inhibit angiogenesis and can also be used
combination with the compounds provided herein include agents that modulate or nhibit the
coagulation and fibrinolysis systems {see review i Clin. Chem. La. Med. 38:679-692 (2000)).
HExamples of such agents that modulate or imhubit the coagudation and fibrinolysis pathways mclude,
but are not limited to, heparin (see Thromb. Haemost. 80:10-23 (1998)), low molecular weight
heparins and carboxypeptidase U mhibitors (also known as mhibitors of active thrombin activatable
fibrinolysis whibitor [TAFIal) (see Thrombosis Res. 101329-354 (2001)). TAFla mhibitors have
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been described in U S, Ser. Nos. 60/310,927 (tided August 8 2001) and 60/349925 (filed January
18, 2002).

{6293] “Agents that intertere with receptor tyrosine kinases (RTKs)” refer to compounds that
whibit RTKs and therefore mechamisms involved i oncogenesis and tumor progression.  Such
agents include mnhibitors of ¢-Kit, Eph, PBGF, FlIt3 and c-Met. Further agents include inhibitors of
RTKs as described by Bume-Jensen and Hunter, Nazure, 411355-365, 2001

{6294} “Inhibitors  of cell proliferation and survival signalling pathway” refer to compounds that
wnhibit signal transduction cascades downstream of cell surface receptors. Such agents nclude
ishibitors of serine/threonine kinases (including but not mited to inhibitors of Akt such as
described i WO 02/083064, WO 02/083139, WO 02/083140, US 2004-0116432, WO 02/083138,
US 2004-0102360, WO 03/086404, WO 03/086279, WO 03/086394, W 03/084473, WO
03/086403, WO 2004/041162, WO 2004/096131, WO 2004/096129, WO 2004/096135, WO
2004/096130, WO 2005/100356, WO 2005/100344, US 2005/029941, US 2005/44294, US
2005/43361, 60/734188, 60/652737, 60/670469), mhibitors of Rafkinase (for example PLX-4032 ),
ishibitors of MEK (for example Arry-162, RO-4987655 and GSK-1120212), mhibitors of mTOR
(for example AZD-8055, BEZ-235 and everclinws}, and mhibitors of PISK (for example GDC-
(0941, BKM-120).

{6295} Asused above, “integrin blockers” refers to compounds which selectively antagonize,
mhibit or counteract binding of a physiological ligand to the ayB3 mtegrin, to compounds which
selectively antagonize, mhibit or counteract binding of a physiological ligand to the avB5 integrin, to
compounds which antagonize, inhibit or counteract binding of a physiological ligand to both the
avP3 mtegrin and the avB5 mtegrin, and to compounds which antagonize, inhibit or counteract the
activity of the particular imtegrin{s) expressed on capillary endothelial cells. The term also refersto
antagomsts of the avB6, avf8, alfl, o281, oSB1, u6Pl and w64 mtegrims. The term also refers to
antagonists of any combmation of avB3, avB5, avB6, ovi8, alPl, a2Bl, «3B1, a6l and abP4
integrins.

{0296} Some specific examples of tyrosine kinase mhibitors include N-(triflucromethvyiphenyl)-
S-methyhsoxazol-4-catboxamide, 3-[(2,4-dimethylpyrrol-S-yhmethylidenylindolin-2-one, 17-

(allylamino)- 17-demethoxygeldanamycin, 4-(3-chioro-4-fluorophenylamino}-7-methoxy-6-{3-(4-
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morpholiny hpropoxyliquinazoline, N-(3-ethvnylphenyl}-6,7-bis(2-methoxyethoxy)-4-
quinazolinamine, BIBX1382, 23,9,10,11,12-hexahydro- 10-(hydroxymethy)-10-bydroxy-9-methyi-
9,12-epoxy-1H-diindolo[ 1,2,3-fg 372", U -kljpyrrolo[3 4-1]{ 1 blbenzodiazocin-1-one, SH268,
genistein, STI571, CEP2563, 4-(3-chlorophenylamino)-5,6-dimethyl-7H-pyrrolof2,3-
dlpyrinudinemethane sulfonate, 4-(3-bromo-4-hydroxyphenylamino-6,7-dimethoxyquinazoline, 4-
(4 -hydroxyphenyllamino-6,7-dimethoxyquinazoline, SU6668, STIS71A, N-4-chlorophenyl-4-{4-
pyridylmethyly-1-phthalazinamine, and EMD121974

06297} Combinations of the nstantly claiwed antibodies or antigen-binding fragments with
PPAR-y{ie., PPAR-gamma)agonists and PPAR-5 {i.e., PPAR-delta) agornists canbe useful in the
treatment of certain malignancies. PPAR-yand PPAR-S are the nuclear peroxisome proliferator-
activated receptors v and &. The expression of PPAR-y on endothehal cells and #ts involvement m
angiogenesis has been reported i the literature (see /. Cardiovasc. Pharmacol 1998, 31:909-913; J.
Biol Chem. 1999,2749116-9121; Invest. Ophthalmol Vis. Sci. 2000, 41.2309-2317). More
recently, PPAR-y agonists have been shown to inhibit the angiogenic response to VEGF in vitro;
both froglitazone and rosiglhtazone maleate whibit the development of retinal neovascularization in
mice. (4rch. Ophthamol 2001; 119709-717). Exarples of PPAR-~y agonists and PPAR- v/
agonists inclade, but are not limuted to, Lynparza®, Rucaparb®, Talazoparib®, niraparib,
Velparth®, thiazohdinediones (such as DRF2725, CS-011, troghtazone, rosightazone, and
piogiitazone), fenofibrate, gemfibroml, clofibrate, GW2570, SB219994, AR-HO039242, JTT-501,
MCC-555, GW2331, GW409544, NN2344, KRP297, NPO110, DRF4158, NN622, GI262570,
PNU182716, DRF552926, 2-[(5,7-dipropy-3-trittuoromethyl-1,2-benzisoxazol-6-yljoxy}-2-
methylpropionic acid, and 2(R)}-7-(3-(2-chloro-4-(4-fluorophenoxy} phenoxy)propoxy)-2-
ethylchromane-2-carboxylic acid.

10298} The antibodies or antigen-binding fragments thereof provided herein canalso be useful
for treating or preventing breast cancer in combination with aromatase mhibitors. Examples of
aromatase inhibttors include but are not limited i0; anastrozole, letrozole and exemestane.

{6299} The antibodies or antigen-binding fragments thereof provided herein canalso be useful
for treating cancer in combmation with the following chemotherapeutic agents: abarelix (Plenaxis

depot®); aldesleukin (Prokine®); Aldesleukin (Proleukin®); Alemtuzumabb (Campath®);

88



WO 2019/152642 PCT/US2019/016038

alitretinoin (Panretin®); allopurinol (Zyloprim®); altretamine (Hexalen®), amifostine (Ethyol®);
anastrozole (Arimidex®); arsenic trioxide (Trisenox®); asparaginase (Elspar®); azacitidine
(Vidaza®); bendamustine hydrochloride (Treanda®); bevacuzimab (Avastin®); bexarotene capsules
(Targretin®); bexarotene gel (Targretin®); bleomyein (Blenoxane®); bortezomib (Velcade®,
brefeldin A; busulfan intravenous (Busulfex®); busulfan oral (Myleran®); calusterone
(Methosarb®); capecitabine (Xeloda®); carboplatin (Paraplatin®); carmustine (BCNU®,
BICNU®); carmustine (Gliadel®); carmustine with Polifeprosan 20 Implant (Gliadel Wafer®);
celecoxib (Celebrex®); cetuximab (Erbitux®); chlorambucil (Leukeran®); cisplatin (Platinol®);
cladribine (Leustatin®, 2-CdA®), clofarabine (Clolar®); cyclophosphamide (Cytoxan®, Neosar®);
cyclophosphamide (Cytoxan Injection®); cyclophosphamide (Cytoxan Tablet®): cytarabine
(Cytosar-U®Y; cytarabine liposomal (DepoCyt®); dacarbazine (DTIC-Dome®); dactinomycin,
actinomycin D (Cosmegen®); dalteparin sodium injection (Fragmin®); Darbepoetin alfa
(Aranesp®); dasatinib (Sprycel®); daunorubicin liposomal (DanuoXome®), daunorubicin,
daunomycin (Daunorubicin®); daunorubicin, daunomycin (Cerubidine®); degarelix (Firmagon®);
Denileukin diftitox (Ontak®); dexrazoxane (Zinecard®); dexrazoxane hydrochloride (Totect®);
didemnin B; 17-DMAG:; docetaxel (Taxotere®); doxorubicin (Adriamycin PFS®); doxorubicin
(Adriamycin®, Rubex®); doxorubicin (Adriamyein PFS Injection®); doxorubicin liposomal
(Doxil®); dromostanolone propionate (Dromostanolone ®); dromostanolone propionate (Masterone
Injection®); eculizumab injection (Soliris®); Elliott’s B Solution (Eliott’s B Solution®);
eltrombopag (Promacta®); epirubicin (Ellence®); Epoetin alfa {epogen®); erlotinib (Tarceva®);
estramustine (Emeyt®); ethinyl estradiol; etoposide phosphate (Etopophos®); etoposide, VB-16
(Vepesid®); everolimus tablets (Afinitor®); exemestane (Aromasin®); ferumoxvtol (Feraheme
Injection®); Filgrastim (Neupogen®); floxuridine (intraarterial) (FUDR®); fludarabine (Fludara®y,
fluorouracil, 5-FU (Adruci®); fulvestrant (Faslodex®), gefitinib (Iressa®); geldanamycin;
gemcitabine (Gemzar®), gemtuzumab ozogamicin (Mylotarg®); goserelin acetate (Zoladex
Implant®y; goserelin acetate (Zoladex®); histrelin acetate (Histrelin implant®); hydroxyurea

(Hydrea®); Ibritumomab Tiuxetan (Zevalin®), idarubicin (Idamycin®); ifosfamide (JFEX®);
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imatinib mesylate (Gleevec®); interferon alfa 2a (Roferon A®); Interferon alfa-2b (Intron A®);
iobenguane 1123 injection (AdreView®), irinotecan {Camptosar®); ixabepilone {Ixempra®);
lapatinib tablets (Tykerb®); lenalidomide (Reviimid®); letrozole (Femara®); leucovorin
(Wellcovorin®, Leucovorin®); Leuprolide Acetate (Fligard®); levamisole (Ergamisol®);
Jomustine, CCNU (CeeBU®Y, meclorethamine, nitrogen mustard (Mustargen®); megestrol acetate
(Megace®); melphalan, L-PAM (Alkeran®); mercaptopurine, 6-MP (Purinethol®); mesna
(Mesnex®); mesna (Mesnex tabs®); methotrexate (Methotrexate®); methoxsalen (Uvadex®); 8-
methoxypsoralen; mitomycin C (Mutamycin®); mitotane (Lysodren®); mitoxantrone
{(Novantrone®), mitramycin; nandrolone phenpropionate {Durabolin-50®); nelarabine (Arranon®);
nilotinib (Tasigna®); Nofetumomab (Verluma®); ofatumumab (Arzerra®); Oprelvekin
(Neumega®); oxaliplatin (Floxatin®); paclitaxel (Paxene®); paclitaxel (Taxol®); paclitaxel protein-
bound particles (Abraxane®); palifermin (Kepivance®), pamidronate (Aredia®); panitumumab
(Vectibix®}, pazopanib tablets (Votrienttm®); pegademase {Adagen (Pegademase Bovine)®);
pegaspargase (Oncaspar®); Pegfilgrastim (Neulasta®); pemetrexed disodium (Alimta®);
pentostatin (Nipent®); pipobroman (Vercyte®); plerixafor (Mozobil®); plicamycin, mithramycin
(Mithracin®); porfimer sodium (Photofrin®); pralatrexate injection (Folotyn®); procarbazine
(Matulane®); quinacrine (Atabrine®); rapamycin; Rasburicase (Elitek®); raloxifene hydrochloride
(Evista®); Rituximab (Rituxan®); romidepsin (Istodax®); romiplostim (Nplate®); sargramostim
(Leukine®); Sargramostim (Prokine®): sorafenib (Nexavar®); streptozocin (Zanosar®}y; sunitinib
maleate (Sutent®); tale (Sclerosol®); tamoxifen (Nolvadex®); temozolomide (Temodar®y;
temsirolimus (Torisel®); teniposide, VM-26 (Vumon®); testolactone (Teslac®); thioguanine, 6-TG
(Thioguanine®); thiopurine; thiotepa (Thioplex®); topotecan (Hycantin®); toremifene
(Fareston®); Tositumomab (Bexxar®); Tositumomab/i-131 tositumomab (Bexxar®); trans-retinoic
acid, Trastuzumab (Herceptin®); tretinoin, ATRA (Vesanoid®); tiethylenemelamine; Uracil

Mustard (Uracil Mustard Capsules®); valrubicin (Valstar®); vinblastine (Velban®); vincristine

>

{Oncovin vinorelbine (Navelbine®); vorinostat (Zolinza®); wortmannin; and zoledronate

{Zometa®).
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{6300] In an embodiment, an antibody or antigen-binding fragment thereof provided heremn is
used in association with one or more antiemetics mcluding, but not limited to: casopitant
(GlaxoSmithKiine), Netupitant (MGI-Helsinn) and other NK-1 receptor antagonists, palonosetron
(sold as Aloxi by MGI Pharma), aprepitant (sold as Emend by Merck and Co.; Rahway, NJ},
diphenhydramine (sold as Benadryl® by Pfizer; New York, NY), hydroxyzine (sold as Atarax® by
Ptizer; New York, NY), metoclopramide (sold as Reglan® by AH Robins Co,; Richmond, VA},
lorazepam (sold as Ativan® by Wyeth; Madison, NI), alprazolam (sold as Xanax® by Pfizer; New
York, NY), haloperidol (sold as Haldol® by Ortho-McNetl;, Rantan, NI), droperidol (Inapsine®),
dronabinol (sold as Marinol® by Solvay Pharmaceuticals, Inc.; Marietia, GA), dexamethasone (sold
as Decadron® by Merck and Co.; Rahway, NJ), methylprednisolone (sold as Medrol® by Pfizer;
New York, NY), prochlorperazine (sold as Compazine® by Glaxosmithkline; Research Triangle
Park, NC), granisetron {sold as Kytri® by Hoffmann-La Roche Inc.; Nutley, NI), ondansetron

( sold as Zofran® by Glaxosmithkline, Research Triangle Park, NC), dolasetron (sold as Anzemet®
by Sanofi-Aventis; New York, NY), tropisetron {(sold as Navoban® by Novartis; East Hanover, NI}
{6301} Other side effects of cancer treatment include red and white blood cell deficiency.
Accordingly, in an embodiment, an antibody or antigen-binding fragment thereof is in association
with an agent which treats or prevents such a deficiency, such as, e.g., filgrastim, PEG-filgrastim,
erythropoietin, epoetin alfa or darbepoetin alfa.

{6302] In an embodiment, an antibody or antigen-binding fragment thereof provided herein is
administered in association with anti-cancer radiation therapy. For example, in an embodiment, the
radiation therapy is external beam therapy (EBT) a method for delivering a beam of high-energy X-
rays to the location of the tumor. The beam is generated outside the patient {e.g., by a linear
accelerator) and 1s targeted at the tumor stte. These X-rays can destroy the cancer cells and careful
treatment planning allows the surrounding normal tissues to be spared. No radicactive sources are
placed mside the patient’s body. In an embodiment, the radiation therapy is proton beam therapy: a
type of conformal therapy that bombards the diseased tissue with protons nstead of Xerays. In an
embodiment, the radiation therapy is conformal external beam radiation therapy: a procedure that
uses advanced technology to tailor the radiation therapy to an ndividual’s body structures. In an

embodiment, the radiation therapy is brachytherapy: the temporary placement of radicactive
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or boost—of radiation toan

materials within the body, usually emploved to give an extra dose
area.
{3303] In an embodiment, a surgical procedure is administered in association with an antibody
or antigen-binding fragment thereof is surgical tumorectomy.

513 Pharmaceutical Compositions and Administration
16304} To prepare pharmaceutical or sterile compositions of the antibodies and antigen-binding
fragments provided herein, the antibody or antigen-binding fragment thereof can be admixed with a
pharmaceutically acceptable carrier or excipient.  See, e.g., Remingfon s Pharmaceutical Sciences
and U.S. Pharmacopeia: National Fornmlary, Mack Publishing Company, Easton, PA (1984).
{3305} Formulations of therapeutic and diagnostic agents can be prepared by mixing with
acceptable carriers, excipients, or stabilizers in the form of, e.g., lyophilized powders, shirries,
aqueous solutions or suspensions (see, e.g., Hardman, efal (2001) Goodman and Gilman's The
Pharmacological Basis of Therapeutics, McGraw-Hill, New York, NY; Gennaro (2000) Remingron:
The Science and Practice of Pharmacy, Lippincott, Willams, and Wilkins, New York, NY; Avis, ef
al {eds.) (1993) Pharmaceutical Dosage Forms: Parenteral Medications, Marcel Dekker, NY;
Lieberman, ef a/. {eds.) (1990) Pharmaceutical Dosage Forms: Tablets, Marcel Dekker, NY,
Lieberman, ef af {(eds.) (1990) Pharmaceutical Dosage Forms: Disperse Systems, Marcel Dekder,
NY; Wemer and Kotkoskie (2000) Fxcipient {oxicity and Safety, Marcel Dekker, Inc., New York,
NY).
[0306] Toxicity and therapeutic efficacy of the antibodies provided herein, admimstered alone
or i combination with another therapeutic agent, can be determuned by standard pharmaceutical
procedures in cell cultures or experimental animals, e.g., for determining the LD (the dose lethal to
50% of the population} and the EDsg (the dose therapeutically effective in 50% of the population).
The dose ratio betweentoxac and therapeutic effects is the therapeutic index (LDso/EDsg). The data
obtained from these cell culture assays and animal studies can be used i formulating arange of
dosage for use in human. The dosage of such compounds lies preferably within a range of
circulating concentrations that melude the EDsp with hittle or no toxicity.  The dosage can vary

within this range depending upon the dosage form employed and the route of admmstration.
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{6307] In a further embodiment, a further therapeutic agent that is admimstered to a subject m
association with an antibody or antigen-binding fragment thereof provided herein in accordance
with the Physicians ' Desk Reference 2003 (Thomson Healthcare; 57th edition (November 1, 2002)).
{6308] The mode of admustration canvary. Routes of admmistration include oral, rectal,
transmucosal, intestinal, parenteral, intramuscular, subcutaneous, intradermal, intramedullary,
ntrathecal, direct mtraventricular, intravenous, intraperitoneal, intranasal, intraocular, mhalation,
msuftlation, topical, cutaneous, transdermal, or ntra-arterial

{6309] In particular embodiments, the antibodies or antigen-binding fragments thereof provided
herein can be administered by an invasive route such as by mjection.  In further embodiments, an
antibody or antigen-binding fragment thereof, or pharmaceutical composition thereof, is
administered mtravenously, subcutaneously, mtramuscularly, mtraarterially, mtratumorally, or by
inhalation, aerosol delivery. Administration by non-invasive routes (e.g., orally; for example, in a
pill, capsule or tablet) are also conternplated.

{6316 Also provided 15 avessel (e.g., a plastic or glass vial, e.g., with acapora
chromatography column, hollow bore needle or a syringe cylinder) comprising any of the antibodies
or antigen-binding fragments provided herein, or a pharmaceutical composition thereof. Also
provided 1s an wjection device comprising any of the antibodies or antigen-binding fragments
provided herein or a pharmaceutical composition thereof. Aun injection device 15 a device that
introduces a substance into the body of a patient via a parenteral route, e.g., intranwscular,
subcutancous or miravenous. For example, an mjection device can be a syringe {e.g., pre-filled with
the pharmaceutical composition, such as an auto-injector) which, for example, mclides a cylinder or
barrel for holding fluid to be injected (e.g., antibody or fragment or a pharmaceutical composition
thereof), a needle for piercing skin and/or blood vessels for mjection of the fluid; and a plunger for
pushing the fluid out of the cylinder and through the needle bore. Inan embodiment, an mjection
device that comprises a bispecific antibody or antigen-binding fragment thereof provided herein, or
a pharmaceutical composition thereof, is an intravenocus (IV) mjection device. Such a device
includes the antibody or fragment or a pharmaceutical composition thereof in a cannula or
trocar/needle which can be attached to a tube which can be attached to a bag or reservoir for holding
fluid (e.g., saline; or lactated ringer solution comprising NaCl sodwm lactate, KCL, CaCl; and

optionally mcluding glucose) miroduced mto the body of the patient through the cannula or
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trocar/needle. In some embodiments, the antibody or fragment or a pharmaceutical composition
thereof is introduced mto the device once the trocar and cannula are inserted into the vein of a
subject, and the trocar is removed from the mserted cannula. The IV device may, for example, be
mserted wto a peripheral vein {e.g., m the hand or arm); the superior vena cava or inferior vena
cava, or within the right atrium of the heart{e.g., a central IV); or into a subclavian, internal ugular,
or a femoral vein and, for example, advanced toward the heart until it reaches the superior vena cava
or right atrium (e.g., a central venous line). In an embodiment, an ijection device 15 an
autonjector; a jet wyector or an external infusion pump. A jet mjector uses a high-pressure narrow
et of liqud which penetrate the epidermis to infroduce the antibody or fragment or a pharmaceutical
composttion thereof to a patient’s body. External mfusion pumps are medical devices that deliver
the antibody or fragment or a pharmaceutical composition thereof mio a patient’s body in controlled
amounts. External mfusion pumps can be powered electrically or mechanically. Different pumps
operate m different ways, for example, a syringe pump holds fluid in the reservoir of a syringe, and
a moveable piston controls fhad delivery, an elastomeric pump holds fluid 10 a stretchable balloon
reservorr, and pressure from the elastic walls of the balloon drives fluid delivery. In a peristaltic
pump, asetof rollers pinches down on a length of flexible twbing, pushing fluid forward. In a nult-
channel pump, fluids can be delivered from multiple reservors at multiple rates.

{6311} The pharmaceutical compositions disclosed herein can also be admimistered with a
needleless hypodermic mjection device; such as the devices disclosed in U.S. Patent Nos. 6,620,135,
6,006002, 5399163, 5383.851: 5312,335. 5064.413: 4941880 4,790,824 or 4,596,556, Such
needleless devices comprising the pharmaceutical composition are also contemplated. The
pharmaceutical compositions disclosed herein can also be administered by mfusion.  Examples of
well-known woplants and modules for admuustering the pharmaceutical coropositions include those
disclosed m: U.S. Patent No. 4,487,603, which discloses an implantable mucro-infusion purap for
dispensing medication at a controfled rate; U.S. Patent No. 4,447,233, which discloses a medication
wfusion pump for delivering medication at a precise mfusion rate; U.S. Patent No. 4447224, which
discloses a variable flow mmplantable infusion apparatus for continuous drug delivery; U S Patent
No. 4,439,196, which discloses an osmotic drug delivery system having mwulti-chamber

compartments. Many other such wmplants, delivery systems, and modules are well known to those

94



WO 2019/152642 PCT/US2019/016038

skilled in the art and those comprising the pharmaceutical compositions provided herein are also
contemplated.

{6312} The administration regimen depends on several factors, including the serum or tissue
turnover rate of the therapeutic antibody or antigen-binding fragment, the level of symptors, the
immunogenicity of the therapeutic antibody, and the accessibility of the target cells in the biological
matrix. Preferably, the administration regimen delivers sufficient therapeutic antibody or fragment
to effect improvement in the target disease state, while simultaneously minimizing undesired side
effects. Accordingly, the amount of biologic delivered depends i part on the particular therapeutic
antibody and the severity of the condition being treated. Guidance in selecting appropriate doses of
therapeutic antibodies or fragments s available (see, e.g., Wawrzynczak (1996} Antibody Therapy,
Bios Scientific Pub. Ltd, Oxfordshiwe, UK, Kresina {ed.} (1991} Monoclonal Antibodies, Cyiokines
and Arthritis, Marcel Dekker, New York, NY: Bach (ed.) (1993} Monoclonal Antibodies and
Peptide Therapy in Autoinmmine Diseases, Marcel Dekker, New York, NY; Baert, ef af. (2003} New
Fingl J. Med. 348:601-608; Milgrom efal (1999 New Lingl J Med. 341:1966-1973; Slamon ef af.
(2001) New Fngl J Med. 344:783-792; Bentaminovitz et af. (2000) New Engl J. AMed. 342:613-
619; Ghosh ef af (2003) New Engl. J Med. 348.24-32; Lipsky ef al (2000) New Ingl J. Med.
343:1594-1602).

16313} Determination of the appropriate dose is made by the chimician, e.g., using parameters or
factors known or suspected in the art to affecttreatment. Generally, the dose begins with an amount
somewhat less than the optwoum dose and 1t 1s mcreased by small increrents thereafter until the
desired or optimum effectis achieved relative to any negative side effects. Important diagnostic
measures include those of symptoms of, e.g., the mflammation or level of inflammatory cytokines
produced. In general, it 15 desirable that a biologic that will be used 15 derived from the same
species as the animal targeted for treatment, thereby minimizing any mmune response to the
reagent. In the case of human subjects, for example, humanized and fully human antibodies can be
desirable.

631 4] Asused herein, the term “effective amount” refers to anarount of a bispecific antibody
or antigen-binding fragment thereof provided herein that, when administered alone or in
combination with an additional therapeutic agent to a cell, tissue, or subject, is effective to cause a

rocasurable improvement m one or more symptoms of disease. When applied to anindividual active
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mgredient administered alone, an effective dose refers to that ingredient alone. When applied to a
combination, an effective dose refers to combined amounts of the active ingredients that result in the
therapeutic effect, whether administered in combination, serially or simultanecusly. An effective
amount of a therapeutic will result m an woprovement of a diagnostic measure or parameter by at
least 10%:; usually by at least 20%; preferably at least about 30%:; more preferably at least 40%, and
most preferably by at least 50%. An effective amount can also result in an improvement in a
subjective measure in cases where subjective measures are used to assess disease severity.

5.14 Kits
{031 5] Further provided are kits comprising one or more components that include, but are not
limited to, an anti-PD-1 antibody or antigen-binding fragment, an anti-PD-1/LAG3 bispecific
antibody or antigen-binding fragment, n association with one or more additional components
mchuding, but not imited o a pharmaceutically acceptable carrier and/or a therapeutic agent, as
discussed herein. The antibody or fragment and/or the therapeutic agent can be formulated as a pure
composttion or in combination with a pharmaceutically acceptable carrier, in a pharmaceutical
COMposHion,
{6316] In one embodiment, the kit includes anantibody or antigen-binding fragment thereof
provided herein, or a pharmaceutical composition thereof, in one contamer (e.g.,mn a sterile glass or
plastic vial), and a pharmaceutical composition thereof and/or a therapeutic agent in another
container {e.g.,in a sterile glass or plastic vial}.
6317] In another embodiment, the kit comprises a combination, mcluding an antibody or
antigen-binding fragment thereof provided herein along with a pharmaceutically acceptable carrier,
optionally in combination with one or more therapeutic agents formulated together, optionally, in a
pharmaceutical composition, i a single, common container.
{6318] If the kit includes a pharmaceutical composition for parenteral administration to a
subject, the kit caninclide a device for performing such administration.  For example, the kit can
inclide one or more hypodermic needles or other injection devices as discussed above.
{6319] The kit caninclude a package msert including mformation concerning the
pharmaceutical compositions and dosage forms in the kit. Generally, such information aids patients
and physicians in using the enclosed pharmaceutical compositions and dosage forms effectively and

safely. For example, the following mformation regarding a combination of agents provided heremn
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can be supplied in the msert: pharmacokinetics, pharmacodynamics, clinical studies, efficacy
parameters, mdications and usage, contraindications, warnings, precautions, adverse reactions,
overdosage, proper dosage and administration, how supplied, proper storage conditions, references,
manufacturer/distributor mformation and patent mformation.

{6320] As a matter of convenience, an antibody or antigen-binding fragment thereof canbe
provided m a kit, 7.e., a packaged combination of reagents in predetermined amounts with
mstructions for performing the diagnostic or detection assay. Where the antibody or fragment is
labeled with an enzyme, the kit can include substrates and cofactors required by the enzyme (e.g.,a
substrate precursor which provides the detectable chromophore or fluorophore).  In addition, other
additives canbe ncluded such as stabilizers, buffers (e.g., a block buffer or lysis buffer) and the
ike. The relative amounts of the various reagents can be varied widely to provide for
concentrations in solution of the reagents which substantially optimize the sensitivity of the assay.
Particularly, the reagents can be provided as dry powders, usually lyophilized, mncluding excipients
which on dissolution will provide a reagent solution having the appropriate concentration.

{6321} Also provided are diagnostic or detection reagents and kits comprising one or more such
reagents for use in a variety of detection assays, including for example, immunoassays, such as
enzyme-hnked mmunosorbant assay (ELISA) (sandwich-type or competitive format). The kit's
components can be pre-attached to a solid support, or can be applied to the surface of a solid support
when the kit is used. In some embodiments, the signal generating means can come pre-associated
with an antibody or fragment provided herein or can require combination with one or more
components, e.g., buffers, antibody-enzyme conjugates, enzyme substrates, or the hike, prior to use.
Kits canalso include additional reagents, e.g., blocking reagents for reducing nonspecific binding to
the solid phase surface, washing reagents, enzyroe substrates, and the ke, The sobd phase surface
can be in the form of a wbe, a bead, a microtiter plate, a mucrosphere, or other matenials sutable for
immobilizing protems, peptides, or polypeptides. In particular aspects, an enzyme that catalyzes the
formation of a chemillummescent or chromogenic product or the reduction of a chemilluminescent
or chromogenic substrate 1s a component of the signal generating means. Such enzymes are well
known in the art. Kits can comprise any of the capture agents and detection reagents described
herein. Optionally, the kit can also comprise mstructions for carrying out the methods provided

herein.
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[6322] Also provided is a kit comprising an anti-PD-1/LAG3 bispecific antibody or antigen-
binding fragment thereof packaged in a container, such as a vial or bottle, and further comprising a
label attached to or packaged with the container, the label describing the contents of the container
and providing indications and/or mstructions regarding use of the contents of the container to treat
one or more disease states as described herein.

{6323] As discussed above in the combination therapy section, concurrent administration of two
therapeutic agents does not require that the agents be administered at the same time or by the same
route, as long as there is an overlap m the time period during which the agents are exerting therr
therapeutic effect. Simultaneous or sequential admimistration is contemplated, as is admimistration
on different days or weeks.

{3324] The therapeutic and detection kits disclosed herein can also be prepared that comprise at
least one of the antibody, peptide, antigen-binding fragment, or polynuclectide disclosed herein and
mstructions for using the composition as a detection reagent or therapeutic agent. Containers for use
in such kits can comprise at least one vial, test tube, flask, bottle, syringe or other suitable container,
into which one or more of the detection and/or therapeutic composition{s} can be placed, and
preferably suitably aliquoted. Where a second therapeutic agent is also provided, the kit can also
contain a second distinet contamer mto which this second detection and/or therapeutic composition
can be placed. Alternatively, a plurality of compounds canbe prepared in a single pharmaceutical
composition, and can be packaged in a single container means, such as a vial, flask, syringe, bottle,
or other suitable single contamer. The kits disclosed herem will also typically include a means for
countaining the vial(s) in close confinement for commercial sale, such as, e.g., imjection or blow-
molded plastic containers mto which the desired vial(s} are retained. Where a radiolabel,
chromogenic, fluorigenic, or other type of detectable label or detecting means is mcluded within the
kt, the labelng agent canbe provided either in the same container as the detection or therapeutic
composition itself, or canakternatively be placed in a second distinct container means into which
this second composition canbe placed and suitably aliquoted. Alternatively, the detection reagent
and the label can be prepared i a single container means, and in most cases, the kit will also
typically include a means for containing the vial(s} in close confinement for commercial sale and/or

convenent packaging and dehvery.
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{6325} A device or apparatus for carrying out the detection or monitoring methods described
herein 1s also provided. Such an apparatus caninclude a chamber or tube into which sample can be
nput, a fhud handling system optionally including valves or pumps to direct flow of the sample
through the device, optionally filters to separate plasma or serum from blood, mixing chambers for
the addition of capture agents or detection reagents, and opticnally a detection device for detecting
the amount of detectable label bound to the capture agent immunocomplex. The tlow of sample can
be passive {(e.g., by capillary, hydrostatic, or other forces that do not require further manipulation of
the device once sample is apphied) or active {e.g., by application of force generated via mechanical
pumps, electroosmotic pumps, centrifugal force, or increased air pressure), or by a combination of
active and passive forces.
{3326] In further embodiments, also provided 1s a processor, a computer readable memory, and
arouting stored on the computer readable memory and adapted to be executed on the processor to
perform any of the methods described herem. Examples of suitable computing systems,
environments, and/or configurations mclude personal computers, server computers, hand-held or
laptop devices, multiprocessor systems, microprocessor-based systems, set top boxes, programmable
consumer electronics, network PCs, minicomputers, mainframe computers, distributed computing
environments that mclude any of the above systems or devices, or any other systems known in the
art.

518 General Methodology
63271 Standard methods i molecular biclogy are described Sambrook, Fritsch and Maniatis
(1982 & 1989 20 Edition, 2001 39 Edition) Molecular Cloning, A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY; Sambrook and Russell (2001) Molecular
Cloning, 37 ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY; Wu (1993)
Recombinant DNA, Vol 217, Academic Press, San Diego, CA). Standard methods also appear in
Ausbel, ef al (2001) Current Protocols in Molecular Biology, Vols. 1-4, John Wiley and Sons, Ine.
New York, NY, which describes cloning in bacterial cells and DNA mutagenesis (Vol 1), cloning in
manmmahan cells and yeast (Vol. 2), glycoconmugates and protein expression (Vol 3}, and
bioinformatics (Vol. 4).
{3328} Methods for protein purification incliding immunoprecipitation, chromatography,

electrophoresis, centrifugation, and crystallization are described (Coligan, ef af (2000) Current

99



WO 2019/152642 PCT/US2019/016038

Protocals in Protein Science, Vol 1, Johm Wiley and Sons, Inc., New York). Chemical analysis,
chemical modification, post-transiational modification, production of fusion proteins, glycosviation
of proteins are described (see, e.g., Cdoligan, ef af (2000) Current Protocols in Protein Science, Vol
2, John Wiley and Sons, Inc., New York; Ausubel, e af (2001 Current Protocols in Molecular
Biology, Vol 3,John Wiley and Sons, Inc., NY, NY, pp. 16.0.5-16.22.17; Sigma-Aldrich, Co.
(2001) Products for Life Science Research, St. Louis, MO; pp. 45-89; Amersham Pharmacia Biotech
(2001) BioDirecrory, Piscataway, N.J., pp. 384-391). Production, purification, and fragmentation of
polyclonal and monoclonal antibodies are described (Coligan, ef of. (2001) Curvrent Profcols in
Impmunology, Vol [, John Wiley and Sons, Inc., New York; Harlow and Lane (1999) Using
Antibodies, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY; Harlow and Lane,
supray. Standard techniques for characterizing ligand/receptor interactions are available (see,e.g.,
Coligan, ez al (2001} Current Protocols in Imnmnology, Vol 4, John Wiley, Inc., New York).
{6329] Monoclonal, polyclonal, and humanized antibodies can be prepared (see, e.g., Sheperd
and Dean (eds ) (2000} Monoclonal Antibodies, Oxford Umv. Press, New York, NY; Kontermann
and Dubel (eds.}(2001) Antibody Engineering, Springer-Verlag, New York; Harlow and Lane
(1988 Antibodies A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY, pp. 139-243; Carpenter, ef af. (2000} J. fmpmnol. 165:6205, He, ef al {1998} /.
Impmynol 1601029, Tang ef af {1999} ). Biol Chem. 274:27371-27378; Bacaefal (1997) J. Biol.
Chem. 272:10678-10084; Chothia er af (1989} Narture 342:877-883, Foote and Winter (1992} J.
Mouol Biol, 224:487-499; U.S. Pat. No. 6,329,511},

06330} Single cham antibodies and diabodies are described (see, e g., Malecki er ol {2002} Proc.
Nafl. Acad. Sci. USA499:213-218; Conrath ef ol (2001) J. Biol Chem. 2767346-7350; Desmyter et
al (2001) J. Biol. Chem. 276:26285-26290; Hudson and Kortt (1999) J. fmmmunol. Methods
231:177-189; and U.S. Pat No. 4,946,778). Bifunctional antibodies are provided (see, e.g., Mack,
et al (1995} Proc. Natl. Acad. Sci. USA 92:7021-7025; Carter (2001} J. Inmmuncl. Methods 248.7-
15; Volkel, ef al. (2001 Protein Engineering 14815-823; Segal, ef al (2001) J. Immunol Methods
248:1-6, Brennan, efal (1985) Science 22981-83; Raso, et al. (1997} J. Biol Chem. 27227623,
Morrison (1985) Science 229:1202-1207, Traunecker, ef af (1991) FAMBOJ. 10:3655-3659; and
U.S. Pat. Nos. 5,932,448, 5,532,210, and 6,129914).
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{6331}  Bispecific antibodies are also provided (see, e.g., Azzoni efaf (1998) J. Inmminol.
1613493; Kita ef af. (1999} J. fmmmunol 162:6901; Merchant ef al. (2000} J. Biol. Chem. 749115,
Pandey efal (2000} J. Biol Chem. 27538033, Zheng eral (2001} J. Biol Chem. 276:12999; Propst
et al. (2000} J. Immunol 165:2214; Long (1999) Ann. Rev. Immunol 17875).

16332 Purification of antigen 18 not necessary for the generation of antibodies. Animals canbe
mmunmized with cells bearing the antigen of interest. Splenocytes can then be isolated from the
mmunized amimals, and the splenocytes can fused with a myeloma cell line to produce a hybridoma
(see, e.g., Meyaard ef al. (1997} Immunity 7283-290; Wnght efal (2000) Tmmmnity 13233-242;
Preston ef al., supra, Katthamana ef al. (1999} J. fmmmunol 163.5157-5164).

{6333} Antibodies canbe comugated, e.g., to small drug molecules, enzymes, liposomes,
polyethylene glycol (PEG). Antibodies are useful for therapeutic, diagnostic, kit or other purposes,
and mclude antibodies coupled, e.g.,to dyes, radicisctopes, enzymes, or metals, e.g., colloidal gold
(see, e.g., Le Doussal ef al. (1991} J. Inmmumol. 146:169-175; Gibelini et al. (1998) J. Inmmunol.
160:3891-3898; Hsing and Bishop (1999) J. Inmmunol 1622804-2811; Everts er o/ (2002) J.
Immmuinol. 168:883-889).

{3334} Methods for flow cytometry, including tluorescence activated cell sorting (FACS), are
avalable (see, e.g., Owens, efal (1994) Flow Cytometry Principles for Clinical Laboratory
Practice, John Wiley and Sons, Hoboken, NI, Givan (2001) Flow Cyiometry, 279 ed ., Wiley-Liss,
Hoboken, NJ; Shapiro (2003) Pracfical Flow Cytometry, John Wiley and Sons, Hoboken, NJ).
Fluorescent reagents suitable for moditying nucleic acids, including nucleic acid primers and
probes, polypeptides, and antibodies, for use, e.g., as diagnostic reagents, are available (Molecular
Probes (2003} Catalogue, Molecular Probes, Inc., Eugene, OR; Sigma-Aldrich (2003} Catalogue,
St. Lous, MO).

6335] Standard methods of histology of the imnmune system are described (see, e. g, Muller-
Harmelink {ed.} (1986) Human Thymus: Histopathology and Pathology, Springer Verlag, New
York, NY; Hiatt, ef al (2000} Color Atlas of Histology, Lippincott, Wilhams, and Wilkins, Phila,
PA; Louts, efal (2002) Basic Histology: {extand Adas, McGraw-Hill, New York, NY).

{6336} Software packages and databases for determining, e.g., antigenic fragments, leader
sequences, protein folding, functional domams, glycosylation sites, and sequence alignments, are

available (see, e.g., GenBank, Vector NTI® Suite (Informax, Inc, Bethesda, MD), GCG Wisconsin
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Package (Accelrys, Inc., San Diego, CA); DeCypher® (Timelogic Corp., Crystal Bay, Nevada};
Menne, ef al (2000) Bivinformatics 16. T41-742, Menmne, ef al. (2000} Bioinformatics Applications
Nofe 16:741-742; Wren, ef al. (2002) Comput. Methods Programs Biomed. 68:177-181;, von Heijne
(1983} Lur. J. Biochem. 133:17-21; von Heiyne (1986) Nucleic Acids Res. 14:4683-4690).
6. EXAMPLES

{6337] The examples i this section {7.e., Section 6} are offered by way of flustration, and not
by way of limitation.

6.1 EXAMPLE 1: Affinity maturation of humanized 08A antibedy and binding

affinity studies
6.1.1  Affinity maturation of 084 by single CDR codon-base mutagenesis library

{6338] The CDRH3, CDRLIT and CDRL3 of humanized 08A (with S6IN gdlycosylation site
correction, sequential numbering according to SEQ D) Fab001 (SEQ ID NQOs: 1 and 2} were
targeted for codon-based mutagenesis. The H3, L1 and L3 hbraries were randomized at position
HOS-H100B, L27B-1.32 and LO90-L97, respectively. Sequencing of representative individual
colonies from each library confirmed randomization in the expected CDR of targeted residues. Each
library vielded more than 10° individual colonies, suggesting that the size of library was sutficient to
account for every possible combination of amino acids within the target area.
16339 The libraries were subject to four rounds of affinity-based solution-phase phage display
selection with decreasing concentration of antigen at each round. A relatively high antigen
concentration (20 nM) was used for the first round. The antigen concentration was decreased 10-fold
each of the subsequent three rounds to select for high affinity variants. Individua! variants from the
tourth round were tested for positive binding to antigen by ELISA screening.
{3340] Todentity varant scFv with a lower KD than wt, apparent Koff was determined by
OCTET REDY6 (Fortebio, USA) on unpurified native scFv in bacterial PPE. A total of 156 sckv
from the fourth round of selection were ranked by koff. Twenty (20} clones with koft improvement
were selected for Fab conversion. The kon and koft were determined by BIACORE, and the KD
was calculated using BIACORE T200 evaluation software. Only one Fab, Fab 004 or 3G9, showed
a2 fold mprovement i KD over 0BA.

6.1.2 Affinity maturation of 08A by random mutugenesis library and VH/VL
combinatorial Hbrary

102



WO 2019/152642 PCT/US2019/016038

[6341] To achieve improved KD, mstead of focusing on H3, L1 and L3, we targeted all six VH
and VL regions of CDR3 from 08A for randomized mutagenesis in order to build VH and VL
combinatorial mutagenesis libraries. The sequences would have greater diversity relative to the wild
type sequence, but panning using reduced concentrations of antigen should result in enrichment of
clones of higher affinity that retain binding. Three VH/VL combinatorial libraries for panning were
generated: (1) light chain shuffling using 08A VH + combinatorial VL hbrary, (2) light chamn
shuffing using Fab 004 VH + combinatorial VL bbrary, and (3) VH + VL combinatorial libraries.
{6342] In order to increase diversity across all 6 CDRs in VH and VL, we utihzed arandom
mutagenests strategy. Specifically, mutagenesis was carried out using NNK codon randomization to
change the six CDRs to any one of the 20 anuno acids. In order to obtain sequence hbraries with
random mutations at every residue within the CDR loop, a total of twelve hbraries were constructed.
The six VH libraries were randomized at positions H31-H3S5 (H1 library), HS1-H34 (H2A library),
H55-H59 (H2B library), H60-H64 (H2C library), HO6-H100 (H3A library) and HO6A-H102 (H3B
library), respectively. The six VL libraries were randomized at positions L21-L27A (L1A hbrary),
L278-L29 (L1B library), L30-L34 (L1C library), L51-L55 (L2 library), L89-L93 (L3A library) and
193-1.97 (L3B library), respectively. Sequencing of representative individual colonies from each
library confirmed randomization m the expected CDR of targeted residues. Each hbrary yielded
more than 10% individual colonies, suggesting that the size of bbrary was sufficient to account for
every possible combination of amino acids within the target area.

[6343] All twelve libraries were subjected to three rounds of panning. The third round output
plasmid DNA was prepared and used as template to amplify the mutated CDR fragments. The
combinatorial VH mutagenesis scFv was generated by two step over-lapping PCR to combine the
three CDRs together. The combinatorial VL mutagenesis scFv was generated in similar way. The
heavy- and light~chain combinatorial libraries were generated by cloning the scFv nto the phagenud
vector as described above.

{6344 All twelve libraries separately were subjected to three rounds of off-rate phage display
selection with decreasing concentration of antigen at each round. A relatively high antigen
concentration (10 nM) was used for the first round. The antigen concentration was decreased 10-fold
each of the subsequent two rounds. The combinatorial VH or VL mutagenesis libraries were

generated by two step overlapping PCR of combining three CDRs together using the VH or VL
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pooled repertoires from the third round output. We also generated a chain shutfling hbrary by
combining the heavy chain of clone Fab 004 with combinatorial light chain using over-lapping PCR.
These combinatorial libraries were subjected to two further rounds of oft-rate selection in the
presence of decreasing antigen concentration (100pM and 10 am).
{3345} We prioritized panning and screening from the Fab 004 VH light chain shuffling library
gver the O8A VH light chain shuffling library due to the potential for greater enhancement m affinity
by starting from Fab 004. Individual vanants from the round two output of the Fab 004 VH light
chain shuftling combmatorial bbrary was tested for positive binding to antigen by ELISA screening,
A total of 108 scFv were ranked by koff. Seven (7) clones with koff improvement were selected for
Fab conversion. The kon and koff were deternmuned by BIACORE, and the KD was calculated. AH 7
Fabs showed 5- to 10-fold improvement i KD over 08A, which were greater improvements i KD
than cbserved by previous methods using single mutagenesis hibraties (Table 4). Fab098, Fab099,
Fabi00, Fabl0l, Fabl02, Fabli03 and Fab104 were isolated from second round selection of 3G9
heavy chain combined with combinatorial light chain hbrary.
{(3346] In order to generate the VH + VL combinatorial mutagenesis library, the VHand VL
pooled repertoires from the first round output of VH and VL combinatorial libraries were
recombined by overlapping PCR to generate a single hibrary of recombined varants with mutations
i both VH and VL chamns. The VH and VL combimnatorial hbraries were subjected to two further
rounds of off-rate selection with 10 pM antigen. Individual variants from the round two output of
combinatorial libranies were tested for positive binding to antigen by ELISA. A total of 216 scFv
were ranked by koff. Four (4) clones with koff improvement were selected for Fab conversion. The
kon and koff were determined by BIACORE, and the KID? was calculated. The 4 Fabs (Fab128§,
Fabl33, Fabl138 and Fabl39) showed 5~ to 18-told wnprovement in KD over 08A (Table 4).

6.1.3  Sequences of selected clones
{6347 The variable regions of off-rate improved clones (VH and VL) were PCR-amphtfied
{primers synthesized by Genewiz, Suzhou). The PCR reactions were conducted at 95°C 2 minutes,
95°C 30 seconds, S2°C 1 munute, 72°C 1 minute for 15 cycles, 72°C 10 minutes followed by 4 °C.
The final PCR products were checked in 1% agarose gel and purified using Qiagen QIAQUICK

purification kit.
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{6348} The purified VL and VH PCR products were cloned mto the pCP-hCk (VL) or into pCP-
hCg4 (Fab vector), respectively. Positive clones were then sent to BioSune (Shanghai) for
sequencing. Plasmid DNA was prepared using MN midi-prep kit (Macherey-Nagel, USA}.

{0349]  Fab98-104 affinity maturation mutation alignments are shown in Table 3.
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6.1.4 Transient transfection in 293 cells
{06356] Approximately 24 hrs. betore transfection, passed 293-F cells at 2.2x10¢ cells/ml
OPM-293 CDO3 medum (OPM Biosciences, China), and mcubated on a shaker at 120 rpm/min,
37°C and 5% CO,. On the day of transtection, the cell density was about 4x10° cells/ml. To ensure
optimal transfection, viability of cells must be > 95%.
{6351} 150 ug plasmid DNA per 100 ml cell culture (FALC = 23) was prepared. DNA was
dilated in OPTE-MEM expression medium (Gibco, USA)in a volume equivalent to one-twentieth of
the culture to be transfected and 1 mg PEI(Polysciences, USA) was diuted in OPTI-MEM medium
in an equivalent volume as that of the DNA solution PEI solution was added into the diluted DNA
solution; the DNA-PEI mixture was mixed gently and incubated for 15 min. at room temperature
prior to transfection. The DNA-PEI mixture was added imto cell culture while slowly swirling the
flask cells, and the DNA-PEI mixture was incubated with cells for 4 hours. One-twentieth of culture
medium volume of peptone (Fluka, USA) was added to the tlask Cells were then cultured at 125
rpm/min., 37°C, and 5% CO; .

6.1.5  Purification of Fabs
{3352} Conditioned medium above on day 6 was loaded onto 2 0.6 ml KAPPASELECT resin
(GE Healthcare, USA) column, which was equilibrated by 25 mM Tris, 150 mM NaCi, pH 8.0. The
column was then washed with equilibrating butfer to baseline after sample loading.  After washing,
the column was eluted with 50 mM sodium citrate, 156 mM NaCl pH 3.0, followed with immediate
addition of 1M arginine, 400 mM succinic acid, pH 9.0 to adjust pH value to 5.5. The final product
was dialyzed agamnst PBS solution. Protein purity was analyzed by SDS-PAGE and #ts concentration
was determined by Bradford method.

6.1.6 Size exclusion chromatography analysis of the purified Fab
{3353} Size exchision chromatography (SEC) for analyzing purified antibodies was carried out
with a SEC SIZESEP-SIH column (Waters, 7.8-ram 1.d., 30-cm length) using a HPLC system
(E269S5, Waters) at ambient temperature. Five times of PBS buffer, at a flow rate 1 ml/min was
used as the mobie phase. The mection volume was 20 ul with detection at 280 nm.

6.1.7 Biacore assay of the purified Fabs
{3354} Immobilization of recombinant human or cyno PD-1 onto CMS5 chip: A CMS sensor chip

was activated m FC2 by 7-min. mjection (10 p¥/min) of freshly prepared 1.1 530 mM NHS: 200 mM
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EDC. PD-1ata concentration of 0.2 ug/ml in 10 mM sodium acetate buffer pH 3.0 was injected
onto the activated chip at 5 pl/mm. (HBS-EP running buffer: 10 mM HEPES, 150 mM Na(l, 3.4
mM EDTA, 0.005% surfactant P20, pH 7.4) for 120 seconds. The remaming active coupling sites
were blocked with 7 min. myection of 1M ethanolamime at 10 yl/min.

{0358}  Binding kinetics measurement: Various concentrations of the Fabs were injected with a
flow rate of 30 p/min for 180 seconds(s) during the association phase. The dissociation of bound
antibody was monitored by flowmng HBS-EP buffer over the chip surface for 600 seconds. At the
end of eachcycle, the sensor surfaces were regenerated by injecting regeneration buffer (10 mM
glyeme buffer with pH 1.7) for 180 seconds. After sensograms were corrected for signals from a
reference flow, kinetics were calculated with BIACORE T 200 evaluation software ver 1.0 (Biacore,
GE, USA).

TABLE 4. Affinity of Fabs iselated from combinatorial CDR mutagenesis library

Fab No SO 1D s (100 M
Fabo0T 2 550200
a5 058 RE 531
Fab 099 516 03
Fab 100 6T 07
Fab 101 63 0739
Fab 100 537 ¥
Fab 103 530 0738
Fab 10 RE 05
Fab 128 365 013
Fab 53 ZERP 531
Fab 138 7531 050
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Fab 139 56, 58 0.14

6.2 EXAMPLE 2: Affinities of Mouse and Humanized Anti-PD-1 mAbs Against
Human PD1

6.2.1 Surface Kinetics by BiAcore
{6356] A surface plasmon resonance (SPR)-based assay utilizing capture mode was used to
determime the binding kinetics and affinities of anti-PD-1 anthodies against polyhistidine-tagged
human PD-1 (hPD1-His, 98AFK). Following manufacture mnstructions, a series S sensor chip CMS
{GE Healthcare, BR100530) was activated using an amine-coupling kit {(GE Healthcare,
BR100050). Either human capture kit {(anti-human Fe, 25 ug/ml., GE Healthcare, BR100839) or
mouse capture kit (anti-mouse Fc, 30 pg/ml., GE Healthcare, BR100838} antibody diluted in the
supphied pH 5.0, 10 mM sodium acetate buffer was immobilized onto the activated surface for 7
nunutes. After immobilization, surfaces were deactivated with 1M ethanolanune/HCl (pH 8.5} for 7
minutes. The final mnmoblization levels reached ~8,000 resonance units (RU) for mouse capture or
~12,000 RU for human capture in each of the four flow cells.
{0357} Bmding kmetics were measured on a biacore T200 m HBS-EP+ (0.01 M HEPES pH 7.4,
015 M NaCl, 3 mM EDTA, 0.05% v/v Surfactant P20) runmng butter at 25°C. Antibodies were
captured either on mouse or human Fc capture surfaces at 10 pl/min flow rate. Antibodies were
captured on flow cells 2, 3 and 4. Flow cell | was used as a reference with no antibody captured. A
o-point, 2-fold serial dilutions of the analyte 98AFK (hPD1-His), starting at 20 oM, were prepared
in the running buffer (HBS-EP+). Two buffer blanks were included for double referencing. Titration
series were injected for 3 minutes at 50 w/min followed by 600 seconds of dissociation. After each
cycle, surfaces were regenerated with a 30 second wyection of 3M MgCl at 10 pl/mL on the anti-
human Fe chip or 180 seconds of 10 mM Glycine pH 1.7 at 10 pl/min on the anti-mouse Fc chip.
{3358} Sensorgram processing and data analysis were performed with Biacore T200 Evaluation
Software Version 2.0.4 (GE Healthcare) Sensorgrams showing antibody binding were obtained
after double referencing by subiracting signal in reference flow cell 1 and signals from blank
mjections. Processed curves were globally fitted to a 1:1 binding model to determine the association
rate constant, ko, (M, where “M” equals molar and “s” equals seconds) and the dissociation rate
constant, kog (s°1). These rate constants were used to calculate the equilibrium dissociation constant,

Kp ”\'i) = koff / kon~
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6.2.2 Solution Affinity by Bidcore
{06359] A SPR-based assay utilizing solution mode was used to determine the solution affinities
of anti-PD-1 humanized antibodies against polyhistidine tagged human PD-1 (bPD1-His, 98AFK).
Following manufacture instructions, a series S sensor chip CMS (GE Healthcare, BR100S30) was
activated using an amine-~coupling kit (GE Healthcare, BR100050). Human PD1-His (98AFK, 40
ug/mb diluted i pH 5.0 10 mM sodium acetate buffer) was tmmobilized onto the activated surface
for 7 minutes. After immobilization, surfaces were deactivated with 1M ethanolamine/HCl (pH 8.5)
for 7 minutes. The final immoblization levels reached approximately 6,000 resonance umts (RU)in
the flow cell.
{3360 Solution affinities were determined by measuring the unbound fraction of antibody
paratope in a series of titrations where the antibody concentration was held constant (etther at 500
pM or 100 pM) and antigen, hPD1-His {98AFK) concentration was diluted 1.2 from 100 nM to 3
pM in a 16-point titration series. The titration series were incubated for 16-24 hours to reach
equiibrum atroom temperature. The unbound sites were measured using a BIAcore chip
immobilized with antigen in a corapetition mode where SPR signal detected corresponded to
unbound antibody.
{0361} Solution affinities were measured on a BIACORE T200 n HBS-EP+ (0.01 M HEPES
pH 7.4, 0.15 M NaCl, 3 mM EDTA, 0.05% v/v Surfactant P20) running buffer at 25 °C. The
titration series following > 16 hr. incubation were injected over the sensor chip immobilized with
hPD I-His (above). Free, unbound antibodies concentrations were measured as proportional to RU
after 120 seconds (for 500 pM oAb series) or 400 seconds (for 100 pM mAb series) of mjection at
10 ul/min. After eachcycle, surfaces were regenerated with a 30 second mjection of 1:1 mixture of
3M MgCh and pH 2.0 10 mM glycine at 30 pL/min
{6362} Data analyses were performed using KINEXA Pro Version 1.02 (Sapydyne) where RUs
were normalized and plotied against concentrations. Normalized data from two titrations (using 100
pM and 500 pM fixed antibody concentrations) were {it using n-Curve Analysis Version 1.02
(Sapidyne} to obtain Kp (M) values for each interaction
{3363] In standard surface-based affinity measurement, the parental mouse 08A antibody
showed 0.24 nM affinity. In contrast, parental mouse O8A antibody variants NS9Q, N59E and NSSA

mn VH CDR2 showed decreased attinity compared to parental mouse 08A antibody. Humamzed 08A
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IgG4 antibody variants all showed tighter affinities relative to the parental mouse 08A antibody.

Subsequent humamized 08A Ig(G4 antibody variants with GS6A, S6IN and G50A/861N corrections

in the CDHR?2 showed trend towards improved affinity whereas N35E did not. The Humanized 08A

affinity matured version Fab098 Ig(G4 antibody with G56A correction mproved the atfinity by

about 3 fold The humanized 08A affinty matured version Fabl00 IgG4 antibody with S6IN and

(G56A corrections improved the affinity by about 6-fold. (See Table 5)

TABLE 5, Standard surface-based affinities against human PDI-His(38AFK)

GS6A

mAb Lot# | HCand | Ko, (M) | Kp (REF)/
LC SEQ K»n
1D NOs
Nouse 0OA GIATN 1767, 68 | 46E-10 03
Mouse OSA (REF) DOAFE | 65, 66 | 24B-10 10
Mouse ORA N30Q IGATL | 60, 66 | 9.66-00 0.04
Mouse OBA N3OL 30AFL | 70, 66 | 50B-00 0.03
Mouse 08A NSOA BOAFH | 71, 66 | 59E-10 0.4
Thumanized D8A 1604 961N NSSE S0AOK | 72, 2 | 30B-10 0%
Humartized O8A 1904 TAGG | 73, 2 | LAG-10 17
Humanized 08A 19G4 GS6A 8OAVZ | 77,2 | 10B-10 24
Humanized O8A Ig(4 Fab 098 GS6A O0AVZ | 89, 2 | 7.0B-11 3.0
Humanized 03A 1gG4 S61N GTAGG | 82,2 | 45B-11 52
Humanized 08A 1G4 S61N ORAIO | 742 | S4b-11 14
Humanized 03A 1gG4 S61N GS6A 5IAQOK | 83,2 | 57B-11 12
Humanized 08A 1gG4 Fab 100 S61N 25AVE | 90, 10 | 4.2E-11 5.7

{3364 In sclution mode affinity determination, affinity matured humanized 08A Ig(G4 Fab 100
anttbody with 861N and G56A corrections showed significant aftinity tmprovement over humanized

08A Ig(4 antibody with S61N correction (see Table 6).
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TABLE 6. SPR Solution Affinities Against Human PD-1-His (98AFK)

mAb Lot# Ko, (M} Kn Ko Upper | Kp {(REF)/

Lower Limit K»
Limit

Humanized 08A IgG4 S61IN 98AIC 33E-11 2.6E-11 4.0E-11 1.G

(REF)

Humanized 08A IgG4 S61IN ST1AQK 3.3E-11 2.5E-11 4.0E-11 1.0

GS6A

Humanized 08A 1g(G4 GS6A B9AVZ 5.6E-11 4.0H-11 7.5E-11 0.6

Humanized 08A IgG4 Fab 098 | 90AVZ 1.9E-11 1.2E-11 2.7E-11 1.7

G56A

Humanized 08A Ig(G4 Fab 100 | 25AVE | <Q5E-12 | <1.0E-12 2.5E-12 ~>13

S6IN GS6A

6.3 EXAMPLE 3: Production of anti-PD-1/LAGS3 bispecific antibodies

{0365} Ant-PD-1/LAG-3 bispecific antibody (BsAb) 18ASS has an anti-PD-1 heavy cham with
the heavy chain variable region of affinity matured Fab100 with CDRH2 S6IN and G56A
corrections and an IgGl constant region with CHI mutations L145E, K147T, Q175E, and S183L,
CH2 mutations L234A, L235A, and D265S, CH3 mutations T350V, L351Y, F405A, Y407V (SEQ
D NO:102); an anti-PD-1 light cham with the light chain variable region of affmity matured Fab100
and kappa constant region with Cx mutations Q124R, T178R (SEQ 1D NOG:103), ananti-LAG3
heavy chain with heavy chain variable region of humanized 22D2 antibody Ab6 of WO 2016028672
and IgG1 constant region with CH1 mutation S181K, CH2 mutations L234A, L235A, and D26SS,
CH3 mutations T350V, T366L, K392L, and T394W (SEQ 1D N 96}, an anti-LAG3 light chain
with light chain vartable region of antibody Ab6 of WO 2016028672, and kappa constant region
with Cx mutations Q124E, S131T, Ti78Y, and T180E (SEQ ID NG :98).

{3366] Anti-PD-VLAGS bispecific antibody 90ASU has an anti-PD-1 heavy chain with
humanized 08A heavy chain variable region with CDRH2 S6IN and GS6A corrections and an fgGl
constant region with CH1 mutations L145E, K147T, Q175E, and S183L, CHZ mutations L234A,
L235A, and D265S, CH3 mutations T330V, L351Y, F405A, and Y407V (SEQ ID NO:101); an anti-
PD-1 light chain with the light chain variable region of humanized 0SA and kappa constant region
with Cx mutations Q124R, T178R (SEQ ID NGO:100); an anti-LAG3 heavy chain with the heavy
chain vanable region of humanized 22D2 antibody Ab6 of WO 2016028672 and IgGl constant
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region with CHI mutation S181K, CH2 nmutations L234A, L235A, and D265S, CH3 mutations
T350V, T366L, K392L, and T3%4W (SEQ 1D NO96), anti-L AG3 light chain with light chain
variable region of antibody Ab6 of WO 2016028672, and kappa constant region with Cx mutations
(Q124E, S1317T, T178Y, and TI80E (SEQ ID NO98).
{6367} Anti-PB-VLAGS bispecific antibody 33ARK has an anti-PDB-1 heavy chain with
humanized 08A heavy chain variable region with CDORHZ S61N and G56A corrections, and FR
mutation (Q39E and an IgG1 constant region with CHI nmutations L145E, K147T, and Q175E, CH2
mutations L234A, L.235A, and D265S, CH3 mutations T330V, T366L, K392L, and T3%4W (SEQ
3 N{O:108)Y, an anti-PD-1 light chain with the light chain variable region of humanized 0BA with
FR mutation Q38R and kappa constant region with Cx mutations Q124R, 160K, and T178R (SEQ
ID NO:110); an anti-LAG3 heavy chain with heavy chain variable region of humanized 22D2
antibody Ab6 of W 2016028672 with FR mutation Q39R, and IgGl constant region with CH1
mutations HI68R and Q175K, CHZ2 mutations L234A, L235A, and D265S, CH3 mutations T350V,
L351Y, F405A and Y407V (SEQ ID NO:104); an anti-LAGS light cham with light chamn variable
region of antibody Ab6 of WO2016028672 with Q38E FR mutation, and kappa constant region with
Cx mutations Q124E, Q160E, and T180E (SEQ 1D NG:106).
{06368] The CH3 mutations (EU numbering) m each of the anti-PD-1 heavy chain and anti-
LAG3 heavy chain promote heterodimer formation of the anti-PD-1 arm and anti-LAG3 arm. The
CH1 and Cx mutations (EU numbering) in the anti-PD-1 heavy and light chain as well as anti-LAG3
heavy and light chain promoote the correct heavy and light cham pawring.  In 33ARK, the FR
rmations also promote the correctheavy and hght chain paming. The CHZ mutations (EU
numbering) reduce effector function. The SOIN correction removes a glycosylation site, and the
(G56A correction removes a deamidation site (sequential numbering in SEQ 1D).

6.3.1  Transfection, expression and purification of 18458 and 90450
{8369] IBASS and 90ASU were expressed recombmantly in Chinese hamster ovary cells
(EXPIFECTAMINE; Thermo Fisher Scientific) via transient transfection using EXPIFECTAMINE
transfection reagent. The genes encoding the two pairs of heavy and light antibody chains (S0ASU:
anti-PD-1; SEQ 1D NOs:100 and 101, anti-LAG3: SEQ 1D NOs:96 and 983 (18ASS: anti-PD-1
SEQ D NOs:102 and 103; anti-LAG3: SEQ 1D NOs:96 and 98) were constructed via gene synthesis

using codons optimized for mammalian expression. The expression cassettes coding for the four

115



WO 2019/152642 PCT/US2019/016038

chains were cloned in the pTTS mammakan expression vector (from the National Research
Council, Canada). Four plasmid DNAs encoding the different protein chains (2 Heavy Chains and
2 Light Chains) were transfected with a 1:1:1:1 plasmid DNA ratio and expressed for 7-days prior to
harvest at a cell viability of 93%. Assembled, secreted antibody was captured from culture
supernatant by overnight incubation with a Protein A chromatography resin (MABSELECT SURE
LX; GE Healthcare), and further purified via conventional protein purification
methods. Final bispecific antibody purity was >98% as measured by capillary gel electrophoresis,
analytical size exclusion chromatography, and mass spectrometry (intact mass).

6.3.2 Uloning, Transfection, expression and purification of 33ARK
{6376 Gene products for anti-PD-1/LAG3 bispecific antibody 33ARK were cloned into the
mammalian expression vector pTT5 and transiently expressed in CHO cells (Raymond C. eral
Methods. 55(1)y44--51 (2011)). CHO-3E7 cells were cultured at 37°C in FreeStyle TM F17 medum
{(Invitrogen cat# A--1383501) supplemented with 4 mM glutamine and 0.1% Plaronic F--68
(Invitrogen cat# 24040--032). Four plasmmd DNAs encoding the two heavy chains and two hght
chains {anti-PD-1: SEQ ID Nos: 108 and 110) and {anti-LAG3: SEQ ID Nos:104 and 106) were
transfected at 3L scale at a DNA ratio of 15:1520:50 (anti-LAG3 HC: anti-PD-1 HCanti-LAG3
LC: anti-PD-1 LC). Temperature was lowered to 32°C 24 hr. after transfection and cell supernatants
were collected after 10 days.
10371} Antibody quantification in supernatants was performed using a 600/717/996 HPLC
system {(Waters Corporation, Milford, MA) with a protein A cartridge (POROSA20 column,
Invitrogen, Grand Tsland, NY, Part# 2-1001-00, 2.1 mmD x 30 amH, 104 pl). Samples were
filtered by centrifugation at8000-11000g for 3 minutes using NANOSEP MF GHP (.45 ym
centrifugal devices (Pall Life Sciences, Part# ODGHPC35) prior to being injected on the column at
a tlow rate of 2 mb/min using PBS. Elution was performed with 0.15 M Na(l, pH 2.0. EMPOWER
software (Waters Corporation, Milford, MA} was used to process data and curves were fit by linear
regression.
8372} 2L and 3L cell culture broth were centrifuged and filtered before loading onto a 10 ml of
MABSELECT SURE {GE Healthcare) protein A column at 10 mVmin. The 33ARK bispecific
antibody was eluted with 100 mM citrate bufter at pH 3.0 and neutralized to pH 6-7 with TRIS

buffer pH 11, Samples were mixed with either sample denaturing solution (for reducing conditions)
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or protein express sample buffer (for non-reducing conditions) and loaded on a BioRad hard-shell
96-well plate. Samples were then heated up at 70°C for 15 mun, centrifuged and mixed with water
and gel-dye solution before running on LabChip GXIL. The Protein A eluate were puritied in a
single injection on a Superdex 200 16/60 {(GE Healthcare) via an AKTA Express FPLC at a flow-
rate of Tml./min in PBS buffer at pH 7.4, Fractions with purity greater than 90% by CE-SDS were
pooled together to form the final sample and buffer exchanged in 20 mM sodium acetate, pH 5.0,
7% sucrose to a concentration greater than 2 mg/mL.

6.4 EXAMPLE 4: Engineered Jurkat.hPD-1.1L21nc + THP-1.PI-11 Assay
{6373] Clone DT999A1 15 a PD-1 transgene expressing Jurkat cell clone with an IL-2 mediated
luciferase reporter (Jurkat hPD-1.102kcy. Jurkat hPD-1.1.2Iue cells were grown in RPMI media
(Corning Cellgro 10-040-CV) + heat mactivated 10% FBS (Hyclone SH30910.03) +2 mM
L-glutamine (Celigro 25-005-C1) + 2 pg/ml puromyein (Sigma P9620) + 0.5 mg/ml Geneticin
{Gibco 10131-027). Cells were split twice per week after seeding cells at 2x10° cells/mi and were
split when the density exceeded 1x10° cells/ml. PD-L1 transgene expressing THP-1 cells {THP-
LPD-L1) were grown in RPMI media + heat mactivated 10% FBS + 2 mM L-glutaroinet+ 0.5 ug/mi
puromycin.  Cells were split twice per week after seeding at 3x10° cells/ml and were split when they
reach 1x10° celis/ml
{6374] The bicassay was setup using Assay Media [Phenol red free RPMI roedia
(Gibco 11833-030) + 10°% dialyzed FBS (Hyclone, SH30079.03)]. Fifty microliters of 4-fold sernial
dilution of antthody with a starting concentration of 30 pg/ml was added to the white walled tissue
culture treated plate. To the antibody titration, a 50 (d cell suspension containing 4x10¢ cells/ml
THP-1.PD-L1+ 1x10° cells/m! Jurkat hPD-1.1L2Muc cells and 2X stimulation conditions of 2 ng/mi
LPS (Sigma L4391} and 100 ng/mid IFN-g (R&D systems 285-1F/CF) were added. At the end of the
22 hour meubation (37°C m the ncubator), 10 yl of 55 ng/ml anti-PD-1 antibody (BD Pharmingen
555336, 11X working solution) was added for an additional two hours. One hundred microliters of
ONE-GLO reagent (Promega E6120) was added and plate read on the Perkin Elmer ENVISION
with an mtegration time of 0.1 sec Raw data in relative light units (RLU) was plotted using the

GRAPHPAD software and EC30 vakies calculated. Seealso FIG. 1.
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TABLE 7, EC30 values for the test samples.
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I , AVG ECS0
Pescription Lot# (nM)
Humanized x [PD-1 H}{LAG3 H] BsAb 18ASS
((08A/HuPD1A-11 S6IN CP-affinity matured Fab 100 (SEQ ‘E‘D? \ Os:
VHH3GY G50A ZWCHI-5 ZM856A / VL L28D1 DR 0.55 +£0.01

ZWCL-4) and (22D2 ZWCHI1-6 ZM857B /22D2 L.C

96, 98, 102 and

ZWCL-S) L234A L235A D2658) 1gG1 / Kappa (CX) 103)
Humanized x [PD-1_H][LAG3_H] BsAb ((08A/Hu
PD1A-11 S6IN G56A ZWCHI-5 ZM8S6A / hum 08A 90ASU

LC ZWCL-4) and (22D2 ZWCH1-6 ZM857B/22D2
LC ZWCL-5) L234A L235A D265S) 1¢G1 / Kappa
(CX)

(SEQ ID NOs:
96, 93, 100, 101)

2.54 =047

Humanized x [PD-1 H]FAb (08A/HuPD1A-11 S6IN

CP-affinity matured Fab 100 (VH H3GS (D100L 31ARL
N102H) / VL L28D1 (AS55S S56K N57Y LSBR ESO8 | (SEGQG ID NQOs: 87 | 0.56 +0.03
QU35 HO4) S95A WI6Y BOTH))) lgG4 8228P / and 19)
Kappa (PX)
Fumanized x [PD-1 H]FAb (0RA/HUPD1A-11 SeiN | . J0APE 1 =
W) TaG4 / Kappa (PX) (SEQ ID NOs:80 | 3.32+07
‘ Y and 2)
Humanized x {PD-1 H}[LAG3 H] BsAb (08A/ Hu BARK
PDIA-11 861N Q39E ZW CHI1-4 ZM857B and 22D2 (SEO IH) NOs:
(J39R ZW CHI1-3 ZMB8S6A) L234A, L235A, D265S . . . 312+054

{gG1/ hum O8SA LC Q42R ZW CL-3 and 22D2 Q39E
LC ZW(1-2) Kappa (CE)

104, 106, 108 and
110}

[0375]

and G56A corrections) 18 5- to 6-fold more potent than the bispecific antibody 90ASU with the non-

The bispecific antibody 18ASS with the affinity matured Fabl00 sequence (with 561N

affinity matured humanized 08A sequence (with S61N and G56A corrections). Likewise, the Fab
3TARL with the affuuty matured Fabl00 sequence (with S6IN correction) 18 5- to 6-fold more
potent than the Fab O0APE with the non-affinity matured humanized 08A sequence (with S61N
correction}. The bispecific antibody 18ASS with the affimity matured Fabl00 sequence (with S6IN

and GS6A corrections) is also 5- to 6-fold more potent than the bispecific antibody 33ARK with the
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non-atfinity matured humanized 08A sequence (with S6IN correction) and different CH1-Cx and
FR mutations for promoting correct ight and heavy chain pairing,

6.5 EXAMPLE 5: Mixed Lymphocyte Reaction (MLR) Assay
[6376] Human peripheral blood mononuclear cells (PBMCs) were puritied from leukopacks and
frozen down in the hiquid witrogen freezer. Frozen human PBMCs were thawed, diluted n
Phosphate Buffered Saline (PBS) (ThermoFisher: 20012027), centrifuged at 450 x g for 5 minutes,
and the cell pellet was resuspended with cell separation buffer; PBS, fetal bovine serum (FBS)
{ThermoFisher Scientific; 10438026), and ethylenediaminetetraacetic acid disodium  salt solution
(EDTA) (Sigma-Aldrich; E7889-100ML). Monocytes were enriched using Human Monocvie
Borichment kit (STEMCELL technologies; 19059). Cells were transferred to 6-well plates at 1x10¢
cells/ml (5 mL/well) m RPMI 1640 media (Gibco/ThermoFisher Scientific; 11875-119), FBS and
Penicillin-Streptomyemn (Pen/Strep) (ThermoFisher Scientific; 15140122) with 100 ng/mb, GM-CSF
(R&D Systems; 215-GM-110) and 50 ng/mL of human IL-4 (R&D Systems; 204-1L-010/CF}.
Monocytes were incubated at 37°C for 5 days to allow for dendritic cell (DC) differentiation.
Monocyte-derived dendritic cells (Mo-BC) were harvested on Pay 6, counted, resuspended in RPMI
1640 media, human serum {Sigma-Aldrich; H4522-100ML} and Pen/Strep and used in MLR assay
as stimulators.
{6377} On the day of experiment intiation, frozen hurman PBMCs were thawed and diluted n
cell separation buffer. CD4 T cells from each donor were enriched using EASYSEP Human CD4 T
cell isolation kit (STEMCELL technologies; 17952). Isolated CD4 T cells were suspended at Ix10¢
cells/ml. in RPMI 1640 media, buman serurn and Pen/Strep. Mo-DC were mixed at 1110 ratio
{(1x10* celis/mL) with CD4+ T-cells (1x10° celis/mL} and cell mixture plated in a flat-bottom 96
well plate at 200 ul/well.  Bispecific antibodies were serially diluted using a 6-fold difution series
and SX working stocks were prepared. 50 ylb of each dilution was added to the 200 L cultures to
give 1X final concentration of bispecific antibodies. Control wells were treated with an isotype
control antibody or left untreated. Culture supernatants were collected at Day 2 post-experiment
mitiation for IL-2 quantitation using V-PLEX Human IL-2 kit (Meso Scale Discovery Cat#
K151Q0QD-4).
{6378} This Example demonstrated that the anti-human PD-1/LAG-3 bispecific antibodies
33ARK, 90ASU and 18ASS mduce IFN-v and 1L-2 production by primary CD4 T-cells stimulated
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with allogeneic monocyte-derived dendritic cells (See FIG. 2). Isotype control antibody-treated
(37A8K) and untreated (no Ab) MLR samples are shown as controls.
6.6 EXAMPLE 6 : Human T-cell clone + JY.hPD-L1 Assay

6.6.1 Generafion and culture of human CD4+ T cell clone
{0379]  MHC class I allo-antigen specific CD4+ T cell clone BC4-49 was generated by 2 rounds
of mixed leukocyte reaction with the EBV-transformed B-cell ine JY and cloned by hiiting
dilution. The clone was re~-stimulated with allo-specific antigens at an interval of every 2 weeks and
cultured in Yssel’s medium (IMDM, Gibco 12440-053; human serum AB, Genumi 100512;
penicilin/streptomycin, Mediatech 30-002-CI; human albumm, Sigma A9080; ITS-X, Gibeo
51500056, Transferin, Roche 10652202001, PA Bioxtra Sigma p5585; LA-OCA-Albumin, Sigma
L.9655). Fresh PBMCs were solated from two human buffy coats provided by Stanford Blood
Center and pooled at 111 cell ratio. PBMCs were irradiated in a gamma wradiator at dose 4000 rads
before use. Wildtype JY cells were prepared and trradiated at dose 5000 rads. T cell clones were
cultured with feeders in 24-well plate at 1mL per well with final concentrations of CD4+ T cells
0.2X10%mL, wradiated PBMCs 1X10%ml, wradiated JY 0.1X105mL, and 100 ng/mlL PHA (Sigma
£9017). Recombinant human 1L-2 (R&D Systems; 202-11/CF) was added at final concentration of
100 ng/mb on day 3 after re-stimulation, and was replenished every 3-4 days throughout the
expansion. Cells were passaged to an optimal concentration between 0.5-1 0X105/mL. On day 7
after re-stimulation, abundant level of LAG-3 and moderate level of PD-1 were expressed on T cell
surface.

6.62 Human UD4+ T cell functional assay
{06380} Alloantigen-specific CD4+ T cells were harvested from 24 well culture plates on day 7
after antigen re-stimulation, then washed twice with 20 mb PBS (Hyclone, SH3002802) containing
2 mM EDTA (Invitrogen, 15575-38) by centrifugation. The pellets were resuspended into single celi
suspension 1 Yssel's medium. Bispecific antibodies 90ASU, I18ASS were titrated by 5-fold serially
dilutions i Yssel's medim starting from final highest concentration of 133 nM with total 7
dilutions i a volume of 100 pub in 96 well U-bottom culture plates (Falcon, 353077}, The bispecific
antibodies had higGl Fe L234A/L235A/D265S mutation. Isotype control 37A8K (SEQ 1D NOs:
126 and 127 was anti-RSV with the same mutation. Fifty microlters of T cell suspension ata

density of 4107 cells/ml. was added into wells containing titrated antibodies. The antibody/T cell
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mixture was pre-incubated for 1 hour in an incubator at 37°C with 5% CO; Human PD-L1
transgene expressing JY cells (JY hPD-L.1) were used i co-cultures to provide allo-specitic
antigens. JY.hPD-L1 cells cultured in T-75 flask (Thermo Scientific, 156499) in RPMI medium
(Corning Cellgro, 10-040-CV) with 10% FCS were harvested and wradiated in a gamma wradiator at
a dose of 5000 rads, then washed twice with PBS containing 2 mM EDTA by centrifugation. The
pellet was resuspended with Yssel's medum, and filtered with 40 um cell strainer before plating.
Fifty ul/well of JY hPD-L1 suspension ata concentration of 2 x 10° cells/mL was dispensed into
pre~-incubated antibody-T cells mdture, with T cell to JY hPD-L1 cell ratio at 2:1. All conditions
were run in duplicates. After approximately 3-day culture, 100 ul. of supernatant per well was
harvested for human IFNy quantification.  Human [FNy ELISA was performed to assess IFNy level
on pooled supervatant from duplicates by using hiIFNy QUANTIKINE kit (R&D Systems, SIF50).
Assays were run following the standard protocol provided by manufacturer. ECS0 values were
calculated using the GRAPHPAD prism software. The data from these experiments are set forth n
FiG. 3.

{6381} This example demonstrated that the bispecific anti-human PD-1/LAG-3 antibody 90ASU
(anti-PD-1 hu-08A with 861N and G56A, / anti-LAG3 hu-22D2 Ab6) and 18ASS {(anti-PD-1
Fabl00 affinity matured with S61N and GS6A, /anti-LAG3 hu-22D2 AbeG) bound to both human
PD-1and human LAG-3 expressed by the T-cell clone, blocked PD-1"s mteraction with PD-L1,
blocked LAG-3"s interaction with MHC Class II; thereby, allowing the T-cell to respond to produce
[FNy to the allogeneic stimulation based on whibiting the dual PD-L1-mediated and MHC Class {I-
mediated suppression. Additionally, this example showed that the bispecific anti-human PD-
VEAG-3 90ASU and 18ASS had comparable potency in promoting T cell IFNy production.  Isotype

control antibody 37ASK did not enhance IFNy production by the activated T cell clone.
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heremn. Indeed, various modifications of the invention in addition to those described herein will
become apparent to those skilled m the art from the foregomng description and the accompanying
figures. Such modifications are mtended to fall within the scope of the appended claims.

{(3400] The foregoing written specification is considered to be sufficient to enable one skilled in
the art to practice the mvention.  Various modifications of the mvention m addition to those shown
and described herein will become apparent to those skilled in the art from the foregoing description

and fall within the scope of the appended clams.
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TABLE 8. Sequence Information

Name, Sequence

Fab001 heavy chain Fab region (Humanized 08A (HuO8A) Fab heavy cham region with S61IN
correction);
EVOLVOSGAEVKKPGASVEVSCKASGYTFTSYYLYWVRQAPGOGLEWIGGVNPSNGGTNEN
ERFESRVILTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGFDYWGQGTTVTVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVEDYFPEPVT VSWNSGALTSGVHTFPAVLOQSSGLYSLSS
VVTVPSSSLGTKTYTONVDHKPSNTKVDKRVE (SEQ IDNO:1)

Fab004 or Fab001 light chamn (Humanized 08A Fab hight cham region)
DIVMTOTPLSLSVIPGOPASISCRASKSYSTSGFSYEHWYLQKPGOPPQLLIFLASNLESGVEDR
FRGSGSGTDFTLKISRVEAEDVGVYYCOHSWELPLTFGOGTRLEIKRTV AAPSVEFIFPPSDEQL
KSGTASVYULENNFYPREAKVOWERVDNALGSGNSQESVTEGDSKDSTYSLSSTLTLSKADYE
KHEKVYACEVTHQGLSSPVTKSFNRGEC (SEQ IDNO:2)

Fab004, Fab001 or HuO8A hight cham CDRL regions
CDRL1: RASKSVSTSGFSYLH (SEQIDNO:3)
CDRL2: LASNLES (SEQIDNO4)

CDRL3: QHSWELPLT (SEQ ID NG:5)

Fab 004, 98, 99,100, 101, 102, 103 or 104 heavy cham Fab region (H3G9) with CDRH2 S61N
correction, and CDRH3 affinity maturation mutations (in bold, itahcs)
EVQLVQSGAEVKKPGASVKVSCRASGYTFTSYYLYWVRQAPGQGLEWIGGVNPSNGGTINER
EKFKSRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRLSHYDGGFDYWGOQGTTVIVRSSAST
KGPSVEPLAPCSRSTSESTAALGCLVEKDYFPEPVT VS WNSGALTSGVHTFPAVLOSSGLYSLSS
VVTVPSSSLGTKTYTONVDHKPSNTRVDKRVE (SEQ IDNO:6)

Fab 004, 98, 99, 100, 101, 102, 103 and 104 heavy chain variable region
EVOLVQSGAEVEKKPGASVEVSCKASGYTFTSYYLYWVRQAPGQGLEWIGGVNPSNGGTINEN
ERFESRVTLTVDTSISTAYMELSRLRSDDTAVYYUTRBRLSHYDGGFDYWGORGTTVIVSS
(SEQIDNG.7) [Note that the CDRH3 affinily maturation mutations are i bold, ttahes. ]

Fab 004, 98, 99, 100, 101, 102, 103 and 104 CDRH regions

CDRHI: SYYLY (SEQIDNOE)

CDRH2: GYNPSNGGTHNFMNEKFKS (SEQID NG9

CDRH3: RLSHYDGGEDY (SEQ ID NG:10) [Note that the CDRH3 affmity maturation mutations are
m bold, #talics. |

Fab 098, 099, 100, 101, 102, 103 and 104 light chain CDRL regions (including consensus sequences)
CDRLT: RASKSVRTSGFSYLH (SEQ IDNO3)

CDRL2: LY{Y2Y5YYsS; wherein Yiis Gor S, Vais K, T.H orR Yais F, H or Y, Yais R, G, A L
or S, andYsis E A 8, Qor V (SEQID NG

CDRL3: YsYoYeYo¥1oLPLT, wherein o1, 3, S, or A Yois Hor @, Yeis Sor A Yois W, Yor T and
Yiois E, H, or Q. (SEQ IDNO:12)
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Fab098 hght cham (L.28B6) with CDRL?2 affintty maturation mutations {n bold, italics)
BIVMTOQTPLSLSVTPGOPASISCRASKSVSTSGEFSYLHWYLQKPGOPPOLLIFLGKFRESGVED
RESGSGSGTDFTLKISRVEAEDVOYYYCOHSWELPLTFGOGTRLEIKRTVAAPSVFIFPPSBEQ
LEKSGTASVVCLLNNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ IDNO:13)

Fab098 hght chamn (1.28B06) variable region | Note that the CDRL2 affinity maturation nmations are n
bold, #alics |
DIVMTQTPLSLSVIPGGPASISCRASKSVSTSGESYEHWYLQKPGOPPQLLIFLGEKFRESGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCQUSWELPLTFGQGTKLEIK {(SEQ 1D NO:14)

Fab098 light cham CDRL regions

CDRL1: RASKSVSTSGFSYLH (SEQ IDNO3)

CDRL2: LGEFRES (SEQ D NO:135) [Note that the CDRL2 affimily maturation mutations are i bold,
ttalics. |

CDRL3: QHSWELPLT (SEQ ID NOG:5)

Fab099 light chain (L28C3) with CDRLZ affinity maturation mutations
DIVMTQTPLSLSVIPGQPASISCRASKS VTS GRS YEHWYLQRPGQOPPOLLIFLGTHRASGVED
RESGSGSGTDFTLKISRVEAEDVGVYYCOHSWELPLTFGOGTRLEIKRTVAAPSVFIFPPSDEQ
LEKSGTASVVCLLNNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHEVYACEVTHQGLSSPVTKSFNRGEC (SEQ 1D NO:16) [ Note that the CDRLZ affinity
maturation mutations are m bold, #alics. |

Fab099 light chain (1.28C3) vanable region [Note that the CDRL2 affinity maturation mutations are in
bold, italics. |
DIVMTOTPLSLSVIPGOPASISCRASKSVATSGEFSYEHWYLORPGOPPOLLIFLGTHRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCOQHSWELPLTFGOQGTRLEIK (SEQID NGO

Fab099 hght cham (L.28C3) CDRL regions

CDRLIL: RASKSVSTSGFSYLH (SEQIDNO3)

CDRLZ, LGTHRAS (SEG 1D NO:18) [ Note that the CBRLZ affinity maturation nuations are in
bold, #alics |

CDRL3: QHSWELPLT (SEQID NG5S

Fab100 hght cham (L2801) with CDRL2 and CDRL3 affinity maturation mutations (in bold, ttalics)
DIVMTQTPLSLSVIPGQOPASISCRASKSVETSGFSYLEHWYLQKPGQPPQLLIFLYKYRSSGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCSOA VHL PUTFGOGTKLEIKRTVAAPSVEIFPESDEQL
KSGTASVVCLINNEFYPREAKVOWRVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSENRGEC (SEGQGID NG9

Fab100 light chain (1L.28D1) variable region [Note that the CDRL2 and CDRL3 affwuty maturation
mutations are in bold, italics. ]
DIVMTOTPLSLSVIPGOPASISCRASKSVATASGESYILHWYLOQRPGOPPOLLIFLSKYRSSGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYUSOAYHLPLUTFGQGTKLEIK (SEQ 1D NO:Z0)

Fab100 light chain (1.28D1) CDRL regions [Note that the CDRL2 and CDRL3 affinity maturation
mutations are in bold, italics |
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CDRL1: RASKSVSTSGFESYLH (SEQ 1D NO:3)
CDRLZ: LSKYRSS (SEQ IDNO21)
CDRL3: SOAYHLPLT (SEQ 1D NO:22)

Fabl01 hight chain L.28G1) with CBRL2 and CDRL3 affinily maturation mutations {in bold, italics)
DIVMTQTPLSLSVIPGQOPASISCRASKSVSTSGFSYLHWYLOKPGQPPOQLLIFLGEYGASGVPD
RFSGSGRGTDFTLKISRVEAEDVGVYYCAQATOLPLTFGOGTRKLEIKRTYVAAPSVFIFPPSDEG
LESGTASVVCLLNNEYPREAKVOWEREVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTRSFNRGEC (SEQIDNO:Z3)

Fab101 hght cham (L.28G1) variable region [Note that the CDRLZ2 and CDRL3 affinity maturation
mutations are in bold, itahcs. |
DIVMTQTPLSLSVTPGQPASISCRASESVSTSGESYLHWYLQKPGQPPQLLIFLGEYGASGVPD
RESGSGSGTDFTLKISRVEAEDVGVYYCAQATOLPLTRFGOGTKLEIK (SEQIDNO24)

Fab101 light chain (L28G1) CDRL regions [Note that the CBRL2 and CDRL3 affinity maturation
mutations are in bold, itakcs. ]

CDRLI: RASKSVSTSGFSYLH (SEQID NO3)

CDRLZ: LGKYGAS (SEQ ID NO25)

CDRL3: AQATULPLT (SEQIDNQZ6)

Fab102 hght cham (L28G8) with CDRL2 affmity maturation mutations (in bold, ftalics)
DIVMTQTPLSLSVIPGQOPASISCRASKSVSTSGESYEHWYLQKPGQPPQLLIFLGHFASSGVPD
RFSGSGSGTDFTLRISRVEAEDVGVYYCQHSWELPLTFGQGTKLEIKRTVAAPSVFIFPPSDEQ
LESGTASVVCLLNNEYPREAKVOWEREVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVY ACEVTHOGLSSPVIKSENRGEC (SEQ ID NO:27)

Fab102 hght cham (L.28(GR) variable region [Note that the CDRLZ affinity maturation nutations are m
bold, ftalics. |
DIVMTQTPLSLSVTPGQPASISCRASKESVSTSGEFSYLHWYLQKPGQPPQLLIFLGHFASSGVPD
RFESGSGSGTDFTLKISRVEAEDVGVYYCOHSWELPLTFGQGTKLEIK (SEQ ID NO28)

Fab102 hght cham (L.28G8) CDRL regions

CDRLIL: RASKSVSTSGFSYLH (SEQIDNO3)

CDRLZ: LGHFASS (SEQ IDNO:29) [Note that the CDRLZ affinity maturation nusations are
bold, #talics. |

CDRL3: QHSWELPLT (SEQ 1D NO:5)

Fabl03 hight cham (L28H3) with CDRL2 affmty maturation mutations (in bold, italics)
DIVMTQTPLSLSVTPGOPASISCRASKSVSTSGEFSYLHWYLQKPGOQPPQLLIFLGRYLOSGVPD
RESGSGSGTDFTLEISRVEAEDVGVYYCQHSWELPLUTRFGOGTKLEIKRTY AAPSVEIFPPSDEQ
LESGTASVVCLLNNFYPREAKYVOQWERVDN ALOQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHOQGLSSPVTKSEFNRGEC (SEQ 1D NG:30)

Fab103 hght chamn (L.28H3) variable region | Note that the CDRL2 affinity maturation nmyations are n
bold, ftalics. |

DIVMTQTPLSLSYTPGOPASISCRASKSVSTSGESYLHW YLOKPGQPPQLLIFLGRYLOSGVPD
RESGSGSGTDFTLKISRVEAEDVGVYYCOHSWELPLTFGOGTKLEIK (SEQIDNO31
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Fabl03 light chain (L28H3) CDRL regions

CDRL1: RASKSVSTSGFSYLH (SEQ IDNO:3)

CDRLZ: LGRYLES (SEQ 1D NO:32) [ Note that the CDRLZ affinity maturation mutations are inn bold,
ralics. |

CDRL3: QHSWELPLT (SEQ ID NO:5)

Fab104 hght cham (L28H10) with CDRL2 affinity maturation mutations {(in bold, #talics)
DIVMTQTPLSLSVIPGGPASISCRASKSVSTSGEFSYEHWYLQKPGOPPOLLIFLGTHSVSGVPD
RFSGSGRSGTDFTLKISRVEAEDVGVYYCQHSWELPLTFGOQUTKLEIKRTVAAPSVEIFPPSDEQ
LESGTASVVCLLNNEYPREAKVOWEREVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTRSFNRGEC (SEQ IDNO:33)

Fab104 hght cham (L28H10) variable region [Note that the CDRL2 affmity maturation mutations are
m bold, italics ]
DIVMTQTPLSLSVTPGQPASISCRASESVSTSGEFSYLHWYLQKPGQPPQLLIFLGTHSVSGVPD
RFSGSGSOGTDFTLEISRVEAEDVGVYYCOQHSWELPLTFGQGTKLEIK (SEQ IDNO:34)

Fab104 hght cham (L28H10) CDRL regions

CDRLI: RASKSVYSTSGFSYLH (SEQ D NO3)

CDRLZ: LGTHSYS (SEQ 1D NO35) | Note that the CBRL2 affinity maturation mutaiions are in boid,
talics. |

CDRL3: QHSWELPLT (SEQ 1D NO:S5)

Fab128 heavy chain Fab region (H34B7) with CDRHI affintty maturation mutations (in bold, italics)
and CDRH2 S61IN correction, A928 FR mutation
EVQLVGSGAEVKKPGASVKVSCRASGYTFTOYYYYW VRO APGOQGLEWIGGVNPSNGGTNE
MEKFKSRVTILTVDTSISTAYMELSRLRSDDTSVYYCTRRDAINYDGGFDYWGOGTTVTVAS
ASTKGPSVEFPLAPCSRSTSESTAALGCLVKDYFPEPVT VEWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLOGTKTYTONVDHKPSNTKVDKRVE (SEQIDNG:36)

Fab128 heavy cham {(H34B7) varnable region with CDRH1 affinity maturation mutations (in bold,
italics) and CDRH2 S61N correction, A92S FR mutation
EVQLVQSGAEVKKPGASVKVSCKASGYTFTOYYYYW VRQAPGQGLEWIGGYNPSNGGTNF
NEKFKSRVTILTVDTSISTAYMELSRLRSDDTSVYYCTRRDENYDGGFDYWGQGTTVTVSS
(SEQ ID NO:37)

Fab128 heavy chain (H34B7) with CORHI affinity maturation mutations {in bold, ifalics) and CEDRH2
S6IN correction
EVOQLVQSGAEVKKPGASVKVSCKASGYTFTOYYYYWVRQAPGQGLEWIGGYNPSNGGTNE
NEKFKSRVILTVDTSISTAYMELSRLRSDDTAVYYCTREDSNYDGOGFDYWGOQGTTVIVSSAS
TKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQSSGLYSLS
SYVIVPSSSLGTKIYTCNVDHKPSNTRYVDKRVE (SEGIDNO:118)

Fab128 heavy cham (H34B7) vanable region with CDRHI affinity maturation mutations {in bold,
walics) and CDRHZ 861N correction
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EVOLVOSGAEVKKPGASVEVSCKASGYTFTOYYYYW VRO APGOGLEWIGGVNPSNGGTINE
NEKFEKSRVILTVDTSISTAYMELSRLRSDDTAVYYCTRRESNYDGGEDYWGQGTTVIVES
(SEQIDNO:119)

Fab128 hight chain (L3487} with CDRLZ affinity maturation mutations {in bold, iialics)
DIVMTQTPLSLSVIPGQPASISCRASKSVSTSGEFSYLHWYLOQKPGQPPQLLIFLGRHRAS
GVYPDRFSGSGSGTDFTLKISRVEAEDVGYVYYCQHSWELPLUTFGOGTKLEIKRTYV AAPSVE
IFPPSDEQLESGTASVVOLLNNEYPREAKVOWER VDN ALQSGNSQESVTEQDSKDBSTYSLS
STLTLSKADYEKBKYVYACEVTHOGLSSPVIRKSENRGEC (SEQIDNO:3E)

Fab128 hght cham (L.34B7) variable region [Note that the CDRLZ affinity maturation nutations are m
bold, #alics. |
DIVMTQTPLSLSVTPGQPASISCRASKESVSTSGESYLHWYLQKPGOQPPQLLIFLGRERAS
GVPDRFSGSGSGTDFTLKISRVEAEDVOGVYYCQHSWELPLTFGOGTKLEIK (SEQIDNG39)

Fab128 (L34B7) CDRH and CDRL regions

CDRHI: QYYYY (SEQ ID NO:40)

CDRH2: GVNPSNGGTNFNEKFKS (SEQ 1D NO:9)
CDRH3: RDSNYDGGFDY (SEQ IDNO41)
CDRL1: RASKSVSTSGESYLH (SEQ 1D NO:3)
CDRL2: LGRHRAS (SEQ ID NO42)

CDRL3: QHSWELPLT (SEQ ID NO-5)

Fab 133 heavy chain Fab region (H33F5) with CDRHI affinity maturation mutations (i bold, #ahics)
and CDRHZ S61IN correction, and FR muiation A928
EVQLVQSGAEVKKPGASVKVSCKASGYTFTOYYYYW VRO APGQGLEWIGGYNPSNGGTINF
NEKFKSRVTLTVDTSISTAYMELSRLRSDDTSVYYUTRRDSNYDGGEFDYWGOQGTTVIVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT VSWNSGALTSGVHTIFPAVLQAS
GLYSLSSVVTVPSSSLGTRKTYTCNVDHKPSNTKVDKRVE (SEQIDNOA43)

Fab 133 heavy cham (H33F5) varable region with CDRHI affintty maturation mutations (i bold,
ttalics) and CDRH2 861N correction, and FR mutation A928
EVOLVQSGAEVERKPGASVEVSCKASGYTFTOYYYYWVRQ APGQGLEWIGGVNPSNGGTNE
NERFKSRVILTVDTSISTAYMELSRLRSDDTSVYYCTRRDSNYDGGEFDYWGQGTTVTIVSS
(SEQ 1D NO:44)

Fab 133 heavy chain Fab region (H33F35) with CDRHI affinity maturation mutations (in bold, italics)
and CDRH2 S61N correction

EVQLVQSGAEVKKPGASVKVSCKASGYTFTOYYYYWVRQ APGQGLEWIGGYNPSNGGTNF
NEKFKSRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGEFDYWGQGTTYVTVSS
ASTRGPSVEPLAPCSRSTSESTAALGCLVEDYFPEPVT VEWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTRTYTONVDHKPSNTKVDRKRVE (SEQIDNG:120)

Fab 133 heavy cham (H33FS) vanable region with CDRHI affinity maturation mutations (m bold,
talics} and CDRHZ S61N correction
EVQLVQSGAEVKKPGASVKVSCKASGYTFTOYYYYWVRQAPGQGLEWIGGVNPSNGGTNE
MEKFKSRVTILTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGEFDYWGQGTTVIVES
(SEQIDNO1Z1)
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Fab133 hght chan (L33F5) with CDRLZ and CDRL3 affinity maturation mutations (in bold, italics)
DIVMTQTPLSLSVIPGOPASISCRASKESVSTSGFSYLHWYLOKPGQPPOQLLIFLGFYRTS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSOMADLPLUTFGQGTKLEIKRTV AAPSVF
IFPPSBEQLKSGTASVVCLLNNFYPREAKVOWEKVDNALOQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPVTKSEFNRGEC (SEQIDNO4S5)

Fab133 light chain (1L33F5) variable region [Note that the CDRL2 and CDRL3 affinity maturation
mutations are in bold, itahcs. |
DIVMTQTPLSLSVIPGQPASISCRASKSVSTSGFSYLHWYLQRKPGQPPQLLIFLGFYRTS
GVPDRFSGSGSGTDFTLKISRVEAEDVOGVYYCSOMADLPLTFGOUGTKLEIK (SEQIDNGAG)

Fabl33 (L33F5) CDRH and CDRL regions

CDRHL: QYYYY (SEQID NG40)

CDRH2: GYNPSNGGTNFMEKFKS (SEQIDNGY)
CDRH3: RDENYDGGFDY (SEQIDNGA41)
CDRL1: RASKSVSTSGFSYLH (SEQIDNO:3)
CDRLZ: LGFYRTS (SEQID NG4T)

CDRL3: SQMADLPLT (SEQ ID NO:48)

Fab 138 heavy chan (H34F11) Fab region with CORHI and CDRH2 affinity maturation mutations (in
bold, ttalics} and CDRH2Z SGIN correction
EVOLVOSGAEVKKPGASVEVSCKASGYTFTOYYTYW VRO APGOGLEWIGGIEPNRGGTNE
NEKFKSRVTLTVDTSISTAYMELSRLRSDDTAVY YCTRRBSNYDGGEFDYWGOQGTTVIVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT VSWNSGALTSGVHTIFPAVLQAS
GLYSLSSVVTVPSSSLGTKIYTUNVDHKPSNTKVDEKRVE (SEQIDNO49)

Fab 138 heavy cham (H34F 1 1) variable region [Note that the CDRHI and CDRH2 affinily maturation
mutations are in bold, itakics. |

EVOQLVQSGAEVERKPGASVEVSCKASGYTFTOYYTYWVRQ APGOQGLEWIGGIEPVRGGTNE
NERFKSRVILTVDTSISTAYMELSRLRSDDTAVYYCTRERDSNYDGGEFDYWGOQGTTVITVSS
(SEQ ID NO:50)

Fabi38 hght cham (L34F11) with CDRL3 affinily maturation mutations (i bold, italics)
DIVMTQTPLSLSVIPGOPASISCRASKSVETSGFSYLHWYLOQRPGQPPOLLIFLASNLES
GVYPDRFSGSGSGTDFTLKISRVEAEDVGYYYCAOT FEL PLTFGOGTKLEIKRTVAAPSVE
IFPPSDEQLEKSGTASYVVCLLNNEFYPREAKVOWERKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPVIKSEFNRGEC (SEQIDNGSH

Fab138 hght chamn (1.34F11) variable region | Note that the CDRL3 affinity maturation munations are
m bold, #talics. |

DIVMTQTPLSLSVIPGQPASISCRASKS VTS GFSYEHWYLQKPGOPPOLLIFLASNLES
GVPDRFSGSGSGTEFTLKISRVEAEDVGVYYCAQT FELPLTFGQGTRLEIK (SEQ IDN(O:S52Z)

Fabi38 CDRH and CDRL regions

CDRHI: QYYTY (SEQIDNO:53)

CDRH2: GIEPHMRGGTNFNEKFKS (SEQ D NO:S4)
CDRH3: RDSNYDGGFDY (SEQID NG41)
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CDRL1: RASKSVSTSGFESYLH (SEQ 1D NO:3)
CDRL2: LASNLES (SEQ ID NO4)
CDRL3: AQTFELPLT (SEQIDNO:55)

Fab139 heavy chain Fab region (H34G8) with CDRHI affindy maturation mutations (in bold, italics)
and CDRHZ S61IN correction, and A928 FR mutation
EVQLVQSGAEVKKPGASVKVSCKASGYTFTOYYYYW VRO APGQGLEWIGGYNPSNGGTINF
MERFKSRVILTVDTSISTAYMELSRLRSDDTSVY YCTRRDANYDGGEFDYWGOGTTVTVAS
ASTRGPSVEPLAPCSRSTSESTAALGCLVEDYFPEPVT VEWNSGALTSGVHIFPAVLOSS
GLYSLSSVYVTVPSSSLGTKTYTCNVDHKPSNTKYDKRVE (SEQID NO:S6)

Fab139 heavy chamn (H34GR) vanable region with CDRHI affinity maturation routations {in bold,
ttalics) and CDRH2 S61N correction, and AS2S FR mutation
EVQLVQSGAEVKKPGASVKVSCKASGYTFTOYYYYWVRQ APGQGLEWIGGYNPSNGGTNF
MEKFKSRYTLTVDTSISTAYMELSRLRSDBDTSVY YU TRRDSNYDGGEDYWGQGTTVTVSS
(SEQID NO:57)

Fab139 heavy cham Fab region (H34G8) with CDRH1 affinity maturation muiations {in bold. italics)
and CDRH2 861N correction

EVOLVOSGAEVKKPGASVEKVSCKASGYTFTOYYYYW VRO APGOQGLEWIGGYNPSNGGTNFE
NEKFKSRVILTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGFDYWGQGTTVTVSS
ASTRGPSVFPLAPCSRSTSESTAALGCLVEDYFPEPVT VSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTRKTYTCONVDHKPSNTKVDKRVE (SEQIDNG:122)

Fab139 heavy chain (H34G8) variable region with CDRHI affinity maturation mutations (in bold,
talics} and CDRHZ S61N correction
EVQLVQSGAEVKKPGASVKVSCKASGYTFTOYYYYWVRQAPGQGLEWIGGVNPSNGGTNE
MEKFKSRVTILTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGEFDYWGQGTTVIVES
{SEQ ID NO:123)

Fabi39 hght cham (L.34G8) with CDRL2 affmty maturation mutations (i bold, #talics)
DIVMTQTPLSLSVIPGOPASISCRASKSVETSGFSYLHWYLOQRPGOQPPOLLIFLYKFRES
GVPDRFSGSGSGTDFTLRISRVEAEDVGYVYYCOHS WELPLTFOGOQGTRLEIKRT VAAPSVE
IFPPSDEGLKSGTASVVCLINNFYPREAKVOWRKVDN ALQSGNSQESVTEQDSKIDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPVIKSEFNRGEC (SEQID NG5S

Fab139 hght chain (1.34GR) variable region {Note that the CDRL2 affinity maturation mutations are n
bold, #alics. |
DIVMTQTPLSLSVIPGQPASISCRASKSVSTSGFSYEHWYLQKPGQOPPOLLIFLSKFRRS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCQHSWELPLTFGOQGTKLEIK (SEQ IDNG:59)

Fab139 CDRH an CDRL regions

CDRHI: QYYYY (SEQID NOG4O)

CDRHZ: GVNPSNGGTNFNEKFKS (SEQ IDNGY)
CDRH3: RDENYDGGFDY (SEQID NG44
CBRL1: RASKSVSTSGFSYLH (SEQ ID NO:3)
CDRL2: LSKFRRS (SEQ ID NO:60)

CDRL3: QHSWELPLT (SEQ ID NG:5)
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Fabi28, 133, 138 and 139 CDRH and CDRL sequences, ncluding consensus sequences (with or
without S61N or G56A correction, or both)

CDRHI: QYYZ4)Y; wherein 7 is Tor Y (SEQ IDNO61)

CDRM2: G2 2P 74257 GINFZ-EKFKS, wherem D s Vor L Zss Eor N Zus N or 5, Zsis Ror N,
Zew GorAandZ-is S or NA(SEQIDNG62)

CDRH3: RDSNYDGGFDY (SEQIDKNG41)

CDRL1: RASKSVYSTSGFSYLH (SEQIDNO3)

CDRLZ: LZ8Z0f10211 7108, whertem Z2is G, Aor S, o RLOF. Sor K Zws H Y, NorF. ZiiisRor L,
andZ2is A T, E or R(SEQ ID NO:63)

CDRL3: ZisfiaZasfas L LPLT, wherein Zi3 s @, Sor A Zuss QorH Zisis S, M oor T Zie s W, A or
F, and Zi7is Eor D (SEQ ID NO:64)

Mouse x [PD-1_H] mAb{(Clone 88A) g1 / Kappa (CE) (B3AFY)

Mouse-08A mAb Heavy Chain
QVQLOQPGAELVKPGASVELSCKASGYTFTSYYLYWMEKQRPGQGLEWIGGVNPSNGGTNES
EKFEKSKATLTYVDKSSSTAYMOLSSLTSEDSAVYYCTRRDSNYDGGEFDYWGQGTTLTYVSSAKT
TPPSVYPLAPGS AAQTNSMVTLGCULVKGYFPEPVEVIWNSGSLSSGVHTFPAVLOSDLYTLSS
SVIVPSSTWPSETVTONVAHPASSTRVDEKIVPRDCGCKPCICTVPEVSSVFIFPPKPKDVLTIT
LTPRKVTCVVVAISKDDPEVOFSWEFVDDYVEVHT AQTQPREEQFNSTFRSVSELPIMHQDWLNG
KEFKCRVNSAAFPAPIEKTISKTRGRPKAPQVYTIPPPKEQMAKDKVSLTCMITDEFPEDITVE
WOWNGOPAENYKNTOPIMDTDGSYFVYSKENVOKSNWEAGNTFTCSVLHEGLHNHHTEKS
LSHSPGK (SEQ ID NO65}

Mouse-08 A mAb Light Cham:
DIVLTQSPTSLAVSLGORATISCRASKSVSTSGFSYLHWYQOQKPGOPPKLLIFLASNLESGVPA
RFSGSGSGTDFTLINIHPVEEEDAATYYCQHSWELPLTFGAGTKLELKRAD AAPTVSIFPPSSEQ
LTSGGASYYCFLNNFYRKDINVEKWKIDGSERONGVENSWTBQODSKDSTYSMSSTLTLTKDEY
ERHMNSYTCEATHKTSTSPIVKSFNRNEC (SEQID NG:66)

RMouse x [PD-1 Hl mAb {clone 09A) G/ Kappa (CE) (03AFN)

Mouse-09A mAb Heavy Chamn

QVQLOQPGAELVEPGTSVKLSCKASGYTFINYYMYW VEKQRPGQGLEWIGGINPSNGGTNFN
EKFKNKATLTVDSSSSTTYMOLSSLTSEDSAVYYCTRRDYRFDMGFDYWGQGTTLTVSSAKT
TPPSVYPLAPGS AAQTNSMVTLGCLVKGYFPEPVIVIWNSGSLSSGVHTFPAVLQSDLYTLSS
SVIVPSSTWPSETVICNVAHPASSTKVDKKIVPRDCGCKPCICTVPEVSSVFIFPPKPKDVLTIT
LTPKVTCVVVDISKDDPEVOFSWEFVDDVEVHT AQTQPREEQFNSTFRSVSELPIMHQDWING
KEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQM AKDKVSLTCMITDFFPEDITVE
WOWNGQPAENYENTQPIMDTDGSYFVYSKINVOESNWEAGNTFTCS VEHEGLHNHHTEKS
LSHSPGK (SEQ ID NO:67)

Mouse-09A mAb Light Cham

DIVLTOSPASLAVSLGQRAAISCRASKGVSTSGYSYLHW YQOKPGQSPRKLLIYLASYLESGVP
ARFSGSGSGTDFTENIHPVEEEDAATYYCQHSRDLPLTFGTGTKLELKR ADAAPTVSIFPPSSE
QLTSGGASVVCFLNNFYPKDINVEWKIDGSERQNGVINSWTDQDSKDSTYSMSSTLTLTRKDE
YERHNSYTCEATHKTSTSPIVKSFNRNEC (SEQ 1D NO:68)
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Mouse x [PD-1_H} mAb (Clone 1.08 N594}) 1gG1 / Kappa (CE) (38AFL)

Mouse-08 A mAb Heavy Chain with CDRHZ N59¢ mutation
QVOQLOQPGAELVKPGASVEKLSCKASGYTFTSYYEYWMEKQRPGOGLEWIGGVNPSNGGTOFS
ERFESKATLTVDKSSSTAYMOLSSLTSEDSAVYYCTRRDANYDGGFDYWGOGOGTTLTVSSAKT
TPPSVYPLAPGS AAQTNSMVYTLGCLYVKGYFPEP VEVIWNSGSLSSGVHTFPAVLOSDLYTLSS
SVIVPSSTWPSETVTUONVAHP ASSTRKVDEKIVPRDCGCKPCICTVPEVSSVRFIFPPKPKDVLTIT
LTPRKVTCVVVAISKDDPEVQFSWEVDDVEVHT AQTQPREEQFNSTFRSVSELPIMHOQDWLNG
KEFKCRYNSAAFPAPIEKTISKTKGRPKAPOQVYTIPPPKEQMAKDKVSLTCMITDERFPERITVE
WOWNGOPAENYKNTOPIMDTDGS YFVYSKENVOKSNWEAGNTFTCSVEHEGLHNHHTEES
LSHSPGK (SEQ ID NO:69)

Mouse-08A mAb Light Cham
DIVLTQSPTSLAVSLGORATISCRASKSVSTSGFSYLHWYQQKPGOPPKLLIFLASNLESGVPA
RFSGSGSGTDFTINIHPVEEEDAATYYCQHSWELPLTFGAGTKLELKRAD AAPTVSIFPPSSEQ
LTSGGASVVCFLNNFYPKDINVKWERIDGSERQNGVINSWTDODSKDSTYSMSSTLTLTKDEY
ERHNSYTCEATHKTSTSPIVKSFNRNEC (SEQIDNO:66)

Mouse x {PD-1_H] mAb {(Clone L.OB NSYE) igG1/ Kappa (CE) (3%9AFL)

Mouse-08A mAb Heavy Chain with CDRH2 NSOE mutation
QVOLOQOPGAELVEPGASVKLSCRKASGYTFTSYYLYWMKOQRPGQGLEWIGGVNESNGGTEES
EKFKSKATELTVDEKSSSTAYMOLSSUTSEDSAVYYCTREDSNYDGGEFDYWGQGTTLTVSS AKT
TPPSVYPLAPGS AAQTNSMVTLGCLVEGYFPEP VIVIWNSGSLSSGVHTFPAVLOSDLYTLSS
SYTVRSSTWPSETVTUNVAHPASSTRYDKKIVRRDCGCKPCICTYVPEVSSVEIFPPKPKDVLTIT
LTPKVTCVVVAISKDDPEVOFSWEVDDVEVHT AQTOPREEQFNSTFRSVSELPIMHODWILNG
KEFKCRVNSAAFPAPIEKTISKTKGRPRAPQVYTIPPPREQMARDRKVSLTCMITDFFPEDITVE
WOWNGOPAENYRKNTOPIMDTDGSYFVYSKENVOKSNWEAGNTFTCSVEHEGLHENHHTEKS
LSHSPGK (SEQ ID NO:70)

Mouse-08AmAb Light Chamn
DIVLTQSPTRLAVSLGORATISCRASKSVISTSGRSYLHWYQOQRPGOPPKLLIFLASNLESGVPA
RFSGSGSGTDFTLNIBPVEEEDAATYYCOQHSWELPLTFGAGTRKLELKRAD AAPTVSIFPPSSEQ
LTSGGASVVCFLNNFYPKDINVEWKIDGSERONGVENSWTDQDSKDSTYSMSSTLTLTEDEY
ERHNSYTCEATHKTSTSPIVKSFNRNEC (SEQIDNO:66)

Mouse x [PD-1_H] mAb{Clone 1L.O8 N39A) IeG1 / Kappa (CE) (80ATFH)

Mouse-08 A mAb Heavy Chain with CDRHZ N59A mwutation
QVOLOQPGAELVKPGASVELSCKASGYTFTSYYLYWMEKQRPGOGLEWIGGVNPSNGOTAES
ERFESKATLTVDKSSSTAYMOLSSLTSEDSAVYYCTRRDSNYDGGEFDYWGOQGTTLTVSSAKT
TPPSVYPLAPGS AAQTNSMVTLGCLVKGYFPEPVEVTIWNSGSLSSGVHTFPAVLQSDLYTLSS
SVIVPSSTWPSETVICNVARPASSTRVDKKIVPRDCGCRKPCICTVPEVSSVEIFPPRPRDVLTIT
LTPRKVICVYVYVAISKDDPEVOFSWFYDDVEVHT AQTQPREEQFNSTFRSVSELPIMHOQDWLNG
KEFKCRVYNSAAFPAPIEKTISKTKGRPKAPOQVYTIPPPKEQMAKDKVSLTCMITDFFPEDITVE
WOWNGOPAENYKNTOPIMDTDGS YFVYSKENVOKSNWEAGNTFTCSVEHEGLHNHHTEES
LSHSPGK (SEQIDNO:71)
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Mouse-08 A mAb Light Cham
DIVLTQSPTSLAVSLGORATISCRASKSVISTSGRSYLHWYQOQRKPGOPPKLLIFLASNLESGVPA
RFSGSGSGTDFTLNIHPVEEEDAATYYCQHSWELPLETFGAGTKLELKRAD AAPTVSIFPPSSEQ
LTSGGASVYVVCFLNNFYPKDINVEKWERKIDGSERQNGVENSWTDOQDSKDSTYSMSSTLTLTKDEY
ERHMNSYTCEATHKTSTSPIVKSFNRNEC (SEQID NG:66)

Fumanized x [PD-1_H] mAb (0SA/FuPDI1A-11 N55E §228P) 1gG4 / Kappa (S0AQK)

S0AQK mAb Heavy Chain (HuO8A Fab with CDRH2 N55E mutation) with S228P correction
EVQLVQSGAEVKKPGASVKVSCRASGYTFTSYYLYWVRQAPGQGLEWIGGVNPS EGGTNEN
EKFKSRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRDANYDGGFDYWGQOQGTTVIVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPERVT VSWNSGALTSGVHIFPAVLQSSGLYSESS
VVTVPSSSLGTKIYTONVDHKPANTKVDKRVESKYGPPCPPCP APEFLGGPSVELFPPKPKDTL
MISRTPEVICVVVDVSGEDPEVOFNWYVDGVEVHN AKTKPREEQFNSTYRVVSVLTVLHQD
WELNGKEYKCRVSNKGLPSSIERTISKAKGQPREPOQVYTLPPSQEEMTENQVSLTCLVKGEFYES
DIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWOQEGNVESCSVMHE ALHNHYT
QKSLSLSLGK (SEQ ID NO:72)

S0A0QK mAb Light Cham
DIVMTQTPLSLSVTPGOPASISCRASKSVETSGFSYLHWYLOKPGQPPQLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCOQHSWELPLTFGQGTRKLEIKRTVAAPSVFIFPPSDEQL
KSGTASVVCLINNFYPREAKVOWKVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHOQGLSSPVTKSFNRGEC (SEQ ID NO2)

Humanized x [PD-1_H] mAb (03A/HuPD1A-11 S228P) 1G4/ Kappa (PK) (lot 73AGG)

73AGG mAb Heavy Chain with S228P ¢orrection (FuG8A Fab)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYYLYW VRQAPGQGLEWIGGVNPSNGGTNFES
ERFRSRVTLTVOTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGFDYWGQGTTVIVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS

/TVPSSSLOGTKIYTONVDHKPSNTKVDKRVESKYGPPUPPCPAPEFLGGPSVFLFPPKPKDTL
MISRTPEVICVVVDYSQEDPEVOFNWYVDGVEVHN AKTKPREEQFNSTYRVVSVLTVLHGD
WELNGKEYKCKVSNEKGLPSSIEKTISKAKGQPREPOVYTLPPSQEEMTKNQVSLTCLVRGEYPS
DIAVEWESNGOPENNYRTTPPVLDSDGSFFLYSRLTVDKSRWQOEGNVESCSVMHEALHNHYT
QKSLSLSLGK (SEQ ID NO:73)

73AGG mAb Light Cham
DIVMTQTPLSLSVTPGQOPASISCRASKSVSTSGFSYLHWYLOQKPGOQPPQLLIFLASNLESGVPDR
FRGSGSGTDFTLKISRVEAEDVGVYYCOHSWELPLTFGOQGTRKLEIKRTV AAPSVFIFPPSDEQL
KSGTASVVCLINNFYPREAKVOWEVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHEVYACEVTHOGLSSPVTRSFNRGEC (SEQIDNG:2)

Homanized x [PD-1_H] mAb(0SA/HuPDI1A-11 S61NS228P corvecied) Ig(G4 / Kappa (CE)
{(98A10)

98AIG mAb Heavy Cham (Hu0BA Fab with 561N correction to remove N-glycosylation site) with
S228P correction
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EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYYLYW VRQAPGQGLEWIGGYNPSNGGTNEN
EKFKSRVTLTVDTSISTAYMELSRLRSDDTAVY YCTRRDSN YDGGFDYWGOGTTVIVSSAST

KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT VSWNSGALTSGVHTFPAVLQSSGLYSLSS
VVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCP APEFLGGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHN AKT KPREEQFNSTYRVVSVLTVLHQD

WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPS
DIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWOQEGNVFSCS VMHEALHNHYT
QKSLSLSLGK (SEQ ID NO:74)

HuO%A Heavy Chain Variable Region with S61N correction to remove N-glycosyiation site
EVQLVQSGAEVKKPGASVKVSCRASGYTFTSYYLYWVRQAPGQGLEWIGGVNPSNGGTINER
EKFKSRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGFDYWGQGTTVIVSS
(SEQ 1D NO:75)

98 AIO mAb Light Chamn
DIVMTQTPLSLSVIPGOPASISCRASKSVETSGFSYEHWYLOQKPGQPPQLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCQHSWELPLTFGQGTRKLEIKRTVAAPSVFIFPPSDEQL
KSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVIEGDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSEFNRGEC (SEQIDNG2)

HuO8A Light Chain Variable Region:
DIVMTQTPLSLSVTPGOPASISCRASKSVSTSGFSYLHWYLOKPGOPPOQLLIFLASNLESGVPDR
FSGRGSGTDFTLRISRVEAEDVGVYYCOHSWELPLTFGOQGTKLEIK (SEQ ID NG76)

Hu08A Heavy Chain CDRH regions with S61N correction and Light Cham CDRL regions
CDRHISYYLY (SEQIDNG:®)

CERH2Z.GVNPSNGGTNFNEKFKS (SEQID NG:9)

CDRH3IRDSNYDGGFDY (SEQIDNO:41)

CDRLIRASKSVSTSGFSYLH (SEQ 1D NO:3)

CDRLZ:LASNLES (SEQIDNO4)

CDRL3.QHSWELPLT (SEQ IDNO:5)

Fhumanized x [PD-1_H] mAb (0SA/FuPDIA-11 G56A) 1eG4 8228P / Kappa (CX) (lot 89AVZ)

89AVZ mAb Heavy Cham (HuO8A Fab with GS6A correction) with 8228P correction
EVOLVOSGAEVEKPGASVEVSCKASGYTFTSYYLYWVRQAPGOGLEWIGGVNPSNAGTNFS
EKFESRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGFDYWGQGTTVIVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT VEWNSGALTSGVHTFPAVLQSSGLYSLSS
VVTVPSSSLGTKTYTONVDHKPANTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTL
MISRTPEVTICVVVDVSQEDPEVOFNWYVDGVEVHN AKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYRCKVSNEGLPSSIEKTISKARGQPREPOVYTLPPSQEEMTKNOQVSLTCLVKGFYPS
DIAVEWESNGOPENNYRT TPPVLDSDGSFFLYSRLTVDEKSRWOEGNVFSCSVMHEALBNHYT
QKSESLSLGK (SEQ D NOTT)

HuO8A Heavy Chain Variable Region with G56A correction
EVOLVQSGAEVKKPGASVREVSCKASGYTFTSYYLYWVRGAPGQGLEWIGGYNPSNAGTINES
ERFESRVILTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGFDYWGQGTTVTVSS
(SEQIDNO.78)
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89AVZ mAb Light Cham
DIVMTOTPLSLSVTPGOPASISCRASKSVATSGESYEHWYLOQKPGQPPQLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCOHSWELPLTFGQGTKLEIKRTVAAPSVFIFPPSDEQL
KSGTASVVCLLNNFYPREARKVOWERVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYE
KHEVYACEVTHQGLSSPVTESFNRGEC (SEQIDNO:2)

HuO8A Light Chain Varnable Region
DIVMTQTPLSLSVIPGOPASISCRASKSVSTSGFSYLHWYLOKPGQPPOLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCQHSWELPLUTFGOQGTKLEIK (SEQ ID NOT6)

HuO8A Heavy Cham CDRH regions with G56 A correction and Light Cham CDRL regions
CDRHISYYLY (SEQIDNGE)

CDRHZ.GVNPSNAGTNFSEKFES (SEQID NG9

CDRH3 RDSNYDGGFDY (SEQIDNO41)

CDRL1TRASKSVSTSGFSYLH (SEQ ID NO:3)

CDRL2LASNLES (SEQID NG:4)

CDRILIQHSWELPLT (SEQ D NG3)

Humanized x [PD-1_H] Fab (08A/HuPDIA-11 S6INWT) 1gG4 7 Kappa (PX) (00APE)-
humanized 08A Fab with MN-giveosylation correction {S61N)

HuO8A Heavy Chain Fab region with S61N correction:
EVQLVQSGAEVEKPGASVEVSCKASGYTFTSYYLYWVRQAPGQGLEWIGGYNPSNGGTNEFN
ERFESRVILTVDTSISTAYMELSRERSDDTAVYYCTRRDSNYDGGFDYWGOGTTYVTVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT VEWNSGALTSGVHTFPAVLOQSSGLYSLSS
VVTVRSSSLGTRKTYTONVDHKPSNTKVDKRVESKYGPP (SEQ ID NOBO)

HuO%A Light Chain
DIVMTQTPLSLSVIPGQPASISCRASKS VSTSGFS YLHWYLQKPGQPPQLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGYVYYCOHS WELPLTFGQGTKLEIKRTVAAPSVFIFPPSDEQL
KSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVIEGDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTESFNRGEC (SEQ IDNO:2)

Humanized x [PD-1_H] mAb (0SA/HuPDIA-11 S6INWT) 5228P (2G4 / Kappa (PX) (67AGG)-
humanized 083A mAb with N-glycosylation correction (S61M) and HFR4 mutation

67AGG mAb Heavy Cham (Hu0BA Fab with CDRHZ2 S61N correction, HFR4 mutation), with IgG4
S228P mutation
EVOLVOSGAEVEKPGASVEVSCKASGYTFTSYYLYWVRQAPGOGLEWIGGYNPANGGTNEM
EKFESRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGFDYWGOQGTTLTVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT VESWNSGALTSGVHTFPAVLOQSSGLYSLSS
VVTVPSSSLGTKTYTONVDHKPANTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTL
MISRTPEVTICVVVDVSQEDPEVOFNWYVDGVEVHN AKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYRCKVSNKGEPSSIEKTISKARKGOPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPS
DIAVEWESNGOPENNYRT TPPVLDSDGSFFLYSRLTVDESRWQEGNVFSCSVMHEALHNHYT
OKSESESLGK (SEQ 1D NO:E2)
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HuO8A Heavy Chain variable region with CDRH2 S61IN correction, and HFR4 nmutation
EVQLVOSGAEVKKPGASVKVSCRASGYTFTSYYLYWVRQAPGOGLEWIGGVNPSNGGTNER
ERKFKSRVTUTVDTSISTAYMELSRERSDDTAVYYUTRRDSNYDGGEFDYWGQGTTLTVSS
(SEQ ID NO:81)

67AGG mAb Light Cham
DIVMTQTPLSLSVTPGOPASISCRASKSVSTSGFSYEHWYLOKPGQPPQLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCOQHSWELPLTFGOQGTKLEIKRTYVAAPSVFIFPPSDEGL
KSGTASVVCLINNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSFNRGEC (SEQID NG2)

HuO8A Light Chain Variable region
DIVMTOTPLSLSVIPGOPASISCRASKSVSTSGEFSYEHWYLQKPGOPPQLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCQHSWELPLTFGQGTKLEIK (SEQ ID NO.76)

Humanized x [PD-1_H] mAb (08A/HuPD1A-11 S61N VH G56A / VL ) 1gG4 52289/ Kappa
(PX) (51A0K)

S1AQK mAb Heavy Chain (HuO8A Fab with S61N and G356 A corrections m CDRH2), with [gG4
S228P correction

EVQLVQSGAEVKKPGASVKVSCRKASGYTFTSYYLYW VRO APGQGLEWIGGVNPSNAGTNEN
ERFKSRVTLTVDTSISTAYMELSRLRSDDTAVY YCTRRDSNYDGGEDYWGQGTTVIVESAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPERPVT VSWNSGALTSGVHTITPAVLQSSGLYSESS
VVTVPSSSLGTKIYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSYVFLFPPKPKDTL
MISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVHN AKT KPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCRYSNKGLPSSIEKTISKAKGOPREPGVYTLPPSQEEMTENQVSLTCLVKGEYPS
DIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWOEGNVESCSVMHEALHNHYT
QKSLSLSLGK (SEQ ID NO:83)

S1AQK mAb Light Chan
DIVMTOTPLSLSVIPGOPASISCRASKSVATAGESYIHWYLORPGOPPOLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCOHSWELPLTFGOGTRLEIKRTY AAPSVFIFPPSDEQL
KSGTASVVCLLNNFYPREAKVOWEKVYDNALQSGNSQESVITEQDSKDSTYSESSTLTLSKADYE
KHKVY ACEVTHQGLSSPVTKSFNRGEC (SEQ ID NG:2)

Humanized x [PD-1_H] Fab (08A/HuPD1A-11 561N GE6A CP-affinity matured Fab 108 (VH
H3GY (D1006L Ni2ZH affinity matuwration mutagions) / VL L28D1 (AS55 556K MN57Y LS8R
E598 935 HO44 S95A WY FOTH affinity maturation mutations) 1gG4 5228P / Kappa (PX)
{Fabl00 with S61IN and GS6A corrections in VIH-CDR2)

Fabl00 Heavy Chain Fab region with S61N, G56A corrections, and D100L N102H affinity
maturation mutations
EVOLVQSGAEVKKPGASVEKVSCKASGYTFTSYYLYWVRQAPGOQGLEWIGGVNPSNAGTNEN
EKFKSRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRLSHYDGGFDYWGOGTTVIVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT VS WNSGALTSGVHTFPAVLGSSGLYSLAS
VVTVPSSSLGTRKTYTCNYDHKPSNTRKVDKRVE (SEQ 1D NO:%4)
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Fabl00 Heavy Chain Variable Region with S61N, G56A corrections, and D100L N102H affinity
maturation mutations
EVOLVQSGAEVKKPGASVEKVSCKASGYTFTSYYLYWVRQAPGOQGLEWIGGVNPSNAGTNEN
EKFKSRVTLTVDTSISTAYMELSRLRSDDTAVY YCTRRLSHYDGGFDYWGOQGTTVTVSS
(SEQ ID NO:85)

Fab100 Light Cham with A558 S56K N5S7Y L38R E598 (938 HO4Q S95A WOoY ES7TH affinity
maturation mutations
DIVMTQTPLSLSVIPGGPASISCRASKSVSTSGFSYEHWYLQKPGOPPOLLIFLSKYRSSGVPD
RESGSGSGTDFTLKISRVEAEDVOGVYYCSQAYHLPLTFGOGTKLEIRRTVAAPSVFIFPPSDEQ
LKSGTASVVCLLNNFYPREAKVOWEKVDNALGSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPYTKSFNRGEC (SEQIDNG19)

Fab100 Light Cham Variable Region with AS38 SS6K N37Y LS8R E598 Q938 H94(3 SO5A WooY
EY97H affinity mataration mutations
DIVMTQTPLSLSVTPGOPASISCRASKSVSTSGFSYLHWYLOKPGOPPOLLIFLAKYRSSGVPD
RFSGSGRGTDFTLKISRVEAEDVGVYYCSQAYHLPLTFGOGTKLEIK (SEQ 1D NO:20)

Fab100 CDRH and CDRL regions with S61N and G56A corrections
CDRHISYYLY (SEQIDNO®)

CDRHZ: GVNPSNAGTNENEKFKS (SEQ IDNOSE6)

CDRH3: RLSHYDGGFDY (SEQID NGO
CDRLIRASKSVSTSGFSYLH (SEQ ID NO:3)

CDRL2: LSKYRSS (SEQIDNO2ZD

CDRL3: SQAYHLPLT (SEQ ID NO22)

Humanized x [PD-1_Hj Fab (084/HuPD1A-11 561N CP-affinity matured Fab 160 (VH H3GY
{D100L NIOZH affinity maturation mutations)/ VL L28D1 (ASS5 SE5cK NETY LEER K595 (3938
H944) S95A W9sY ES7H afflinity maturation mutations) 1G4 S228P / Kappa (PX) (31ARL)

Fab100 Heavy Chain Fab region with 861N correction, and D100L N102H atfinity maturation
mutahions
EVOLVQSGAEVEKPGASVEVSCKASGYTFTSYYLYWVRQAPGOGLEWIGGYNPSNGGTINEN
ERFKSRVTLTVDTSISTAYMELSRERSDDTAVYYUTRRLSHYDGGEFDYWGOGTTVTVSSAST
KGPSVEPLAPCSRSTSESTAALGCLVEDYFPEPVI VSWNSGALTSGVHTFPAVLGSSGLYSLSS
TVPSSSLGTKTYTUONVDHRKPSNTKVDKRVE (SEQ ID NORT)

Fabl00 Heavy Chain Variable Region with S61N correction, and D100OL N1OZH affinity maturation
mutations

EVOLVQSGAEVERPGASVRVSCKASGYTFTSYYLYW VRO APGOGLEWIGGYNPSNGGTINEN
ERFESRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRERLS HYDGGEDYWGQGTTVIVSS
(SEQ ID NO7)

Fab100 Light Cham with A558 S56K N37Y L3R B398 (3938 HO4(Q S95A Wo6Y E9TH affinity
maturation mutations

DIVMTQTPLSLSVIPGQPASISCRASKSVARTS GRS YEHWYLQRPGOPPOLLIFLSKYRSSGVPD
RESGNGSGTDFTLKISRVEAEDVGVYYCSOQAYHLPUTFGOOGTRLEIKRTVAAPSVFIFPESDED

137




WO 2019/152642 PCT/US2019/016038

LKSGTASVVCLLNNFYPREAKVOW K VDN ALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:19)

Fab100 Light Cham Variable Region with AS38 S356K NATY L38R ES9S (3938 HO4( S95A WGy
E9TH affinity maturation mutations
DIVMTOTPLSLSVIPGOPASISCRASKSVATSGFSYEHWYLOQRPGOPPOLLIFLSKYRSSGVPD
RFSGRGSGTDFTLKISRVEAEDVGVYYCSQAYHLPLTFGQGTKLEIK (SEQ 1D NG:203

Fabl00 CDRH and CDRL regions with S6IN correction
CDRHUSYYLY (SEQIDNOS)

CDRH2: GVNPSNGGTNFNEKRFES (SEQIDNO9)
CDRH3: RLSHYDGGFDY (SEQID NGO
CDRLTRASKSVSTSGFSYLH (SEQ ID NO:3)
CDRLZ LSKYRSS (SEQIDNG21)

CDRL3: SQAYHLPLT (SEGQ IDNG:22)

Huomanized x [PD-1_H] mAb (08A/HuPDI1A-11 CP-affinity matured Fab 098 VH H3GY (D100L
MNi0ZH) G56A) 1gG4 S228P/ Kappa (CX) (86AVE)

S0AVZ mAb Heavy Cham (Fab098 with G356 A correction, and D100L N102H affinity maturation
mutations), with IgG4 S228F mutation
EVOQLVOQSGAEVKKPGASVKVSCRKASGYTFTSYYLYWVRGQAPGQGLEWIGGVNPSNAGINES
ERFKSRVTLTVDTSISTAYMELSRLRSDDTAVY YCTRRLS HYDGGEFDYWGQGTTVTIVESAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPERPVT VSWNSGALTSGVHTITPAVLQSSGLYSESS
VVTVPESSSLGTKIYTONVDHEPSNTKVDEKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTL
MISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVHN AKT KPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCRYSNKGLPSSIEKTISKAKGOPREPGVYTLPPSQEEMTENQVSLTCLVKGEYPS
DIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWOEGNVESCSVMHEALHNHYT
QKSLSLSLGK (SEQ ID NO:89)

Fab098 Heavy Chain Variable Region with GS6A correction, and D100L N102H affmity maturation
mutahions
EVOLVQSGAEVEKPGASVEVSCKASGYTFTSYYLYWVRQAPGOGLEWIGGYNPSNAGTNES
ERFKSRVTLTVDTSISTAYMELSRERSDDTAVYYUTRRLSHYDGGEFDYWGQGTTVTIVSS
(SEQ 1D NO:88)

Fab098 Light Chain Varniable Region
DIVMTOQTPLSLSVIPGOPASISCRASKSVETSGFSYLHWYLOKPGOPPOLLIFLASNLESGYVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCQHRWELPLTFGQGTRKLEIK (SEQID NGT6)

90AVZ mAb Light Chamn
DIVMTOQTPLSLSVTPGQOPASISCRASKSVSTSGFSYEHWYLOKPGQPPQLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCOHSWELPLTFGQGTKLEIKRTVAAPSVFIFPPSDEQL
KSGTASVVCLLNNFYPREARKVOWERVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYE
KHEVYACEVTHOQGLSSPVTESFNRGEC (SEQ IDNO:2)
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Fab098 CDRH and CDRL regions with CDRH2 GS6A correction, and CDRH3 DI00L and N102H
affinity maturation mutations

CDRHISYYLY (SEQIDNGE)

CDRHZ.GVNPSNAGTNFSEKFKS (SEQIDNGT9)

CDRHBZRESHYDGGFDY (SEQID NO:103

CDRL1: RASKSVYSTSGFSYLH (SEQIDNO3)

CDRL2: LASNLES (SEQ 1D NO4)

CDRL3: QHSWELPLT (SEQ ID NG5

Humanized x |PD-1_H] mAb (08A/HuPD1A-11 S61N CP-affinity matured Fab 100 (VH H3GS
(D10OL N102H) G56A / VL L28D1 (AS5S S56K NS7Y LS8R ES9S Q935 HO4Q S954 WI6Y
FOTH)) L234A L235A D265S) 1gG1/ Kappa (CX) (25AVE)

25AVE mAb Heavy Cham (Fabl00 with S61N and GS5A corrections, and D100OL N102H affinity
maturation mutations), with L234A L235A D265 8 mutations
EVOQLVOSGAEVKKPGASVEKVSCRKASGYTFTSYYLYW VRO APGOGLEWIGGVNPSNAGIINEN
EKFKSRVTLTVDTSISTAYMELSRLERSPDTAVYYCTRRLS HYDGGFDYWGOQGTTVIVSSAST
KGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHIFPAVELQSSGLYSLS
SYVEIVPSSSLGTOTYICNYNHKPSNTKVDKKVEPKSCOKTHTCPPCPAPEAAGGPSVELFPPKP
KDTLMISRTPEVICVVVSVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTY
LHODWILNGKEYKCKVSNKALP APIEKTISKAKGOPREPOQVYTLPPSRDELTEKNQVSLTCLVK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVESCSVMHEAL
HNHYTQKSLSLSPGE. (SEQ ID NO:90)

25AVE mAb Light Chain {(Fabl00 with A558 S56K N57Y L38R ES59S Q935 Ho4(3 SOSAWO6Y
E97H affinity maturation mutations)
DIVMTQTPLSLESVTPGOPASISCRASKSVSTSGESYLEHWYLOQKPGOPPOLLIFLSKYRSSGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCSQAYHLPLTFGOUGTKLEIERTVAAPSVFIFPPSDEQ
LESGTASVVCLINNFYPREAKVOWRKVDN ALOSGNSQESYVTEQDSKDSTYSLSSTETLSKADY
EEHKVYACEVTHQGLSSPVTKSFNRGEC (SEQID NG9

Fab100 anti-PD-1 CDRH and CDRL regions with or without G56A, S61N correction, or both
CDRHIL: SYYLY (BEQID NO:®)

CDRHZ: GYNPSNX;GITNFXREKFKS; wherem X=Gor A and X5= 8 or N(SEQ ID NO31)
CDRH3: RESHYDGGEFDY (SEQIDNGIO)

CDRLL: RASKSVSTSGFSYLH (SEQIDNO3)

CDRLZ: LSKYRSS (SEQIDNOZ1)

CDRL3: SQAYHLPLT (SEQIDNG22

Fabl00 anti-PD-1 heavy chan variable region with or without G56A, S61N correction, or both
EVOLVQSGAEVRERKPGASVRVSCKASGYTFTSYYLYWVRQAPGOGLEWIGGYNPANYG GINE
ZGERFKSRVILTVDTSISTAYMELSRLRSDDTAVYYCTRRLSHYDGGEDYWGOQGTTVIVSS,
wherein X(=G or A, and X:= 8 or N (SEQ ID NO:52)

HuO8A anti-PD-1 heavy chain variable region with or without G56A, S61N correction, or both
EVQLVOQSGAEVKKPGASVKVSCKASGYTFTSYYLYW VRQAPGQGLEWIGGVNPSNX GTNF
X EKFKSRVTILTVDTSISTAYMELSRLRSDDTAVYYCTRRDANYDGGEDYWGOQGTTVIVSS,
wherem X;=G or A and Xo=8 or N(SEQ ID NO:23)
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Humanized x {PD-1_H] mAb(0SA/HuPDIA-11 SCINVH GS6A / VL) gl L234A L238A
D2655 / Kappa (CX) (TIATV/ESAFL)- humanized 08A with N-glyc corvection and deamidation
correction

55AFL mAb Heavy Cham (Hu08A Fab with S61N and GS56A corrections) with IgGl L234A1.235A
D265S mutations

EVQLVOSGAEVKKPGASVKVSCRASGYTFTSYYLYW VRQAPGOGLEWIGGVNPSNAGTNER
EKFKSRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRODSNYDGGEFDYWGOQGTTVIVSSAST
KGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALUTSGVHIFPAVEQSSGLYSLS
SVVTVPSSSLGTOQTYICNVNHEPSNTRVDREKVEP KSCDETHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVICVVVSYSHEDPEVKFNWY VDGVEVHN AKTKPREEQYNSTYRVVSVLTY
LHODWINGKEYRKCKVSNKALP APIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVEK
GEFYPSDHAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVFSCSVMHEAL
HNHYTQKSLSLSPGK (SEQ IDNO94)

HuO8A Heavy Cham Variable Region with S61N and G56A corrections:
EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYYLYW VRO APGQGLEWIGGYNPSNAGTNEN
EKFKSRVTUTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGEFDYWGOQUGTTVIVSS
(SEQ ID NO95)

SSAFL mAb Light Cham:
DIVMTQOQTPLSLSVIPGOPASISCRASKSVSTSGESYLHWYLQKPGOPPOLLIFLASNLESGVPDR
FSGSGSOGTDFTLKISRVEAEDVOVYYCQHSWELPLTFGOGTKLEIKRTVAAPSVEIFPPSDEQL
KSGTASVVCLINNFYPREAKVOWEKVYDNALOSOGNSQESVIEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSFNRGEC (SEQIDNO2)

HuO8A Light Chain Varable Region:
DIVMTOTPLSLSVIPGOPASISCRASKSYSTSGFSYEHWYLQKPGOPPQLLIFLASNLESGVEDR
FSGSGSGTDFTLRISRVEAEDVGVYYCOHSWELPLTFGQGTKLEIK (SEQ ID NG76)

HuO8A CDRH regions with S61N and GS6A corrections and CDRL regions
CDRHISYYLY (SEQIDNOSE)

CDRHZ2 GVNPSNAGTNFNEKFKS (SEQIDNOS6)

CDRH3 RDSNYDGGFDY (SEQIDNG4D)
CDRLIRASKSVSTSGFSYLH (SEQ 1D NO3)

CDRLZLASNLES (SEQIDNG4)

CDRU3QHSWELPLT (BEQIDNGS)

HuO8A CDRH and CDRL regions with or without GS6A, S61N correction, or both
CDRHILSYYLY (SEQIDNO:3B)

CDRH2Z.GYVNPSNX I GTNEX2EKFKS; wherein X;=Gor A and X,= =8 or N {SEQ ID NO:91)
CDRH3RDSNYDGGFDY (SEQID NO41)

CDRLIRASKSVSTSGFSYLH (SEQ IDNO:3)

CDRL2.LASNLES (SEQ 1D NO4)

CDRL3.QHSWELPLT (SEQIDNO:5)

140




WO 2019/152642 PCT/US2019/016038

Anti-PDU/LAGS BsAb (08A/Hu PDA-11 S6IN GS6A ZWCHI-S ZMSS6A / hum 08A LC
ZWCE-4) and (22D2 ZWCHI-6 ZMBS7B / 22D2 LOC ZWCL-5) L234A 1.235A D2655) [eGl/
Kappa (CX)-11ARW (22D2 HC), 13ARW (22D2 LC), 1I2ZARW (88A L.C),14ARW (08A HO) (lot
FOASLH

Anti-LAGS humanized 2202 Heavy Cham with CHI mutation (S181K), L234A, L2354, D265S
matations i CH2Z, ZW 8578 munations in CH3 {T3350V, T366L, K392L, T394W)
OMOLVOQSGPEVKKPGTSVREVSCKASGYTFTDYNVDWYRQARGORLEWIGDINPNDGOTIYA
ORFOERVTITVDKSTSTAYMELSSLRSEDTAVY YCARNYRWEGAMDHWGOGTTVTVSSAST
KGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVT VSWNSGALTSGVHIFPAVLOSSGLYKLS
SVVTVPSSSLOTQTYICNVNHEPSNTRKVDRKVEPKSCDETHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVICVVYVSYVSHEDPEVRKFNWYVDGVEVHN AKTKPREEQYNSTYRVVSVLTY
LHODWINGKEYKCKVSNKALP APIEKTISKAKGOPREPOVYVLPPSRDELTKNQVSLLLCLVK
GFYPSDHAVEWESNGOPENNYLTWPPVLDSDGSFRLYSKLTVDKSRWOOGNVESCSVMHEA
LHNHYTOKSLSLSPG (SEQID KO:96)

Anti-LAGS humanized 22D2 Heavy Cham Variable Region
OMQLVQSGPEVKKPGTSVKVSCKASGYTFTDYNVDWVRQARGQRLEWIGDINPNDGGTIYA
QKFOERVTITVDESTSTAYMELSSLRSEDTAVYYC ARNYRWEGAMDHWGQOQGTTVTVSS
(SEQIDNOST)

Anti-LAGS humanized 22D2 Light Cham with Ck mutations (Q124E, S131T, T178Y, T180F)
DIVMTOQTPLSLSVIPGOQPASISCRASOSLDYEGDS DMNWYLOQKPGOPPOLLIYGASNLESGVP
DRFESGSGSGTDFTLKISRVEAEDVGVYYCQQSTEDPRTFGGOTKVEIKRTVAAPS VFIFPPSDE
FLEKSGTATVVCLINNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTYSLSSYLELSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ 1D NO:98)

Anti-LAG3 humanized 22D2 Light Cham Variable Region
DIVMTOTPLSLSVTIPGOPASISCRKASOSLDYEGDS DMINWYLOQKPGQOPPOLLIYGASNLESGVYP
DRFSGSGSGTDFTLRISRVEAEDVGVYYCQOSTEDPRTFGGGTKVEIK (SEQ ID NG9

Anti-PD humanized 08A Light Chain with CL mutations (Q124R, T178R)
DIVMTQOTPLSLSVTPGOPASISCRASKSVASTSGFSYEHWYLQKPGOPPQLLIFLASNLESGVPDR
FRGSGSGTDFTLKISRVEAEDVGYYYCOHSWEL PLTFGQGTKLEIKRTVAAPSVEIFPPSDERL
KSGTASVVCLINNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTYSLSSRLTLSKADYE
KHKVYACEVTHOQGLSSPVTKSENRGEC (SFEQ ID NG:I100)

Anti-PD1 humanized (08A Heavy Cham with 861N and G56A corrections, CHI mutations (L145E,
K147, Q17SE, S183L), L234A, L2354, D2658 mutations i CHZ, ZW 856A muiations in CH3
{T350V, L351Y, F405A Y407V)

EVOLVQSGAEVEKPGASVEVSCKASGYTFTSYYLYW VRO APGQGLEWIGGYNPSNAGTNEMN
ERFKSRVTLTVDTSISTAYMELSRLRSDDTAVYYCTREDSNYDGGEDYWGOGTTVTVSSAST
KGPSVFPLAPSSKSTSGGTAALGCEVTIDYFPEPVT VEWNSGALTSGVHTFPAVLESSGLYSLL
SYVTVPSSSLGTOTYICNVNHKPSNTKVDKEVEP KSCDKTHTCPPCPAPEAAGGPSVELEFPPKP
KDTLMISRTPEVTCVVYSYSHEDPEVRKFNWYVDGVEVHN AKTKPREEQGYNSTYRVVSVLTV
LHODWELNGKEYKCKVSNKALP APIEKTISKAKGOPREPQVYVYPPSRDELTKNOQVSLTCLVK
GFYPSDIAVEWESNGOPENNYKT TPPVLDSDGSFALYSKLUTVDKSRWGQOGNVFSCSVMHEAL
HNHYTOKSLSLSPG (SEQID NO:10L
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Humanized x [PD-1_H] [LAG3_H] BsAb ({0BA/HuPDIA-11 561N CP-aflinity matured Fab 100
VH H3GY GS56A ZWUHI-S ZMS8564 / VL LI8D1 ZW(LA4) and (2212 ZWCHI -6 ZMBSTE /
22D2 1.0 ZWUL-5) L2344 L235A B265S8) gl / Kappa (UX)- {lof 35ASE or 18ASS)

Anti-LAG3 humanized 2202 Heavy Chain with CHY mutation (S181K), L2344, L.235A, D2658
mutations m CHZ, ZW 837B mutations m CH3 (T350V, T366L, K392L, T394W)
OMOLVOQSGPEVKKPGTSVREVSCKASGYTFTDYNVDWYRQARGORLEWIGDINPNDGOTIYA
ORFOERVTITVDKSTSTAYMELSSLRSEDTAVY YCARNYRWEGAMDHWGOQGTTVTIVSSAST
KGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVT VSWNSGALTSGVHIFPAVLOSSGLYKLS
SVVTVPSSSLOTQTYICNVNHEPSNTRKVDRKKVEPKSCDETHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVICVVYVSYVSHEDPEVRKFNWYVDGVEVHN AKTKPREEQYNSTYRVVSVLTY
LHODWINGKEYKCKVSNKALP APIEKTISKAKGOPREPOVYVLPPSRDELTKNQVSLLLCLVK
GFYPSDHAVEWESNGOPENNYLTWPPVLDSDGSFRLYSKLTVDKSRWOOGNVESCSVMHEA
LHNHYTOKSLSLSPG (SEQID KO:96)

Anti-LAGS humanized 22D2 Light Cham with Ck mutations (Q124E, S131T, T178Y, T180F)
DIVMTQTPLSLSVTPGQPASISCRKASOSLDYEGDS DMINWYLOQKPGQPPOLLIYGASNLESGVP
DRESGSGSGTDFTLRISRVEAEDVGVYYCQOSTEDPRTFGGGTRVEIKRTVAAPS VEIFPPSDE
FLESGTATVVCLLNNEYPREAKVOWKVDNALQSGNSQESVTEGDSKDSTYSLSSYLELSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:98)

Anti-PD Fabl00 Heavy Chain with S61N and G56A corrections, CHI mutations (L145E, K147T,
Q175E, S183L), L234A L2335A D265S mutations in CH2, ZW 856A mutations i CH3 (T330V,
L351Y, FA405A, Y407TV)

EVOLVOSGAEVKKPGASVEVSCKASGYTFTSYYLYW VRQAPGOGLEWIGGYNPSNAGTNEN
EKFKSRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRLSHYDGOGFDYWGOQGTTVTVYSSAST
KGPSVEPLAPSSKSTSGGTAALGCEVIDYFPERPVT VESWNSGALTSGVHTFPAVLESSGLYSLL
SYVIVPSSSLGTOTYICNVNHKPSNTKVDRKKVEPKSCDKTHTCPPCPAPEAAGGPSVELEPPKP
KDTLEMISRTPEVTCVVVSYVSHEDPEVKRFNWY VDGVEVHN AKTKPREEQYNSTYRVVEVLTY
LHODWILNGKEYKCKYSNKALP APIEKTISKAKGOPREPOVYVYPPSRDELTKNQVSLTCLVK
GFYPSDIAVEWESNGOQPENNYKITTPPVLDSDGRSFALVSKLUTVDKSRWOQGNVFSCSVMHE AL
HNHYTOQERSLSLSPG (SEQIDNO:102)

Anti-PD1 Fabl00 Light Cham with CL murdations ((3124R, T178R}
DIVMTOQTPLSLSVTPGQOPASISCRASKSVSTSGFSYLHWYLOQKPGOPPOLLIFLSKYRSSGVED
RFSGSGRGTDFTLKISRVEAEDVGVYYCSQAYHLPLTFGOGTKLEIKRTVAAPSVEIFPPSDER
LESGTASVYCLLNNEFYPREAKVOWERKVENALOSGNSQESVTEQDSKDSTYSLSSRLTLSKADY
EKHEVYACEVTHQGLSSPVTKSFNRGEC (SEQ IDNO:103)

Humanized x [PD-1_H] [LAG3_H] BsAb (08A/ Tiu PD1A-11 S61N Q39F ZwW CH1-4 ZM857R
and 22D2 Q39R ZW CHI-3 ZMS56A) L234A, L2354, D265S IgGl/ hum 08A LC Q42R ZW CL-
3 and 22D2 Q398 LC ZWCL-2) Kappa (CE) (Iot 33ARK)

Anti-LAG3 humanized 2202 Heavy Cham with FR mutation (Q39R), CHI mutations (HI168R,
Q175K), L234A L.235A.D265S mutations in CH2, ZW 8578 mutations in CH3 (T350V, L351Y,
F4A03 A, Y407V)
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QMQLVQSGPEVKKPGTSVKVSCKASGYTFTDYN VDWVRRARGORLEWIGDINPNDGGTIYA
OKFOERVTITVDKSTSTAYMELSSLRSEDTAVY YCARN YRWFGAMDHWGQGTTVIVSSAST
KGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVT VSWNRGALTSGVRTFPAVLKSSGLYSLS

SYVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEP KSCDKTHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVICYVVSVSHEDPEVKFNWYVDGVEVHN AKTKPREEQYNSTYRVVS VLTV

LHQDWLNGKEYKCKVSNKALP APIEKTISKAKGQPREPQVYVYPPSRDELTENQVSLTCLVE
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFALVSKLTVDKSRWQOQGNVFSCSVMHEAL
HNHYTQKSLSLSPG (SEQ ID NO:104)

Anti-LAG3 humanized 22D2 Heavy Chan Variable Region with FR mutation Q39R
OMOQLVOSGPEVRKEPGTSVEVSCRASGYTFTRYNVDWVRRARGORLEWIGDINPNDGGTIYA
ORFOERVTITVDKSTSTAYMELSSLRSEDTAVY YCARNYRWEGAMDHWGOGTTVTVSS
{(SEQIDNO:105)

Anti-LAG3 humanized 2202 Light Chain with FR and Ck mutations (Q38E, (3124E, (3160FE, T180E)
DIVMTQTPLSLSVIPGQOPASISCKASOSLDYEGDS DMNWYLEKPGOPPQLLIYGASNLESGVP
DRESGSGSGTDFTLKISRVEAEDVGVYYCQOSTEDPRTFGGGTRVEIKRTVAAPS VEIFPPSDE
FLKSGTASVVCLLNNFYPREAKVOWKVDNALOSGNSEES VIEQDSKDSTYSLSSTLELSKAD
YEKHKVYACEVTHQGLSSPVTRSFNRGEC (SEQID NO:106)

Anti-LAG3 humanized 2202 Light Cham Varable Region with FR mutation Q38E
DIVMTQTPLSLSVTPGQOPASISCRASOSLDYEGDSDMNWYLERPGOPPOQLLIVGASNLESGVP
DRFSGSGSGTDFTLRISRVEAEDVGVYYCQOSTEDPRTFGGGTRVEIK (SEQ 1D NO:107)

Anti-PD1 humanized (08A Heavy Cham with 861N correction, FR mutation (Q39E), CHI mutations
{L145E, K147T, Q175E), L234A L235A D2655 mutations in CHZ, ZW mutations in CH3 (T350V,
T366L, K392L, T394W)
EVQLVQSGAEVKKPGASVKVSCRASGYTFTSYYLYWVREAPGQGLEWIGGVNPSNGGTNEN
EKFKSRVTLTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGFDYWGOQGTTVIVSSAST
KGPSVFPLAPSSKSTSGGTAALGCEVIDYFPEPVE VSWNSGALTSGVHTFPAVLESSGLYSLSS
VVTVPSSSLGTQTYICNVNHEPSNTKVDEKVEPKSCDEKTHTICPPCPAPEAAGGPSVELFPPKP
KEOTLMISRTPEVICYVVSVSHEDPEVKFNWY VDGVEVHN AKTKPREEQYNSTYRVVSVLTY
LHODWINGKEYRCRKVSNKALP APIEKTISKARKGOPREPQVYVLPPSRDELTKNGQVSLLLCLVK
GFYPSDIAVEWESNGOPENNYLTWPPYVLDSDGSFFLYSKLTVDKSRWQOQGNVESCSVMHEA
LHNHYTQKSLSLSPG (SEQID NG:108)

Anti-P D1 humanized 08A Heavy Chain Variable Region with S61N correction, FR mutation 339E
EVOQLVOSGAEVKKPGASVKVSCKASGYTFTSYYLYW VREAPGQGLEWIGGVNPSNGGTNEN
EKFKSRVTUTVDTSISTAYMELSRLRSDDTAVYYCTRRDSNYDGGFDYWGOQUGTTVIVSS
(SEQ 1D NO:109)

Anti-PD humanized 08A Light Cham with FR and Ck mutations (Q38R, Q124R, Q160K T178R)
DIVMTQTPLSLSVTPGOPASISCRASKSVSTSGFSYLHWYLRKPGQPPQLLIFLASNLESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCQHSWELPLTFGOGTRKLEIKRTVAAPSVETIFPPSDERL
KSGTASVVCLINNFYPREAKVOWKVDNALQSGNSKESVTEQDSKDSTYSLSSRLTLSKADYE
KHKVYACEVTHOQGLSSPVTKSFNRGEC (SEQ ID NOGI10)

Anti-PD1 humanized 08A Licht Cham Variable Region with FR mutation Q38R
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DIVMTOTPLSLSVTIPGGPASISCRASKSVRSTSGESYEHWYLRKPGOPPOLLIFLASNEESGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCOQHSWELPLTFGQGTKLEIK (SEQ ID NO:111)}

Anti-LAG3 2202 CDRH and CDRL regions

CDRHL DYNVD (SEQIDNG:112)

CDRH2: DINPNDGGTIYAQKFQE (SEQ IDNG:113)
CDRH3: NYRWFGAMDH (SEQIDNO:114)

CDRLT: KASQSLDYEGDSDMN (SEGIDNG:115)
CDRLZ: GASNLES (SEQIDNO:116)

CDRL3: QOQSTEDPRT (SEQIDNGIIT)

Heavy Chamn 1gG1 constant doroam

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVT VEWNSGALTSGVHIFPAVLQSSGLY

SLSSVVTVPSSSLGTOTYIONVNHKPAENTKVDKEVEP KSCDETHTCPPCPAPELLGGPSVFLEP

PKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSY

LTVLHQDWINGKEYKCKVSNKALP APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCL
VRGFYPSDIAVEWESNGOPENNYRTTPPVLDSDGSFFLYSKLTVDKSRWQQGN VFSCSVMHE
ALHNHYTQKSLSLSPG (SEQID NG:124)

Light Cham kappa constant domam
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWEKVDNALQSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC (SEQ D NG:125)

Anti-RSY Mab isotype control heavy chain (37ASK)
VILRESGPALVKPTOTLTLTCTFSGFSLSTSGMS VGWIRQPPGKALEWLADIWWDDKKDYNP
SLKSRLUTISKDTSKNOQVVLEKVINMDPADTATYYCARSMITNWYFDVWGAGTTVIVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSS
VVTVPSSSLGTOTYICNVNHKPSNTRVDKKVEPKSCODKTHTCPPCPAPEAAGGPSVELIFPPKP
KDTEMISRTPEVICYYVSVSHEDPEVEFNWY VDG VEVHNAKTKPREEQYNSTYRVVSVLTY
LHODWINGREYRCKVSNKALP APIEKTISKARKGOPREPQVYTLPPSRDELTENQVSLTCLVK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOQGNVFSCSVMHEAL
HNHYTQKSLSLSPGK. (SEQ ID NO:126)

Anti-RSV Mab sotvpe control hght cham (37 ASK)
DIQMTOQSPSTLSASVGDRVTITCKCOLSVGYMBEWYQQKPGKAPKLLIYDTSKLASGVPSRESG
SGSGTEFTLTISSLOPDDFATYYCFOQGSGYPFTFGGGTRLEIKRTVAAPSVEFIFPPSDEQLESGT
ASVVCLINNFYPREAKVOQWERVDNALOQSGNSQESVTEQGDSKDSTYSLSSTLUTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGEC (SEQIDNGI27)

{6401]  Mutations in bold (mutations in variable region use sequential numbering, rutations

constant region use EU numbering), underhining highlights CDR regions (Kabat)

144



WO 2019/152642 PCT/US2019/016038

WHAT IS CLAIMED:

I. An anti-PD-1/LAG-3 bispecific antibody comprising:

(&)

(B)

an anti-PD-1 antigen-binding fragment comprising:

(H a heavy chain variable region CDR1 comprising the amine acid sequence of
SEQ 3 NOS,

(it} a heavy chain variable region CDR2 comprising the amino acid sequence of
SEQ ID NO9O1,

()  aheavy chaim variable region CDR3 comprising the amino acid sequence of
SEQ ID NO:10,

(tv)  alight cham variable region CDR1 comprising the amino acid sequence of
SEQ 3 NO3,

(v} alight chain variable region CDR2 comprising the amino acid sequence of
SEQ ID NO:15, 18, 21, 25, 29, 32, or 35, and

(viy  alight cham variable region CDR3 comprising the amino acid sequence of
SEQ H3 NOS, 22, or 26, and

an anti-LAG3 antigen-binding fragment comprising:

)] a heavy chain variable region CDRI1 comprising the amino acid sequence of
SEQ ID NG:112,
(it} a heavy chain variable region CDR2 comprising the amino acid sequence of

SEQ ID NO:113,

()  aheavy chain variable region CDR3 comprising the amino acid sequence of
SEQ ID NG:114,

(tv)  alight cham variable region CDR1 comprising the amino acid sequence of
SEQ 3 NGS5,

(v} alight chain variable region CDR2 comprising the amino acid sequence of
SEQ ID NO:116, and

(viy  alight cham variable region CDR3 comprising the amino acid sequence of

SEQ D NO:I117
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The anti-PD-1/LAG-3 bispecific antibody of claim 1, wherem the anti-PD-1 antigen-binding

fragment comprises:

(1) a heavy chain variable region CDRI1 comprising the amino acid sequence of
SEQ [D NOS,
(11} a heavy chain variable region CDR2 comprising the amino acid sequence of

SEQ ID NO91,
(1}  aheavy chamn variable region CDR3 comprising the amino acid sequence of
SEQ ID NO-10,
(tv)  alight chamn variable region CDR1 comprising the amino acid sequence of
SEQ ID NO3,
(v} alight cham varable region CDR2 comprising the amino acid sequence of
SEQ ID NO21, and
(viy  ahght chamn variable region CDR3 comprising the amino acid sequence of
SEQ D NO22
The anti-PB-VLAG-3 bispecific antibody of claim 2, wheren the anti-PB-1 heavy chamn
variable region CDR2 comprises the aminc acid sequence of SEQ 1D NOBG.
The anti-PD-1/LAG-3 bispecific antibody of claim 1, wheremn
{A}  the anti-PD-1 antigen-binding fragment comprises a heavy chain variable region
comprising the amino acid sequence setforth in SEQ ID NG92, and a light chain
variable region comprising the anuno acid sequence set forth m SEQ 1D NO:14, 17,
20, 24, 28, 31, or 34; and
(B}  the anti-LAG3 antigen-binding fragment comprises an anti-LAG3 heavy chain
variable region comprising the amino acid sequence of SEQ ID NG97, and a light
chain variable region comprising the amino acid sequence of SEQ ID NG99,
The anti-PD-1/LAG-3 bispecific antibody of claim 4, wherem the anti-PD-1 antigen-binding
fragment comprises a heavy chain variable region comprising the amino acid sequence set
forth in SEQ 1D NO:92, and alight cham variable region comprising the amino acid
sequence set forth in SEQ 1D NGO 20
The anti-PD-1/LAG-3 bispecific antibody of claim 4, wherem the anti-PD-1 antigen-binding

fragment comprises a heavy cham varable region comprising the amino acid sequence set
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forth in SEQ ID NO 85, and a hght chain variable region comprising the amino acid

sequence set forth in SEQ 1D NO 20,

The anti-PD-1/LAG-3 bispecific antibody of claim 5, comprising:

(&)

®)

an anti-PD-1 antigen-binding fragment comprising (i) a heavy chain comprising a
heavy chain variable region comprising the amino acid sequence set forth m SEQ 1D
NO:92, and an IgGl constant region comprising CHI mutations 145E, 1477, 175E,
and 183L, and CH3 mutations 350V, 351Y, 405A, and 407V, and (i) a light cham
comprising a light chain variable region comprising the amino acid sequence set forth
n SEQ D NO20, and a kappa constant region comprising Cx mutations 124R and
178K and

an anti-LAG3 antigen-binding fragment cormprising (i) a heavy chain comprising a
heavy chain variable region comprising the amino acid sequence of SEQ ID NO:97,
and an IgGl constant region comprising CH1 nwtation 181K, and CH3 mutations
350V, 3661, 3921, and 394W, and (i) a hght cham comprising a light chain varniable
region comprising the amino acid sequence of SEQ ID NG99, and a kappa constant

region comprising Cx mutations 124E, 1317, 178Y, and 180E,

wherein the routations are in EU numbering,

The anti-PB-VLAG-3 bispecific antibody of claim S, comprising:

(A)

(B)

an anti-PD-1 antigen-binding fragment comprising (i) a heavy chain comprising a
heavy chamn variable region comprising the ammno acid sequence set forth i SEQ ID
NO92, and an 1gG1 constant region comprising CH1 mutations 145E, 1471, 17SE,
and 183L, and CH3 mutations 350V, 366L, 3921, and 394W, and (4} alight cham
comprising a light chain variable region comprising the amino acid sequence set forth
in SEQ D NG:20, and akappa constant region comprising Cx mutations 124R and
178R; and

an anti-LAG3 antigen-binding fragment comprising (i) a heavy cham comprising a
heavy chain variable region comprising the anmno acid sequence of SEQ ID NOS7
and an 1gGl constant region comprising CH1 mutation 181K, and CH3 mutations

350V, 351Y, 405A, and 407V, and (i) a light cham comprising a hight chain variable
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region comprising the ammo acid sequence of SEQ ID NO:99, and a kappa constant

region comprising Cx mutations 124E, 1317, 178Y, and 180E.

wherein the mutations are in EUJ numbering,

The ant+-PD-1/LAG-3 bispecific antibody of claim 5, comprising:

(A)

®)

an anti-PD-1 antigen-binding fragment comprising (i) a heavy chain comprising a
heavy chain variable region comprising the amino acid sequence set forth in SEQ 1D
NO:92, and an IgG1 constant region comprising CHI mutations 145E, 1471, 17SE,
and 183L, and (1) a light chain comprising a light cham variable region comprising
the amino acid sequence set forth in SEQ ID NO20, and a kappa constant region
comprising Cx mutations 124R and 178R; and

an anti-LAG3 antigen-binding fragment cormprising (i) a heavy chain comprising a
heavy chain variable region comprising the amino acid sequence of SEQ ID NO:97,
and an {gGl constant region comprising CH1 nwtation 181K, and (1) a light chan
comprising a light chain variable region comprising the amino acid sequence of SEQ
ID NO:99, and a kappa constant region comprising Cx mutations 124E, 1317, 178Y,
and 180E;

wherein the IgG1 heavy chain constant regions of the anti-PD-1 and anti-LAG3 antigen-

binding fragments further comprise pairs of CH3 mutations selected from the group
consisting of: 351Y/405A/407V  and 366I/392M/394W; 351Y/405A/407V and
366L/3921./394W, 351Y/405A/407V and 366L/392M/394W, and

wherein the mutations are in EU numbering,

The anti-PD-1/LAG-3 bispecific antibody of claim 1, comprising:

A)

an anti-PD-1 antigen-binding fragroent comprising (i) a heavy chain comprising a
heavy chamn variable region comprising the ammno acid sequence set forth i SEQ ID
NO:92, and an 1gGl constant region comprising CH1 mutations 145E, 1471, 175E,
and 183L, and CH3 mutations 350V, 351Y, 405A, and 407V, and (i) a light chain
comprising a light chain variable region comprising the amino acid sequence set forth
in SEQ IDNO:14, 17, 20, 24, 28, 31, or 34, and a kappa constant region comprising
Cxmutations 124R and 178R; and
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(By ananti-LAG3 antigen-binding fragment comprising (i) a heavy chain comprising a
heavy chain variable region comprising the amino acid sequence of SEQ ID NO:97,
and an {gGl constant region comprising CH1 mutation 181K, and CH3 mutations
350V, 366L, 3921, and 394W, and (i) a light chain comprising a light chain variable
region comprising the amino acid sequence of SEQ 1D NG99, and a kappa constant
region comprising Cx mutations 124E, 1317, 178Y, and 180E,

wherein the mutations are m EU numbering.

The anti-PD-VLAG-3 bispecific antibody of any one of clawns 7 to 10, further comprising

one or more of 234A or 234D; 235A or 23513 2658 or 265A,; 237A; and 297A, 2970 or

2970 mutations in the CHZ2 region of the anti-LAG3 and/or anti-PD-1 heavy chains, wherein

the mutations are in EU numberng,

An anti-PD-1/LAG3 bispecific antibody, comprising:

(Ay ananti-PD-1 heavy chain comprising the amino acid sequence of SEQ 1D NO:102,
and a light chain comprising the anino acid sequence of SEQ IDNO:103, and

(B} ananti-LAG3 heavy chain comprising the amino acid sequence of SEQ ID NO:96,
and a hght chain comprising the amino acid sequence of SEQ ID NO:98.

An anti-PD-/LAG-3 bispecific antibody, comprising

{A} ananti-PD-1 antigen-binding fragment comprising:

(1 a heavy chain variable region CDR1 comprising the amino acid sequence of
SEQ [ NGO S,

(it} a heavy chain variable region CDR2 comprising the amino acid sequence of
SEQ D NO91,

(1)  aheavy chain variable region CDR3 comprising the ammno acid sequence of
SEQ D NO:10, or 41,

(ivi  alight cham variable region CDR1 comprising the amino acid sequence of
SEQ D NO3,

(v} alight chamn variable region CDR2 comprising the amino acid sequence of
SEQ ID NO4, and

(vi)  ahght chain variable region CDR3 comprising the amino acid sequence of

SEQ ID NOS; and
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®)

an anti-LAG3 antigen-binding fragment comprising:

(i) a heavy chain variable region CDR1 comprising the amino acid sequence of
SEQ ID NO:112,

(1) a heavy chain variable region CDR2 comprising the amino acid sequence of
SEQ ID NO:113,

(i}  aheavy chamn variable region CDR3 comprising the amino acid sequence of
SEQ ID NG:114

(iv)  alight cham variable region CDR1 comprising the amino acid sequence of
SEQ ID NO:115,

(v} alight cham variable region CDR2 comprising the amino acid sequence of
SEQ ID NO:116, and

{(viy  alight cham variable region CDR3 comprising the amino acid sequence of

SEQ D NO:117.

The anti-PD-VLAG-3 bispecific antibody of clawn 13, wherem the anti-PD-1 heavy cham

variable region CDRZ comprises the amino acid sequence of SEQ 1D N 86,

The anti-PD-1/LAG-3 bispecific antibody of claim 13, wherein

(&)

(B)

the anti-PD-1 antigen-binding fragment comprises a heavy cham variable region
comprising the anuno acid sequence set forth in SEQ ID NG9S, and a light chain
vartable region comprising the amino acid sequence set forth in SEQ 1D NO:76; and
the anti-LAG3 antigen-binding fragment comprises an anti-LAG3 heavy chain
vasiable region comprising the amino acid sequence of SEQ ID NO:97, and light

chain variable region comprising the aminc acid sequence of SEQ 1D NG:99.

The ant-PD-1/LAG-3 bispecific antibody of claim 13, comprising:

(A)

an anti-PD-1 antigen-binding  fragment comprising (i) a heavy chain comprising a
heavy chain variable region comprising the ammo acid sequence set forth in SEQ 1D
NGO93, and an IgGl constant region comprising CHI mutations 145E, 147T, 175E,
and 1831, and CH3 mutations 350V, 351, 405A, and 407V, and (i) a light cham
comprising a light chain variable region comprising the amino acid sequence set forth
n SEQ IDNO76, and a kappa constant region comprising Cx mutations Q124R and
T178R; and
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®)

an anti-LAG3 antigen-binding fragment comprismg (1) a heavy chain comprising a
heavy chain variable region comprising the amino acid sequence of SEQ ID NO:97,
and an {gGl constant region comprising CH1 mutation 181K, and CH3 mutations
350V, 366L, 3921, and 394W, and (i) a light chain comprising a light chain variable
region comprising the ammo acid sequence of SEQ ID NO99, and a kappa constant

region comprising Cx mutations 124E, 1317, 178Y, and 180E,

wherein the mutations are m EU numbering.

The anti-PD-VLAG-3 hispecific antibody of clawn 13 comprising:

(A)

(B)

an anti-PD-1 antigen-binding fragment comprising (i) a heavy chain comprising a
heavy cham variable region comprising the amino acid sequence set forth m SEQ ID
NO93, and an IgGl constant region comprising CHI mutations 145E, 1471, 17SE,
and 1831, and CH3 mutations 350V, 3661, 3921, and 3%4W, and (1) a light chain
comprising a hght chain variable region comprising the anuno acid sequence set forth
n SEQ ID NO:76, and a kappa constant region comprising Cx mutations 124R and
178R; and

an anti-LAG3 antigen-binding fragment comprising (i) a heavy chain comprising a
heavy chain variable region comprising the anuno acid sequence of SEQ ID NO 97,
and an IgGl constant region comprising CH1 mutation 181K, and CH3 mutations
350V, 351Y, 405A, and 407V, and (i) a light chain comprising a light chan variable
region comprising the amino acid sequence of SEQ 1D NO:99, and a kappa constant

region comprising Cx mutations 124E, 1317, 178Y, and 180E,

wherein the mutations are in EUJ numbering,

The anti-PD-VLAG-3 hispecific antibody of clawn 13 comprising:

(A)

an anti-PD-1 antigen-binding fragment coroprising (i) a heavy chamn comprising a
heavy chain variable region comprising the amino acid sequence set forth in SEQ 1D
NO:93, and an IgGl constant region comprising CHI mutations 145E, 1471, 175E,
and 183L, and () a hight chain comprising a light cham variable region comprising
the amino acid sequence setforth in SEQ ID NO:76, and a kappa constant region

comprising Cx mutations 124R and 178R; and
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(By ananti-LAG3 antigen-binding fragment comprising (i) a heavy chain comprising a
heavy chain variable region comprising the amino acid sequence of SEQ ID NO:97,
and an {gGl constant region comprising CH1 mutation 181K, and (i) a light chan
comprising a light chain variable region comprising the anmno acid sequence of SEQ
I3 NO:99, and a kappa constant region comprising Crx mutations 124E, 1317, 178Y,
and 180E;

wherein the IgG1 heavy chain constant regions of the anti-PD-1 and anti-LAG3 antigen-

binding fragments further comprise pairs of CH3 mutations selected from the group

consisting of: 351Y/405A/407V and 3661/392M/394W,; 351Y/405A/407V and
366L/392L/394W; and 351Y/405A/407V and 366L/392M/394W, and

whereimn the mutations are n EU numbering,

The anti-PD-1/LAG-3 bispecific antibody of any one of claims 13-18, further comprising

one or more of 234A or 234D; 235A or 235D; 2658 or 265A; 237A; and 297A, 2970 or

297D mutations in the CHZ region of the ant-LAG3 and/or anti-PD-1 heavy chains, wherein
the mutations are in EU numbering.

An anti-PD-1/LAGS bispecific antibody comprising:

(A)  ananti-PD-1 heavy chain comprising the amino acid sequence of SEQ ID NO:101,
and a light chain comprising the amino acid sequence of SEQ ID N(:100, and

(B} ananti-LAG3 heavy chain comprising the amino acid sequence of SEQ ID NO:96,
and a light chain comprising the anmino acid sequence of SEQ IDNO 98

The anti-PDB1/LAG3 bispecific antibody of claim 13 comprising:

(A) ananti-PD-1 heavy chain variable region comprising the amino acid sequence of
SEQ ID NO:109, and a hight chain variable region comprising the amino acid
sequence of SEQ ID NG:111, and

(B} ananti-LAG3 heavy chain variable region comprising the amine acid sequence of
SEQ ID NO:10S, and a light chain variable region comprising the ammo acid
sequence of SEQ 1D NO:107.

The anti-PD-1/LAG3 bispecific antibody of claim 21, comprising:

(A}  ananti-PD-1 heavy chain comprising the amino acid sequence of SEQ D NO:108,

and a light chain comprising the amino acid sequence of SEQ IDNO:110, and
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(B)
23

(A)

(B)

an anti-LAG3 heavy cham comprising the amino acid sequence of SEQ 1D NO:104,

and a light chain comprising the amino acid sequence of SEQ 1D NG:106.

An ant-PD-1/LAG-3 bispecific antibody comprising

an anti-PD-1 antigen-binding fragment comprising:

) a heavy chain variable region CDRI1 comprising the amino acid sequence of
SEQ ID NO40 or 53,

(i) a heavy chain variable region CDR2 comprising the amino acid sequence of
SEQ D NGO or 54,

()  aheavy chaim variable region CDR3 comprising the amino acid sequence of
SEQ ID NO41,

(ivy  alight cham variable region CDR1 comprising the amino acid sequence of
SEQ 3 NO3,

(v} a light chamn varable region CDR2 comprising the amino acid sequence of
SEQ ID NQC4, 42, 47, or 60, and

(vi)  alight cham variable region CDR3 comprising the amino acid sequence of
SEQ ID NO3, 48, or 55.

an anti-LAG3 antigen-binding fragment comprising:

) a heavy chain variable region CDRI1 comprising the amino acid sequence of
SEQ ID NG:112,

(i) a heavy chain variable region CDR2 comprising the amino acid sequence of
SEQ 3 NO:113,

(1)  aheavy chain variable region CDR3 comprising the amino acid sequence of
SEQ ID NO:114,

(ivy  alight cham variable region CDR1 comprising the amino acid sequence of
SEQ 3 NGS5,

(v} alight chain varable region CDR2 comprising the amino acid sequence of
SEQ ID NO:116, and

(viy  alight chamn variable region CDR3 comprising the amino acid sequence of

SEQ IB NG:117.

153



WO 2019/152642 PCT/US2019/016038

The anti-PD-1/LAG-3 bispecific antibody of claim 23, wheremn the anti-PD-1 antigen-

binding fragment comprises a heavy and light chain variable region, wherem the heavy and

light chain CDRs are selected from the group consisting of

)

(i)

(it}

(v}

a heavy chain variable region CDR1 comprising the amino acid sequence of SEQ 1D
N{}40, a heavy chain variable region CDR2 comprising the anuno acid sequence of
SEQ ID NO9, a heavy chain variable region CDR3 comprising the amino acid
sequence of SEQ ID NO:41; and alight chain variable region CDR1 comprising the
amino acid sequence of SEQ 1D NO3, a light chain vanable region CDR2
comprising the anuno acid sequence of SEQ 1D NO42 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ 1D NO'5;

a heavy chamn variable region CDRI comprising the amino acid sequence of SEQ ID
NO40, a heavy chain variable region CDRZ comprising the amino acid sequence of
SEQ ID NO9, a heavy chamn variable region CDR3 comprising the amino acid
sequence of SEQ 1D NO41; and a light chatn varable region CDR1 comprising the
amino acid sequence of SEQ 1D NO:3, a light chain variable region CDR2
comprising the amino acid sequence of SEQ 1D NO47 and a light chain variable
region CDR3 comprising the amino acid sequence of SEQ ID NO 48,

a heavy chain vartable region CDR1 comprising the amino acid sequence of SEQ 1D
N(:53, a heavy chain variable region CDRZ comprising the amino acid sequence of
SEQ ID NO:54, a heavy chain vanable region CDR3 comprising the ammo acid
sequence of SEQ ID NO41; and alight chain varable region CDR1 comprising the
amino acid sequence of SEQ 1D NO3, a light chain variable region CDR2
comprising the ammno acid sequence of SEQ ID NGO 4 and a light chamn variable
region CDR3 comprising the amino acid sequence of SEQ ID NG:535; and

a heavy chain variable region CBR1 comprising the amino acid sequence of SEQ ID
NG:40, a heavy chain varable region CDR2 comprising the amino acid sequence of
SEQ ID NOS, a heavy chain variable region CDR3 comprising the amino acid
sequence of SEQ 1D NO41; and alight chain varable region CDR1 comprising the

amino acid sequence of SEQ ID NO3, a hight chain variable region CDR2
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comprising the amino acid sequence of SEQ 1D NO:60 and a ight chain varable

region CDR3 comprising the amino acid sequence of SEQ 1D NG5,

25, The anti-PD-1/LAG-3 bispecific antibody of claim 23, wherein
(A)  the anti-PD-1 antigen-binding fragment comprises a heavy chain variable region and

B)

a light cham variable region selected from the group consisting of’

(1 a heavy chain variable region comprising the amino acid sequence set forth m
SEQ ID NO37 or 119, and a hight chain variable region comprising the
ammo acid sequence set forth i SEQ 1D NGO 39,

(11} a heavy chain variable region comprising the amino acid sequence set forth
SEQ ID NG44 or 121, and alight cham variable region comprising the
amino acid sequence set forth in SEQ ID NO46;

()  aheavy chain variable region comprising the amino acid sequence set forth in
SEQ D NO:50, and a hight chain variable region comprising the amino acid
sequence set forth i SEQ 1D NO:S2; and

(tv)  aheavy cham variable region comprising the amino acid sequence set forth in
SEQ 1D NO:S57 or 123, and alight cham variable region comprising the
amino acid sequence set forth in SEQ D NO:S9, and

the anti-LAG3 antigen-binding fragment comprises an anti-L.AG3 heavy chain

vartable region comprising the amino acid sequence of SEQ ID NO:97, and a light

chain variable region comprising the amino acid sequence of SEQ ID NG99,

26. The anti-PD-1/LAG-3 bispecific antibody of claim 25, wherein

@

(i)

the anti-PD-1 heavy chain variable region further comprises an IgGl constant region
comprising CHI mutations 14SE, 1477, 17SE, and 183L, and CH3 mutations 350V,
351Y, 405A, and 407V, and the anti-PD-1 light cham variable region further
comprises a kappa chain constant region comprising Cx nwtations 124R, and 178R;
and

the anti-LAG3 heavy chain variable region further comprises an IgGl constant region
comprising CH1 nmutation 181K, and CH3 mutations 350V, 366L, 3921, and 394W,
and the anti-LAG3 hght chain variable region further comprises a kappa constant

region comprising Cx mutations 124E, 1317, 178Y, and 180E,
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wherein the mutations are m EU numbering.

27 The anti-PD-1/LAG-3 bispecific antibody of claim 26, further comprising one or more of
234A or 234D 235A or 235D; 2658 or 265A; 237A; and 297A, 297Q or 297D mutations in
the CHZ region of the anti-LAG3 and/or anti-PD-1 heavy chains, wherein the mutations are
in EU numbering,

28. The bispecific antibody or antigen-binding fragment of any one of claims 1-27, wherein the
antibody or antigen-binding fragment thereof comprises a glycosylation pattern characteristic
of expression by a mammalian cell

29. The bispectfic antibody or antigen-binding fragment of any one of claims 1-27, wherein the
antibody or antigen-binding fragment thereof comprises a glycosylation pattern characteristic
of expression by a CHO cell

30, A polynucleotide encoding the bispecific antibody of any one of clams 1-27.

31 An expression vector comprising the polynuclectide of claim 30 operably linked to control
sequences recognized by a host cell transfected with the vector.

32. A host cell comprising the expression vector of claim 31,

33. The host cell of claim 32, which is a bacterial cell a human cell, a mammalian cell, a Pichia
cell, a plant cell, a HEK293 cell, or a Chinese hamster ovary cell

34 A method of producing a bispecific antibody comprising:

a. culturing a host cell comprising a polynuclectide encoding the bispecific antibody of any
one of claims 1-29 under conditions favorable to expression of the polynucleotide; and
b, optionally, recovering the bispectfic antibody from the host cell and/or culture mediuim,

3s. A composition comprising the antibody or antigen-binding fragment of any one of claims 1-
29, and a pharmaceutically acceptable carrier or diluent.

36. The composition of clawn 35, further comprising an agent selected from the group consisting

of: (i) an anti-TIGIT antibody or an antigen-binding fragment thereof, (i) an anti-VISTA
antibody or an antigen-binding fragment thereof, (i) an anti-BTLA antibody or an antigen-
binding fragrent thereof, (iv) an anti-TIM3 antibody or an antigen-binding fragment thereof]
{(v) an anti-CTLA4 antibody or an antigen-binding fragment therecf, (vi} an anti-HVEM
antibody or an antigen-binding fragment thereof, (vii} an anti-CD70 antibody or an antigen-

binding fragment thereof, (vi) an anti-OX40 antbody or an antigen-bmndmg fragment
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thereof, (00} an anti-CD28 antibody or an antigen-binding fragment thereof, an ant+PDL1
antibody or an antigen-binding fragment thereof; (x) an anti-PDL2 antibody or an antigen-
binding fragment thereof, (xi) an anti-GITR antibody or an antigen-binding fragment thereof;
(xiy an anti-ICOS antibody or an antigen-binding fragment thereof, an anti-SIRPo antibody
or an antigen-binding fragment thereof, (xi} an anti-lLT2 antibody or an antigen-binding
fragment thereof, (xiv} an anti-ILT3 antibody or an antigen-binding fragment therecf, (xv} an
anti-IL T4 antbody or an antigen-binding  fragment thereof, (xvi) an anti-ILTS antibody or an
antigen-binding  fragment thereof, (xvii) an anti-4-1BB aotbody or an antigen-binding
fragment thereof, (xvii} an anti-NK2ZGA antibody or an antigen-binding fragment thereof]
(xix) an anti-NK2GC antibody or an antigen-binding fragment thereof] (xx) an anti-NK2GE
antibody or an antigen-binding fragment thereof; (xx1) an anti-TSLP antibody or an antigen-
binding fragment thereof, (xxi} ananti-IL10 antibody or an antigen-binding fragment thereof]
(xxi) a STING agomst; (xxiv) a CXCR2 antagonist; and (xxv} a PARP inhibitor.

A bispecific antibody or antigen-binding fragment according to any one of claims 1-29, for
use i

a. treatment of cancer; or

h. treatment of an infection or nfectious disease.

Use of the bispecific antibody or antigen-binding fragment of any one of claims 1-29 for the
manufacture of a medicament for treating cancer; or treating an infection or mfectious
disease.

A method of treating cancer in a human subject, comprising administering to the subject an
effective amount of a bispecific antibody or antigen-binding fragment of any one of claims
1-29, or an expression vector according to claim 31, or a composition according to clam 35,
optionally m association with a further therapeutic agent or therapeutic procedure.

A method of treating an infection or infectious disease in a human subject, comprising
administering to the subject an effective amount of an antibody or antigen-binding fragment
of any one of claims 1-29, or an expression vector according to claim 31, or a composition
according to claim 35, optionally in association with a further therapeutic agent or

therapeutic procedure.
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The method of claim 39 or 40, wherein the further therapeutic agent 13 selected from the
group consisting of. (1) an ant-TIGIT antibody or an antigen-binding fragment thereof; (i}
or an antigen-binding fragment thereof; (iv) an anti-TIM3 antibody or an antigen-binding
fragment thereof, (v) ananti-CTLA4 antibody or an antigen-binding fragment thereof, (vi)
an anti-HVEM antibody or an antigen-binding fragment thereof; (vil} an anti-CD70 antibody
or an antigen-binding fragment thereof; (vt} an anti-OX40 antibody or an antigen-binding
fragment thereof, () an anti-CD28 antibody or an antigen-binding fragment thereof] (x) an
ant-PDLT antibody or an antigen-binding fragment thereof, (xi) an anti-PDBL2 antibody or
an antigen-binding  fragment thereof, (xit) an anti-GITR antibody or an antigen-binding
fragment thereof, (i} an anti-ICOS antibody or an antigen-binding fragment thereof, (xav)
an anti-SIRPa antibody or an antigen-binding  fragment thereof, (xv} an antt-IL T2 antibody
or an antigen-binding fragment thereof; (ovi) an anti-ILT3 antibody or an antigen-binding
fragment thereof, (xvii} an anti-ILT4 antibody or an antigen-binding fragment thereof, (xviiy)
an ant-ILT5 antibody or an antigen-binding fragment thereof, (xix) an anti-4-1BB antibody
or an antigen-binding fragment thereof, (xx) an anti-NK2GA antibody or an antigen-binding
fragment thereof, (xx1) an anti-NK2GC antibody or an antigen-binding fragment thereof]
{xxii} an anti-NK2GE antibody or an antigen-binding fragment thereof, (xxui) an anti-TSLP
anttbody or an antigen-binding fragment thereof; (xxiv) an anti-IL10 antibody or an antigen-
binding fragment thereof, (Corvy a STING agomst; (xxvi) a CXCRZ antagowmst, and (xxvit) a

P ARP inhibitor,
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