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VH Framework 1 CDRY Framework 2

{Mouss Hybridoma Name)

BI3C4 15-8  EVQLQSGPELKKPGETVKISCKASGY TFTDVSHH WVKOAPGHGLKIRG
BI3C4 15-10  QIOLLOSGPELKKPGETVKISCKASGY TFIDYSMH WVKQAPGKGLKWMG
BLIH3.2 QIQLLOSGPELKKPGETVKISCKASGY TFIDYSHMH WVKQAPGKGLEWHG
BIIC1231015  IQLLOSGPELKKPGETVKISCKASGY TFTDVSIH WVKAPGKGLKWNG
BI5BL1Vh QIQLLOSGPELKKPGETVRTSCKASGY TFTDYSMH WVKQAPGKGLERVA
BIB2 15-%  QIQLLQSGPELKKPGETVKISCIASGY TFIDYSMH WVKQRPGKGLKRVA
RIIDI2715.3  EVQLVESGGGLVQPGGSLKISCARSGF TFSSFGMS WVRQTEDKRLELVA

{Produced Rabbit igG clons name)

RSDLVH-1 EVJLLESGPELRKPGETVKISCKASGY TFICYSIH WVKQAPGKGLEWNG
REDLVH-3 QVOLMOSGRELKKPGRTVKISCKASGY  TFIDYSIH  WVKDAPGHGLEWNG
RSDLVH-16  QIQLQOSGPELKKPGETVKISCKASGY TFIDYSMH HVKQAPGHGLENVA

{scFv clong from Yeast Display library)
25 QIDLLQSGPELKKPGETVKISCKASGY TFIDYSMH WVKQAPGHGLEWVA

44 QIQLLOSGPELKKEGETVKISCKASGY TFIDYSMH WVKDAPGKGLEWVA
Al=R4=F9 QIQLLOSGPELRKPGETVKISCRASGY TFTRVSMH  WVKQAPGKGLEWVA
A5=CE GIDLLOSGPELKKPGEIVKISCKASGY TPFIDYSME WVKDAPGHGLEWVA
Dé=E8 QIQLLQSGPELKKEGETVKISCKASGY TFIDYSMH WVAQAPGRGLEWVA

Final clone for in vivo/in vitre Functional test in Ig6 format |

CDR2 Framework 3 COR3 Framework 4

WIKTETGEPTYADDFAG RFAFSLETSATTAYLCTENLXNEDTAKYFCAL YYYGRDS WGOGETTLIVSS
WIKTETGEFTYADDFKG RFAFSLETSATTAYLOINNLXNECTAKYFCAL YYYGRDS WEQSTTLIVSS
WIKTETDEPTYADDFXKE REAFSLETSASTANLCL NEDTATYFCAL YYYGRDS WGOGTTLTVES
WIKTETGEPTYADDING RFAFSLETSASTAYLQINNLKNEDTATYFCAI YYYGRDS WGQETTLIVES
RINTETGEPTFADDFRG RFAVSLETSASTAYLQTNNLENEDTATYFCAI YYYGRDS WGQETTLTVSS
RINTETGEPTFADDFGG RFAVSLETSASTAYLQLNNLKNEDTATYFCAI YYYGRDI WGOGTTLIVAS
TINSNGGSTYYFDNMKG RFTTSRENAKNTLYLOMSSIXSEDTAMYYCAS ACYRYGAFFDY WGQGTTLIVSS

WIKTETGEPTYADDFKG RFAFSLETSASTAYLOINNLRNEDTATYFCAL YYYGRDS WGQGTIVIVSS
WIKTETGEPTYADDENG RFAFSLETSASTAYLQINNIXNEDTATYFCAI YYYGRDS WGQGTILIVSS
RINTETGEPTFADDFRG RFAVSLETSASTAYLGINNLXNEDTATYFCAT YYYGRDS WGQGTTLTVSS

RINTETGEPTTADDIRG RFAVSLETSASTAYLQTNNLRNEDTATYFCAI YYYGRDS WGQGTTLIVSS
RINTETGEPTFADDYRG RFAVSLETSATTAYLOINNLRNEDTAKYFCAL YYYGRDS WGOBTTLIVSS
RINTETGEPITADDERG  RFBVSLETSASTAYLQTNNLENEDTATYFCAL YYYGRIT WGORTTLSVSS
RINTETGEPTFADDFRG RFAVSLETSASTAYLCINNIKNEDTATYFCAI FYYGRDS WGQETALTVSS
RINTETGEPTFADDFRG RFAVSLETSASTAYLQINNILANEDTATYFCAI YYYGRDS WGQGTTLIVSS

] QIQLLOSGPELKKPGETVKISCRASGY TFIDYSMH WVK(APGHGLKHNVA

RINTETGEPTTADDFRG RFAVILETSASTAYLGINNLENEDTATYFCAL FYYGRDS BGOOTTLIVES

(57) Abrégé/Abstract:

Provided is an antibody that specifically binds human avpp and blocks binding of TGFp peptide to avpp, wherein the antibody

binds to the specificity determining loop (SDL) of human B8.

In some embodiments, the antibody further binds to one, two, or all

three of the human av-head domain, the al helix of human B8, or the al helix of human B8. In some embodiments, the antibody is
humanized or chimeric. In some embodiments, the antibody is linked to a detectable label. Also provided is a method of enhancing
an immune response in a human individual, comprising administering a sufficient amount of the antibody to the individual, thereby
enhancing an immune response. Also provided are pharmaceutical compositions comprising the anti-avpp antibodies or antigen-

binding molecules thereof.
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ABSTRACT

Provided is an antibody that specifically binds human avBp and blocks binding of TGFp peptide to avp8,
wherein the antibody binds to the specificity determining loop (SDL) of human B8. In some embodiments,
the antibody further binds to one, two, or all three of the human av-head domain, the al helix of human B8,
or the al helix of human B8. In some embodiments, the antibody is humanized or chimeric. In some
embodiments, the antibody is linked to a detectable label. Also provided is a method of enhancing an
immune response in a human individual, comprising administering a sufficient amount of the antibody to the
individual, thereby enhancing an immune response. Also provided are pharmaceutical compositions

comprising the anti-avB8 antibodies or antigen-binding molecules thereof.
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Neutralizing antibodies to the avp8 integrin complex for immunotherapy

SEQUENCE LISTING
[0001] This application contains a sequence listing in electronic form in ASCII text format.

A copy of the sequence listing is available from the Canadian Intellectual Property Office.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT
[0002] This invention was made with government support under grant no. U54 HL.119893,
awarded by the National Institutes of Health. The government has certain rights in the

invention,

BACKGROUND OF THE INVENTION
[0003] Transforming growth factor p (TGFp) was originally characterized as an oncogene
capable of inducing a transformed phenotype in non-neoplastic cells. A number of TGFf
family members have since been characterized, based on the presence of similar amino acid
domains.
[0004] Some TGF-f isoforms are expressed ubiquitously in mammals (TGF-B 1-3), but are
maintained in an inactive form by non-covalent interaction with a propeptide, the latency
associated domain of TGF-B (LAP). For TGFp to signal, it must be released from its inactive
complex by a process called TGF activation. The latent TGF complex includes 3
components: the active (mature) TGFp dimmer, LAP (latency associated peptide) and LTBP
(latent TGFP binding protein). LAP is a dimer, linked by a disulfide bond, that represents the
N-terminal end of the TGFp precursor protein. The mature TGFp protein represents the C
terminal end (about 25kD) of the precursor. The bond between the TGFfs and LAP is
proteolytically cleaved within the Golgi, but the TGF- propeptide remains bound to TGFp by
non-covalent interactions. The complex of TGFp and LAP is called the small latent complex

(SLC). It is the association of
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LAP and TGFp that confers latency. LAP-TGFp binding 1s reversible and the solated purified
components can recombine to form an mactive SLC. Both the 8L.C and the larger complex are

referred to herein as latent TGFB, as both are inactive.

{0005] In general, integrins are adhesion molecules and mediate the attachment of cells to
extracellular matrix proteins. Integrin «ovP8 binds to the LAP of TGF-B and mediates the
activation of TGF-B1 and 3 (Mu ef af. (2002} J. Cell Biol. 159:493). Integrin avp8-mediated
activation of TGF-B 1s required for in vivo activation of TGF-8 (i.e., release of the mature TGF-3
polypeptide), thus avP® is a gatekeeper of TGF-B function. Integrin avP8 is expressed in

normal epithelia (e.g., airway epithelia), mesenchymal cells, and neuronal tissues.

[0006] 'The integrin (38 (Itgb8) has been associated with forkhead box P3 (Foxp3)-positive T
cells and T-regulatory-specific epigenetic remodeling. See, e.g., Vandenbon, ef al., Proc. Natl,
Acad. Sci. USA vol. 113 no. 17 pp. E2393-E2402 (2016). FoxP3 is a transcription factor
involved in the development of T-regulatory {Treg) cells. Human and mouse effector Treg cells
express functional TGF-B-activating integrin gvp8. See, Worthington, Immunity Volume 42,
Issue 5, pp. 903--915 (May 2015). Treg cell integrin avp8-mediated TGF- activation is not
needed for T cell homeostasis and integrin avP8 expression by Treg cells suppresses active

inflammation.

DEFINITIONS
{0007] Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by a person of ordinary skill in the art. See, e.g., Lackie,
DICTIONARY OF CELL AND MOLECULAR BIOLOGY, Elsevier (4® ed. 2007); Sambrook ez al.,
MOLECULAR CLONING, A LABORATORY MANUAL, Cold Springs Harbor Press {Cold Springs
Harbor, NY 1989). Auny methods, devices and materials similar or equivalent to those described
herein can be used in the practice of this invention. The following definitions are provided to
facilitate understanding of certain terms used frequently herein and are not meant to limit the

scope of the present disclosure.

77 < %9 4¢

[0008] Theterms “anti~ovB8 antibody,” “avB8 specific antibody,” “avB8 antibody,” and
“anti~-oevP8” are used synonymously herein to refer to an antibody that specifically binds to

ovp8. Similarly, an anti-B8 antibody (and like terms) refer to an antibody that specifically binds
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to B8. The anti-av8 antibodies and anti-PB8 antibodies described herein bind to the protemn

expressed on avp8 expressing cells,

{0009]  An avp8-associated disorder is a condition characterized by the presence of avB8-

expressing cells, either cells expressing an increased level of avf38, or increased number of
5 avPB-expressing cells relative to a normal, non-diseased control. TGFB-associated disorders

{disorders characterized by higher than normal TGFf activity) include av8-associated

disorders, as ovB8 is involved in activating TGFP in certain circumstances, as described herein,

j0010] "Nucleic acd” refers to deoxyribonucleotides or ribonucleotides and polymers thereof
in either single- or double-siranded form, and complements thereof. The term "polynuclectide”

16 refers to a linear sequence of nucleotides. The term “nucleotide” typically refers to a single unit
of a polynucleotide, i.e., a monomer. Nucleotides can be ribonucleotides, deoxyribonucleotides,
or modified versions thereof. Examples of polynucleotides contemplated herein inclade single
and double stranded DNA, single and double stranded RNA, and hybrid molecules having

nuxtures of single and doable stranded DNA and RNA.

15 {0011] The words "complementary” or "complementarity” refer to the ability of a nucleic acid
in a polynucleotide to form a base pair with another nucleic acid in a second polynucieotide. For
example, the sequence A-G-T 15 complementary to the sequence T-C-A. Complementarity may
be partial, in which only some of the nucleic acids match according o base pairing, or complete,

where all the nucleic acids match according to base pairing.

20 [0012] The words "protein”, "peptide”, and "polypeptide" are used interchangeably to denote
an amino acid polymer or a set of two or more interacting or bound amino acid polymers. The
terms apply to amino acid polymers in which one or more amino acid residue 1s an artificial
chemical mimetic of a corresponding naturally occurring amino acid, as well as to naturally
occurring amino acid polymers, those containing modified residues, and non-naturally occarring

25  amino acid polymer.

[8013] Theterm “aming acid” refers 1o naturally occurring and synthetic amino acids, as well
ag amino acid analogs and amino acid mimetics that function similarly to the naturally occurring
amino acids. Naturally occurring amino acids are those encoded by the genetic code, as well as

those amino acids that are later modified, e.g., hvdroxyproline, y-carboxyglutamate, and O-
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phosphoserine. Amino acid analogs refers to compounds that have the same basic chemical
structure as a naturally occurring amino acid, e.g., an o carbon that 1s bound to a hyvdrogen, a
carboxyl group, an amino group, and an R group, e.g., homoserine, norleucine, methionine
sulfoxide, methionine methyl sulfonium. Such analogs may have modified R groups {e.g.,

5 norleucine) or modified peptide backbones, but retain the same basic chemical structure as a
naturally occurring amino acid. Amino acid mimetics refers to chemical compounds that have a
structure that is different from the general chemical siructure of an amino acid, but that functions

similarly to a naturally occurring amine acid.

{0014] Amino acids may be referred to herein by either their commonly known three letter
10 symbols or by the one-letter symbols recommended by the IUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly

accepted single-letter codes.

{0015] “Conservatively modified variants” applies to both amino acid and nucleic acid
sequences. With respect to particular nucleic acid sequences, conservatively modified variants
15 refers to those nucleic acids which encode identical or essentially identical amino acid
sequences, or where the nucleic acid does not encode an amino acid sequence, to essentially
identical or associated, e.g., naturally contignous, sequences. Because of the degeneracy of the
genetic code, a large number of functionally identical nucleic acids encode most proteins. For
instance, the codons GCA, GCC, GCG and GCU all encode the amno acid alarune. Thus, at
20 every position where an alanine is specified by a codon, the codon can be altered to another of
the corresponding codons described without altering the encoded polypeptide. Such nucleic acid
variations are “silent variations,” which are one species of conservatively modified variations,
Every nucleic acid sequence herein which encodes a polypeptide also describes silent variations
of the nucleic acid. One of skill will recognize that in certain contexts each codon in a nucleic
25 acd (except AUG, which is ordinarily the only codon for methionine, and TG, which is
ordinarily the only codon for tryptophan) can be modified to yield a functionally identical
molecule. Accordingly, silent vanations of a nucleic acid which encodes a polypeptide is
implicit in a described sequence with respect to the expression product, but not with respect to

actual probe sequences.
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{6016] As to amino acid sequences, one of skill will recognize that individual substitutions,
deletions or additions to a nucleic acid, peptide, polypeptide, or protein sequence which alters,
adds or deletes a single amino acid or a small percentage of amino acids in the encoded sequence
is a “conservatively modified variant” where the alteration results in the substitution of an amino
5 acid with a chemically similar amino acid. Conservative substitution tables providing

functionally similar amino acids are well known in the art. Such conservatively modified
variants are i addition to and do not exclude polymorphic variants, interspecies homologs, and
alleles of the invention. The following amino acids are typically conservative substitutions for
one another: 1) Alanine (A}, Glycine (G); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine

10 (N), Glutamine (Q); 4) Arginine (R}, Lysine (K); 5) Isoleucine (1}, Leucine (L), Methionine (M),
Valine (V); 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 7) Serine (8), Threonine (T);
and 8) Cysteine (C), Methionine (M) (see, e.g., Creighton, Proteins (1984)).

{0017] 'The terms "identical” or “percent identity,” in the context of two or more nucleic acids,
or two or more polypeptides, refer to two or more sequences or subsequences that are the same
15 or have a specified percentage of nucleotides, or amino acids, that are the same (7.¢., about 60%
wdentity, preferably 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or higher identity over a specified region, when compared and aligned for maximum
correspondence over a comparison window or designated region) as measured using a BLAST or
BLAST 2.0 sequence comparison algorithms with default parameters, or by manual alignment
20 and visual inspection. See e.g., the NCBI web site at nchinlm.nth.gov/BLAST. Such sequences
are then said to be "substantially identical." This definition also refers to, or may be applied to,
the compliment of a nucleotide test sequence. The definition also includes sequences that have
deletions and/or additions, as well as those that have substitutions. As described below, the
algorithms can account for gaps and the like. Typically, identity exists over a region comprising
25 anantibody epitope, or g sequence that 1s at least about 25 amino acids or nucleotides in length,
or over a region that 13 S0-100 amino acids or nucleotides in length, or over the entire length of

the reference sequence.

[0018] The term “recombinant” when used with reference, e.g., to a cell, or nucleic acid,
protein, or vector, indicates that the cell, nucleic acid, protein or vector, has been modified by the

30 mtroduction of a heterologous nucleic acid or protein or the alteration of a native nucleic acid or
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protein, or that the cell 15 derived from a cell so modified. Thus, for example, recombinant cells
express genes that are not found within the native (non-recombinant) form of the cell or express

native genes that are otherwise abnormally expressed, under expressed or not expressed at all.

[6019] The term “heterologous” when used with reference to portions of a nucleic acid
5 indicates that the nucleic acid comprises two or more subsequences that are not found in the
same relationship to each other in nature. For instance, the nucleic acid is typically
recombinantly produced, having two or more sequences from unrelated genes arranged to make a
new functional nucleic acid, e.g., a promoter from one source and a coding region from another
source. Simularly, a heterologous protein indicates that the protein comprises two or more
10 subsequences that are not found in the same relationship to each other in nature {e.g., a fusion

protein).

j0020] The term "isolated,” when applied to a nucleic acid or protein, denotes that the nucleic
acid or protein is essentially free of other cellular components with which it is associated in the
natural state. It is preferably in a homogeneous state. It can be in either a dry or aqueous

15 solution. Purity and homogeneity are typically determined using analytical chemistry techniques
such as polyacrylamide gel electrophoresis or high performance liquid chromatography. A
protein that is the predominant species present in a preparation is substantially purified. In
particular, an isolated gene is separated from open reading frames that flank the gene and encode
a protein other than the gene of interest. The term "purified” denotes that a nucleic acid or

20 protein gives rise to essentially one band in an electrophoretic gel. Particularly, it means that the
nucleic acid or protein is at least 85% pure, more preferably at least 95% pure, and most

preferably at least 99% pure.

[0021] The term “antibody” refers to a polypeptide comprising a framework region encoded by

an mmmunoglobulin gene, or fragments thereof, that specifically bind and recognize an antigen,
25 eg, human avf8, a particular cell surface marker, or any desired target. Typically, the “vanable

region” contains the antigen-binding region of the antibody (or its functional equivalent) and is

most critical in specificity and affinity of binding. See Paul, Fundamental Immunology (2003).

{0022] An exemplary immunoglobulin (antibody) structural unit comprises a tetramer. Bach
tetramer 15 composed of two identical pairs of polypeptide chains, each pair having one “light”

30 (about 25 kD) and one “heavy” chain (about 50-70 kD}}. The N-terminus of each chain defines a
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variable region of about 100 to 110 or more amine acids primarily responsible for antigen
recognition. The terms variable light chain (Vi) and variable heavy chain {Vu) refer to these

light and heavy chains respectively.

{0623]  An “isotype” is a class of antibedies defined by the heavy chain constant region.
Antibodies described herein can be of any isotype of isotype class. Immunoglobufin genes
mnclude the kappa, lambda, alpha, gamma, delta, epsilon, and mu constant region genes. Light
chains are classified as either kappa or lambda. Heavy chains are classified as gamma, mu,
alpha, delta, or epsilon, which in turn define the 1sotype classes, IgG, IgM, IgA, IgD and IgE,

respectively.

{0024] Antibodies can exist as intact immunoglobulins or as any of a number of well-
characterized fragments that inchude specific antigen-binding activity. Such fragments can be
produced by digestion with various peptidases. Pepsin digests an antibody below the disulfide
linkages in the hinge region to produce F(ab}'», a dimer of Fab which itself is a light chain joined
to Vu-Cyl by a disulfide bond. The F(ab)’2 may be reduced under mild conditions to break the
disulfide linkage in the hinge region, thereby converting the F(ab)’z dimer into an Fab’
monomer. The Fab’ monomer is essentially Fab with part of the hinge region (see Fundamenial
Immunology (Paul ed., 3d ed. 1993). While various antibody fragments are defined m terms of
the digestion of an intact antibody, one of skill will appreciate that such fragments may be
synthesized de novo either chemically or by using recombinant DNA methodology. Thus, the
term antibody, as used herein, also includes antibody fragments either produced by the
modification of whole antibodies, or those synthesized de novo using recombinant DNA
methodologies {e.g., single chain Fv) or those identified using phage display libraries (see, e.g.,
McCafferty et al., Nature 348:552-554 (1990)).

[8025] For preparation of monoclonal or polyclonal antibodies, any technigue known in the art
can be used (see, e.g., Kohler & Milstein, Nature 256:495-497 (1975); Kozbor et al.,
Immunology Today 4.72 (1983}, Cole et af., Monoclonal Antibodies and Cancer Therapy, pp.
77-96. Alan R. Liss, Tnc. 1985). Techniques for the production of single chain antibodies (U.S.
Patent No. 4,946,778} can be adapted to produce antibodies to polypeptides of this invention,
Also, transgenic mice, or other organisms such as other mammals, may be used to express

humanized antibodies. Alternatively, phage display technology can be used to identify
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antibodies and heteromeric Fab fragments that specifically bind to selected antigens (see, e.g.,
McCafferty et al., supra, Marks et al., Biotechnology, 10:779-783, (1992)).

{0026] Methods for humanizing or primatizing non-human antibodies are well known in the
art. Generally, 2 humanized antibody has one or more amino acid residues introduced into it
from a source which is non-human. These non-human amino acid residues are often referred to
as inport residues, which are typically taken from an import variable domain. Humanization can
be essentially performed following the method of Winter and co-workers (see, e.g., Jones et al.,
Nature 321:522-525 (1986); Riechmann er al., Nature 332:323-327 (1988); Verhoeyen et al.,
Science 239:1534-1536 (1988) and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992}), by
substituting rodent CDRs or CDR sequences for the corresponding sequences of a human
antibody. Accordingly, such humanized antibodies are chimeric antibodies (U.S. Patent No.
4.816,567), wherein substantially less than an intact human variable domain has been substituted
by the corresponding sequence from a non-human species. In practice, humanized antibodies are
typically human antibodies in which some complementary determining region ("CDR") residues
and possibly some framework ("FR"} residues are substituted by residues from analogous sites in

rodent antibodies.

[0027] Antibodies or antigen-binding molecules of the invention further includes one or more
mmmunoglobulin chaing that are chemically conjugated to, or expressed as, fusion proteins with
other proteins. It also includes bispecific antibody. A bispecific or bifunctional antibody 1s an
artificial hybrid antibody having two different heavy/light chain pairs and two different binding
sites. Other antigen-binding fragments or antibody portions of the invention include bivalent
scFv (diabody), bispecific scFv antibodies where the antibody molecule recognizes two different

epitopes, single binding domains {(dAbs), and minibodies.

[0028] The various antibodies or antigen-binding fragments described herein can be produced
by enzymatic or chemical modification of the intact antibodies, or synthesized de novo using
recombinant DNA methodologies {(e.g., single chain Fv), or identified using phage display
libraries (see, e.g., McCafferty et al., Nature 348:552-554, 1990). For example, minibodies can
be generated using methods described in the art, e.g., Vaughan and Sollazzo, Comb Chem High
Throughput Screen. 4:417-30 2001, Bispecific antibodies can be produced by a variety of

methods including fusion of hybridomas or inking of Fab' fragments. See, e g., Songsivilai &
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Lachmann, Clin. Exp. Immunol. 79:315-321 {1990); Kostelny et al.,, J. Immunol. 148, 1547-1553
(1992). Single chain antibodies can be identified using phage display libraries or ribosome
display libraries, gene shuffled libraries. Such libraries can be constructed from synthetic, semi-

synthetic or native and immunocompetent sources.

{6029] A “monoclonal antibody” refers to a clonal preparation of antibodies with a single
binding specificity and affinity for a given epitope on an antigen. A “polyclonal antibody™ refers
10 a preparation of aniibodies that are raised against a single antigen, but with different binding

specificities and affinities.

{0036]  As used herein, “V-region” refers to an antibody variable region domain comprising the
segments of Framework 1, CDR1, Framework 2, CDR2, Framework 3, CDR3, and Framework
4. These segmenis are included in the V-segment as a consequence of rearrangement of the

heavy chain and light chain V-region genes during B-cell differentiation.

{6031] As used herein, "complementarity-determining region (CDR)" refers to the three
hypervariable regions in each chain that interrupt the four "framework” regions established by
the light and heavy chain variable regions. The CDRs are primarily responsible for binding to an
epitope of an antigen. The CDRs of each chain are typically referred to as CDR1, CDR2, and
CDR3, numbered sequentially starting from the N-terminus, and are also typically identified by
the chain 1o which the particular CDR 15 located. Thus, a Vu CDR3 is located in the variable
domain of the heavy chain of the antibody in which it is found, whereas a VL CDR1 is the CDR1

from the variable domain of the light chain of the antibody in which it is found.

[0032] The sequences of the framework regions of different light or heavy chains are relatively
conserved within a species. The framework region of an antibody, that is the combined
framework regions of the constituent light and heavy chains, serves to position and align the

CDRs in three dimensional space.

[0033] The amino acid sequences of the CDRs and framework regions can be determined
using various well known definitions in the art, ¢.¢., Kabat, Chothia, international
ImMunoGeneTics database (IMGT), and AbM (see, e.g., Johnson and Wu, Nucleic Acids Res.
2000 Jan 1; 28(1): 214-218 and Johnson ef al., Nucleic Acids Res., 29:205-206 (2001);; Chothia
& Lesk, (1987).J. Mol. Biol. 196, 901-917; Chothia et al. {1989) Nature 342, 877-883; Chothia et
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al. (1992} J. Mol. Biol 227, 799-817; Al-Lazikani et al., J. Mol Biol 1997, 273(4)). Unless
otherwise indicated, CDRs are determined according to Kabat. Definitions of antigen combining
sites are also described in the following: Ruiz et al. Nucleic Acids Res., 28, 219221 {2000); and
Lefranc Nucleic Acids Res. Jan 1;29(1).207-9 (2001); MacCallum er af., J. Mol. Biol., 262: 732-
745 (1996); and Martin ef al, Proc. Natl Acad. Sci. USA, 86, 9268-9272 {(1989), Martin, et a,
Methods Enzymol., 203: 121-153, (1991); Pedersen et af, immunomethods, 1, 126, (1992); and
Rees et al, In Sternberg MLLE. {ed.), Protein Structure Prediction. Oxford University Press,
Oxford, 141-172 1996).

[0034] A “chimeric antibody” is an antibody molecule in which (a) the constant region, ora
portion thereof, is altered, replaced or exchanged so that the antigen binding site (variable region,
CDR, or portion thereof) is linked to a constant region of a different or altered class, effector
function and/or species, or an entirely different molecule which confers new properties to the
chimeric antibody (e.g., an enzyme, toxin, hormone, growth factor, drug, ete.); or (b) the variable
region, or a portion thereof, is altered, replaced or exchanged with a variable region having a

different or altered antigen specificity (e.g., CDR and framework regions from different species).

[0035] A "humanized" antibody is an antibody that retains the reactivity of a non-human
antibody while being less immunogenic in humans. This can be achieved, for instance, by
retaining the non-human CDR regions and replacing the remaining parts of the antibody with
their human counterparts. See, e.g., Morrison ¢f al., Proc. Natl. Acad. Sci. USA, 81:6851-6855
(1984); Morrison and Oi, Adv. Immunol., 44:65-92 (1988); Verhoeyen et al., Science, 239:1534-
1536 (1988); Padlan, Molec. Immun., 28:489-498 (1991); Padlan, AMolec. Immun., 31(3):169-217
(1994).

[6036] The antibody binds to an “epitope” on the antigen. The epitope is the specific antibody
binding interaction site on the antigen, and can include a few amino acids or portions of a few
amino acids, e.g., S or 6, or more, e.g., 20 or more amino acids, or portions of those aming acids.
In some cases, the epitope mcludes non-protein componenis, e.g., from a carbohydrate, nucleic
acid, or ipid. In some cases, the epitope is a three-dimensional moiety. Thus, for example,
where the target is a protein, the epitope can be comprised of consecutive amine acids, or amino

acids from different parts of the protein that are brought into proximity by protein folding (e.z., a

10
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discontinuous epitope). The same is true for other types of target molecules that form three-
dimensional structures.

{6037] The term “specifically bind” refers to a molecule (e.g., antibody or antibody fragment)
that binds to a target with at least 2-fold greater affinity than non-target compounds, e.g., at least
4-fold, S-fold, 6-fold, 7-fold, 8-told, 9-fold, 10-fold, 20-fold, 25-fold, 50-fold, or 100-fold greater
affinity. For example, an antibody that specifically binds 38 will typically bind to P8 with at

least a 2-fold greater affinity than a non-8 target (e.g., a different integrin subunit, e.g., B6).

[0038] Theterm “binds” with respect to a cell type {e.g., an antibody that binds fibrotic cells,
hepatocyies, chondrocytes, ete.), typically indicates that an agent binds a majority of the cells in
a pure population of those cells. For example, an antibody that binds a given cell type typically
binds to at least 2/3 of the cells in a population of the indicated cells (e.g., 75, 80, 85, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100%). One of skill will recognize that some variability will arise

depending on the method and/or threshold of determining binding,

[0039] As used herein, a first antibody, or an antigen-binding portion thereof, “competes” for
binding to a target with a second antibody, or an antigen-binding portion thereof, when binding
of the second antibody with the target 15 detectably decreased in the presence of the first antibody
compared to the binding of the second antibody in the absence of the first antibody. The
alternative, where the binding of the first antibody to the target is also detectably decreased in the
presence of the second antibody, can, but need not be the case. That i3, 3 second antibody can
inhibit the binding of a first antibody to the target without that first antibody inhibiting the
binding of the second antibody to the target. However, where each antibody detectably inhibits
the binding of the other antibody to its cognate epitope or ligand, whether to the same, greater, or
lesser extent, the antibodies are said to “cross-compete” with each other for binding of their
respective epitope(s). Both competing and cross-competing antibodies are encompassed by the
present invention. The term “competitor” antibody can be applied to the first or second antibody
as can be determined by one of skill in the art. In some cases, the presence of the competitor
antibody {e.g., the first antibody) reduces binding of the second antibody to the target by at least
10%, e.g., 20%, 30%, 40%, 50%, 60%, 70%, 80%, or more, e.g., 30 that binding of the second

antibody to target 1s undeteciable in the presence of the first {competitor) antibody.

11
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{6048] The term “differentially expressed” or “differentially regulated” refers generally to a
protein or nucleic acid biomarker that is overexpressed (upregulated) or underexpressed
{downregulated} in one sample compared to at 1east one other sample. In the context of the
present invention, the term generally refers to overexpression of a biomarker {e.g., avp8ona

diseased cell compared to a normal cell.

[0641] For example, the terms “overexpressed” or “upregulated” interchangeably refer to a
protein or nucleic acid, generally a biomarker, that is ranscribed or translated at a detectably
greater than control level. The term includes overexpression due to transcription, post
transcriptional processing, translation, post-translational processing, cellular locahization (e.g.,
organelle, cytoplasm, nucleus, cell surface), and RNA and protein stability. Overexpression can
be detected using conventional techniques for detecting biomarkers, whether mRNA (fe., RT-
PCR, hybridization) or protein {i.e., flow cytometry, imaging, ELISA, immunochistochemical
techniques). Overexpression can be 10%, 20%, 30%, 40%, 30%, 60%, 70%, 80%, 90% or more

in comparison to a normal cell.

j6042] The terms “agonist,” “activator,” “inducer” and like terms refer to molecules that
increase activity or expression as compared to a control. Agonists are agents that, e.g., bind to,
stimulate, increase, activate, enhance activation, sensitize or upregulate the activity of the target.
The expression or activity can be increased 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%
100% or more than that in a control. In certain mstances, the activation 1s 1.5-fold, 2-fold, 3~

fold, 4-fold, 5-fold, 10-fold, or more in comparison to a control.

{0043] The terms “inhibitor,” “repressor” or “antagonist” or “downregulator” interchangeably
refer {0 a substance that results in a detectably lower expression or activity level as compared to
a control. The inhibited expression or activity can be 10%, 20%, 30%, 40%, 50%, 60%, 70%,

80%, 90% or less than that in a control. In certain instances, the inhibition is 1.5-fold, 2-fold, 3-

fold, 4-fold, 5-fold, 10-fold, or more in comparison to a control.

{0044] A “control” sample or value refers to a sample that serves as a reference, usually a
known reference, for comparison to a test sample. For example, a test sample can be taken from
a test condition, e.g., in the presence of a test compound, and compared to samples from known
conditions, e.g., in the absence of the test compound (negative control), or in the presence of a

known compound (positive control). A control can also represent an average value gathered
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from a number of tests or results. One of skill in the art will recognize that controls can be
designed for assessment of any number of parameters. For example, a conirol can be devised to
compare therapeutic benefit based on pharmacological data {e.g., half-life} or therapeutic
measures {e.g., comparison of benefit and/or side effects). Controls can be designed for in viro
5 applications. One of skill in the art will understand which controls are valuable in a given
situation and be able to analyze data based on comparisons to control values. Controls are also
valuable for determining the significance of data. For example, if values for a given parameter

are widely variant in controls, variation in test samples will not be considered as significant,

{0045] A “label” or a “detectable moiety” is a composition detectable by spectroscopic,

10 photochemical, biochemical, immunochemical, chemical, or other physical means. For example,
useful labels include *2P, fluorescent dyes, electron-dense reagents, enzymes (e.g., as commonly
used in an ELISA), biotin, digoxigenin, or haptens and proteins or other entities which can be
made detectable, e.g., by incorporating a radiolabel into a peptide or antibody specifically
reactive with a target peptide. Any method known in the art for conjugating an antibody to the

15 label may be emploved, e.g., using methods described in Hermanson, Bioconjugate Technigues

1996, Academic Press, Inc., San Diego.

[0046] A “labeled” molecule (e.g, nucleic acid, protein, or antibody) is one that is bound,
either covalently, through a linker or a chemical bond, or noncovalently, through ionic, van der
Waals, electrostatic, or hydrogen bonds to a label such that the presence of the molecule may be

20 detected by detecting the presence of the label bound to the molecule.

[0047] Theterm “diagnosis” refers to a relative probability that a disorder such as cancer or an
mflammatory condition is present in the subject. Similarly, the term “prognosis” refers to a
relative probability that a certain future outcome may occur in the subject. For example,
prognosis can refer to the likelihood that an individual will develop a TGFB or avf38 associated
25  disorder, have recurrence, or the likely severity of the disease {(e.g., severity of symptoms, rate of
functional decline, survival, etc.). The terms are not intended to be absolute, as will be

appreciated by any one of skill in the field of medical diagnostics.

{0048] “Biopsy” or “biological sample from a patient” as used herein refers to a sample

obtained from a patient having, or suspected of having, a TGFB or avB8 associated disorder. In
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some embodiments, the sample may be a tissue biopsy, such as needle biopsy, fine needle
biopsy, surgical biopsy, etc. The sample can also be a blood sample or blood fraction, e.g., white
blood cell fraction, serum, or plasma. The sample can comprise a tissue sample harboring a
lesion or suspected lesion, although the biological sample may be also be derived from another

5 site, e.g., a site of suspected metastasis, a lymph node, or from the blood. In some cases, the

biological sample may also be from a region adjacent to the lesion or suspected lesion.

[0049] A “bioclogical sample” can be obiained from a patient, e.g., a biopsy, from an animal,
such as an animal model, or from cuitured cells, e.g., a cell line or celis removed from a patient
and grown in culture for observation. Biological samples include tissues and bodily fluids, e.g.,

10 blood, blood fractions, lvmph, saliva, urine, feces, etc.

{0030] The terms “therapy,” “treatment,” and “amelioration” refer to any reduction 1n the
severity of symptoms. In the case of treating an inflammatory condition, the treatment can refer
to reducing, e.g., blood levels of inflammatory cytokines, blood levels of active mature TGFp,
pain, swelling, recroitment of immune cells, etc. In the case of treating cancer, treatment can

15 refer to reducing, e.g., tumor size, number of cancer cells, growth rate, metastatic activity, cell
death of non-cancer cells, etc. As used herein, the terms “treat” and “prevent” are not intended
to be absolute terms. Treatment and prevention can refer to any delay in onset, amelioration of
symptoms, improvement in patient survival, increase in survival time or rate, etc. Treatment and
preveniion can be complete (no detectable symptoms remaining) or partial, such that symptoms

20 are less frequent of severe than in a patient without the treatment described herein. The effect of
treatment can be compared to an individual or pool of individuals not receiving the treatment, or
to the same patient prior to treatment or at a different time during treatment. In some aspects, the
severity of disease is reduced by at least 10%, as compared, e.g., to the individual before
administration or to a control individual not undergoing treatment. In some aspects the severity

25 of disease 1s reduced by at least 25%, 50%, 75%, 80%, or 90%, or in some cases, no longer

detectable using standard diagnostic technigues.

{0051] The terms “effective amount,” “effective dose,” “therapeutically effective amount,” etc.
refer to that amount of the therapeutic agent sufficient to ameliorate a disorder, as described
above. For example, for the given parameter, a therapeutically effective amount will show an

30 increase or decrease of therapeutic effect at least 5%, 10%, 15%, 20%, 25%, 40%, 50%, 60%,
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75%, 80%, 90%, or at least 100%. Therapeutic efficacy can also be expressed as “~fold”
increase or decrease. For example, a therapeutically effective amount can have at leasta 1.2~

fold, 1.5-fold, 2-fold, 5-fold, or more effect over a control.

{0652]  As used herein, the term “pharmaceutically acceptable” is used synonymously with
5 physiologically acceptable and pharmacoliogically acceptable. A pharmaceutical composition
will generally comprise agents for buffering and preservation in storage, and can include buffers

and carriers for appropriate delivery, depending on the route of administration.

J0053] The terms “dose” and “dosage” are used interchangeably herein. A dose refers to the
amount of active ingredient given to an individual at each administration. For the present

10 invention, the dose can refer to the concentration of the antibody or associated components, e.g.,
the amount of therapeutic agent or dosage of radiolabel. The dose will vary depending ona
number of factors, including frequency of adnunistration; size and tolerance of the individual;
severity of the condition; risk of side effects; the route of administration; and the imaging
modality of the detectable moiety (if present). One of skill in the art will recognize that the dose

15 can be modified depending on the above factors or based on therapeutic progress. The term
“dosage form” refers to the particular format of the pharmaceutical, and depends on the route of
administration. For example, a dosage form can be in a hiquid, e.g., a saline solution for

mjection,

[0054] “Subject,” “patient,” “individual” and like terms are used interchangeably and refer to,
20 except where indicated, mammals such as huroans and non-human primates, as well as rabbts,
rats, mice, goats, pigs, and other mammalian species. The term does not necessarily indicate that
the subject has been diagnosed with a particular disease, but typically refers to an mdividual
under medical supervision. A patient can be an imdividual that is seeking treatment, monitoring,

adjustrment or modification of an existing therapeutic regimen, ete,

25 [0655]  An “inflammatory condition” refers to any inflammation in an individual, and can be
transient (e.g., in response to exposure to a pathogen or allergen) or chronic. Inflammation 13
characterized by inflammatory cytokines such as IFN-gamma, 11.-6, and TNF-alpha that recruit
and activate macrophages and other leukocytes. In some cases, inflammation can develop into a
chronic, harmful condition or autoimmune condition {e.g., M8, lupus, rheumatoid arthritis,

30 Crohn’s disease). Inflammation can be evident locally (e.g., at 2 localized site of infection or

15
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exposure) or systemically {e.g, atherosclerosis, high blood pressure). In some embodiments, the
antibody compositions and methods described herein can be used to treat inflammatory

conditions.

[8056] “Cancer”, “tumor,” “transformed” and like terms include precancerous, neoplastic,

5 transformed, and cancerous cells, and can refer {0 a solid tumor, or a non-solid cancer {(see, e.g,
Edge ef al. AJCC Cancer Stasing Manual (7% ed. 2009); Cibas and Ducatman Cytology:
Diagnostic principles and clinical correlates (3™ ed. 2009)). Cancer includes both benign and
malignant neoplasms (abnormal growth). “Transformation” refers to spontaneous or induced
phenotypic changes, ¢.g., immortalization of cells, morphological changes, aberrant cell growth,

10 reduced contact inhibition and anchorage, and/or malignancy (see, Freshney, Culture of Animal

Cells a Manual of Basic Technique (3™ ed. 1994)). Although transformation can arise from

infection with a transforming virus and incorporation of new genomic DNA, or uptake of

exogenous DNA | it can also arise spontanecusly or following exposure to a carcinogen.

{0057] The term “cancer” can refer to carcinomas, sarcomas, adenocarcinomas, lymphomas,

15 leukemias, solid and Iymphoid cancers, efc. Examples of different types of cancer include, but
are not limited to, lung cancer (e.g., non-small cell lung cancer or NSCLC), ovarian cancer,
prostate cancer, colorectal cancer, liver cancer {(i.e., hepatocarcinoma), renal cancer {i.e., renal
cell carcinoma), bladder cancer, breast cancer, thyroid cancer, pleural cancer, pancreatic cancer,
uterine cancer, cervical cancer, testicular cancer, anal cancer, pancreatic cancer, bile duct cancer,

20 gastrointestinal carcinoid tumors, esophageal cancer, gall bladder cancer, appendix cancer, small
intestine cancer, stomach {gastrie) cancer, cancer of the central nervous system, skin cancer,
choriocarcinoma; head and neck cancer, blood cancer, osteogenic sarcoma, fibrosarcoma,
neuroblastoma, glioma, melanoma, B-cell lymphoma, non-Hodgkin's lymphoma, Burkitt’s
lymphoma, Small Cell lymphoma, Large Cell lymphoma, monocytic leukemia, myelogenous

25 leukemia, acute tymphocytic leukemia, acute myelocytic leukermia (AML), chronic myeloid
leukemia {CML), and muliiple myeloma. ITu some embodiments, the antibody compositions and

methods described herein can be used for treating cancer.

[0058] The term "co-administer” refers to the simultaneous presence of two active agents in
the blood of an individual. Active agents that are co-administered can be concurrently or

30 sequentially delivered.
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BRIEF SUMMARY OF THE INVENTION
[0059] Insome aspects, an antibody is provided that specifically binds human av[8 and
blocks binding of TGFp peptide to avp8, wherein the antibody binds to an epitope on human
ovp8 comprising amino acids D148, A149, D150, G151, and Y178 of human v as occurs in
SEQ ID NO:393 and amino acids H118, 8170, D171, Y172, N173 L174, D175, H200, and R201
of human P8 as occurs in SEQ 1D NO:394.

[0066] In some embodiments, an antibody {optionally a chimeric or humanized antibody) is
provided that comprises heavy chain CDRs SEQ ID N(G:562, SEQ ID NO: 563, and SEQ ID
NQO; 564 and light chain CDRs SEQ ID NO:569, SEQ ID NO: 570, and SEQ ID NO: 5371,
[6061] In some embodiments, an antibody {optionally a chimeric or humanized antibody) s

provided that comprises:

heavy chain CDRs SEQ ID N(:313, SEQ ID NO:314, and SEQ ID NO:315; and light chain
CDRs SEQ ID NO:334, SEQ ID NG:335, and SEQ ID N(O:336; or

heavy chain CDRs SEQ ID N(O:319, SEQ ID NO:320, and SEQ ID NO:321; and light chain
CDRs SEQ ID NO:340, SEQ ID NO:341, and SEQ ID NG:342; or

heavy chain CDRs SEQ ID N(:316, SEQ ID NO:317, and SEQ ID NO:318; and light chamn
CDRs SEQ ID NO:337, SEQ 1D NO:338, and SEQ ID NO:339; or

heavy chain CDRs SEQ ID NO:322, SEQ ID NO:323, and SEQ ID NO:324; and light chain
CDRs SEQ ID N(O:343, SEQ ID NO:344, and SEQ ID NO:345; or

heavy chain CDRs 8EQ ID NG:322, SEQ 1D NO:323, and SEQ ID NO:324; and light chain
CDRs SEQ 1D NO:346, SEQ ID NO:347, and SEQ ID NO:348; or

heavy chain CD)Rs SEQ ID N(O:322, SEQ ID NO:323, and SEQ ID NO:324; and light chain
CDRs SEQ ID NO:349, SEQ 1D NG:350, and SEQ ID NO:351; or

heavy chain CDRs SEQ 1D NO:325, SEQ ID NO:326, and SEQ 1D NO:327; and light chain
CDRs SEQ ID NO:352, SEQ ID NO:353, and SEQ ID NO:354; or
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heavy chain CDRs SEQ 1D N(O:325, SEQ 1D NO:326, and 8EQ ID NO:327; and light chain
CDRs SEQ ID NO:355, SEQ 1D NO:356, and SEQ ID NO:357; or

heavy chain CDRs SEQ 1D NO:325, SEQ ID NO:326, and SEQ D NO:327; and light chain
CDRs SEQ ID NO:358, SEQ ID N(:359, and SEQ 1D NQG:360; or

5 heavy chain CDRs SEQ 1D NO:367, SEQ ID NO:368, and SEQ D NO:369; and light chain
CDRs SEQ ID NO:373, SEQ ID NO:374, and SEQ 1D NO:375; or

heavy chain CDRs SEQ 1D NO:364, SEG D N(O:365, and SEQ ID NO:366; and light chain
CDRs SEQ ID NO:373, SEQ ID NG:374, and SEQ 1D NO:375; or

heavy chain CDRs SEQ 1D NO:367, SEQ ID NO:368, and SEQ D NO:369; and light chain
10 CDRs SEQID NO:376, 5EQ 1D NO:377, and SEQ 1D NO:378; or

heavy chain CDRs SEQ ID N(O:370, SEQ ID NO:371, and 8EQ 1D NO:372; and light chain
CDRs SEQ ID NO:373, SEQ ID NO:374, and SEQ ID NO:375; or

heavy chain CDRs SEQ ID NO:331, SEQ ID NO:332, and SEQ 1D NO:333; and light chain
CDRs SEQ ID NO:382, SEQ ID N(:383, and SEQ ID NO:384; or

15 heavy chain CDRs SEQ ID NO:379, SEQ ID N(:380, and SEQ ID NO:381; and light chain
CDRs SEQ ID NO:361, SEQ 1D NG:362Z, and SEQ 1D NO:363; or

heavy chain CDRs SEQ ID NO:331, SEQ ID N(»:332, and SEQ 1D NO:333; and light chain
CDRs SEQID NO:361, SEQ ID NO:362, and SEQ ID NO:363; or

heavy chain CDRs SEQ ID NO:508, SEQ ID N(:509, and SEQ 1D NO:510; and light chain
20 CDRs SEQ ID N(G:529, SEQ 1D NO:530, and SEQ ID NG:53t; or

heavy chain CDRs SEQ ID NO:S11, SEQ ID NO:512, and SEQ 1D NO:513; and light chain
CDRs SEQ ID NO:532, SEQ 1D NG:533, and SEQ ID NO:534; or

heavy chain CDRs SEQ ID NO:514, SEQ ID NO:515, and SEQ 1D NO:516; and light chain
CDRs SEQ ID NO:535, SEQ 1D NO:536, and SEQ ID NO:537; or

25 heavy chain CDRs SEQ ID NO:517, SEQ ID N(O:518, and SEQ ID NO:519; and light chain
CDRs SEQ 1D NO:538, SEQ ID N(:539, and SEQ 1D NO:540; or
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heavy chain CDRs SEQ 1D N(O:520, SEQ 1D NO:521, and 8EQ ID NO:522; and light chain
CDRs SEQ ID NO:541, SEQ 1D NO:542, and SEQ ID NO:543; or

heavy chain CDRs SEQ 1D NO:523, SEQ ID NO:524, and SEQ D NO:525; and light chain
CDRs SEQ ID NO:544, SEQ ID N(O:545, and SEQ 1D NQG:546; or

5 heavy chain CDRs SEQ 1D NO:526, SEQ ID NO:527, and SEQ D NO:528; and light chain
CDRs SEQ ID NO:547, SEQ ID NO:548, and SEQ 1D NO:549; or

other antibodies described herein.
[0062] Insome embodiments, the antibody 15 linked to a detectable label.

[0063] In some embodiments, the antibody further comprises heavy chain framework

10 sequences FR1, FR2, FR3, and FR4 as SEQ ID NO: 558, SEQ ID NO: 559, SEQ ID NO: 560,
and SEQ I3 NOG: 561, respectively, and hight chain framework sequences FR1, FR2, FR3,and
FR4 as SEQ ID NQO: 565, SEQ ID NO: 566, SEQ ID NO: 567, and SEQ [D NO: 568,

respectively.

[0064] Insome embodiments, the antibody further comprises heavy chain framework

15 sequences FRI, FR2, FR3,and FR4 as SEQ 1D NO: 550, SEQ 1D NQO: 551, SEQ 1D NO: 552,
and SEQ ID NO: 553, respectively, and light chain framework sequences FR1, FR2, FR3,and
FR4 as SEQ ID NO: 554, SEQ ID NO: 555, SEQ ID NO: 556, and SEQ 1D NQO: 557,

respectively.

{6065] In some embodiments, the antibody is humanized. In some embodiments, the

20 humanized antibody comprises SEQ ID N(O:3935, SEQ 1D N(: 403, SEQ ID NO:411; SEQID
NQO:419, SEQ ID NO:427, SEQ 1D NO:443, SEQ ID NO:451, SEQ ID NO:459, SEQ ID
NO467, SEQ ID NO:475, SEQ 1D NO:484, or SEQ ID NG:500.

[8066] Also provided is an antibody that binds to av38 and ovB6 and comprising a light chain
CDRI comprising the sequence RGDL. In some embodiments, the antibody comprises variable

25 regions comprising heavy chain CDRs SEQ 1D NO:523, SEQ 1D NO:524, and SEQ ID NO:525;
and light chain CDRs SEQ 1D NO: 544, SEQ 1D NQ:545, and SEQ 1D NQO:546; or heavy chain
CDRs SEQ ID NO:526, SEQ ID NO:527, and SEQ 1D NO:528; and light chain CDRs SEQ ID
NO:547, SEQ ID NO:548, and SEQ ID NO:549,
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{0067] Insome embodiments, the antibody further comprises heavy chain framework
sequences FR1, FR2, FR3 and FR4 as SEQ ID NO: 558, SEQ ID NO: 559, SEQ ID NO: 560,
and SEQ I3 NOG: 561, respectively, and light chain framework sequences FR1, FR2, FR3 and
FR4 as SEQ 1D NO: 565, SEQ ID NQO: 566, SEQ 1D NO: 567, and SEGQ [D NO: 568,
5 respectively.

{6068] In some embodiments, the antibody further comprises heavy chain framework
sequences FR1, FR2, FR3 and FR4 as SEQ ID NO: 550, SEQ ID NO: 551, SEQ ID NO: 552,
and SEQ ID NO: 553, respectively, and light chain framework sequences FR1, FR2, FR3,and
FR4 as SEQ ID NO: 554, SEQ ID NO: 535, SEQ ID NO: 556, and SEQ 1D NQO: 557,

10 respectively.
[0069] Insome embodiments, the antibody is humanized.
{0070] In some embodiments, the antibody is linked 1o a detectable label.

{0071] Also provided is an antibody that specifically binds human ovf38 and blocks binding of
TGFB peptide to ovP8, wherein the anttbody binds to the specificity determining loop (S8DL) of
15 human B8. In some embodiments, the antibody further binds to one, two, or all three of the
human av-head domain, the o1 helix of human P8, or the o2 helix of human B8. In some
embodiments, the antibody is humanized or chimeric. In some embodiments, the antibody is

linked to a detectable label.

[06072] Also provided is a pharmaceutical composition comprising an antibody as described
20 above or elsewhere herein in a pharmaceutically acceptable excipient.
[6073] Also provided is a3 method of enhancing an immune response to a viral infection in a
human individual. Tn some embodiments, the method comprises administering a sufficient
amount of an antibody as described above or elsewhere herein to the individual, thereby
enhancing an immune response 1o the viral mfection.
25  {0074] Insome embodiments, the viral infection is a hepatitis infection. In some embodiments,

the viral infection is a hepatitis B infection.

[6075] Also provided is 3 method of enhancing an immune response to a viral infection in g

human individual, the method comprising administering a sufficient amount of the antibody to

20
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the individual, wherein the antibody specifically binds to human av8 and blocks binding of
TGFB peptide to wvp8 or blocks activation of avP8 by binding of TGFB human avf38, thereby

enthancing an immune response to the viral infection.

[0076] Also provided is a method of enhancing an immune response to cancer in a human
individual, the method comprising administering a sufficient amount of an antibody as described
above or elsewhere herein to the individual, thereby enhancing an immune response to the

cancer.

{6077] 1Insome embodiments, the cancer is lung cancer. In some embodiments, the cancer is a

metastatic cancer. In some embodiments, the cancer is a primary cancer.

[0078] Also provided is a method of enhancing an immune response to H. pyroli in a human
individual, the method comprising administering a sufficient amount of an antibody as described

above or elsewhere herein to the individual, thereby enhancing an immune response to H. pyrofi.

{0079] Insome embodiments, the human individual has a pepiide ulcer, gastric carcinoma or

MALT lymphoma.

{0080] Also provided is an antibody that specifically binds to human avP8 and that comprises
human heavy chain CDRs SEQ ID N(O:299, SEQ 1D NQ:301, and SEQ 1D NO:303; and light
chain CDRs SEQ 1D NO:307, SEQ ID NO:309, and SEQ ID NO:311.  Alteratively, any
antibodies having heavy chain CDRs or a heavy chain variable region as set forth in FIG. 53 and
tight chain CDRs or a light chain variable region from a corresponding sequence as set forth in
FIG. 54 can be used

{0081] Insome embodiments, the antibody is linked to a detectable label.

{0082] Also provided is a method of detecting the presence, absence, or quantity of human in a
sample, the method comprising, contacting to the sample an antibody that specifically binds to
human av38 and that comprises human heavy chain CDRs SEQ 1D NO:299, SEQ ID NO:301,
and SEQ ID N(O:303; and light chain CDRs SEQ 1D NO:307, SEQ ID NO:309, and SEQ ID
NQO:311, and detecting or quantifying binding of the antibody to the sample.

{6083] In some embodiments, the sample is a formalin-fixed sample,
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BRIEF DESCRIPTION OF THE DRAWINGS
{6084] FIG. 1 illustrates heavy chain aming acid sequences for clones used in the construction
of the composite antibody C6D4. B13C4 15-8: all sequences (SEQ ID NO:1), Framework 1
(SEQ ID NO:2), CDR1 (8EQ ID NO:3), Framework 2 (SEQ ID NO:4), CDR2Z (SEQ ID NO:5},
Framework 3 (SEQ 1D NO:6), CRD3 (8EQ ID NO:7), and Framework 4 (SEQ 1D NO:8);
B13C4 15-10: all sequences {(SEQ 1D NO:9), Framework 1 (8EQ 1D NG:10), CDR1 (SEQ ID
NO:11), Framework 2 (SEQ ID NO:12), CDR2 (SEQ ID NO:13), Framework 3 (SEQ ID
NQO:14), CRD3 (SEQ ID NO:15), and Framework 4 (SEQ 1D NO:16); B13H3.2: all sequences
{(SEQ ID NO:17), Framework 1 (SEQ 1D NOG:18), CDR1 (SEQ ID NO:19), Framework 2 (SEQ
1D NO:20), CDRZ (SEQ ID NO:21), Framework 3 (SEQ ID NO:22), CRD3 (SEQ ID NO:23),
and Framework 4 (SEQ ID NO:24); BI3CI1231015: all sequences (SEQ ID N(O:25), Framework
1(SEQ ID NO:26), CDR1 (SEQ ID NO:27), Framework 2 (SEQ ID NO:28), CDR2 (SEQ ID
NG:29), Framework 3 (SEQ 1D NO:30), CRD3 (SEQ ID NO:31), and Framework 4 {SEQ I3
NQ:32); BI1SB11Vh: all sequences (SEQ ID NO:33), Framework 1 (SEQ 1D NO:34), CDR1
{SEQ ID NO:38), Framework 2 (SEQ ID NO:36), CDR2 (SEQ I3 NO:37), Framework 3 {(SEQ
1D NO:38), CRD3 (SEQ 1D NO:39), and Framework 4 (SEQ ID NO:40); B2B2 15-9: all
sequences (SEQ ID NO:41), Framework 1 (SEQ ID NG:42), CDR1 (SEQ ID NO:43),
Framework 2 (8EQ ID NO:44), CDR2 (SEQ ID NO:45), Framework 3 (SEQ ID NO:46), CRD3
(SEQ ID NO:47), and Framework 4 (SEQ ID NG:48); R11D12715.3: all sequences (SEQ ID
NO:49), Framework 1 (SEQ ID NO:50}, CDR1 (SEQ ID NO:51), Framework 2 (SEQ ID
NQO:52), CDR2 (SEQ ID NO:53), Framework 3 (SEQ ID NO:54), CRD3 (SE(Q ID NO:55), and
Framework 4 (SEQ ID NO:56); RSDILVH-1. all sequences (SEQ [D NO:57 and SEQ ID
NO:65), Framework 1 (SEQ ID NO:58 and SEQ ID NO:66}, CDR1 (SEQ ID NO:59 and SEQ
D NG:67), Framework 2 (SEQ 1D NO:60 and SEQ 1D NG:68), CDR2 (SEQ 1D NO:61 and
SEQ ID NO:69}, Framework 3 (SEQ ID NO:62 and SEQ ID NO:70), CRD3 (SEQ ID NO:63
and SEQ ID NO:71), and Framework 4 (SEQ ID NO:64 and SEQ 1D NO:72); RSDLVH-3: all
sequences (SEQ ID NQ:73), Framework 1 (SEQ ID NO:74), CDR1 (S8EQ 1D NO:735),
Framework 2 (SEQ ID NO.76), CDR2 (SEQ 1D NG:77}, Framework 3 (SEQ ID NO:78), CRD3
{SEQ 1D NO:79), and Framework 4 (SEQ ID NO:80); RSDLVH-16: all sequences (SEQ ID
NO:81), Framework 1 (SEQ ID NO:82), CDR1 (SEQ ID NO:83), Framework 2 (SEQ ID
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NQO:84}, CDR2 (SEQ ID NO:85), Framework 3 (SEQ ID N(O:86), CRD3 (SEQ ID NO:87), and
Framework 4 (SEQ ID NO:§8); both 29 and 44: all sequences (SEQ ID NO:89), Framework 1
{SEQ ID NO:90}, CDR1 (SEQ ID NO:91), Framework 2 (SEQ 1D NO:92), CDR2 (SEQ ID
N(:93), Framework 3 (SEQ ID NO:94), CRD3 {SEQ ID N(:95), and Framework 4 {(SEQ ID
NQ:96);, A1=B4=F9: all sequences (SEQ ID NO:97), Framework 1 (SEQ [D NO:98), CDR1
(SEQ ID NO:99}, Framework 2 (SEQ ID NO:100), CDR2 (SEQ ID NO:101), Framework 3
{SEQ 1D NO:102), CRD3 (SEQ ID NO:103), and Framework 4 (SEQ ID NO:104);, A5=C6: all
sequences (SEQ ID NO:103), Framework 1 (SEQ 1D NO:106), CDR1 (SEQ ID NO:107),
Framework 2 (SEQ 1D NO:108), CDR2 (SEQ ID NO:109), Framework 3 (SEQ 1D NOG:110),
CRD3 (SEQ ID NO:111), and Framework 4 (SEQ ID NO:112); D4=E6: all sequences (SEQ ID
NQ:113), Framework 1 (SEQ ID NO:114), CDR1 (SEQ ID NG:115), Framework 2 (SEQ ID
NO:116), CDR2 (SEQ ID NO:117), Framework 3 (SEQ ID NO:118), CRD3 (SEQ ID NO:119),
and Framewark 4 (SEQ ID NO:120); and C6D4: all sequences (SEQ 1D NO:121), Framework 1
(SEQ ID NG:122), CDRI (SEQ ID NO:123), Framework 2 (SEQ ID NO:124), CDR2 (SEQ ID
NO:125), Framework 3 (SEQ ID NO:126), CRD3 (SEQ ID NO:127), and Framework 4 (SEQ ID
NO:128).

[0083] FIG. 2 illustrates light chain amino acid sequences for clones used in the construction
of the composite antibody C6D4. B2B2 35-20: all sequences (SEQ ID NO:129), Framework 1
{(SEQ ID NO:130), CDR1 (SEQ ID NO:131), Framework 2 (SEQ ID NG:132), CDR2 (SEQ ID
NO:133), Framework 3 (SEQ ID NO:134), CRD3 (SEQ ID NO:135), and Framework 4 (SEQ ID
NO:136); B2B2 35-26; all sequences (SEQ ID NO:137), Framework 1 (SEQ ID NO:138), CDR1
(SEQ ID NO:139), Framework 2 (SEQ ID NO:140), CDR2 (SEQ ID NO:141), Framework 3
{SEQ ID NO:142), CRD3 (B8EQ ID NO:143), and Framework 4 (SEQ ID NO:144),
B15B11vk34-26: all sequences (SEQ ID NO:145), Framework 1 (SEQ ID NO:146), CDR1
(SEQ ID NQO:147), Framework 2 (SEQ ID N0:148), CDR2 (S8EQ ID NO:149), Framework 3
(SEQ ID NO:150), CRD3 (SEQ ID NO:151), and Framework 4 (SEQ ID NO:152);
B15B11ivk33-24: all sequences (SEQ ID N(O:153), Framework 1 (SEQ ID NO:154), CDR1
(SEQ ID NO:155), Framework 2 (SEQ ID NO:156), CDR2 (SEQ ID NO:157), Framework 3
(SEQ ID NO:158), CRD3 (SEQ ID NO:159), and Framework 4 (SEQ ID NO:160),
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B15B11vk35-26: all sequences (SEQ ID N(O:161), Framework 1 (SEQ ID NO:162), CDR1
(SEQG ID NO:163), Framework 2 (SEQ 1D NO:164), CDR2 (SEQ ID NO:163), Framework 3
{(SEQ ID NO:166), CRD3 (SEQ ID NO:167), and Framework 4 (SEQ ID NO:168); B13C12134-
25: all sequences (SEQ ID NO:169), Framework 1 (SEQ 1D NO:170), CDR1 (SEQ ID NO:171),
Framework 2 (SEQ 1D NO:172), CDR2 (SEQ ID NO:173), Framework 3 (SEQ ID N(:174),
CRD3 (SEQ ID NO:175), and Framework 4 (SEQ ID NO:176); B13C12133-26: all sequences
{SEQ ID NO:177), Framework 1 (SEQ ID N(O:178), CDR1 (SEQ ID NO:179), Framework 2
(SEQ ID NO:180), CDR2 (SEQ ID NO:181), Framework 3 (SEQ ID NO:182), CRD3 (SEQ ID
NQ:183), and Framework 4 (SEQ 1D NO:184); B13C4 35-20: all sequences (SEQ ID NO:185},
Framework 1 (SEGQ ID NG:186), COR1 (SEQ 1D NO:187), Framework 2 (SEQ ID NO:1388),
CDR2 (SEQ ID NO:189}, Framework 3 (SEQ ID NO:190), CRD3 (SEQ ID NO:191), and
Framework 4 (SEQ 1D NO:192); B15B11vk35-20: all sequences (SEQ ID NO:193), Framework
F(SEQ ID NO:194), CDR1 (REQ ID NO:195), Framework 2 (SEQ 1D NO:196}, CDR2 (SEQ ID
NG:197), Framework 3 (SEQ ID NO:198), CRD3 (8EQ 1D NO:199), and Framework 4 (SEQ ID
NQ:200); B13C12335-25: all sequences (SEQ ID NO:201), Framework 1 (SEQ ID NO:202),
CDR1 (SEQ ID NO:203), Framework 2 (SEQ ID NO:204), CDRZ (SEQ ID NO:205),
Framework 3 (SEQ ID NO:206), CRD3 (SEQ ID NO:207), and Framework 4 (SEQ ID NO:208);
B13C1233520: all sequences (SEQ ID NO:209), Framework 1 (SEQ ID NO:210), CDR1 (8EQ
ID NO:211), Framework 2 (SEQ ID NO:212), CDR2 (SEQ ID NO:213), Framework 3 (SEQ ID
NO:214), CRD3 (SEQ ID NO:215), and Framework 4 (SEQ ID NO:216); RSDLVK-1: al
sequences (SEQ ID NO:217), Framework 1 (SEQ ID NO:218), CDRI1 (SEQ ID NG:219},
Framework 2 (SEQ ID NO:220), CDR2 (SEQ ID N(G:221), Framework 3 (SEQ ID NO:222),
CRD3 (REQ ID N(:223), and Framework 4 (SEQ ID N(O:224); RSDLVE-6: all sequences (SEQ
1D NO:225}, Framework 1 (SEQ ID NO:226), CDR1 (SEQ 1D NG:227), Framework 2 (SEQ 1D
N(:228), CDR2 (SEQ ID NO:229), Framework 3 (SEQ ID NO:230), CRD3 (SEQ ID NO:231),
and Framework 4 (SEQ 1D NO:232); RSDLVK-10: all sequences (SEQ ID NO:233),
Framework 1 (SEG ID N(:234), CDR1 (SEQ 1D NO:235), Framework 2 (SEQ 1D NG.236),
CDR2 (SEQ 1D NO:237}, Framework 3 (SEQ ID NO:238), CRD3 (SEQ 1D NO:239), and
Framework 4 (SEQ ID NO:240);, RSDLVK-13: all sequences (SEQ [ N(:241), Framework 1
(SEQ ID NO:242), CDR1 (SEQ ID N(:243), Framework 2 (SEQ ID NOG:244), CDR2 (SEQ ID
NO:245), Framework 3 (SEQ 1D NO:246), CRD3 (SEQ 1D N0O:247), and Framework 4 (SEQ ID
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NQO:248); 29: all sequences {SEQ ID N(:249), Framework 1 (SEQ ID N0O:250), CDR1 (SEQ 1D
NO:251), Framework 2 (SEQ 1D NO:252), CDR2 (SEQ ID NO:253), Framework 3 (SEQ ID
NG:2543, CRD3 (SEQ ID MNO:255), and Framework 4 (SEQ ID NO:256); 44: all sequences
(SEQ ID NO:257), Framework 1 (SEQ ID NO:258), CDR1 (SEQ ID NO:259), Framework 2
(SEQ ID NO:260), CDR2 (SEQ ID NO:261), Framework 3 (SEQ ID NO:262), CRD3 (SEQ ID
NO:263), and Framework 4 (SEQ ID NO:264); A1=B4=F9: all sequences (SEQ ID NO:265},
Framework 1 {SEQ 1D NO:266), CDR1 (SEQ ID NO:267), Framework 2 (SEQ ID NO:268),
CDR2 (SEQ ID NO:269), Framework 3 (SEQ ID NO:270), CRD3 (SEQ ID NO:271), and
Framework 4 (SEQ 1D NO:272); A5=C6: all sequences (SEQ 1D NO:273), Framework 1 (SEQ
1D NO:274), CDR1 (SEQ ID NO:275), Framework 2 (SEQ ID NO:276), CDR2Z (SEQ 1D
NQ:277), Framework 3 (SEQ ID NO:278), CRD3 (SEQ 1D N(G:279), and Framework 4 (SEQ ID
NO:280);, D4=E6: all sequences (SEQ 1D NO:281), Framework 1 (SEQ ID NO:282), CDR1
(SEQ ID NO:283), Framework 2 (SEQ ID NO:284), CDR2 (SEQ ID NO:285), Framework 3
{SEQ TD NO:286), CRD3 (SEQ ID NO:287), and Framework 4 (SEQ ID N(O:288); and CoDM4;
all sequences (SEQ ID N(G:289), Framework 1 (SEQ ID NG:290), CDR1 (8EQ ID NO:291),
Framework 2 (SEQ ID NO:292), CDR2 (SEQ ID NO:293), Framework 3 (SEQ 1D N(O:294),
CRD3 (8EQ 1D NO:295), and Framework 4 (SEQ 1D NO:296).

[0086] FIG 3 is a plot of transforming growth factor-beta (TGF-B) binding inhibition
percentages for different concentrations of the allosteric inhibitor BS and the composite antibody

CoD4,

[0087] FIG. 4 illustrates conservation of epitope among mammals, indicating the antibodies
can be useful in muliiple preclinical animal models and have broad utility, including in
veterinary applications. Human av (SEQ ID NO:591); Chimp av (SEQ ID NO:592); Rhesus av
(SEQ ID NO:593); Cyno av (SEQ ID NO:594); Cow av (SEQ ID NO:593); Pigav (SEQID
NQO:596), Horse av (SEQ 1D NO:597); Mouse av (SEQ ID NO:598); Ratav (SEQID
NO:599); Armadillo av (SEQ ID NO:600); Platypus av (SEQ ID NO:601); Human 8 (SEQ
1D NG:602), Chimp BB (SEQ ID N(G:603), Rhesus P8 (SEQ ID NO:604);, Cyno B8 (SEQID
NO:605); Cow B8 (SEQ ID NO.606);, Pig BS(SEQ ID NO:6073; Horse P8 (SEQ ID NO:608);
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Mouse B8 (SEQ ID NO:609); Rat 8 (SEQ ID NO:610); Armadillo B8 (SEQ ID NO:611); and
Platypus 8 (SEQ ID NO:612).

{0088] FIG. 5 illustrates integrin alphaV (SEQ ID NO:394) and beta8 (SEQ ID NO:395)

sequences. The epitope for C6D4 is in bold underlined ialics,

{6089] FIG. 6 illustrates cryvoEM results, highlighting the interactions between C6D4 and the
(SDL} loop of B8, the ol and 02 helices of B8, and the head of av.

{0096] FIG. 7 illusirates the residues of the SDL and B8 al and a2 helices and av head of
integrin ovB8 that directly interact with C6D4 ypon binding, The head sequence of integrin av is
FNLDVDSPAEYSGPEGSYFGFAVDFEFVPSASSRMFLLVGAPKANTTOPGIVEGGQVLKC
DWSSTRRCOPIEFDATGNRDYAKDDPLEFKSHOWFGASVRSKOQDKILACAPLYHWRTE
MKQEREPVGTCFLODGTKTVEYAPCRSQDIDADGQGFCQGGFSIDFTKADRVLLGGPGS
FYWOQGQLISDOVAEIVSKYDPNVYSIKYNNQLATRTAQAIFDDSYLGYSVAVGDENGD
GIDDFVSGVPRAARTLGMYYTYDGKNMSSLYNFTGEQMAAYFGFSVAATDINGDDYAD
VFIGAPLFMDRGSDGKLOQEVGQVSVSLORASGDFQTTKLNGFEVFARFGSAIAPLGDLD
QDGFNDIATAAPYGGEDKKGIVYIFNGRSTGLNAVPSQILEGQWAARSMPPSFGYSMKG
ATDIDKNGYPDLIVGAFGVDRAILYRARP (SEQ ID NO:623). Sequences C6D4 Vi CDRI1
{SEQ 1D NO:613); C6D4 Vh CDR2 (SEQ ID NO:614); C6D4 Vh CDR3 (SEQ ID NG615);
C6D4 Vk CDR1 (SEQ ID NO:616); C6D4 Vi CDR2 (SEQ ID NO:617), C6D4 Vi CDR3 (SEQ
D NO:618); B8, a1 helix (SEQ ID NO:619); $8, SDL (SEQ ID NO:620); B8, o2 helix (SEQ ID
NO:621) ; and oV, B-propeller domain blade W3 (SEQ 1D NO:622).

[0091] FIG. 8 illustrates the overlapping of the C6D4 epitope with the ligand binding pocket of

integrin avB8, in relation to the association of the integrin with latent TGF-J.

{0092] FIG. 91s a plot of percent survival of mice injected with Lewis lung carcinoma (LLC)
cells. The primary tumors were removed and the amimals treated with C6D4 murine IgG2a or
SV5 isotype control at a dosage of 7 mg/kg once per week. In this model, mice are euthanized

after losing 20% body weight due to recurrence of the primary tumor or due to metastasis.

[0093] FIG 10 1s a table of HepB surface antigen (HBSag) clearance from a chronic infection

mouse model as a result of treatment with C6134.
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{60%94] FIG. 11A-B illustrate amino acid sequences for clones used in the construction of the
engineered antibody 4F1F9, an antibody used for detection of av[38 in human tissues. FIG. 11A
Sequences - 4F1 : all sequences (SEQ 1D NG:624), Framework 1 (SEQ 1D NG:625), CDR1
(SEQ ID NQO:628), Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID NO:634), Framework 3
(SEQ ID NO:637), CDR3 (SEQ ID NO:651), Framework 4 (SEQ ID NO:655), 6B9 : all
sequences (SEQ ID NO:656), Framework 1 (SEQ ID N(O:625), CDRI1 (SEQ 1D NO:629),
Framework 2 (SEQ ID NO:632), CDR2 (SEQ 1D NO:635), Framework 3 (SEQ ID NO:638),
CDR3 (SEQ 1D NO:652), Framework 4 (SEQ ID NO:655), 6B9.1 . all sequences (SEQ ID
NO:657), Framework 1 (SEQ 1D NG:625), CDRI (SEQ ID NO:629), Framework 2 (SEQ ID
NO:632), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NO:638), CDR3 (SEQ ID NO:653),
Framework 4 (SEQ ID NO:655), Al : all sequences (SEQ ID NO:658}, Framework 1 (SEQ ID
NO:626}, CDR1 (SEQ D NO:629), Framework 2 (SEQ 1D NO:633), CDR2 (SEQ ID NO:636),
Framework 3 (SEQ ID N0:639), CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID N(O:655), A2
: all sequences (SEQ ID NO:659), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NG:629),
Framework 2 (SEQ 1D NO:633), CDR2 (SEQ 1D NO:636), Framework 3 (SEQ 1D NO:640),
CDR3 (8EQ 1D NO:654), Framework 4 (SEQ ID NO:655), A8 : all sequences (SEQ 1D
NO:660), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NO:629), Framework 2 (SEQ ID
NO:633), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NO:641), CDR3 (SEQ ID NO:654),
Framework 4 (SEQ 1D NO:655), Al1 : all sequences (SEQ ID NO:661}, Framework 1 (SEQ ID
NO:625), CDR1 (SEQ ID NO:630), Framework 2 (SEQ ID NO:633), CDR2 (SEQ ID NO:636),
Framework 3 (SEQ ID NO:638), CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NO:655), Bi
- all sequences (SEQ ID NO:662), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NO:629),
Framework 2 (SEQ ID NG:632), CDR2 (SEQ 1D NO:636), Framework 3 (SEQ ID NO:642),
CDR3 (SEQ ID NO:654), Framework 4 (SEQ 1D NO:655), B3 : all sequences (SEQ ID
NO:663), Framework 1 (SEQ ID NO:625), CDRI1 (SEQ ID NO:629), Framework 2 (SEQ ID
NO:633), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NO:643), CDR3 (SEQ ID NO:654),
Framework 4 (SEQ ID NO:655), C4=F10 : all sequences (SEQ ID NO:664), Framework 1 (SEQ
ID NO:625), CDR1 (SEQ ID NO:629), Framework 2 (SEQ ID N(G:633), CDR2 (SEQ ID
NO:636), Framework 3 (SEQ ID NO:644), CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID
N:655), C7=D1 : all sequences (SEQ ID NG:665), Framework 1 (SEQ ID NO:625), CDR1
{(SEQ ID NO:629), Framework 2 (SEQ ID N(:633), CDR2 (8EQ ID NO:636), Framework 3

27

Date Recgue/Date Received 2023-12-19



10

15

20

30

WO 2018/064478 PCT/US2017/054306

(SEQ ID NO:644}, CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NOG:655), D3=F1 : all
sequences (SEQ ID NO:666), Framework 1 (S8EQ 1D NO:625), CDR1 (SEQ ID NO:629),
Framework 2 (SEQ ID NO:633), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NG:645),
CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NO:655), D10=ES : all sequences (SEQ ID
NQ:667), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NG:629), Framework 2 (SEQ ID
NO:633), CDR2 (SEQ 1D NO:636), Framework 3 (SEQ ID NO:646), COR3 (SEQ ID NO:654),
Framework 4 (SEQ 1D NO:655), G4 . all sequences (SEQ ID NO:668), Framework 1 (SEQ ID
NO:625), COR1 (SEQ ID NO:629), Framework 2 (SEQ ID NO:633), CDR2 (SEQ ID NO:636),
Framework 3 (SEQ 1D NO:647), CDR3 (SEQ ID NO:654), Framework 4 (SEQ 1D N(:655), C4
- all sequences (SEQ ID NO:669), Framework 1 (SEQ 1D NO:625), CDRI1 (SEQ ID NO:629),
Framework 2 (SEQ 1D NO:633), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NO:650),
CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NO:655), D10 : all sequences (SEQ ID
NQ:670), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NG:629), Framework 2 (SEQ 1D
NO:633), CDR2 (8EQ ID NO:636), Framework 3 (SEQ ID NO:646), CDR3 {(SEQ ID NO:654),
Framework 4 (SEQ ID NQO:655), 4F1A11 : all sequences (SEQ 1D NO:671), Framework 1 (SEQ
ID NO:625), CDRI (SEQ ID NO:629), Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID
NQO:636), Framework 3 (SEQ ID NO:650), CDR3 (SEQ ID NO:654), Framework 4 (SEQ 1D
NO:655), 4F1E1 : all sequences (SEQ 1D NO:672), Framework 1 (SEQ ID NO:625), CDR1
(SEQ ID NO:631), Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID NO:636), Framework 3
{SEQ ID NO:638}, CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NO:653), 4F1G3 : all
sequences (SEQ ID NO:673), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NO:631},
Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID N(:636), Framework 3 (SEQ ID NO:648),
CDR3 (REQ ID N(O:654), Framework 4 (SEQ 1D NO:655), 4F1E10 : all sequences (SEQ ID
NG:674}, Framework 1 (SEQ ID NO:627), CDR1 (SEQ 1D NG:631), Framework 2 (SEQ ID
N(:632), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NO:638), CDR3 (SEQ ID NO:654),
Framework 4 (SEQ ID NQO:655), 4F1E9 | all sequences (SEQ ID NO:675), Framework 1 (SEQ
ID NO:625), CDRI (SEQ ID NO:629), Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID
NO:636}, Framework 3 (SEQ ID NO:638), CDR3 (S8EQ ID NO:654), Framework 4 (SEQ ID
NO:655), 4F1H12 : all sequences (SEQ ID NO:676), Framework 1 (SEQ ID NO:625), CDR1
{SEQ 1D NO:631}, Framework 2 (SEQ ID NO:632), CDR2 (S8EQ 1D NO:636), Framework 3
(SEQ ID NO:649), CDR3 (8EQ ID NO:654), Framework 4 (SEQ ID NO:655), F9 : all
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sequences (SEQ ID NO:677), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NO:631),
Framework 2 (SEQ D NG:632), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NG:638),
CDR3 (SEQ 1D NO:654), and Framework 4 (SEQ 1D NO:655). FIG. 11B Sequences - 4F1 : all
sequences (SEQ ID NO:678), Framework 1 (SEQ ID NO:692), CDR1 (SEQ 1D NO:693),
Framework 2 (SEQ 1D NO:694), CDR2 (8EQ ID NO:695), Framework 3 (SEQ ID N(G:.696),
CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID NO:698), 6B9 : all sequences (SEQ ID
NO:679), Framework 1 (SEQ ID NO:699), CDR1 (SEQ ID NO:700), Framework 2 (SEQ ID
NO:701), CDRZ (SEQ ID NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID
NQ:702), Framework 4 (SEQ D NO:698), 6B9.1 : all sequences (SEQ ID NO:680),
Framework 1 (SEQ ID NG:703), CDR1 (SEQ ID NO:693), Framework 2 (SEQ 1D NO:694),
CDR2 (SEQ ID NO:695), Framework 3 (SEQ 1D NO:696), CDR3 (SEQ 1D NO:697),
Framework 4 (SEQID NO:698), Al =A2=C4=C7=D1=DI10=E5=F1 =F10=G4 : all
sequences (SEQ ID NO:681), Framework 1 (SEQ ID NG:703), CDR1 (SEQ ID NO:693),
Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ 1D NO:696),
CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID NO:698), A8 : all sequences (SEQ ID
NO:682), Framework 1 (SEQ ID NO:703), CDRI1 (SEQ ID NO:693), Framework 2 (SEQ ID
NO:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID
NG:697), Framework 4 (SEQ ID NO:698), A1l : all sequences (SEQ 1D NO:683), Framework
F{SEQID NO:704), CDRI1 (SEQ ID NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ
1D NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID N0O:697), Framework 4 (SEQ
ID NG:698), B : all sequences (SEQ 1D NO:684), Framework 1 (8EQ 13 NO:703), CDR1
(SEQ ID NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID NO:695), Framework 3
(SEQ ID NO:6%6), CDR3 (SEQ ID N(:697), Framework 4 (SEQ ID NO:698), B3 : all
sequences (SEQ 1D NO:685), Framework 1 (SEQ 1D NG:703), CDR1 (SEQ ID NO:693),
Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID N(:696),
CDR3 (SEQ 1D NO:697), Framework 4 (SEQ 1D NO:698), D10=ES . all sequences (SEQ ID
N(O:686), Framework 1 (SEQ ID NO:703), CDR1 {SEQ ID NO:693), Framework 2 (SEQ ID
NO:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID
N(:697), Framework 4 (SEQ ID NO.698), C4 : all sequences (SEQ ID N(:687), Framework 1
{SEQ 1D NO:703}, CDRI (S8EQ ID NG:693), Framework 2 (SEQ ID NG:694), CDRZ (SEQID
NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID
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NQO:706), D10 all sequences (SEQ 1D NO:688), Framework 1 (SEQ ID NO:699), CDR1
(SEG ID NO:693), Framework 2 (SEQ ID N(O:694), CDR2 (SEQ I NO:695), Framework 3
{(SEQ ID NO:696), CDR3 (SEQ ID NO:697), Framework 4 (S8EQ ID NO:7006), 4F1E] =
1F1G3 = 4F1B5 = 4F1G11 = 4F1A9 = 4F1B9 = 4F1H9 = 4F1D10 = 4F1E9 = 4F1F10 = 4F1H11
=4F1H12 : all sequences (SEQ 1D NO:689), Framework 1 (SEQ ID NO:703), CDR1 (SEQID
NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID
NQO:696), CDR3 (SEQ ID NO:697), Framework 4 (SEQ 1D NO:698), 4FA11 : all sequences
(SEQ ID NO:690), Framework 1 (SEQ ID NO:705), CDR1 (SEQ ID NO:693), Framework 2
(SEQ ID NO:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID
N(:697), Framework 4 (SEQ ID NO:698), F9: all sequences (SEQ ID N(O:691), Framework 1
(SEQ ID NO:703), CDRI1 (SEQ ID NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID
NG:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID NO:697), and Framework 4 (S8EQ
1D NO:706).

[6095] FIG. 12 demonstrates how the C6D4 epitope overlaps directly with the ligand binding
pocket of integrin V&, preventing association of integrin aVB8 with L-TGFB and thus
activation of L-TGFB. Representative class averages of integrin complexes observed hy negative

staining electron microscopy.

[0096] FIG. 13 illustrates a model of how the complex 1s generated from the crystal structure
of V3 (PDB ID: 31JE), with the B8 model based on 3 using CHIMERA and MODELLER.
(Yang et al., J Struct Biol. 2012 Sep;179(3).269-78). Refinement of the model to the cryo-
electron microscopy map 1s done n rigid body in COOT (Emsley P, et al, Acta
Crystallographica Section D - Biological Crystallography. 2010, 66:486-501), followed by
complete refinement in PHENIX (Adams et al., Acta Cryst. 2010; D66:213-221).

[8097] FIG. 14 illustrates interaction of CoD4 Vk CDR1 (SEQ ID NO:616) with integrin oV
(SEQ ID NO:622, positions 46-52 and 75-79): Model of the «VP8/C6D4 Fab complex.
Interacting residues are represented as sticks. The dashed lines represent inter-atom distances

comprised between 2.5 and 4.0A indicating potential interactions.

[0098] FIG. 15 illustrates interaction of C6D4 with the SDL region of integrin 8: Model of
the o VB8/C6D4 Fab complex. Interacting residues are represented as sticks. The dashed lines

represent inter-atom distances comprised between 2.5 and 4.0A indicating potential interactions.
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CoD4 Vh CDR1 (SEQ 1D NO:707), C6D4 Vh CDR3 (SEQ ID NO:615}, (8, SDL (SEQ ID
NO:620), C6D4 Vk CDRI1 (SEQ ID NO:616), C6D4 Vk CDR2 (SEQ ID NO:708), and C6D4
Vk CDR3 {(SEQ 1D NO:618).

[6099] FIG. 16 illustrates interaction of C6D4 Vk CDR2 (SEQ ID NO:617) with the al helix
of integrin §8 (SEQ ID NO:619): Model of the aV(8/C6D4 Fab complex. Interacting residues
are represented as sticks. The dashed hines represent inter-atom distances comprised between 2.5

and 4.0A indicating potential interactions.

{0100] FIG. 17 illustrates interaction of C6D4 Vk CDRI (SEQ 1D NO:613}) with the 02 helix
of integrin B8 (SEQ ID NO:621): Model of the aVB8/C6D4 Fab complex. Interacting residues
are represented as sticks. The dashed lines represent inter-atom distances comprised between 2.5

and 4.0A indicating potential interactions.

i0181] FIG. 18 1Hlustrates that C6D4 blocks the access of L-TGFR to the ligand binding pocket
of integrin B8 and C6D4 bound to integrin aVP8 directly clashes with the position of the
RGDLGRLKK loop of L-TGFpB (SEQ ID NO:712). The surface of the aVB8/C6D4 Fab complex
is shown. The surface 15 aV[8, while the cartoon is C6D4. In sticks are superimposed the
residues RGDLGRLKK (SEQ ID NO:712) from the integrin binding loop of L-TGFp as found
when bound to integrin a V6 (PDB 4UM9) ((4) Structural determinants of integrin $-subunit
specificity for latent TGF-B. Dong X, er al. Nar. Struct. Mol. Biol. 2014 Dec;21(12).1091-6).

{0102] F1G 19 shows that C6D4 is a potent inhibitor of binding of secreted av8 to L-TGF-b3
peptide.

{0103] FIG. 20 shows that C6D4 is a potent inhibitor of cell avB8-mediated cell adhesion to L-
TGE-b3 peptide.

{0164] FIG. 21 shows immunodetection of the integrin b8 sybunit in formalin fixed paraffin
embedded sections from patient infected with H. Pvlori (A,B) or showing normal histology
{C,D). The sections were stained with clone F9 in rabbit IgG format and detected using TSA
signal amplification (Perkin Elmer). The brown precipitate indicates positive staining and the
nuclei are counterstained with hematoxylin. The arrows indicate examples of posifive crypis with
stained crypt epithehial cells. The results show that the b8 integrin subunit is increased in

expression in the stomachs of patients with H. Pylori.
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{6105] FIG. 22 shows quantification of Immunodetection of the integrin b8 subunit in formalin
fixed paraffin embedded sections from patient mfected with H. Pylor, showing normal histology
or mild chronic inflammation. The sections were stained with clone F9 in rabbit Ig(s format and
detected using TSA signal amplification (Perkin Elmer). The following scoring system was
devised to capture the crypto-epithelial staining, O=no stain, 1=just contrast+, 2=scattered, 3=
diffuse and stromal staining, 0= no stain, 1=just contrast+, 2=scattered, 3=diffuse. Shown is a
combined score and the n is shown. ANOVA with Sidak’s multiple comparisons test. **p<0.01,

* p<0,05

{0106] Fl1G. 23 shows binding assay of alkaline phosphatase (AP) avB3, avp6 and avf8
fusion proteins to Cagl, the MAP RGD peptide derived from the TGFB3 sequence
DDHGRGDLGRLK (SEQ 1D NO:713), Fibronectin, Vitronectin or a MAP peptide derived from
the TGHFB2 sequence that corresponds to the RGD containing sequence of TGFB1 and TGFB3.
All proteins are coated on ELISA plates at 5 ug/ml and input of AP receptors are normalized to
AP activity. Results shown represent signal above BSA coated wells. The results show that avp8
{and avp6) binds to to CagL as well as to TGFDL3 peptide, whereas av3 binds to FN and VN,
poorly to TGFB3 and not at all to CagL. avf3 and avP8 show no binding and uvp6 shows very
weak binding to the control TGEFb2 peptide. Shown are SEM

[0187] FIG. 24 shows binding assay of alkaline phosphatase (AP) avB8 fusion protein to Cagl.
in the presence of C6DY4, an allosteric inhibitor, BS, or a non-blocking antibody to the same
epitope as BS, clone 68 which serves as a negative control. Cagl. is coated on ELISA plates at S
ug/ml. Results shown represent signal above BSA coated wells. The results show that avp8

binding to to Cagl. is completely inhibited by C6D4 and are partially inhibited by B5,

[0108] FIG 25 shows adhesion assay of Cho Lec cells stably expressing human ITGAV and
ITGBS to recombinant Cagl. protein at the indicated concentrations {gift of Eric. Sundberg,
University of Maryland, MD). Binding is compared to wells coated with a multiple antigen
presenting peptide containing the RGD peptide derived from the TGFB3 sequence
DDHGRGDLGRLK (SEQ ID NO:713), which corresponds to aa 257-268 of human TGF-b3
{NP_003230). 506 x 1073 celis were allowed to attach to the wells for 30 min at RT. Unbound
cells were washed off with PBS. Results were presented as stained cells detected after staining

with crystal violet { OD3590). Results shown represent signal above the nominal binding of mock
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transfected Cho Lec cells to Cagl or TGFB3 peptide coated wells (5 ug.ml). The results show
that avB8 mediates cell adhesion to Cagll as well as to TGFD3 peptide. Shown are 8. EM.
Significance was determined by ANOVA and Sidak’s multiple comparison test,

kR *3:::1)'(:0. 00001

{6109] FIG. 26 shows adhesion assay of Cho Lec cells stably expressing human ITGAV and
ITGBS to the TGF-b3 RGD MAP peptide (DDHGRGDLGRLK (SEQ 1D NO:713)) (coating
concentration 5 ug/mi). 50 x 1073 cells were preincubated with cagl. at the indicated
concentrations of Cagl. vs PBS control for 15 min at RT and then the cells allowed to attach to
the wells for 30 min at RT. Unbound cells were washed off with PBS. Resulis were presented as
stained cells detected after staining with crystal violet { OD3590). Results shown represent signal
above the nominal binding of mock transfected Cho Lec cells to TGFB3 peptide coated wells (5
ug/ml). The results show that avp8 mediates cell adhesion to Cagl. 1s RGD dependent. Shown
are S.E.M. N=3

[01108] FIG. 27 shows adhesion assay of modified Chinese Hamster Ovary Cells {Cho Lec)
cells stably expressing human ITGAV and ITGES to recombinant CagL protein at 5 ug/ml
coafing concentration, 50 x 1073 cells were mixed with the Mabs at the indicated concentrations
and allowed to attach to the wells for 30 min at RT. B3 is a previously described allosteric
mhibitor of avp8-binidng to TGF-B and 1.230 15 a previously described anti-av blocking
antibody. Unbound cells were washed off with PBS. Results are presented as stained cells
detected after staining with crystal violet (OD590). Results shown represent % inhibition relative
to the control binding defined by binding in presence of an isotype control antibody (anti-SV5) at
the same concentration. Shown are S.E M. Siguaificance was determined by ANOVA and Sidak’s
multiple comparison test. *#*¥=p<(0.00001, ***p <0.001, *<0.05. The results show that C6D4

more efficiently blocks avp8 mediates cell adhesion to Cagl. than BS or L.230.

[0111] FIG 28 shows a mouse model for evaluating lung metastasis using the LLC tumor cell
line which does not express imtegrins avf6 or avB8. The LLC tumor cell line is syngenic to the
host C57B/6 strain. The LLC.1 cell line has been passed though mice one time and regrown
from lung metastasis. After two weeks, subcutaneously injected tumor (I1x10°) LLC.1 cells form
large tumor nodules (~1em). The tumors are removed surgically and when animals lose 20%

body weight they are euthanized.
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{6112] FIGS. 29A and 298 show the effect of C6D4 on mouse survival using the the LLC
tumor cell line model set forth in FIG. 28. Survival curves (FIG. 29A) represent mice euthanized
for reasons of local recurrence or weight loss. FIG. 298 shows the survivial curve when animals
removed for local recurrence are excluded. At autopsy, the animals with 20% weight loss all
have metastatic implants in their lungs. Here, C6D4 antibodies have been injected for up to 90
days in surviving animals. This experiment was performed eleven tumes, each time providing
similar results (data not shown). Additionally, post-mortem examination did not reveal any

abnormal inflammatory response in the tissues examined.

{0113] FLGS. 30A-F show the effect of CD64 on tumor growth and tumor immune response
using the LLC tumor cell line model set forth in FIG. 28. Here, resected LLC. 1 primary tumors
in mice that received two injections of isotype control (B3, which only reacts with human and
not mouse b8) or C6D4 (which cross reacts with mouse and human}, the primary tumor weights
are recorded, dimensions are measured, and tumors are enzymatically disaggregated and immune
cells isolated and counted. Flow cytometry was performed on the tumor infilirating immune
cells, and the tumor infiltrating immune cells are separated from tumor cells using Percoll
gradient centrifugation. Shown here is one of three experiments each providing similar resulis.

In each group n is equal to or greater than 10.

[0114] FIG. 31 shows a mouse model for evaluating metastatic disease using B16-F10 tumor
cells. The B16-F10 highly metastatic tumor cell line is syngenic to the host C57B/6 strain. This
line does not express integrins avf6 or avP8. The B16-F10 was transfected with murine 1gh®
and after selection and sorting expresses surface avP8 at high levels. When injected

intravenously via the tail vein, visible lung metastases appear by 14 days.

[0115] FIGS. 32A-H are lung adenocarcinoma samples stained with anti-b8 (FIGS. 32E-H) or
anti-PD-L.1 (BE1L3N, Cell signaling) FIG. 32A-D. Here, it was observed that beta 8 expression

mversely correlated with PD-LI expression,

[0116] FIG. 33A shows distribution of lung adenocarcinoma samples of FIG. 32 (n=29) with
staining for either PD-L1 or beta 8. FIG. 33B shows in all cases that stained at least 30% for

beta 8 or PD-L.1 were grouped together and the staining proportions were correlated.
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{0117] FIGS. 34A-C shows the inhibition of B16 lung metastases as compared o an isotype
sample. FIG. 34A are photographs of representative lungs in anterior and posterior views and
visible lung metastases were counted and the total lung surface area mvolved with metastases
was assessed. FIG. 34B shows the effect of C6D4 on total number of lung metastases. The B16-
5 F10 highly metastatic tumor cell line is syngenic to the host C57B/6 strain and does not express

integrins avP6 or avf38. The B16-F10 tumor cells were transfected with murine itgh8. After
selection in G418 and two rounds of sorting a pool of high expressing avB8 cells was injected
intravenously via the tail vein. After three injections {i.p.} of isotype control (§V5) or Co6D4,
both at 7 mg/ke at days 0, 7 and 14, the mice were euthanized at day 18. FIG. 34C shows the

10 effect of C6D4 as measured by percentage of total lung surface area involved by metastatic

melanoma.

{0118] FIGS. 35A-H show that CoD4 effects macrophage polarization to a proinflammatory
phenotype. Increases in MHCIH expression by tumor associated macrophages and dendritic cells

i3 important in host immune responses to tumor antigens.

15 {6119] FIGS. 36A-C shows that C6D4 increases MHCII expression by tumor associated
dendritic cells. Increases in MHCII by antigen presenting cells will increase antigen

presentation.

{6128] FIGS. 37A-G are scatterplots showing integrin mediated differentiation of mouse Treg
cells. Tumor associated CD4+ T regulatory cells plav an important role in suppressing the host
20 immune response and help tumors escape immune surveillance. The differentiation of Treg
requires TGF-beta. It is thought that TGF-beta provided by mechanisms such as integrin avp8
mediated activation are important for Treg differentiation and function. Here, we immobilized
the ectodomains of various integring (2 mg/ml) on ELISA plates {co-coated with anti-CD3) and
plate naive murine splenic CD4+ cells with hIL-2 and retinoic acid. After 5 days the cells were
25 fixed, permeabilized and stained with anti-CD4 and FoxP3. As a positive and negative control,
cells were plated on wells with only anti-CD3 (no integrin) in the presence (+} or absence (-} of

TGE-b. The percentage of FoxP3 expressing cells are shown in each of the scatterplots (Q2).

[0121] FIGS. 38A-D shows structural representations of a C6D4 derivative (termed “RGD3”
or “CD64-RGID37) that is cross-reactive to avP6 and avB8 but not avBl, av3, or avs. FIG.
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38A shows a close-up view of C6D4-RGD3 (gold) in complex with avPB8 derived from cryoEM
maps. Green is the av subunit and blue is the B8 subunit. Shown in red is the LTGF-B1 peptide
derived from structures of Latent-TGFB1 in complex with the integrin avB6. (avB6 (SEQ ID
NQG:709), allbB3 (SEQ ID NO:710 (GRGDSP) and SEQ ID NO:711 (AKQRGDYV). FIG. 38B
shows sequence alignments of hTGF1-3 and the position of the RGD domains in TGFPB1 (SEQ
ID NO:714) and TGFB3 (SEQ ID NO:715). TGFB2 (SEQ ID NO:716) does not have an RGD
sequence. FI(G 38C shows the sequence of three mutant D4 Vk CDR1 loops containing portions
of the hTGEB3 RGD sequence (in red) developed herein (C6D4 vk (SEQ ID NO:717);, C6D4-
RDG1 (SEQ ID NG:718); C6D4-RDG2 (SEQ 1D NO:719); and C6D4-RDG3 (SEQ 1D
NO:720). FIG. 38D shows a zoomed image of the D4 loop (shown in gold) and the clash with

the position of the bound RGD sequence of TGFB1 in complex with integrin avf6.

[0122] FIG. 39 shows cell surface staining experiments of C6Vh expressed with either RGD1,
RGD2 or RGD3 mutants (as set forth in FIG. 38) as rabbit IgG. Binding to human Cho cells

expressing avB8 was expressed as a percentage of binding of C6D4.

j0123] FIG. 40 shows cell surface staining experiments of C6Vh expressed with either D4 Vk
or RGDM, RGD2 or RGD3 mutants as rabbit IgG. Binding to Cho cells expressing human avp8
or SWAS0 cells expressing ovi6 are shown. Relative binding is defined as staining compared to

staining of non-transfected Cho or SW480 cells.

[0124] FIG. 4] shows binding experiments of C6Vh expressed with either D4 Vk or RGD,
RGD2 or RGD3 mutants as rabbit IgG, to various av-integrins.  All integring were coated on
BLISA plates at Z mg/ml, blocked with BSA, and antibodies were allowed to bind. Binding of
64 and C6D4-RGD3 were detected with anti-rabbit HRP. The results are shown relative to
control wells coated with anti-av (clone 8B8) where av-integrins were detected with another av-
antibody recognizing an non-overlapping epitope (L230-biotin), followed by SA-HRP.

{6125] FIG 42 shows the effect of cations on the binding of C6D4 and C6D4-RGD3 to
various receptors. Binding in EDTA containing butfer defines cation-dependence because
EDTA binds to Ca™ and Mg™. Magnesium cation buffers contains 1 mM Ca™ and 1 mM Mg
“*. Here, the results are relative to anti-av, clone 11D12V2. All antibodies were coated on

ELISA plates at 5 pg/ml. The avB8 or avP6 receptors (0.5 ug/ml} were bound for 1 hour and
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were then detected with biotinylated anti-av clone 8B8. The small amount of gvp8 binding to
C6D4-RGD3 in EDTA buffer (compared with no avp6 binding to C6D4-RGD3 in EDTA buffer)
suggests that the binding to avB6 is more dependent on the RGD binding loop of Vk CDR1 than
the binding to av38.

[6126] FIGS. 43A and 43B show inhibition of avp8 adhesion and TGF-beta activation. Cho
3.2.8.1 cells transfected with b8 were used 1in adhesion assays to wells coated with branched
GRGDLGRLK peptide (SEQ ID NG:721) (10 vg/ml). Cho-b8 cells were allowed to bind in
adhesion assays (FIG. 43A) i the presence of CoD4, RGD3 or control Mab at various
concentrations. Cho-b8 cells were allowed to attach to wells with TMLC TGF-J reporter cells in
the presence of C6D4, RGD3 or control Mab at various concentrations (FIG. 43B). The values
are shown as a proportion of control Mab (SV5) control. The results indicate that C6D4-RGD3

and C6D4 block avB8 function similarly.

{0127] FIGS. 44A-B show adhesion assays and FIGS. 44C-D show TGF-beta activation.
Here, Cho3.2.8.1 cells were transfected with GARP and LTGFB1. GARP (LRR(C32) 1s a cell
surface scaffolding molecule present on the surface of Treg cells and binds LTGF-b to the cell
surface. Upper panels (FIG. 44A and 448) show adhesion assays of Cho cells expressing
GARP/LTGFB adhering to immobilized avB8 (FIG. 44A) or avB6 (FIG. 44B) performed in the
presence of anti-38 {C6D4), 3G9 (anti-P6) or the bispecific antibody RGD3 (anti-B6 and anti-
B&). Inthe lower panels (FIG. 44C and 44D}, the TGF-beta reporters cells TMLC, were added
to each well to determine the amount of TGF-} activation in response to oav38 (FIG. 44C) or
ovp6 (FIG. 44D) performed in the presence of anti-B8 {C6D4), 3G9 (anti-f36} or the bispecific
antibody RGD3 (anti-P6 and anti-B8). The results are reported as relative luciferase activity to
wells treated with isotype control antibody (SVS5). Below each graph is the EC50 of each
inhibitory antibody.

[0128] FIG. 45 shows binding assay of avp6 to TGFB3 peptide. Mab 3G9 1s a potent inlubitor
of avB6-mediated TGF-b activation. C6D4-RGD3 shows cross-competition with 3G9 binding
suggesting that they have overlapping binding footprints or allosterically influence each other’s
binding. However, these antibodies have different modes of action as 3G9 binding to avp6 is

not cation-dependent while CoDD4-RGID3 binding is cation dependent.
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{6129] FIG. 46 illustrates heavy and light chain amino acid sequences for clones used in the
construction of the composite humanized antibody C6D4. VH sequences - C6D4 : all sequences
{(SEQ ID NG:722), Framework 1 (S8EQ ID NO:732), CDR1 (8EQ ID NO:733), Framework 2
(SEQ ID NO:734), CDRZ (SEQ ID NO:735), Framework 3 (SEQ ID NO:736), CDR3 (SEQ ID
NQ:737), Framework 4 (SEQ ID NO:738); HuCoD4 V1 : all sequences (SEQ 1D NO:723),
Framework 1 (SEQ ID NO:739), CDRI1 (SEQ ID NQO:733), Framework 2 (SEQ [D NO:740),
CDR2 (SEQ ID NO:735), Framework 3 (SEQ ID NO:741), CDR3 (SEQ 1D NG:737),
Framework 4 (SEQ ID NO:738); Mutclone A3 : all sequences (SEQ ID NO:724), Framework 1
(SEQ ID NO:739), CDR1 (SEQ ID NO:733), Framework 2 (SEQ 1D NO:740), CDR2 (SEQID
N(O:735), Framework 3 (SEQ ID NO:741), CDR3 (SEQ ID NG.737), Framework 4 (SEQ ID
NO:738}); Mutclone B7 : all sequences (SEQ ID NO:725), Framework 1 (SEQ ID NO:742),
CDR1 (SEQ ID NO:733), Framework 2 (SEQ ID NO:740), CDR2 (SEQ ID NO:735),
Framework 3 (SEQ ID NO:743), CDR3 (SEQ ID NO:744), Framework 4 (SEQ ID NO:738);
Mutclone ES © all sequences (SEQ ID NOG:726), Framework 1 (SEQ ID NO:739), CDR1 (SEQ
ID NO:733), Framework 2 (SEQ ID NO:740), CDR2 (SEQ ID NO:735), Framework 3 (SEQ
ID NO:741), CDR3 (SEQ ID NO:744), and Framework 4 (SEQ ID NO:738). VK sequences -
CoD4 : all sequences (SEQ ID NO:727), Framework 1 (SEQ ID NO:745), CDRI1 (SEQ ID
NG:746), Framework 2 (SEQ ID NO:747), CDR2 (SEQ ID NO:748), Framework 3 (SEQ ID
N(:749), CDR3 (SEQ ID NO:750), Framework 4 (SEQ ID NO:751); HuCeD4 V1 all
sequences (SEQ ID NO:728), Framework 1 (SEQ ID NG:752), CDR1 (SEQ ID NO:746),
Framework 2 (8EQ ID NO:747), CDR2 (SEQ ID NO:748), Framework 3 {(SEQ ID N(:753),
CDR3 (SEQ ID NO:750), Framework 4 (SEQ ID NO:754); Muiclone A3 : all sequences (SEQ
ID NG:729), Framework 1 (SEQ ID NO:755), CDRI1 (SEQ ID N(:756), Framework 2 (SEQ
1D NO:747), CDR2 (SEQ ID NO:748), Framework 3 (SEQ 1D NO:753), CDR3 (SEQ ID
NG:750), Framework 4 (SEQ ID NO:754), Mutclone B7 : all sequences (SEQ 1D NO.730),
Framework 1 (SEQ ID NO:757), CDRI1 (SEQ ID NO:746), Framework 2 (SEQ 1D NG:747),
CDR2 (SEQ ID NO:748), Framework 3 (SEQ ID NO:758), CDR3 (SEQ ID NO:750),
Framework 4 (SEQ 1D NO:754); Mutclone ES : all sequences (SEQ ID N(G:731), Framework 1
(SEQ ID NO:752), CDRI1 (SEQ ID NO:756), Framework 2 (SEQ ID NO.747), CDR2 (SEQ ID
NQG:748), Framework 3 (SEQ ID NO:753), CDR3 (SEQ 1D NO:750), and Framework 4 (SEQ
1D NO:754).
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j0130] FIG 47 shows binding assay of humanized C634 or RDG3 to recombinant cov(8.
Humanized CoD4 or RGD3 (Frameworks and CH1 are human; hinge and CH2-3 are mouse)
were immobilized on ELISA plates at the indicated concentrations. As a negative control, some
wells were coated with anti-8V5 at the same concentrations. Non-specific binding sites were
blocked with BSA, Recombinant av38 ectodomain (0.5 ug/ml) was added to each well and after
binding and washing in binding buffer (1 oM Ca and Mg), the bound «vB8 was detected with
biotinylated anti-ov (8b8) and detected with SA-HRP. Results are shown as specific binding

{minus SV3 control).

[0131] FIG. 48 shows superposition of C6D4/0vB8 cartoon model with wire map of
CoD4/avB8 (FIG. 48A and 48C) compared to a superposition of the same CoD4/0v38 cartoon
model with wire map of C6D4-RGD3/avp8 (FIG. 48B and D). The comparison of the two maps
shows a different orientation of the CDRI Vk loop of C6D4-RGD3 towards the beta8 subunit

ligand binding site.

[0132] FIGS. 49A-C shows CryoEM maps of C6D4 and CoDA-RGD avB8 complexes having
similar positioning. Here, C6134 Fab-ovp8 (FIG. 49A) is compared with RGD3-av38 map
(FIG. 49B), or in overlay (F1G. 49C), based on cryoEM derived density maps. The anti-ov
11012V2 Fab was used 1o increase molecular mass of the complex and to assist in particle

orientation.

{0133] FIG. 50 illustrates heavy chain amino acid sequences for clones used in the
construction of the composite humanized antibodies C6D4 and C6D4-RGD3. Consensus
sequences for the humanized version of €614 and C6D4-RGID3 are provided. VH sequences -
HuC6DA4V1: all (SEQ ID NO:395), Framework 1 (SEQ ID NG:396), CDR1 (SEQ 1D NO:397),
Framework 2 (SEQ 1D NO:398), CDR2 (SEQ 1D NO:399), Framework 3 (SEQ ID N(G:400),
CDR3 (SEQ ID NO:401), and Framework 4 (SEQ ID NO:402); HuC6D4A3: all (SEQ ID
NQO:403), Framework 1 (SEQ ID NO:404), CDR1 (SEQ ID NG:4035), Framework 2 (SEQ ID
NO:406), CDR2 (SEQ ID NO:407), Framework 3 (SEQ 1D NO:408), CDR3 (SEQ ID NO:409),
and Framework 4 (SEQ 1D NO:410); HuCoD4B7: all (SEQ 1D NO:411), Framework 1 (SEQ ID
NO:412), CDR1 (SEQ ID NO:413), Framework 2 (SEQ ID NO:414), CDR2 (SEQ ID NO:415),
Framework 3 (SEQ ID NO:416), CDR3 (SEQ ID NO:417), and Framework 4 (SEQ ID NO:418);
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HuC6D4ES: all (SEQ ID NO:419), Framework 1 (SEQ ID NO:420), CDR1 {(SEQ ID NO:421),
Framework 2 (SEQ D NO:422), CDR2 (SEQ ID NG:423), Framework 3 (SEQ 1D NG:424),
CDR3 (SEQ 1D NO:425), and Framework 4 (SEQ ID NO:426}; C6D4 : all sequences (SEQ ID
N0O:722), Framework 1 (SEQ ID NO:732), CDR1 (SEQ ID NO:733), Framework 2 (SEQ ID
NO:734), CDR2 (SEQ ID NO:735), Framework 3 (SEQ ID NO:736), CDR3 (SEQID
NO:737), and Framework 4 (SEQ ID NO:738); HuC6D4: all (SEQ ID NO:427), Framework 1
{(SEQ ID NO:428), CDR1 (SEQ ID NO:429), Framework 2 (SEQ ID NG:430), CDR2 (SEQ ID
N(O:431), Framework 3 (SEQ ID NO:432), CDR3 (SEQ ID NO:433), and Framework 4 (SEQ ID
NO:434); C6D4-RGD3: all (SEQ ID NO:435), Framework 1 (SEQ ID NO:436), CDR1 (SEQ ID
N(:437), Framework 2 (SEQ ID NO:438), CDR2 (SEQ ID NO:439), Framework 3 (SEQ 1D
NO:440}), CDR3 (SEQ ID NO:441), and Framework 4 (SEQ ID N0O:442); HuC6D4-RGD3: all
(SEQ ID NO:443), Framework 1 (SEQ ID NO:444), CDR1 (SEQ ID NO:445), Framework 2
(SEQ ID NO:446), CDR2 (SEQ ID NO:447), Framework 3 (SEQ ID NO:448), CDR3 (SEQ ID
NO:449), and Framework 4 (SEQ ID NGO:4503; and Consensus VH: Framework 1 (SEQ ID
NO:558), CDRI (SEQ ID NO:563), Framework 2 (SEQ ID NO:559), CDRZ (SEQ ID
NO:563), Framework 3 (SEQ ID NO:560), CDR3 (SEQ ID NO:564), and Framework 4 (SEQ
ID NO:561).

[0134] FIG 51 illustrates light chain amino acid sequences for clones used in the construction
of the composite humanized antibodies CoD4 and C6D4-RGD3. Consensus sequences for the
humanized version of C6D4 and CoD4-RGD3 are provided. VL sequences - HuC6DA4VT: all
(SEQ ID N(O:451), Framework 1 (SEQ 1D NO:452), CDR1 (SEQ ID NO:453), Framework 2
(SEQ ID NO:454), CDR2(SEQ ID NO:455), Framework 3 (SEQ ID N(O:456), CDR3 (SEQ ID
NO:457), and Framework 4 (S8EQ ID N(O:458); HuC6D4A3: all (SEQ ID NO:459), Framework
1 (SEQ ID NO:460), CDR1 (SEQ ID NO:461), Framework 2 (SEQ ID NO:462), CDR2 (SEQ
1D NO:463), Framework 3 (SEQ ID NO:464), CDR3 (SEQ ID N(O:465), and Framework 4 (SEQ
ID NO:466); HuCoD4B7: all (SEQ ID NO:467), Framework 1 (SEQ ID NO:468), CDR1 (SEQ
1D NO:469), Framework 2 (SEQ ID NO:470), CDR2 (SEQ ID NO:471), Framework 3 (SEQ ID
NG:472), CDR3 (SEQ ID N(3:473), and Framework 4 (SEQ ID N(O:474); HaC6DAES: all (SEQ
ID NO:475), Framework 1 (SEQ ID NO:476), CDR1 (SEQ ID N(O:478), Framework 2 (SEQ ID
NG:479), CDR2 (SEQ 1D NO:480), Framework 3 {(SEQ ID NO:481}, CDR3 (SEQ ID NO:482),
and Framework 4 {SEQ ID NQO:483); C6D4 : all sequences (SEQ ID N(:727), Framework 1
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(SEQ ID NQO:745), CDRI1 (SEQ ID NO:746), Framework 2 (SEQ 1D NO:747), CDR2 (SEQ ID
N(:748), Framework 3 (SEQ ID NO:749), CDR3 (SEQ ID NO:750), and Framework 4 {SEQ
1D NO:751); HuC6D4: all sequences (SEQ ID NO:484), Framework 1 (SEQ ID NO:485),
CDR1 (SEQ ID NO:486), Framework 2 (SEQ ID N0O:487), CDR2 (SEQ ID N(O:488),
Frameworlk 3 (SEQ ID NO:489), CDR3 (SEQ 1D NO:490), and Framework 4 (SEQ 1D
NQO:491); C6D4-RGD3: all (SEQ ID NO:492), Framework 1 (SEQ ID NO:493), CDR1 (SEQ ID
NQO:494), Framework 2 (SEQ ID NO:4935), CDR2 (SEQ ID NO:496), Framework 3 (SEQ ID
NO:497), CDR3 (SEQ ID NO:498), and Framework 4 (SEQ ID NO:499);, HuC6D4-RGD3: all
{(SEQ 1D NO:500), Framework 1 (SEQ ID NO:501), CDR1 (SEQ ID NO:502), Framework 2
(SEQ ID NO:503), CDR2 (SEQ ID NO:504), Framework 3 (SEQ 1D NG:50S), CDR3 (SEQ 1D
NQO:506), and Framework 4 (SEQ 1D NO:507); and Consensus VL. Framework 1 (SEQ ID
NO:565), CDRI1 (SEQ ID NO:569), Framework 2 (SEQ ID NO:566), CDR2 (SEQID
NO:570), Framework 3 (SEQ ID NO:567), CDR3 (SEQ ID NG:571), and Framework 4 (SEQ
1D NO:568). RDG3 loop (SEQ ID NG:721).

[0135] FIG. 52 iltustrates heavy chain amino acid sequences for clones used in the
construction of the composite antibody F9. Sequences - 4F1 : all sequences (SEQ 1D NO:624),
Framework 1 (SEQ ID NO:625), CDRI1 (SEQ ID NO:628), Framework 2 (SEQ ID NO:632),
CDR2 (SEQ ID NO:634), Framework 3 (SEQ ID NO:637), CDR3 (SEQ ID NO:651),
Framework 4 (SEQ ID NO:655), 6B9 : all sequences (SEQ ID NO:656), Framework 1 (SEQ ID
NO:625), CDR1 (SEQ ID NO:629), Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID NO:635),
Framework 3 (SEQ ID N0:638), CDR3 (SEQ ID NO:652), Framework 4 (SEQ ID NO:655),
6B9.1 : all sequences (SEQ ID NO:657), Framework 1 (SEQ ID N(O:625), CDR1 (SEQ ID
N(:629), Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID
NO:6383, CDR3 (SEQ D NO:653), Framework 4 (SEQ 1D NO:655), Al : all sequences (SEQ
ID NO:638), Framework 1 (SEQ ID NO:626), CDRI (SEQ ID N(G:629), Framework 2 (SEQ ID
NQO:633), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NO:639), CDR3 (SEQ ID NO:654),
Framework 4 (SEQ ID NO:655), A2 : all sequences (SEQ ID NO:659), Framework 1 (SEQ ID
NO:625}), CDR1 (SEQ [D NO:629), Framework 2 (SEQ 1D NO:633), CDR2 (SEQ 1D NO:636),
Framework 3 (SEQ ID NO:640), CDR3 (SEQ ID NQO:654), Framework 4 (SEQ 1D N(O.655), A8
- all sequences (SEQ 1D NO:660}, Framework 1 (SEQ ID NG:625), CDR1 (SEQ 1D NG:629),
Framework 2 (SEQ ID NG:633), CDR2 (SEQ 1D NG:636), Framework 3 (SEQ ID NG:641),
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CDR3 (8EQ 1D NO:654), Framework 4 (SEQ ID NO:655), A1l : all sequences (SEQ ID
N(:661), Framework 1 (SEQ 1D NO:625), CDR1 (SEQ ID NO:630), Framework 2 (SEQ ID
NO:633}, CDR2 (SEQ D NO:636), Framework 3 (SEQ ID NO:638), CDR3 (SEQ ID NO:654),
Framework 4 (SEQ ID NO:655), B1 : all sequences (SEQ ID NO:662), Framework 1 (SEQ ID
NO:625), CDR1 (SEQ ID NO:629), Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID NO:636),
Framework 3 (SEQ 1D NO:642), CDR3 (SEQ 1D NO:654), Framework 4 (SEQ 1D NO:655), B3
- all sequences (SEQ ID NO:663), Framework 1 (SEQ ID N(O:625), CDR1 (SEQ ID NG:629),
Framework 2 (SEQ 1D NO:633), CDR2 (SEQ 1D NO:636), Framework 3 (SEQ 1D NO:643),
CDR3 (SEQ 1D NO:654), Framework 4 (SEQ 1D NO:655), C4=F10 : all sequences (SEQ ID
NO:664), Framework 1 (SEQ ID NG:625), CDR1 (SEQ 1D NO:.629), Framework 2 (SEQ ID
NQO:633), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NO:644), CDR3 (SEQ ID NO:654),
Framework 4 (SEQ ID NO:655), C7=D1 : all sequences (SEQ ID NO:665), Framework 1 (SEQ
ID NO:625), CDR1 (SEQ ID NO:629), Framework 2 (SEQ ID NO:633), CDR2 (SEQ ID
NO:636), Framework 3 (SEQ ID NO:644), CDR3 (SEQ 1D NO:654), Framework 4 (SEQ ID
NQ:655), D3=F1 : all sequences {SEQ ID NO:666), Framework 1 (SEQ 1D NO:625), CDR1
(SEQ ID NO:629), Framework 2 (SEQ ID NO:633), CDR2 (SEQ ID NO:636), Framework 3
(SEQ ID NO:645), CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NG:655), D10=ES5 : all
sequences (SEQ D NO:667), Framework 1 (SEQ ID N(O:625), CDR1 (SEQ ID NO:629),
Framework 2 (SEQ ID N0O:633), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID N(O:646),
CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NO:655), E8 . all sequences (SEQ ID
N(O:667), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID N(O:629), Framework 2 (SEQ ID
NQO:633), CDR2 (SEQ ID N(:636), Framework 3 (SEQ ID NO:646), CDR3 {SEQ 1D NG:654),
Framework 4 (SEQ ID NO:655), F2 : all sequences (SEQ ID NO:667), Framework 1 {SEQ ID
NO:625}, CDR1 (SEQ D NO:629), Framework 2 (SEQ ID NO:633), CDR2 (SEQ 1D NO:636),
Framework 3 (SEQ ID NO:646), CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID N(O:655), G4
- all sequences (SEQ 1D NO.668), Framework 1 (SEQ ID NO:625), CDR1 (8EQ 1D NG:629),
Framework 2 (SEG ID N(:633), CDR2 (SEQ 1D NO:636), Framework 3 (SEQ 1D NG.647),
CDR3 (SEQ 1D NO:654), Framework 4 (SEQ ID NO:655), C4 : all sequences (SEQ 1D
NO:669), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NO:629), Framework 2 (SEQ ID
NG:633), CDR2 (SEQ D NO:636), Framework 3 (SEQ 1D NO:650), CDR3 (SEQ ID NO:654),
Framework 4 (SEQ 1D NO:655), D10 : all sequences (SEQ ID NO:670), Framework 1 (SEQ ID
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NQO:625), CDR1 (SEQ ID NO:629), Framework 2 (SEQ 1D NO:633), CDR2 (SEQ 1D NO:636},
Framework 3 (SEQ ID NG:646), CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NG:655),
4F1A11 : all sequences (SEQ 1D NO:671), Framework 1 {(SEQ ID NO:625), CDR1 (SEQ ID
N0:629), Framework 2 (SEQ 1D NO:632), CDR2 (SEQ ID NO:636), Framework 3 (S8EQ ID
NO:650), CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NO:655), 4F1E1 . all sequences
(SEQ ID NO:672), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NO:631), Framework 2
{(SEQ ID NO:632), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NG:638), CDR3 (SEQ ID
NO:654), Framework 4 (SEQ ID NO:6535), 4F1G3 . all sequences (SEQ ID NO:673),
Framework 1 (SEQ 1D NO:625), CDR1 (SEQ ID NO:631), Framework 2 (SEQ 1D NO:632),
CDR2Z (SEQ ID NO:636), Framework 3 (SEQ 1D NO:648), CDR3 (SEQ ID NO.654),
Framework 4 (SEQ 1D NO:655), 4F1E10 : all sequences (SEQ 1D N(O:674), Framework 1 (SEQ
ID NO:627), CDRI (SEQ ID NO:631), Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID
NQ:636), Framework 3 (SEQ ID NO:638), CDR3 (SEQ ID NOG:654), Framework 4 (SEQ 1D
NGO:655), 4F1E9 | all sequences (SEQ 1D NO:675), Framework 1 (SEQ ID NO:625), CDRI
(SEQ ID NO:629), Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID NO:636), Framework 3
(SEQ ID NO:638), CDR3 (SEQ ID NO:654), Framework 4 (SEQ ID NO:655), 4F1H12 : all
sequences (SEQ ID NO:676), Framework 1 (SEQ ID NO:625), CDR1 (SEQ ID NO:631),
Framework 2 (SEQ ID NO:632), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID NO:649),
CDR3 (FEQ ID NO:654), Framework 4 (SEQ ID NO:655), F9 : all sequences (SEQ ID
NO:677), Framework 1 {(SEQ ID NG:625), CDR1 (SEQ ID NO:631), Framework 2 (SEQ ID
N(O:632), CDR2 (SEQ ID NO:636), Framework 3 (SEQ ID N(:638), CDR3 (SEQ ID NO:654),
and Framework 4 (SEQ 1D NO:655).

[0136] FIG. 53 illustrates light chain amine acid sequences for clones used in the construction
of the composite antibody F9. VL Sequences - 4F1 : all sequences (SEQ 1D NO:678),
Framework 1 (SEQ ID NO:692), CDRI1 (SEQ ID N(O:693), Framework 2 (SEQ ID N(G:694),
CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID NO:697),
Framework 4 (SEQ ID NO:698), 6B9 : all sequences (SEQ ID NO:679), Framework 1 (SEQ ID
NO:699), CDR1 (SEQ ID NO:700), Framework 2 (SEQ ID NO:701), CDR2 (SEQ ID
N(:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ 1D NO:702), Framework 4 (SEQ ID
NQO:698), 6B9.1 : all sequences (SEQ 1D NO:680), Framework 1 (SEQ ID N0:703), CDR1
(SEQ ID NO:693), Framework 2 (SEQ ID NO:6943, CDRZ (SEQ 1D N(:695), Framework 3
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(SEQ ID NO:696}), CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID NO:698), Al:all
sequences (SEQ ID NO:681), Framework 1 (SEQ ID NG:703), CDRI (SEQ ID NO:693},
Framework 2 (SEQ ID NG:694), CDR2 (SEQ 1D NO:695), Framework 3 (SEQ 1D NO:6906),
CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID NO:698), AZ2: all sequences (SEQ 1D
NO:681), Framework 1 (SEQ ID NO:703), CDRI1 (SEQ ID NO:693), Framework 2 (SEQ ID
NO:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID
NQO:697), Framework 4 {(SEQ ID NO:698), A8 : all sequences (SEQ ID NO:682), Framework 1
(SEQ ID NO:703), CDRI1 (SEQ ID NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID
NQO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ 1D NO:697), Framework 4 (SEG ID
N(O:698), All: all sequences (SE( ID NOG:683), Framework 1 (SEQ ID NO:704), CDR1
(SEQ ID NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID NO:695), Framework 3
(SEQ ID NO:696), CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID NO:698), Bl : all
sequences (SEQ ID NO:684), Framework 1 (SEQ ID NG:703), CDR1 (SEQ ID NO:693),
Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID NO:696),
CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID NO:698), B3 : all sequences (SEQ ID
NO:685), Framework 1 (SEQ ID NO:703), CDRI1 (SEQ ID NO:693), Framework 2 (SEQ ID
NO:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID
NG:697), Framework 4 (SEQ ID NO:698), C4=F10: all sequences (SEQ ID NO:681),
Framework 1 (SEQ ID NO:703), CDRI1 (SEQ ID NO:693), Framework 2 (SEQ ID N(G:694),
CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID NG:697),
Framework 4 (SEQ ID NG:698), C7=D1. all sequences (SEQ 1D NO:681), Framework 1 (SEQ
ID NOG:703), CDRI (SEQ ID NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQID
N(:695), Framework 3 (SEQ ID N0O:696), CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID
NG:698}, D3=F1: all sequences (SEQ ID NO:681), Framework 1 (SEQ 1D NO:703), CDR1
(SEQ ID NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID N(:695), Framework 3
(SEQ ID NO:696), CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID NO:698), D10=ES : all
sequences (SEQ ID NO:686), Framework 1 (SEQ ID N(O:703), CDR1 (SEQ ID NO:693),
Framework 2 (SEQ 1D NO:694), CDR2 (SEQ ID NO:695), Framework 3 (8EQ ID NO:696),
CDR3 (SEQ ID N0:697), Framework 4 (SEQ ID NO:698), ES: all sequences (SEQ ID
NQO:686), Framework 1 (SEQ ID NG:703), CDRI1 (SEQ ID N0:693), Framework 2 (SEQ ID
NO:694), CDR2Z (SEQ ID NO:695), Framework 3 (SEQ ID NO:755), CDR3 (SEQ ID
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NG:697), Framework 4 (SEQ ID NO:698), F2: all sequences (SEQ 1D NO:681), Framework 1
(SEQ ID NO:703), CDR1 (SEQ ID N0:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID
NG:695), Framework 3 (SEQ 1D NG:696), CDR3 (8EQ ID NO:697), Framework 4 (SEQ ID
N(O:698), G4: all sequences (SEQ ID N(:681), Framework 1 (SEQ ID NO:703), CDRI1 (SEQ
1D NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ 1D NO:695), Framework 3 (SEQ
D NO:696), CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID NO:698), C4 : all sequences
{(SEQ 1D NO:687), Framework 1 (SEQ ID NO:703), CDRI1 (SEQ 1D NO:693), Framework 2
(SEQ ID NO:694), CDRZ (SEQ ID NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID
NO:697), Framework 4 (SEQ ID NO:706), D10 : all sequences (SEQ ID NO:688), Framework
1 (SEQ ID NO:699), CDRI1 (SEQ ID NO:693), Framework 2 (SEQ 1D NO:694), CDRZ (SEQ
1D NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ 1D NO:697), Framework 4 (SEQ
IDNO:706), 4F1E1 =1F1G3 =4F1B5 =4F1G11 =4F1A9 =4F1B9 =4F1HO =4F1DI10 =
4F1E9 =4F1F10 =4F1HI11 =4F1H12 : all sequences (SEQ 1D NO:689), Framework 1 (SEQ
ID NO:703), CDR1 (SEQ ID NO:693), Framework 2 (SEQ ID NO:694), CDR2 (SEQ ID
NO:695), Framework 3 (SEQ ID NO:696), CDR3 (SEQ ID NO:697), Framework 4 (SEQ ID
NO:698), dFA1L : all sequences (SEQ ID NO:690), Framework 1 (SEQ ID NO:705), CDRI1
(SEQ ID NO:693), Framework 2 (SEQ ID NO:6%94), CDR2Z (SEQ ID NO:695), Framework 3
(SEQ ID NO:696), CDR3 (SEQ ID NO:697), Framework 4 (SEQ 1D NO:698), F9: all
sequences (SEQ ID NO:691), Framework 1 (SEQ ID NO:703), CDR1 (SEQ ID NOG:693},
Framework 2 (SEQ ID NG:694), CDR2 (SEQ ID NO:695), Framework 3 (SEQ ID NO:696),
CDR3 (SEQ ID N0:697), and Framework 4 (SEQ ID NO:706).

[6137] FIG. 54A-54D are graphs showing percentage of cells staining positive for various cell
surface markers. Mice were injected with Lewis lung carcinoma (LLC) cells and SV5 (isotype

control} or C6D4 at a dosage of 7 mg/kg once per week.

DETAILED DESCRIPTION OF THE INVENTION

IA Introduction

[6138] The inventors have discovered certain antibodies that bind to human integrin avB8 and
cause at least partial reduction in ligand binding function. Based on that discovery, they have

developed detailed structural models to aid in the discovery of antibodies that bind to integrin
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ovB8 at particular epitopes that optimally block the ligand binding site of integrin avp8. Some
of the antibodies identified bind to both the av-integrin subunit head domain and the B8-integrin
subunit head domain to effectively cover the ligand binding site of the integrin avB8 without

engaging to the ligand binding site itself (1.e. acting as a ligand-mimetic).

5 {0139] Further, the inventors have discovered that blocking ligand binding to integrin ovB8 i
effective in inhibiting cancer (inclading but not limited to metastatic cancer) and also 1s effective
in treating viral infections. Without intending to limit the scope of the described invention, it is
believed that integrin oovB8 plays a role in blocking regulatory T cells (Tregs) function and/or
development and thus that the antibodies described herein stimulate immunity to tumor cells and

10 wviruses. Accordingly, antibodies and methods of their use, among other aspects, are provided

herein.

{0140] The inventors have also identified introduced an “RGDL” sequence (SEQ ID NO:756)
mto a CDR of the anti-avP8 antibody and have shown that such an introduction renders the

antibody able to bind avP6 while maintaining substantially the same binding activity for avp8.
15 i Antibodies

[0141] Provided herein are antibodies that bind human (and in some embodiments other
mammalian, e.g., such as mouse, guinea pig, pig, and rabbit) mtegrin avp8. In some
embodiments, the antibodies are isolated, are chimeric {comprising at least some heterologous
amino acid sequence), are labeled or covalently linked to another molecule such a cytotoxic
20 agent or a combination thereof. In some embodiments, the antibodies specifically bind human
integrin avf38 and block binding of a ligand to human integrin avB8. Exemplary ligands can
mclude, for example, TGF and LAP. In some embodiments, the antibodies bind in a cation-

dependent manner or have enhanced binding in the presence of cations.

[0142] In some embodiments the epitope bound by the antibodies described herein on human
25 integrin avp8 comprise amino acids in {1} the specificity determining loop (8DL} of the integrin
B8 protein (e.g., TVSPYISTHPERIHNQCSDYNLDCMPPH (SEQ ID NO:620)), (2) in the ol
(e.g., SASMHNNIEKLNSVGNDLSRKMAFFS (SEQ ID NO:w19))Y ora2 (eg,
NITEFEKAVHR (SEQ ID NG:621)) helices of the B8 integrin protein, (3) the head of the av
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protein {e.g., DADGQ (SEQ ID NO:757); SFYWQ (SEQ ID NO:758), FDDSY (SEQ ID
N{:759)) or other portions of
KQDKILACAPLYHWRTEMKQEREPVGTCFLQDGTKTVEYAPCRSOQDIDADGQGFCQGG
FSIDFTKADRVLLGGPGSFYWQGQLISDQVAEIVSKYDPNVYSIKYNNQLATRTAQAIFD
(SEQ 1D NO:760) or (4) a combination thereof (e.g., 1l and 2, 2and 3, 1 and 3, or 1, 2, and 3) as
they occur in the native human integrin ov38 protein, including for example to all of the listed
portions of human integrin ovP8. In some embodiments, the antibody binds to one or more or
all amino acid in the SDL selected fronm: D175 (e.g, in NLPCM (SEQ ID NO:761)), L174 (e.g.,
in YNEDC (SEQ ID NO:762)), or S170, D171, or Y172 {e.g., m QCSDYNL (SEQ ID
NO:763)), or combinations thereof, wherein the numbering is based on the buman integrin B8
protein (SEQ 1D NO:394), See, e.g., FIG. 7. In some embodiments, the antibody binds to the
amino acid H118 {e.g , in SMHNN) (SEQ ID NO:764) in the ol helix of the 8 integrin
protein}, wherein the numbering is based on the human integrin B8 protein (SEQ ID NO:394). In
some embodiments, the antibody binds to the amino acid H200 or R201 {e.g., in AVHRQ) in the
2 helix of the BB integrin protein, or combinations thereof, wherein the numbering 1s based on
the human integrin B3 protein (SEQ ID NO:394). In some embodiments, the antibody binds to
one or more or all amino acid (underlined) in the head of the av protein selected from: D148,
A149, D150, G151, or Y178 (e.g., 1u SFYWQ (8EQ ID NO:758)) or combinations thereof,
wherein the numbering is based on the human integrin oov protein (SEQ ID NO:393). In some
embodiments, the antibody binds to each of the above indicated (underlined) amivo acids
described in this paragraph. As can be seen from FIGS. 12-18, interaction with the above-

described domains of integrin avp8 is beneficial.

{0143] As noted above, in some embodiments, the antibodies specifically bind human integrin
ovp8 and block binding of a ligand to human integrin avP8. The ability of an antibody to block
«vP8 integrin binding of a ligand can be determined by inhibition of binding of a soluble form of
ovp8 or a full-length form of avP8 expressed on the surface of cells to immobilized latent-TGF-
beta or a poriion thereof containing the sequence RGDL See, e.g., Ozawa, A, et al. J Biol Chem.
291{22):11551-65 (20106).

[0144] In some embodiments, the antibodies comprise one or more CDR (or all of the heavy

chain CDRs of a clone, or all of the light chain CDRs of a clone) as follows:
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Heavy Chains Clone name CDR1 Vh {SEQ ID:) CDRZ Vh (3EQ ID:) CDR3 Vh (SEQ ID:}
- - CGEPTFADDEGG o -
Heavy B2BZ TETDYSME  (313) YYYGRDS  (315)
WIKTHETGERT DDFKG
Heavy B13C4 TFTDYSME  (316) sz I]()’] PIYADDFRG YYYGRDS  (318)
176 g B }" T, yA
Heavy B13H3 TETDYSME  (319) ”Ii‘;gg?gp‘&”‘ DEXE YYYGRDS  (321)
T GEDTEAD DFRG -
Heavy B15B1 TETDYSMH  (322) R”f;'z ”’F‘ DERG YYYGEDS  (324)
) o WIKTETGEPTYADDENG X .
Heavy B13C1Z TPTDYSIH  (325) * (326) YYYGRDS  (327)
INTETGEPTFADDFRG 4
Heavy 51 TETDYSME  (328) R“I;f GEPTFADDERG YYYGRDT (230}
{329)
T R TGRETEARTR
Heavy 6 FTDYSMH  (331) RINTETGEPTFADDERG FYYGRDS (333}
(332)
Light Chains Cione name CDRL Vi cDR2 Vk CDR3 Vk
Light 252 (325] TOYDEFPELT | (336)
Light B13C4 (338) KQSYNLLT  (339)
, - LNSRIRKNYLA | .. N . o
Light B13H3 : WASTRES (341) KOSYNLLT  (342)
Light B15511.1 DTSNLAS  (344) OOWSSNPLT | (345
Tight Bi5Bil.Z DTSNLAS  (347) OOWSSNEPT  (5346)
Light B15B11.3 WASTRES  (250) KOSYNLLT (351
Light B130i2.1 SUSYMH  (252) | DISKLAS  (353) OQWESNPFT  (254)
Tight Blaciz. 2 VEYME_(355) | GTSNLAS (35€) OOWSSNPET | (557}
Light B13C12.3 WASTRES (353) KQSYNLLT  (360)
Light i WASTRES (362) KOSYNLLS  (363)

[0145]

chain CDRs of a clone, or all of the light chain CDRs of a clone) as follows:

In some embodiments, the antibodies comprise one or more CDR {or all of the heavy

Heavy Chains Clone name CDRY Vh (SEQ ID:) CDR2 Vi {(8EQ ID:}) CDR3 Vh (SEQ ID
Heavy HuCEDAVL DysMeE  (397) ”*I‘E;‘f?ﬂmmmlm FYYGRDS (401}
Heavy HuCHDAAS DYSMH (4059 e PTEFADDERG FYYGRDS (209)
Heavy HUCEDART DYSMH  (413) :Wf ;TE?FETFADTFV FYYGRDT (417)
Heavy HUCEDAES DYsMH  (421) R ’zzggﬁmmmm@ FYYGRDT  (425)
Heavy HuCEDA DysMH  (429) R }fz?f}c’EPTFADDFP‘G FYYGROT  (433)
Heavy CeD4~RGD3 DYSMH {437) RI Tz?g:EPTFADDFRG FYYGRDS {441}
Heawy HUCEDA-RGD3 DYSME (445 “ZZ?:’E TFADDERG | ovvornr  (449)
Light Chains Clone name CDRL Vi (SEQ IDs) CDRZ Vk {SEQ ID:) CDR3 Vk (SEQ ID:

HuCeD4v]

‘U

TRENY LA

WASTRES {530}

Light HuCeD4A3 WASTRES {533) KOSYNLIS  (534)
Light HuC6D4R7 WASTRES  (33¢€) KOSSNLISZ  (537)
Light HuCED4ESD WASTRES {539) RKQSYNLLS  (D40)
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KE50SLLNSRERKY - o ,

Light HUCEDA “(;:i‘{:”" RENYLA WASTRES  (542) KOSYNLLS  (543)

. : KE50SLLORGOLGRLERNALA T "

Light C&D4-RGD3 544y WASTRES  (545) XQSYNLLS  (546)

HE50STLORGDLGRLE - ; -

Light HuCBD4~RGD3 SSQSLLGRGDLGRLARNALA | yagrpps  (548) KOSYNLLS  (549)
{547

[0146]

CDRs as paired in the following table:

Combinations

Clone name

Q
S|
5
(8%

@
3

G

In some embodiments, an antibody described herein comprises heavy and light chain

TNTETGEDT EADDEGE i
B B2B2 TETDYSMH  (313) R“},J;a? EPTEADDECG YYYGRDE  (315)
(o14)
IASODINS
L B2ZB2 KASWDINSYLS RANRLYVD  (335) LOYDEFPPLY (33
(334)
TRFETDEPT Y ADDEIE
H B13H2 TETDYSME  (319) W‘E"’f%éé?] CADDEXR YYYGRDS  {321)
A !
HSSOSTINSRT RENY LA
L B13H3 . ; WASTRES (341) KOSYNLLT (342}
!
WIRTETGEPTYADDEKG
H 81304 TETOYSME  (316) W a1 I/'C(‘ PTYADDEKG YYYGRDS (318
A b L
P -
L 31304 _gféf%mmwmm WASTRES  {338) KQSYNLLT  (339)
4031
TNTETGEPTFADDFER )
H B15BLL TETDYSME  (322) T”:ngc){ FADDERG YYVGRDS  (224)
H 315811.1 SASSEVEYMA | {343) TERIAS  (344] COWSSNELT | (345
H B15B11 TFTDYSMH  (322) *‘*‘Té,ﬁg’l[ FADDFRG YYYGRDS  {324)
L B15811.2 SASSSVSYMH  (346) LTSNLAS  (347) COWSSNPET (348
s
5 315811 TETDYSMH  (322) gy ERIDERS YYYGRDS (324}
L B15511.3 RS WASTRES {359} KOSYNLLT  (360)
TTRTETGEPT YADDFT -
H B13C1Z2 TEFTDYSIH  (325) M?%EZ']’FE TADDENG YYYGRDS  (327)
T 313C12.1 SASSSVAYMH | (352) DTSKLAS  (353) COWSSHEET | (354
WIKTETGERE ",“\[Al :" pd
B 313c12 TETDYSIH  (325) e oo YYYGRDS (327
T 313012.2 SASSSVEYME | {355) GTENLAS | {356) COWSSNEPT | (357
H B13CL2 TFTDYSIH  (325) Wl (‘é;‘é“"“ TYADDENG YYYGRDS  {327)
RS3GSTLHORT RANY L i - .
L B15C12.3 K z%;gl)l"m““ LA WASTRES  (359) ROSYNLLT (260}
TTRTETGEPT: NG - T
H TETDYSTE  (367) WIKTETGEETYADDENG YYYGRDS  (363)
(368)
RBS0SLLNSRT RENY LY ) T
L REDIVE-10 1‘”(,‘:;32‘%]‘ RTRENYLA WASTRES  (374) KOS YNL] (375}
H REDLVH-1 TFTDYSIH  (3%4) WK EPTYADDERG YYYGRDS  (366)
KRS INS BT RANY LA )
T RSDLVK-10 (573 WASTRES  (374) KOSYNLLT (375
=N
T WIRTETGEETYADDENG « .
H REDLVH-3 TETOYSIH  (367) um? ’ YYYGRDS  (369)
5
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L % (‘;’716?1“””” WASTRES  (377) KOSYNLLT (378}
P TFTDYSMAE (370) RINIEIGEPTEADDERG (37 YYIGRDS (372
L FEE0SL LNERIRAGLA WASTRES  (374) KOSYNLLT  (575)
(373) ‘
T -
H cen TETOYSME  (765) ?/gg;ﬁﬁmm‘ FYYGRDS  (768)
Kgans o1
L 5l SSQSLLNSRTRKNYLA WASTRES (383 KOSYNLLT  (384)
(382)
e
H D4H TETDYSMHE  (379) INTETCEPTEADDER YYYGRDS {381}
(380)
KESSOSLLNSRTRE Y 1,7 _
L DK )?221?“ SRTRRNYLA WASTRES  (362) KOSYNLLS (363
RINTETGEPT PADDERG -,
H el TETDYSME  (766) R“?..‘l,k.j.l”’ﬁp ADDERG FYUGRDS  (768)
KRg SRTRENYLA
L 4K ey RERANE WASTRES  (362) KOSYNLLS (363}

[0147] Insome embodiments, an antibody described herein comprises heavy and light chain

CDRs as paired in the following table:

Combinations (H+L) Clone name CDRL O {SED 1D CDR2 (SEQ ID:) (SEQ ID
TETOREDTIATORRG —
H HuCBn4avL DYSMH  (397) R*I\!o:;,m FADDERG FYYGRDS (399
1 HuUCED4VE KSSQSLLNSRTRENYLA  (529) | WASTRES  (530) Kg(f}‘;
i kb
INTETGEPTE FYYGRDS
H HUCED4A DYSMH {405 AINTETGEPTFADDERG FyxGRD:
(407) (409}
. LA wag YA RTN T ey - Py KQSYNLIE
L HuCED4AS KSSQSLLNSRSRENYLA  (532) | WASTRES (533) 534
TETORPTRRAPIIRG sy
H HuCED4R7 DYSMH  (413) RINTETGEPTEADDIRG FYYGRDT
(415) (417
L HuCED4RT KSSOSLINSRTRRNYLA  (535) | WASTRES  (536) '
] RINTETGEPTFADDERG
H HuCED4ES DYSMH {4213 Hadiby F
{4233
K3SQSLLNSRSRENY L o
L HUCED4AED OSLLNSRERRNYLA WASTRES  (539)
(538)
TR AR TATOR RS
H HuCED4 DYSMH (429) “*I‘f ETGEPTFADDERG
{(431)
L HuCHD4 KB8SQSLLNSRSRENYLA  (541) | WASTRES  (542)
RINTETGEPTFADDFRG
H CODA-RGD3 DYSMH  {437) RINTETGEPTEADDERG
(439)
KSSQSLLGRGDLGRLKKNALA WASTRES
N CEDA-REDS KSBOSLLGRGDLGRLRKNALY WASTRES
(544) {545)
a HCEDA-REDI | oo (a4t RINTETGELTEADDERG FYYGRDT
(447) (449)
. HUCED4A-RGD 2 I'\'S?%?E{GW;& LGRLEKNALA WASTRES  (546) wc?vr;i:s
& \oG 7}

50
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4 cena YoM 11239 RINTETGEPTFADDERG FYYGRDS
o m L Vb ] (_L253 (1 q"i}
- . KOSTNLLE
L c6D4 KSSQSLLNSRSRXNYLA  (251) | WASTRES (293) V?,‘ 55
- RINTETGEDT FADDERG FYYGRDS
; ERED MH (769}
H CORED2 DYSMH {769} (7709 1)
¥ TN SGREDTGNALA, SYNLIG
N concng KSSDSLINSGREDLGNALA WASTRES (7131 KOSNLE
(772 {774}
. EINTETGEDT FADDERG FYYGROT
- COREDE- ] N ey TET GRD]
H ORGD3-1 YSMH {775} (776) (777
1« P RESUBLLGRGDLORLRE QK DHNALA | WASTRES KOSANLIS
SGRED3-1 (e) (770} (150)
N . vemn . ere1) BINTETGEPTEADDIRG FYYGRDY
: - FEEE AR (782) (763}
) KS30STLOREDLORLKKOKONALA | ROSYNLLS
L CEREDI-2 RE305 d e WASTRES  (785) RQS YN
(784) (786)
RINTETGEDPT FADDERG FYTGRDT
TEREDG-3 (787} S
H CGRED3-3 {787 (788
. conen 3 S0 L LGRGDLGALKKOKNALA WASTRES
(790) (791)
- RINTETGEPTFADDERG FYYGRDS
H CBREDI-4 ISMH (793) :
H ORGD3-4 DYSMH  {793) (764) (755)
N K380ST LGRGDTBRLREONALA WASTRES KOS TNLLE
L CBRED3-4 (796) 77 (798
ERGD RINTETCEPT EADDE
H CERGDS DYSMH (799} NTETCEPTFADDIRG PYYGRDT {801
{800)
CORGD3 KS30SLLGRGDLGRLKRNALA T ROSYNLLS
L (502) WASTRES  ({803) (804)
- - RINTETGEDTFADDERG i
H CHREDI-5 DYSMH  {805) R ng%,f’ PXEALDERG FYYGRADS (807
K3505LLGRGDLGRLRNALA — OSTNLLS
L CEREDI-6 RSSQSLLGRGDLORLXNALA WASTRES  (809) KESYRL]
{808) (810}
- SEPTFADDERG FYYGRDE
3 CERDG3-7 SMH (811)
H GRDG3-7 DYSMH {811} (819)
K3EnST LORGDLERLNALA KOSYNTTS
L CERGD3-7 TRES (815 WY
CERGD3-7 (614) WASTR (815} (516)
- RINTETGEPTFADDERG FYYGRDT
1 ‘6RGD3-8 DYSMH {817}
H CORED DYSME (817} (e16) (519)
i I KSS0BLLGRGDLGRNALA o - ROSSNLIS
L CERGN3-B (520) WASTRES  (821) (522)
RINTETGEDT EADDERG PYYGRDY
H CHRGD] DYSMH  (823) 2
H CHERGDL DYSMH {823} (824) (825)
L C6RGDL KS3QSLLGRGDLGNALA (826) | WASTRES (627) ]\CT?;’;;S
RINTETGEPTFADDERG FYYGRDT
i FRGLA-0 Y S §29%
5 CEREDA- G DYSMH (829} (530) (531)
TR e G T EDTTRI
5 I, K3S0SLLGRGDLGRLKKOKDHE WASTRES  (533) KOSINLE
(832) (834)
- cerenA10 . RINTETGEPTFADDERG FYYGRDS
5 AGD3 Le33) (836) (B837)
KS805LLORGDLERLRRORDE ) oS 3
1, CERGE3-10 K QQ%LGKGDLJ LKKQEDH WASTRES (#39) KOSYNLLS
(838) (840)
RINTETGEPTEADDIRG FYYGRDT
C ARG - 17 DY SMF {gd
H CERED3-11 DYSME  {841) (642) (543)
L CERGD3I-11 KSSQSLLGRGDLGRLKKOKD  {844| WASTRES  (845) ()Z[I@§>
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e . RINTETGEPTFADDERG FYYGRDT

3 CERGN3-12 DYSMH {847} (548) (949)
L CERED2-12 R5SQSLLERGDLGRLKKOK WASTRES (851) RQESNLL
(850) (852)

T I RINTETGEPTFADDERG FYVORDY

H CERGD3-13 DYSMH  (853) (e54) (555)
1 CERGD3I-13 K3SOSLLGRGDLGRLKKD (856) | WASTRES  (857) KQ “(‘“‘g
RINTETGEPTEADDERG FYYGRDT

A A o iac

H CERGD3-14 DYSMH  {859) (660) (561)
KS30SLLGRGDLGRL 6z _ (OSYNLL

L CERGD3-14 KSSQSLLGRGDLGRLEX  (882) | ypoopms  (g63) K“;Y,‘M‘)‘
- — TNTETGE FE NGRDS

B CARGD3~15 DYSMH  (R65) RINTETGEE DFRG FXYGRDS
(866) (867)
3S0SIiGRGNiGELA (%8 ‘ — e

L CERGD3-15 K5SQSLLERGDLGRLE  (868) WASTRES  (869) ngffé":
RINTETGEDTFADDERG YT GRDT

H CERFDA-16 DYSMH (871} RINTETGEPTFADDERG FYYGRDT
(872) (873)
KSSDSLLGRGDLGRL (874 N CEYNLLY

1 CERGDA- LSEDSLLGREDLGRI {874) WASTRES (875) K/(CL’:!\;}E;

[0148]

four of the framework sequences as provided here:

In some embodiments, an antibody as described herein comprises one, two, three or all

Frameworks Fr 1l {(8EQ IDH NO3) Fr2z (SEQ ID NO:)
(QYTICLAL } SGPELKKPGETVRISCRASGY
# ‘”‘ég{:f“) (Q) SGPELKKPGEIVK SGY | GVROAPGRGLKN (V) A (386)
E M E M
Where {X) can be Fled AA
L (D)(EgbcffT)QSPo‘SLi\\’(S)xG EEOVERDSC ) yvoorpeose (m) LLIY  (280)
(389}
E 3 P N N K
Where (X) can be specified AA all
alternatives listed undex
Frameworks Fr3 (SEQ ID NO:) Fri {SEQ ID NO:)
H REA (VY SLETSASTAYLOINNLRNEDTATYRCAT (387 WEOGTT (L) TV (388
F Vi

TISSVOAEDLAVY { 1’1 ¢

w
%
s

{392)

5]

[0149]

four of the framework sequences as provided here:

In some embodiments, an antibody as described herein comprises one, two, three or all

Frameworks Fr 1 {SEQ ID NO:) Fr2 SEQ ID NO:)
H QIQLVOSG(P) (B} {L)REKPGE) (T)VRKISCKASGYTET {5350} W T(K;QAE‘ (R} GL(KIWVA (551}
A KV A3 R s} B

can be specified AA

52
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L (DYIVMTQ{SI P{3) {(SIL(A)VS(A)GRE(KIVIMSC (554) WYQOKPGRIEPRLLIY (5535}
E T A T 3 B R A
N I
Frameworks Fr3 {SEQ ID NO:)
4 RE(AYV(3)L(E) T2 (A} STAYL(Q) T {N) (NYL(K) (N) {E) DTA(T) YFCAL 552}
T T Iy T E R 3 R 35 D i
Where (X} can be specified AA all
alternatives listed under
T (G)VP(D)RF(T) GEGEGT (D) FTLTISEVQ(RA) ED{L)AVYYC (556)
D A 3 = 3 F
Frameworks! ¥Frd (SEQ ID NO:)
H WEQGT (T LTVSS (353}
A
L PG(AYGTI{KILE{LIKR (557}
¢} 4 I

[0150]

four of the framework sequences as provided here:

In some embodiments, an antibody as described herein comprises one, two, three or all

Frameworks Fr 1 (SEQ ID NO:) Frz ID NO:}
H QIOL(V)QSG(P) {E) (LIXKPG{E} {TYVRISCKASGYTET (55D) 1 WV (X) Q. (K)-GM(I\tW(V) (A} (877}
L A K V A 5 R o} E M G
Where (X) can be specified AA
L DYIVM(TYO(S) P{3) {S) LIAIVS{AIGE(K)VIMSC  (830) WYQOKPGO (S} PRLLIY  {BE1)
E 3 T AT 3 e R A
N4 T
Frameworks ¥Fr3 SEQ ID NO:)
H RE(AY (V) {STL{EITS{AY (SYTA(YI L T{N) (NI L{X} (N) (B) DTA(T) AL (878)
T F T D T T N E » 8 R 8 D W
S I K
T
Where (X) can be specified AA all
alternatives listed under
L (GIVP(D)RF(T) G TH{D) FTLTISSVO(A)ED(LYAVYYC (882)
D 2N 3 B 8 F
D
Frameworkst Frd (3EQ ID NO:)
H WEQGT (T LTVESs (879}

A

PG(AYGT{KILE{I}KR (883}

5

] v L
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{6181] Insome embodiments, the antibodies comprise the CDR1, CDR2, and CDR3 heavy

chain sequences as provided herein, mcluding but not imited to, e.g.,

SEQ ID NO:3, SEQ ID NO:5, and SEQ ID NO:7;
SEQ ID NO:11, SEQ ID NO:13, and SEQ ID NO:15;
5 SEQ ID NO:19, SEQ ID NO:21, and SEQ ID NO:23;

SEQ ID NO:27, SEQ ID NO:29, and SEQ ID NO:31;
SEQ ID NO:35, SEQ ID NO:37, and SEQ ID NO:39;
SEQ 1D NO:43, SEQ ID NO:45, and SEQ ID NO:47;
SEQ ID NO:51, SEQ ID NO:53, and SEQ ID NO:55;

10 SEQ ID NO:59, SEQ ID NO:61, and SEQ ID NO:63;
SEQ ID NO:67, SEQ ID NO:69, and SEQ ID NO:71;
SEQ 1D NO:75, SEQ ID NO:77, and SEQ ID NO:79;
SEQ ID NO:83, SEQ I NO:85, and SEQ ID NO:87;
SEQ ID NO:91, SEQ ID NO:93, and SEQ ID NO:95;

15 SEQ ID NO:99, SEQ ID NO:101, and SEQ ID NO:103;
SEQ ID NO:107, SEQ ID NO:109, and SEQ ID NO:111;
SEQ ID NO:115, SEQ ID NO:117, and SEQ ID NO:119;
SEQ ID NO:123, SEQ ID NO:125, and SEQ ID NO:127;
SEQ ID NO:291, SEQ ID NO:293, and SEQ ID NO:295;

20 SEQ ID NO:313, SEQ ID NO:314, and SEQ ID NO:315;
SEQ ID NO:316, SEQ ID NO:317, and SEQ ID NO:318;
SEQ ID NO:319, SEQ ID NO:320, and SEQ ID NO:321;
SEQ ID NO:322, SEQ ID NO:323, and SEQ ID NO:324;
SEQ ID NO:325, SEQ ID NO:326, and SEQ ID NO:327;

25 SEQ ID NO:328, SEQ ID NO:329, and SEQ TD NO:330;
SEQ ID NO:331, SEQ ID NO:332, and SEQ ID NO:333;
SEQ ID NO:367, SEQ ID NO:368, and SEQ ID NO:369;
SEQ ID NO:364, SEQ ID NO:365, and SEQ ID NO:366;
SEQ ID NO:370, SEQ ID NO:371, and SEQ 1D NO:372;

30 SEQ ID NO:379, SEQ ID NO:380, and SEQ ID NO:381;
SEQ ID NO:397, SEQ ID NO:399, and SEQ ID NO:401;

54
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SEQ ID NO:405, SEQ 1D NO:407, and SEQ 1D NO:409;
SEQ ID NO:413, SEQ ID NO:415, and SEQ 1D NO:417;
SEQ ID NO:421, SEQ 1D NO:423, and SEQ 1D NO:425; or
SEQ ID NO:429, SEQ ID N(:431, and SEQ ID N(G:433.
5  {6152] Insome embodiments, the antibodies comprise the heavy chain CDR1, CDR2, and
CDR3 sequences described above but contain 1, 2, or 3 conservative amino acid substitutions in

one, two or more CDR sequences compared to those listed above.

[0153] Insome embodiments, the antibodies comprise the light chain CDR1, CDR2, and

CDE3 sequences as provided herein, including but not limited to, e.g.,

10 SEQ I NO:131, SEQ ID NO:133, and SEQ ID NO:135;
SEQ ID NO:139, SEQ ID NO:141, and SEQ ID NO:143 ;
SEQ ID NO:147, SEQ ID NO:149, and SEQ ID NO:151 ;
SEQ ID NO:155, SEQ ID NO:157, and SEQ ID NO:159 ;
SEQ ID NO:163, SEQ ID NO:165, and SEQ ID NO:167 :
15 SEQ ID NO:171, SEQ ID NO:173, and SEQ ID NO:175 ;
SEQ ID NO:179, SEQ ID NO:181, and SEQ ID NO:183 ;
SEQ ID NO: 187, SEQ ID NO:189, and SEQ ID NO:191 ;
SEQ ID NO:195, SEQ ID NO:197, and SEQ ID NO:199 ;
SEQ ID NO:203, SEQ ID NO:205, and SEQ 1D NO:207 ;
20 SEQ ID NO:211, SEQ ID NO:213, and SEQ ID NO:215 ;
SEQ ID NO:219, SEQ ID NO:221, and SEQ ID N0:223 ;
SEQ ID NO:227, SEQ ID NO:229, and SEQ ID NO:231 ;
SEQ ID NO:243, SEQ D NO:245, and SEQ 1D NO:247 ;
SEQ ID NO:251, SEQ ID NO:253, and SEQ ID NO:255 ;
25 SEQ ID NO:259, SEQ ID NO:261, and SEQ D NO:263 ;
SEQ ID NO:267, SEQ ID NO:269, and SEQ ID NO:271 ;
SEQ ID NO:275, SEQ ID NO:277, and SEQ ID NO:279 ;
SEQ ID NO:283, SEQ ID NO:285, and SEQ ID NO:287 ;
SEQ ID NO:291, SEQ ID NO:293, and SEQ 1D NO:295;
30 SEQ ID NO:307, SEQ ID NO:309, and SEQ ID NO:311;
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NEQ ID NO:334, SEQ 1D NO:335, and SEQ 1D NO:336;
SEQ 1D NO:337, SEQ ID N(:338, and SEQ 1D NQO:339;
SEQ ID NO:340, SEQ ID NO:341, and SEQ ID NO:342;
SEQ ID NO:343, SEQ ID N(G:344, and SEQ 1D NO:345;
SEQ ID NO:346, SEQ 1D NO:347, and SEQ 1D NO:348;
SEQ 1D NO:349, SEGQ ID NO:350, and SEQ 1D NG:351;
SEQ ID NO:352, SEQ 1D NO:353, and SEQ ID NO:354;
SEQ 1D NO:355, SEQ ID NG:356, and SEQ ID NO:357,
SEQ ID NO:358, SEQ 1D NO:359, and SEQ 1D NO:360;
SEQ ID NO:361, SEG ID NO:362, and SEQ 1D NG:363;
SEQ ID NO:373, SEQ IID NO:374, and SEQ 1D NO:375;
SEQ ID NO:376, SEQ ID NO:377, and SEQ ID NO:378;
SEQ ID NOG:382, SEQ ID NG:383, and SEQ ID N(C:384;
SEQ ID NO:453, SEQ ID NOG:45S, and SEQ ID NG:457,
SEQ ID NO:461, SEQ ID NO:463, and SEQ ID NQO:465;
SEQ ID NO:469, SEQ 1D NO:471, and SEQ 1D NG:473;
SEQ ID NG:478, SEQ ID NO:480, and SEQ ID N(G:482; or
SEQ ID NO:486, SEQ 1D NO:488, and SEQ ID NOG:490,
[0154] Insome embodiments, the antibodies comprise the light chain CDR1, CDR2, and
CDR3 sequences described above but contain 1, 2, or 3 conservative amino acid substitutions in
one, two or more CDR sequences compared to those listed above. In some embodiments, the
light chain CDR1 sequence is 12-18 amino acids long, , e.g., 14-17, eg., 12, 13, 14, 15, 16, 17,

or 18 amino acids long.

[0155]

CDR2, and CDR3 sequences as provided herein, including but not limited to, e.g.,

In some embodiments, the antibodies comprise the heavy and light chain CDR1,

heavy chain CDRs SEQ ID N(:313, SEQ ID NO:314, and SEQ ID NO:315; and
fight chain CDRs SEQ ID NO:334, SEQ ID NO:335, and SEQ ID N(O:336; or

heavy chain CDRs SEQ 1D N(:319, SEQ ID NG:320, and SEQ ID NOG:321; and
light chain CDRs SEQ 1D NO: 340, SEQ ID N(O:341, and SEQ ID N(O:342; or

56
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heavy chain CDRs SEQ ID NO:316, SEQ ID NO:317, and SEQ 1D NO:318; and
light chain CDRs SEQ 1D NO:337, SEQ ID NO:338, and SEQ ID NOC:339; or

heavy chain CDRs SEQ D N(:322, SEQ 1D NO:323, and SEQ 1D NO:324; and
fight chain CDRs SEQ ID NO:343, SEQ ID NO:344, and SEQ ID NO:345; or

heavy chain CDRs SEQ ID N(G:322, SEQ ID NO:323, and SEQ ID NO:324; and
fight cham CDRs SEQ 1D NO:346, SEQ ID NO:347, and SEQ ID NO:3438; or

heavy chain CDRs SEQ ID NO:322, SEQ 1D NO:323, and SEQ ID NO:324; and
light chain CDRs SEQ 1D NO:349, SEQ 1D NO:350, and SEQ ID NO:351; or

heavy chain CDRs SEQ 1D NO:325, SEQ 1D NO:326, and SEQ ID NO:327; and
tight cham CDRs SEQ ID NO:352, SEQ ID NO:353, and SEQ ID NO:354; or

heavy chain CDRs SEQ ID NO:325, SEQ D NO:326, and SEQ ID NO:327; and
light chamn CDRs SEQ ID NO:355, SEQ I NOG:356, and SEQ ID NO:357; or

heavy chain CDRs SEQ ID NG:32S, SEQ 1D N(O:326, and SEQ ID NO:327; and
light chain CDRs SEQ 1D NG:358, SEQ ID NO:359, and SEQ ID NO:360; or

heavy chain CDRs SEQ ID NO:367, SEQ ID N(O:368, and SEQ ID NO:369; and
light cham CDRs SEQ ID NG:373, SEQ ID NO:374, and SEQ ID NO:375; or

heavy chain CDRs SEQ ID NG:364, SEQ ID N(O:365, and SEQ ID NO:366; and
light chain CDRs SEQ ID NO:373, SEQ ID NO:374, and SEQ ID NOG:375; or

heavy chain CDRs SEQ 1D NO:367, SEQ ID N(O:368, and SEQ ID N(:369; and
light cham CDRs SEQ ID N(O:376, SEQ ID NO:377, and SEQ ID NO:378; or

heavy chain CDRs SEQ ID NO:370, SEGQ D NO:371, and SEQ ID NO:37Z; and
light chain CDRs SEQ ID NO:373, SEQ ID NO:374, and SEQ ID NO:375; or

heavy chain CDRs SEQ ID NO:331, SEQ ID N(O:332, and SEQ ID N(:333; and
light chain CDRs SEQ ID NO:382, SEQ ID N(:383, and SEQ 1D NO:384; or

heavy chain CDRs SEQ 1D N(G:379, SEQ ID NO:380, and SEQ ID N(:381; and
light chain CDRs SEG ID N(G:361, SEQ ID NG:362, and SEQ ID NO:363; or

heavy chain CDRs SEQ 1D NO:331, SEQ ID NO:332, and SEQ ID N(:333; and
fight chain CDRs SEQ ID NO:361, SEQ D N(O:362, and SEQ 1D NO:363; or

heavy chain CDRs SEQ 1D NQ:508, SEQ ID NO:309, and SEQ 1D N(O:310; and
light cham CDRs SEQ D NO:529, SEQ ID N(G:530, and SEQ 1D NO:531; or
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heavy chain CDRs SEQ ID NO:511, SEQ ID NO:512, and SEQ 1D NO:5313; and
light chain CDRs SEQ 1D NO:532, SEQ ID NO:533, and SEQ ID NO:534; or
heavy chain CDRs SEQ D NO:514, SEQ 1D NO:515, and SEQ} ID NO:516; and
fight chain CDRs SEQ ID NQO: 535, SEQ ID N(O:536, and SEQ ID NO:537; or
5 heavy chain CDRs SEQ ID NOG:517, SEQ 1D NO:518, and SEQ ID NO:519; and
fight cham CDRs SEQ 1D NO:538, SEQ ID NO:539, and SEQ ID NO:540; or
heavy chain CDRs SEQ ID NO:520, SEQ 1D NO:521, and SEQ 1D NO:522; and
light chain CDRs SEQ 1D NO: 541, SEQ ID NO:542, and SEQ ID NO:543; or
heavy chain CDRs SEQ ID NO:523, SEQ 1D NO:524, and SEQ 1D NO:325; and
10 light chain CDRs SEQ ID NO: 544, SEQ ID NO:545, and SEQ 1D NO:546; or
heavy chain CDRs SEQ ID NO:526, SEQ 1D NO:527, and SEQ ID NO:528; and
light chain CDRs SEQ ID NO: 547, SEQ ID NO:548, and SEQ ID NO:549.
[0156] In some embodiments, the antibodies comprise the heavy and light chain CDRI,
CDR2, and CDR3 sequences described above but contain 1, 2, or 3 conservative amino acid

15 substitutions in one, two or more CDR sequences compared to those listed above.

[0157] 1o some embodiments, any antibody described herein can comprise a light chain CDR1

comprising a RGD sequence, e.g., as provided in the following table:

CDRLi Vk
KSSQSLLNSRSRKNYLA (SEQ ID NO:572) D4

KSSQSLLNSGRGDLGNALA (SEQ ID NO:574) RGD2
KSSQSLLGRGDLGRLKKQKDHNALA (SEQID NO:576) | RGD3-1
KSSOSLLGRGDLGRLKKQKDNALA (SEQ ID NO:577) RGD3-2
KSSQSLLGRGDLGRLKKQKNALA (SEQ ID NO:578) RGD3-3
KSSQSLLGRGDLGRLKKQNALA(SEQ ID NO:579) RGD3-4

KSSQSLLGRGDLGRLKKNALA (SEQ ID NO:575) RGD3
KSSOSLLGRGDLGRLKNALA (SEQ ID NO:580) RGD3-6
KSSOSLLGRGDLGRLNALA(SEQ ID NO:581) RGD3-7
KSSOSLLGRGDLGRNALA (SEQ ID NO:582) RGD3-8

KSSOSLLGRGDLGNALA (SEQ ID NO:573) RGD1
KSSQOSLLGRGDLGRLKK.OQKDHH (SEQ ID NO:583) RGD3-9
KSSQSLLGRGDLGRLKKQKDH (SEQ ID NO:584) RGD3-10
KSSQSLLGRGDLGRLKEQKD (SEQ ID NO:585) RGD3-11
KSSQSLLGRGDLGRLKKQK (SEQ ID NO:586) RGD3-12
KSSQSLLGRGDLGRLKKQ (SEQ ID NO:587) RGD3-13
KSSQSLLGRGDLGRLEKK (SEQ ID NO:588) RGD3-14
KSSQSLLGRGDLGRLK (SEQ ID NO:589) RGD3-15
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{ KSSQSLLGRGDLGRL (SEQ ID NO:590) | RGD3-16 |

{0188] Insome embodiments, any of the antibodies described herein can comprise as CDR1
one of the CDRs selected from SEQ 1D N(O:572, SEQ ID NO:573, SEQ 1D NO:574, SEQ ID
NQO:575, SEQ ID NO:576, SEQ ID NO:577, SEGQ ID N(O:578, SEQ 1D NO:579, SEQ ID
NO:580, SEQ ID NO:581, SEQ ID NO:582, SEQ ID NO:583, SEQ ID NO:584, SEQ ID
NO:585, SEQ ID NO:586, SEQ ID NO:587, SEGQ ID NO:588, SEQ ID NO:589, and SEQ ID
NO:590.

{0159] Insome embodiments, the antibody can comprise heavy and light chain CDR1, CDR2,

and CDR3 sequences as provided below, including but not limited to, e.g.,

heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ 1D NO:525; and
fight chain CDRs SEQ 1D NO:572, SEQ ID NO:545, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NG: 523, SEQ ID NO:524, and SEQ ID NQO:525; and
light chain CDRs SEQ 1D NO:573, SEQ ID NO:543, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NO:523, SEQ 1D NO:524, and SEQ 1D NO:525; and
light chain CDRs SEQ ID NO: 574, SEQ ID NO:545, and SEQ ID NO:546; or

heavy chain CDRs SEQ 1D N(:523, SEQ 1D NO:524, and SEQ ID NQ:;525; and
tight cham CDRs SEQ D NO:575, SEQ ID NO:545, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NG: 523, SEQ ID NO:524, and SEQ ID NQO:525; and
light chain CDRs SEQ ID NO:576, SEQ ID NO:543, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ ID NO:525; and
light cham CDRs SEQ 1D NO:377, SEQ ID NO:5435, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NG: 523, SEQ ID NO:524, and SEQ ID NG:525; and
light cham CDRs SEQ ID NG:578, SEQ ID NO:5435, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ ID NO:525; and
light chain CDRs SEQ ID NO:579, SEQ ID NO:545, and SEQ ID NO:546; or

heavy chain CDRs SEQ 1D N(G:523, SEQ ID NO:524, and SEQ ID N(O:325; and
light chain CDRs SEQ ID NO:580, SEQ ID NO:543, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ ID N(O:525; and
light chain CDRs SEQ ID NO:581, SEQ ID NO:545, and SEQ 1D NO:546; or
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heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ 1D NO:525; and
light chain CDRs SEQ 1D NO:582, SEQ ID NO:545, and SEQ ID NO:546; or

heavy chain CDRs SEQ D NO:523, SEQ 1D NO:524, and SE} ID NO:525; and
fight chain CDRs SEQ ID NO: 5383, SEQ ID NO:545, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID N(G:523, SEQ ID NO:524, and SEQ ID NQO:525; and
fight cham CDRs SEQ 1D NO:584, SEQ ID NO:545, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ ID NQO:525; and
light chain CDRs SEQ 1D NO: 5385, SEQ ID NO:5435, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NO:523, SEQ 1D NO:524, and SEQ ID NO:525; and
tight cham CDRs SEQ ID NO: 586, SEQ ID NO:545, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NO:523, SEQ D NO:524, and SEQ ID NO:525; and
light chain CDRs SEQ ID NO:587, SEQ I3 NOG:543, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NG:523, SEQ 1D NO:324, and SEQ ID NO:525; and
light chain CDRs SEQ 1D NG:589, SEQ I NO:545, and SEQ ID NO:5406; or

heavy chain CDRs SEQ ID NO:523, SEQ ID N(O:524, and SEQ ID NO:525; and
light cham CDRs SEQ ID NG:5%0, SEQ ID NO:5435, and SEQ ID NO:546; or

heavy chain CDRs SEQ ID NG: 523, SEQ ID NO:524, and SEQ ID NO:525; and
light chain CDRs SEQ ID NO:572, SEQ ID NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ 1D NO:523, SEQ ID NO:524, and SEQ ID N(O:525; and
light chamm CDRs SEQ ID N(O:573, SEQ ID NO:545, and SEQ 1D NO:534; or

heavy chain CDRs SEQ ID NO: 523, SEQ D NO:524, and SEQ 1D NO:525; and
light chain CDRs SEQ ID NO:574, SEQ ID NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ 1D NO:523, SEQ ID NO:524, and SEQ ID N(:525; and
light chain CDRs SEQ ID NO:575, SEQ ID N(G:545, and SEQ 1D NO:534; or

heavy chain CDRs SEQ 1D N(:523, SEQ ID NO:524, and SEQ ID N(:525; and
light chain CDRs SEG ID N(G:576, SEQ 1D NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ 1D N(:523, SEQ ID NO:524, and SEQ ID N(:525; and
fight chain CDRs SEQ ID NO:577, SEQ D N(O:545, and SEQ 1D NO:534; or

heavy chain CDRs SEQ 1D N(Q:523, SEQ ID NO: 524, and SEQ 1D N(:325; and
light cham CDRs SEQ D NO:578, SEQ ID N(O:545, and SEQ 1D NO:534; or
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heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ 1D NO:525; and
light chain CDRs SEQ 1D NO:579, SEQ ID NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ D NO:523, SEQ 1D NO:524, and SE} ID NO:525; and
fight chain CDRs SEQ ID NO: 580, SEQ ID NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ ID N(G:523, SEQ ID NO:524, and SEQ ID NQO:525; and
fight cham CDRs SEQ 1D NO:581, SEQ ID NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ ID NQO:525; and
light chain CDRs SEQ 1D NO: 5382, SEQ ID NO:5435, and SEQ ID NO:534; or

heavy chain CDRs SEQ ID NO:523, SEQ 1D NO:524, and SEQ ID NO:525; and
tight cham CDRs SEQ ID NO:583, SEQ ID NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ ID NO:523, SEQ D NO:524, and SEQ ID NO:525; and
light chain CDRs SEQ ID NO:584, SEQ I3 NOG:543, and SEQ ID NO:534; or

heavy chain CDRs SEQ ID NG:523, SEQ 1D NO:324, and SEQ ID NO:525; and
light chain CDRs SEQ 1D NG:585, SEQ I NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ ID NO:523, SEQ ID N(O:524, and SEQ ID NO:525; and
light cham CDRs SEQ ID NG:586, SEQ ID NO:5435, and SEQ ID NO:534; or

heavy chain CDRs SEQ ID NG: 523, SEQ ID NO:524, and SEQ ID NO:525; and
light chain CDRs SEQ ID NO:587, SEQ ID NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ 1D NO:523, SEQ ID NO:524, and SEQ ID N(O:525; and
light chamn CDRs SEQ ID N(O:588, SEQ ID NO:545, and SEQ 1D NO:534; or

heavy chain CDRs SEQ ID NO: 523, SEQ D NO:524, and SEQ 1D NO:525; and
light chain CDRs SEQ ID NO:589, SEQ ID NO:545, and SEQ ID NO:534; or

heavy chain CDRs SEQ 1D NO:523, SEQ ID NO:524, and SEQ ID N(:525; and
light chain CDRs SEQ ID NO:590, SEQ ID N(G:545, and SEQ 1D NO:534; or

heavy chain CDRs SEQ 1D N(:523, SEQ ID NO:524, and SEQ ID N(:525; and
light chain CDRs SEG ID N(G:572, SEQ 1D NO:545, and SEQ ID NO:537; or

heavy chain CDRs SEQ 1D N(:523, SEQ ID NO:524, and SEQ ID N(:525; and
fight chain CDRs SEQ ID NO:573, SEQ D N(O:545, and SEQ 1D NO:537; or

heavy chain CDRs SEQ 1D N(Q:523, SEQ ID NO: 524, and SEQ 1D N(:325; and
light cham CDRs SEQ D NO:574, SEQ ID N(G:545, and SEQ 1D NO:537, or
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heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ 1D NO:525; and
light chain CDRs SEQ 1D NO:575, SEQ ID NO:545, and SEG ID NO:537; or

heavy chain CDRs SEQ D NO:523, SEQ 1D NO:524, and SE} ID NO:525; and
tight chain CDRs SEQ ID NO:576, SEQ ID NO:545, and SEQ ID NO:537; or

heavy chain CDRs SEQ ID N(G:523, SEQ ID NO:524, and SEQ ID NQO:525; and
fight cham CDRs SEQ 1D NO:577, SEQ ID NO:545, and SEQ ID NO:537; or

heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ ID NQO:525; and
light chain CDRs SEQ 1D NO: 578, SEQ ID NO:5435, and SEQ ID NO:537; or

heavy chain CDRs SEQ ID NO:523, SEQ 1D NO:524, and SEQ ID NO:525; and
tight cham CDRs SEQ 1D NO:579, SEQ ID NO:545, and SEQ ID NO:537; or

heavy chain CDRs SEQ ID NO:523, SEQ D NO:524, and SEQ ID NO:525; and
light chain CDRs SEQ ID NO: 580, SEQ I3 NOG:543, and SEQ ID NO:537; or

heavy chain CDRs SEQ ID NG:523, SEQ 1D NO:324, and SEQ ID NO:525; and
light chain CDRs SEQ 1D NG:581, SEQ ID NO:545, and SEQ ID NO:537; or

heavy chain CDRs SEQ ID NO:523, SEQ ID N(O:524, and SEQ ID NO:525; and
light cham CDRs SEQ ID NG:582, SEQ ID NO:5435, and SEQ ID NO:537; or

heavy chain CDRs SEQ ID NG: 523, SEQ ID NO:524, and SEQ ID NO:525; and
light chain CDRs SEQ ID NO: 583, SEQ ID NO:545, and SEQ ID NO:537; or

heavy chain CDRs SEQ 1D NO:523, SEQ ID NO:524, and SEQ ID N(O:525; and
light chamn CDRs SEQ ID N(O:584, SEQ ID NO:545, and SEQ ID NO:537; or

heavy chain CDRs SEQ ID NO: 523, SEQ D NO:524, and SEQ 1D NO:525; and
light chain CDRs SEQ ID NO:585, SEQ ID NO:545, and SEQ ID NO:537; or

heavy chain CDRs SEQ 1D NO:523, SEQ ID NO:524, and SEQ ID N(:525; and
light chain CDRs SEQ ID NO:586, SEQ ID N(G:545, and SEQ 1D NO:537; or

heavy chain CDRs SEQ 1D N(:523, SEQ ID NO:524, and SEQ ID N(:525; and
light chain CDRs SEG ID NG:587, SEQ 1D NO:545, and SEQ ID NO:537; or

heavy chain CDRs SEQ 1D N(:523, SEQ ID NO:524, and SEQ ID N(:525; and
fight chain CDRs SEQ ID NO:588, SEQ [D N(O:545, and SEQ 1D NO:537; or

heavy chain CDRs SEQ 1D N(Q:523, SEQ ID NO: 524, and SEQ 1D N(:325; and
light cham CDRs SEQ D NO:589, SEQ ID N(G:545, and SEQ 1D NO:537, or
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heavy chain CDRs SEQ ID NO:523, SEQ ID NO:524, and SEQ 1D NO:525; and
ight chain CDRs SEQ 1D NO:590, SEQ ID NO:545, and SEQ ID NO:537.
{6166] In some embodiments, the antibodies comprise the heavy and light chain CDR1,
CDR2, and CDR3 sequences described above but contain 1, 2, or 3 conservative amino acid

substitutions in one, two or more CDR sequences compared to those listed above,

{0161] In some embodiments, any of the antibodies disclosed herein can comprise one of the
heavy chain variable regions selected from SEQ ID NO: 1, SEQ ID NO:9, SEQ ID NO:17, SEQ
ID NOG:28, SEQ ID NO:33, SEQ ID NO:41, SEQ ID NO:49, SEQ ID NO:57, SEQ ID NO:65,
SEQ ID NO:73, SEQ ID NO:81, SEQ ID NO:89, SEQ ID NO:97, SEQ ID NO:105, SEQ ID
NO:113, SEQ 1D NO:121, or SEQ ID NO:297, or SEQ 1D NG:395, SEQ ID NO:403, SEQ 1D
NO:411, SEQ ID NO:419, SEQ ID NO:427, SEQ ID NO:435, or SEQ ID NO:443.

{0162] In some embodiments, any of the antibodies disclosed herein can comprise one of the
fight chain variable regions selected from SEQ 1D NO: 129, SEQ ID NO:137, SEQ 1D NO: 145,
SEQID NO:153, SEQ ID NO:161, SEQ ID NO: 169, SEQ ID NO:177, SEQ ID NO:185, SEQ
1D NO:193, SEQ ID NO:201, SEQ ID NO:209, SEQ ID NO:217, SEQ ID NO:225, SEQ ID
NO:233, SEQ ID NO:241, SEQ ID NO:249, SEQ ID NO:257, SEQ ID NO:265, SEQ ID
NG:273, SEG D NG:281, SEQ ID NO:289, SEQ ID NO:30S5, or SEGQG ID NO:451, SEQ ID
NG:459, SEQ ID NO:467, SEQ ID NO:475, SEQ ID NO:484, SEQ ID NO:492, or SEQ ID
NQO:500.

[0163] In some embodiments, the antibodies disclosed here can comprise one or more or all of
the light chain variable regions {(CDRs or framework regions) selected from SEQ 1D NO:565,
SEQ ID NO:566, SEQ ID NO:567, SEQ ID NO: 568, SEQ ID NO:569, SEQ ID NO:570, or SEQ
D NO:571.

[0164] Insome embodiments, any of the antibodies disclosed herein can comprise one or more
or all of the heavy chain variable regions (CDRs or framework regions) selected from SEQ ID
NO:558, SEQ ID NO:559, SEQ ID NO:560, SEQ ID NO:561, SEQ ID NO:562, SEQ ID
NQ:363, or SEQ ID NO: 564,

[0165] Heavy chain variable regions can be paired with hight chain regions as desired,

mcluding or not limited to for variable regions comprising the paired CDRs as set forth above.

63

Date Recgue/Date Received 2023-12-19



10

20

WO 2018/064478 PCT/US2017/054306

{6166] 1In addition, as noted above, the inventors have discovered that an RGDL sequence
{(SEQ 1D NO:756) can be inserted into a light chain CDR1 sequence in an avf8-binding
antibody to obtain an antibody that has six CDRs in total and that binds both «vB8 and avpé.
The antibodies at least partially block ligand binding function. See, e.g., FIGS. 38A-D. Thus in
some embodiments, antibodies are provided that bind to «vp8 and ¢vi6 and comprise an RGDL
sequence (SEQ ID NG:756) in the light chain CDR1 sequence. For instance, in some
embodiments the light chain CDR1 is between 20-22 amino acids (e.g., 21 amino acids) an
optionally comprises KSSQSLLGRGDLGRLKK (SEQ ID NO:765) or a sequence confaining 1,

2, or 3 conservative amino acid substitutions.

[0167] Additionally, the inventors have discovered that an RGDL sequence (SEQ 1D NG:7506)
can be mserted into a light chain CDR1 sequence in an ovP8-binding antibody to obtain an
antibody that has six CDRs and that binds ov38, ov6 and ov3 (i.e., is tri-specific). See,

Exaraple 12,

[0168] In some embodiments, any antibody described herein can comprise a light chain CDR1
sequence selected from, but not limited to, SEQ ID N(O:572, SEQ ID NO:573, SEQ ID NO:574,
SEQ ID NQO:575, SEQ ID NO:576, SEQ ID NO:577, SEQ ID NO:578, SEQ ID NO:579, SEQ
D NO:580, SEQ ID NO:5381, SEQ ID NO:582, SEQ ID NO:383, SEQ ID NO:584, SEQ ID
NO:585, SEQ ID NO: 586, SEQ ID NO:587, SEQ ID NO:588, SEQ ID NO:589, and SEQ ID
NGO:590. In some embodiments, any of the light chain CDR1 sequences set forth in this
paragraph can be combined with any light chain CDR2, hight chain CDR3, heavy cham CDRI,
heavy chain CDR2 and heavy chain CDR3, set forth herein.

[6169] Insome embodiments, antibodies comprising the Hight chain CDR1 sequences
described in the preceding paragraph can contain 1, 2, or 3 conservative amino acid substitutions
in the CDR1 sequence compared to those listed above (7.e., SEQ ID NG:572-590).

[0176] Insome embodiments, the antibodies can comprise the heavy chain CDR1, CDR2, and

CDR3 sequences as provided herein, including but not limited to, e.g.,

SEQ 1D NO:437, SEQ 1D NG:439, and SEQ 1D NO:441; or
SEQ ID NO:445, SEQ ID NO:447, and SEQ 1D N(G:449.
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{6171] Insome embodiments, the antibodies can comprise the heavy chain CDR1, CDR2, and
CDR3 sequences described above but contain 1, 2, or 3 conservative amino acid substitutions n

one, two or more CDR sequences compared to those listed above.

{0172] Insome embodiments, the antibodies can comprise the hight chain CDR1, CDR2, and

CDR3 sequences as provided herein, including but not limited to, e.g.,

SEQ ID NO:494, SEQ ID NO:496, and SEQ 1D NG:498; or
SEQ ID NO:502, SEQ ID NO:504, and SEQ ID NO:506.

{6173] Insome embodiments, the antibodies can comprise the light chain CDR1, CDR2, and
CDR3 sequences described above but contain 1, 2, or 3 conservative aming acid substitutions in

one, two or more CDR sequences compared to those listed above.

{6174] Heavy chain variable regions can be paired with light chain regions as desired,

including or not limited to for variable regions comprising the paired CDRs as set forth above.

{0175] For preparation and use of suitable antibodies as described herein, e.g., recombinant,
monoclonal, or polyclonal antibodies, many techniques known in the art can be used (see, e.g.,
Kohler & Milstein, Nature 256:495-497 (1975); Kozbor et al., Immunology Today 4. 72 (1983);
Cole et al., pp. 77-96 in Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. {(1985);
Coligan, Current Protocols in Immunclogy (1991}, Harlow & Lane, Antibodies, A Laboratory
Manual (1988); and Goding, Monoclonal Antibodies: Principles and Practice (2d ed. 19863).
The genes encoding the heavy and light chains of an antibody of interest can be cloned from a
cell, e.g, the genes encoding a monoclonal antibody can be cloned from a hybridoma and used to
produce a recombinant monocional antibody. Gene libraries encoding heavy and light chains of
monoclonal antibodies can also be made from hybridoma or plasma cells. Random combinations
of the heavy and light chain gene products generate a large pool of antibodies with different
antigenic specificity (see, e.g., Kuby, Immunology (3™ ed. 1997)). Techniques for the production
of single chain antibodies or recombinant antibodies (1.S. Patent 4,946,778, U.S. Patent No.
4,816,567) can be adapted to produce antibodies to polypeptides of this invention. Also,
transgenic mice, or other organisms such as other maminals, can be used to express humanized
or human antibodies (see, e.g., U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825, 5,625,126;

5,633,425; 5,661,016, Marks er al., Bio/Technology 10:779-783 (1992); Lonberg ef al., Nature
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368:856-859 (1994); Morrison, Nature 368:812-13 (1994); Fishwild er al., Nature Biotechnology
14:845-51 (1996); Neuberger, Nature Biotechnology 14:826 (1996); and Lonberg & Huszar,
Intern. Rev. Immunol. 13:65-93 (1995)). Alternatively, phage display technology can be used to
identify antibodies and heteromeric Fab fragments that specifically bind to selected antigens
(see, e.g., McCafferty et al., Narure 348:552-554 (1990); Marks er al., Biotechnology 10:779-783
(1992)). Antibodies can also be made bispecific, 1.e, able to recognize two different antigens
{see, e.g., WO 93/08829, Traunecker et al., FMBO 1 10:3655-3659 (1991); and Suresh et af,
Methods in Enzymology 121:210 (1986)). Antibodies can also be heteroconjugates, e.g., two
covalently joined antibodies, or immunotoxins {see, e.g., U.S. Patent No. 4,676,980 , WO

91/00360; WO 92/200373; and EP 03089}

{0176] Antibodies can be produced using any number of expression systems, including
prokaryotic and eukaryotic expression gystems. In some embodiments, the expression system is
a mammalian cell expression, such as a hybridoma, or a CHO cell expression system. Many
such systems are widely available from commercial suppliers. In embodiments in which an
antibody comprises both a Vi and VL region, the Vi and VL regions may be expressed using a
single vector, e.g., in a di-cistronic expression umit, or under the control of different promoters.
In other embodiments, the Vi and VL region may be expressed using separate vectors. A Vu or

VL region as described herein roay optionally comprise a methionine at the N-terminus.

[0177] An antibody as described herein can also be produced in various formats, including as a
Fab, a Fab', a F(ab', a scFv, or a dAB. The antibody fragments can be obtained by a variety of
methods, including, digestion of an intact antibody with an enzyme, such as pepsin {to generate
{(Fab'), fragments) or papain (to generate Fab fragments); or de novo synthesis. Antibody
fragments can also be synthesized using recombinant DNA methodology. In some
embodiments, an anti-B8 antibody comprises F(ab'), fragments that specifically bind 8. An
antibody of the invention can also include a human constant region. See, e.g., Fundamental
Immunology (Paul ed., 4d ed. 1999); Bird, e al., Science 242:423 (1988); and Huston, et al.,
Proc. Natl. Acad. Sci. US4 855879 (1983).

{6178] Methods for humanizing or primatizing non-human antibodies are also known in the
art. Generally, a humanized antibody has one or more amino acid residues introduced into it

from a source which 1s non-human. These non-human ammo acid residues are often referred to
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as tmport residues, which are typically taken from an import variable domain. Humanization can
be essentially performed following the method of Winter and co-workers {see, e.g., Jones et af,
Nature 321:522-525 (1986}, Riechmann ef al., Nature 332:323-327 (1988); Verhoeyen ef al.,
Science 239:1534-1536 (1988) and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992)), by
substituting rodent CDRs or CDR sequences for the corresponding sequences of a human
antibody. Such humanized antibodies are chimeric antibodies (1J.5. Patent No. 4,816,567},
wherein substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a non-human species. In practice, humanized antibodies are
typically human antibodies in which some CDR residues and possibly some FR residues are

substituted by residues from analogous sites in rodent antibodies.

{0179] Insome cases, the antibody or antibody fragment can be conjugated to another
molecule, e.g., polyvethylene glycol (PEGylation) or serum albumin, to provide an extended half-
tife in vivo. Examples of PEGylation of antibody fragments are provided in Knight et al.
Platelets 15:409, 2004 (for abebamab); Pedley er al., Br. J. Cancer 70:1126, 1994 (for an anti-
CEA antibody); Chapman er al., Nature Biotech. 17.780, 1999, and Humphreys, et al., Profein
Eng. Des. 20: 227,2007). The antibody or antibody fragment can also be labeled, or conjugated

to a therapeutic agent as described below.

[0180] The specificity of antibody binding can be defined in terms of the comparative
dissociation constants (Kd) of the antibody for the target (e.g., B8) as compared to the
dissociation constant with respect to the antibody and other materials in the environment or
unrelated molecules in general. Typically, the Kd for the antibody with respect to the unrelated
material will be at least 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold, 200-
fold or higher than Kd with respect to the target.

{0181] The desired affinity for an antibody, e.g., high (pM to low nM), medium (low nM to
1000M}, or low {(about 100nM or higher), may differ depending upon whether it is being used as
a diagnostic or therapeutic. For example, an antibody with medium affinity may be more
successful in localizing to desired tissue as compared to one with a high affinity. Thus,

antibodies having different affinities can be used for diagnostic and therapeutic applications.

{0182] A targeting moiety will typically bind with a Kd of less than about 1000 nM, e.g., less

than 250, 100, 50, 20 or lower nM. In some embodiments, the Kd of the affinity agent is less
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than 15, 10, 5, or 1 nM. In some embodimenis, the Kd is 1-100 oM, 0.1-50 nM, 0.1-10 nM, or 1-
20 oM. The value of the dissociation constant (Kd) can be determined by well-known methods,
and can be computed even for complex mixtures by methods as disclosed, e.g., in Caceci eral.,

Byte (1984) 9:340-362.

{6183] Affinity of an antibody, or any targeting agent, for a target can be determined according
to methods known in the art, e.g., as reviewed in Ernst ef al. Determination of Equilibrium

Dissociation Constants, Therapeutic Monoclonal Antibodies (Wiley & Sons ed. 2009},

10184] Quantitative ELISA, and similar array-based affinity methods can be used. ELISA
{Enzyme linked immunosorbent signaling assay) is an antibody-based method. In some cases,
an antibody specific for target of interest is affixed to a substrate, and contacted with a sample
suspected of containing the target. The surface is then washed to remove unbound substances.
Target binding can be detected in a variety of ways, e.g., using a second step with a labeled
antibody, direct labeling of the target, or labeling of the primary antibody with a label that 13
detectable upon antigen binding. In some cases, the antigen is affixed to the substrate (e.g.,
using a substrate with high affinity for proteins, or a Strepavidin-biotin interaction) and detected
using a labeled antibody (or other targeting moiety). Several permutations of the original ELISA
roethods have been developed and are known in the art (see Lequin (2005} Clin. Chem. 51:2415-

18 for a review).

[0185] TheKd, Kon, and Koff can also be determined using surface plasmon resonance (SPR),
e.g., as measured by using a Biacore T100 system or using kinetic exclusion assavs {e.g.,

KinExA®). SPR techniques are reviewed, e.g., in Hahnfeld ef o/ Determination of Kinetic Data

Using SPR Biosensors, Molecular Diagnosis of Infectious Diseases (2004). In a typical SPR
experunent, one interactant {target or targeting agent) s immobilized on an SPR-active, gold-
coated glass slide in a flow cell, and a sample containing the other interactant is introduced to
flow across the surface. When light of a given frequency is shined on the surface, the changes to
the optical reflectivity of the gold indicate binding, and the kinetics of binding. Kinetic
exclusion assays 1s the preferred method to determine affinity unless indicated otherwise. This
technique is described in, e.g. Darling et ai., Assay and Drug Development Technologies Vol, 2,

number 6 647-657 (2004).
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{6186] Binding affinity can also be determined by anchoring a biotinylated interactant to a
streptavidin (SA) sensor chip. The other interactant is then contacted with the chip and detected,

e.g., as described in Abdessamad ef af. (2002) Nuc. Acids Res. 30:e45.

{0187] Also provided are polynucleotides encoding the anitbodies described herein or binding
5 fragments thereof comprising at least heavy chain or light chain CDRs or both, e.g.,
polynucleotides, expression cassettes (e.g., a promoter linked to a coding sequence}, or
expression vectors encoding heavy or light chain variable regions or segments comprising the
complementary determining regions as described herein. In some embodiments, the
polynucleotide sequence is optimized for expression, e.g., optimized for mammalian expression

10 or optimized for expression in a particular cell type.
il Methods of treatment

{0188] The anti-avf}8 antibodies described herein {including ov{38 binding fragments thereof,
labeled antibodies, immunoconjugates, pharmaceutical compositions, etc.} as well as antibodies
that bind both av{38 and avP6 as described herein or binding fragments thereof can be used to

15 detect, treat, ameliorate, or prevent chronic obstructive pulmonary disease (COPD) and asthma,
mflammatory bowel disease, mflammatory brain autoimmune disease, multiple sclerosis, a
demylinating disease (e.g., transverse myelitis, Devic's disease, Guillain-Barré syndrome),
neuroinflammation, kidney disease, or glioma, arthritis, fibrotic disorders, such as airway
fibrosis, 1diopathic pulmonary fibrosis, non-specific interstitial pneumonia, post-infectious hung

20 fibrosis, diffuse alveolar damage, collagen-vascular disease associated lung fibrosis, drog-
mduced lung fibrosis, silicosis, asbestos-related lung fibrosis, respiratory bronchiolitis,
respiratory bronchiolitis interstitial lung disease, desquamative interstitial fibrosis, cryptogenic
organizing pneumonia, chronic hypersengitivity pneumonia, drug-related lung or hepatic fibrosis,
renal fibrosis, and liver fibrosis (e.g., induced by alcohol, drug use, steatohepatitis, viral infection

25 {e.g, hepatitis B or C), choleostasis, etc., and cancer, including but not limited to
adenocarcinoma, squamous carcinoma, breast careinoma, and cancer growth and metastasis.
Accordingly, the antibodies and pharmaceutical compositions described herein can be
administered to a human having or suspected of having one of the above-listed diseases in an

appropriate dosage to ameliorate or treat one of the disease or at least one symptom thereof.
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{6189] Without intending to limii the scope of the invention, in some embodiments it is
believed that antibodies described herein function in part by triggering an increase in MHCH

expression in antigen presenting cells. See, e.g., FIG. 36A-F.

{6196] Moreover, the anti-avp8 antibodies described herein (including avf8 binding
fragments thereof, labeled antibodies, immunoconjugates, pharmaceutical compositions, etc.}
can be used to treat, ameliorate, or prevent viral infections (e.g., by stimulating an immune
response). Other antibodies that specifically bind to ovPB8 and that block binding of one or more
avB8 ligand, for example such as described in W0O2011/103490 or W(O2015/026004 can also be
used to treat, ameliorate, or prevent viral infections. Exemplary viral infections include but are
not limited o hepatitis A, B (HBV), and C (HCV), herpes simplex virus (e g, HSVI, HSVII},
HIV, and mfluenza infections, all of which are enhanced by Treg-mediated immune suppression

{Keynan, Y, et al., Clin Infect Dis. 2008 Apr 1;46(7):1046-52.

j0191] Also provided are pharmaceutical compositions comprising the present anti-ov P8
antibodies or antigen-binding molecules as well as antibodies that bind both avB8 and avB6 as
described herein or binding fragments thereof, either of which can be formulated together with a
pharmaceutically acceptable carrier. The compositions can additionally contain other therapeutic
agents that are suitable for treating or preventing a given disorder. Pharmaceutically carriers can
enhance or stabilize the composition, or to facilitate preparation of the composition.
Pharmaceutically acceptable carriers include solvents, dispersion media, coatings, antibacterial
and antifungal agents, sotonic and absorption delaying agents, and the like that are

physiologically compatible.

[0192] A pharmaceutical composition as described herein can be administered by a variety of
methods known in the art. The route and/or mode of administration vary depending upon the
desired results. It is preferred that administration be intravenous, intramuscular, intraperitoneal,
or subcutaneous, or administered proximal to the site of the target. The pharmaceutically
acceptable carrier should be suitable for intravenous, intramuscular, subcutaneous, parenteral,
intranasal, inhalational, spinal or epidermal administration {e.g., by injection or infusion).
Depending on the route of administration, the active compound, 1.e., antibody, may be coated in
a material to protect the compound from the action of acids and other natural conditions that may

inactivate the compound.
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[0193] The antibodies, alone or in combination with other suitable components, can be made
into aerosol formulations (i.e., they can be "nebulized") to be administered via inhalation. Aerosol
formulations can be placed into pressurized acceptable propellants, such as dichlorodifluoromethane,

propane, nitrogen, and the like.

[0194] In some embodiments, the composition is sterile and fluid. Proper fluidity can be
maintained, for example, by use of coating such as lecithin, by maintenance of required particle size
in the case of dispersion and by use of surfactants. In many cases, it is preferable to include isotonic
agents, for example, sugars, polyalcohols such as mannitol or sorbitol, and sodium chloride in the
composition. Long-term absorption of the injectable compositions can be brought about by including
in the composition an agent which delays absorption, for example, aluminum monostearate or

gelatin.

[0195] Pharmaceutical compositions of the invention can be prepared in accordance with
methods well known and routinely practiced in the art. Pharmaceutically acceptable carriers are
determined in part by the particular composition being administered, as well as by the particular
method used to administer the composition. Accordingly, there is a wide variety of suitable
formulations of pharmaceutical compositions of the present invention. Applicable methods for
formulating the antibodies and determining appropriate dosing and scheduling can be found, for
example, in Remington: The Science and Practice of Pharmacy, 21* Ed., University of the Sciences
in Philadelphia, Eds., Lippincott Williams & Wilkins (2005); and in Martindale: The Complete Drug
Reference, Sweetman, 2005, London: Pharmaceutical Press., and in Martindale, Martindale: The
Extra Pharmacopoeia, 31st Edition., 1996, Amer Pharmaceutical Assn, and Sustained and
Controlled Release Drug Delivery Systems, J.R. Robinson, ed., Marcel Dekker, Inc., New York,
1978. Pharmaceutical compositions are preferably manufactured under GMP conditions. Typically,
a therapeutically effective dose or efficacious dose of the anti-avp8 antibody is employed in the
pharmaceutical compositions of the invention. The anti-avp8 antibodies are formulated into
pharmaceutically acceptable dosage forms by conventional methods known to those of skill in the
art. Dosage regimens are adjusted to provide the desired response (e.g., a therapeutic response). In
determining a therapeutically or prophylactically effective dose, a low dose can be administered and

then incrementally increased until a desired response is achieved with minimal
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or no undesired side effects. For example, a single bolus may be administered, several divided
doses may be administered over time or the dose may be proportionally reduced or increased as
mdicated by the exigencies of the therapeutic situation. It is especially advantageous to
formulate parenteral compositions in dosage unit form for ease of admunistration and uniformity
of dosage. Dosage unit form as used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; each unit contains a predetermined quantity of active
compound calculated to produce the desired therapeutic effect in association with the required

pharmaceutical carrier.

{0196] Actual dosage levels of the active ingredients in the pharmaceutical composttions of the
present invention can be varied so as to obtain an amount of the active ingredient which is
effective to achieve the desired therapeutic response for a particular patient, composition, and
mode of admimstration, without being toxic to the patient. The selected dosage level depends
upon a variety of pharmacokinetic factors including the activity of the particular compositions of
the present invention employed, or the ester, salt or amide thereof, the route of administration,
the time of administration, the rate of excretion of the particular compound being employed, the
duration of the treatment, other drugs, compounds and/or materials used in combination with the
particular compositions employed, the age, sex, weight, condition, general health and prior

medical history of the patient being treated, and hke factors.

[0197] Insome embodiments, the pharmacological compositions comprise a mixture of the
anti~ov38 antibody or antigen binding molecule (e.g. that blocks ligand binding or blocks
activation by ligand binding) and a second pharmacological agent. Without intending to limit
the ivention, it 1s noted that the inventors have found that thynuc stromal lymphopoietin (TSLP)
is an inducer of viral clearance in a mouse model of acute and chronic HBY and thus is useful to
combine TSLP with an antbody as described herein for anti-viral treatments. Moreover, the
mventors have tound that OX40 agonists are effective in stimulating an immune response {0

HBYV in combination with an antbody as described herein.

[0198] As an alternative to mixing the anti-avB8 antibody and second pharmacological agent
in a pharmacolegical composition, the anti-ovB8 antibody and second pharmacological agent
can be separately administered to the human in need thereof within a time frame (e.g., within 3,

2, 0 1 day or within 24, 13, 6, or 3 hours of each other).
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Iy. Diagnostic compositions and applications

{6199] Integrin av(38 is expressed on fibroblasts, stellate cells, chondrocytes, activated
macrophages and subsets of T and B-cells. Integrin «vP8 15 increased in expression in

fibroblasts in COPD and pulmonary fibrosis, and can be used as a surrogate marker for increased

N

fibroblast cell mass. Thus the presently disclosed antibodies can be broadiy applicable to
bioimaging strategies to detect fibroinflammatory processes. The presently described therapeutic
and diagnostic antibodies can be apphied to: inflammatory bowel disease (IBD)), chronic
obstructive pulmonary disease (COPD), asthma, arthritis, a hepatic fibroinflammatory disorder,
alcohol induced liver injury, non-alcoholic steatohepatitis (INASH), viral hepatitis, and primary
10 biliary cirrhosis (PBC), graft rejection after liver transplantation, autoimmune hepatitis, an
autoimmune disorder, lupus erythematosus, scleroderma, dermatomyositis, bullous pemphigoid,
pemphigus vulgaris, a pulmonary fibrotic disorder, an inflammatory brain autoimmune disease,
multiple sclerosis, a demyelinating disease, neuromnflanunation, kidney disease,
glomerulonephritis, hepatocellular carcinoma (HCC), adenocarcinoma, squamous carcinoma,

15 glioma, melanoma, prostate, ovarian, uterine and breast carcinoma.

The mventors have found that B8 and PD-L1 expression mmversely correlate. Thus, anti-ov{8
antibodies described herein can be used as a marker for PD-L1 expression and optionally for

selecting mvenniduals most likely to benefit from anti-avB8 treatment.

{0200]  Anti-av{38 antibodies described herein (including ovP8 binding fragments thereof,

20 affinity matured variants, or seFvs) can be used for diagnosis, either in vivo or in vitro (e.g.,
using a biological sample obtained from an individual). In addition to the above-described
antibodies, antibodies having the following CDRs can be used for diagnosis and prognosis:
heavy chain CDRs SEQ ID NO:299, SEQ ID N(O:301, and SEQ ID NO:303; and light chain
CDRs SEQ ID NO:307, SEQ ID NO:309, and SEQ ID NO:311. In some embodiments, the

25 antibodies have a heavy chain variable region comprising SEQ 1D NG:297 and a light chain
variable region of SEQ ID NO:305. Alternatively, any antibodies having heavy chain CDRs or a
heavy chain variable region as set forth in FIG. 53 and light chain CDRs or a light chain variable
region from a corresponding sequence as set forth in FIG. 54 can be used. The antibodies are

particularly useful in detecting ovB8 in samples that have been fixed, for example in formalin-
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fixed samples, including for example formalin-fixed paraffin-embedded (FFPE) biological {e.g.,

tissue or cell) samples.

{0201] When used for detection or diagnosis, the antibody is typically conjugated or otherwise
associated with a detectable label. The association can be direct e.g., a covalent bond, or

indirect, e.g., using a secondary binding agent, chelator, or linker.

{0202] A labeled antibody can be provided to an individual to determine the applicability of an
intended therapy. For example, a labeled antibody may be used to detect the integrin P8 density
within a diseased area. For therapies intended to target TGFP or avp8 activity {to reduce TGEP
or avp8 activity), the density of B8 1s typically high relative to non-diseased tissue. A labeled
antibody can also indicate that the diseased area is accessible for therapy. Patienis can thus be
selected for therapy based on imaging results. Anatomical characterization, such as determining
the precise boundaries of a cancer, can be accomplished using standard imaging techniques {e.g.,
CT scanning, MR1, PET scanning, etc.). Such in vive methods can be carried out using any of

the presently disclosed antibodies.

[0203] Any of the presently disclosed antibodies can also be used for /12 vitro diagnostic or
monitoring methods, e.g., using cells or tissue from a patient sample. In some embodiments,
labeled ¥9 (or a B8 binding fragment or affinity-matured variant) is used, as if can bind fixed

cells as well as non-fixed cells.

[0204] In some embodiments, the diagnostic antibody is a single-chain variable fragment
{scFv). Intact antibodies {e.g., Ig(3) can be used for radioimmunotherapy or targeted delivery of
therapeutic agents because they exhibit high uptake and retention. In some cases, the persistence
in circulation of intact mAbs can result in high background (Olafsen er al. (2012) Tumour Biol.
33:669-77, Cai et al. (2007) J Nucl Med. 48:304-10). ScFvs, typically with a molecular mass of
~ 25kD, are rapidly excreted by the kidneys, but are monovalent and can have lower affinity.
The issues of monovalency can be overcome with advanced antibody engineering (as shown
herein), where affinities can be improved to the low nM to pM range. Such antibodies have
short enough half-lives to be useful as imaging agents and have suitable binding characteristics
for tissue targeting {Cortez-Retamozo et al. (2004} Cancer Res. 64:2853-7). As shown herein,

we have created a very high affinity scFV antibody derivatives of 4F1, 6B9 | called F9, that can
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be converted to humanized scFV platforms. These improved antibodies are not function

blocking, and thus can be used in combination with a therapeutic agent that targets p8.

[0205] A diagnostic agent comprising an antibody described herein can include any diagnostic
agent known in the art, as provided, for example, in the following references: Armstrong ef al,
Diagnostic Imaging, 5 Ed., Blackwell Publishing (2004); Torchilin, V. P, Bd., Targeted
Delivery of Imaging Agents, CRC Press (1995); Vallabhajosula, 8., Molecular Imaging:
Radiopharmaceuticals for PET and SPECT, Springer {2009). The terms “detectable agent,”
“detectable moiety,” “label,” “imaging agent,” and like terms are used synonymously herein. A
diagnostic agent can be detected by a variety of ways, including as an agent providing and/or
enhancing a detectable signal. Detectable signals include, but are not limited to, gamma-
emitting, radioactive, echogenic, optical, fluorescent, absorptive, magnetic, or tomography
signals. Techniques for imaging the diagnostic agent can include, but are not limited to, single
photon emission computed tomography (SPECT), magnetic resonance imaging (MRI), optical
imaging, positron emission tomography (PET), computed tomography (CT), x-ray imaging,
gamima ray tmaging, and the like. PET is particularly sensittve and quantitative, and thus
valuable for characterizing fibrotic processes in vivo (Olafsen ef al. (2012) Tumour Biol. 33:669-
77; Cai et al. (2007} J Nucl Med. 48:304-10). This is useful beyond a companion diagnostic and
would be generally useful to diagnose, clinically stage and follow fibrotic patients during any

treatment regimen.

[0206] A radioisotope can be incorporated into the diagnostic agents described herein and can
mnelude radionuclides that emit gamma rays, positrons, beta and alpha particles, and X-rays.
Suitable radionuclides include but are not limited to **’Ac, "*As, *''At, ''B, '®Ba, ?/’Bi, B,
TR, U, 190, 20y, 0w, FCu, SF, Ga, Ga, SH, Ho, 1291, 1247 135, 10 131y Mgy 177
BN, 150, 12p, 5p, U2ph, 109pd, 18R 1HRe ¥8¢, 138m, Sy T, Y and Y. In certain
embodiments, radioactive agents can include 'WIn-DTPA, *"Tc(CO):-DTPA, #"Te(CO)s3-
ENPy2, S8¥7Cy-TETA, ™Tc(CO):-TDA, and ™ Te(COstriamines (cyclic or linear). In other
embodiments, the agents can include DOTA and its various analogs with "'In, "Ly, '*Sm,
800y SUSHETCy, or 978Ga. In some embodiments, a nanoparticle can be labeled by
meorporation of lipids attached to chelates, such as DTPA-hpid, as provided in the following

references: Phillips ef af., Wiley Interdisciplinary Reviews: Nanomedicine and
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Nanobiotechnology, 1{1); 69-83 (2008); Torchilin, V.P. & Weissig, V., Eds. Liposomes 2nd Ed..
Oxford Univ. Press (2003); Elbayoumi, T.A. & Torchilin, V.P., Fur. J. Nucl. Med. Mol. Imaging
33:1196-1205 (2006); Mougin-Degraef, M. et al., fnt'l J. Pharmaceutics 344:110-117 {2007).

{0207] Insome embodiments, a diagnostic agent can include chelators that bind, e.g., to metal
ions 1o be used for a variety of diagnostic imaging techniques. Exemplary chelators include but
are not limited to ethylenediaminetetraacetic acid (EDTA), {4-(1,4,8, 11-tetraazacyclotetradec-1-
v1) methyl] benzoic acid (CPTA), Cyclohexanediaminetetraacetic acid (CDTA),
sthylenebis{oxyethylenenitriloftetraacetic acid (EGTA), diethylenetriaminepentaacetic acid
{DTPA), citric acid, hydroxyethyl ethylenediamine triacetic acid (HEDTA), iminodiacetic acid
(IDA), triethvlene tetraamine hexaacetic acid (TTHA), 1,4,7, 10-tetraazacyclododecane-1 4,7,10-
tetra(methylene phosphonic acid) (DOTP), 1,4,8,11-tetraazacyclotetradecane-1,4,8,11 -tetraacetic
acid (TETA), 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA), N, N'-
bis(pyridin-2-ylmethylethane-1,2-diamine (ENPy2) and derivatives thereof.

{0208] Insome embodiments, the diagnostic ageni can be associated with a secondary binding
ligand or to an enzyme (an enzyme tag) that will generate a colored product upon contact with a
chromogenic substrate. Examples of suitable enzymes include urease, alkaline phosphatase,
{(horseradish) hydrogen peroxidase and glucose oxidase. Secondary binding ligands include, e.g.,

biotin and avidin or streptavidin compounds as known in the art,

[0209] Insome embodiments, the diagnostic agents can include optical agents such as
fluorescent agents, phosphorescent agents, chemiluminescent agents, and the like. Numerous

agents {e.g., dyes, probes, labels, or indicators) are known in the art and can be used in the

present invention. (See, e.g., Invitrogen, The Handbook—A Guide to Fluorescent Probes and
Labeling Technologies, Tenth Edition (2005)). Fluorescent agents can include a variety of
organic and/or inorganic small molecules or a variety of fluorescent proteins and derivatives
thereof. For example, fluorescent agents can include but are not imited to cyanines,
phthalocyanines, porphyrins, indocyanines, rthodamines, phenoxazines, phenyixanthenes,
phenothiazines, phenoselenazines, fluoresceins, benzoporphyrins, squaraines, dipyrrolo
pyrimidones, tetracenes, quinolines, pyrazines, corring, croconiums, acridones, phenanthridines,
rhodamines, acridines, anthraquinones, chalcogenopyrylium analogues, chlorins,

naphthalocyanines, methine dyes, indolenium dyes, azo compounds, azulenes, azaazulenes,
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triphenyl methane dyes, indoles, benzoindoles, indocarbocyanines, benzoindocarbocyanines, and
BODIPY™ derivatives.

EXAMPLES

[0216] The following examples are offered to illustrate, but not to limit the claimed invention.

Example 1. Construction of composite antibody C6D4

[0211] 1TGB-8 knockout mice were immunized with recombinant Human Integrin alpha V
beta 8 (avP8) protein. Approximately 5000 hybridomas were generated and screened for their
ability to bind to avP8 in an enzyme-linked immunosorbent assay (ELISA). Results were
confirmed by cell staining, and function blocking was determined with the use of a transforming
growth factor-beta (TGF-3) bioassay. Blocking antibodies were screened against a recombinant
form of av8 engineered to lack the specificity determining loop (SDL) of the B8 head domain.

Antibodies not binding this engineered avB8 were then selected.

{0212] Variable (V) genes from eight hybridomas were next isolated, sequenced, and found to
comprise seven Vi and eleven Vx genes that were unique but related. FIG. 1 and FIG. 2 provide
sequence information for the products of these Va and Vk genes. Sequence information is using
the Kabat numbering scheme. Bach V gene was amplified under mutagenic conditions, and a
single-chain variable fragment {scFV) library was constructed by mixing the amplified cDNA
and using splice overlap. The library served as an amplification template using primers designed
to complement rabbit 1g( expressing dual Vi and Vi vectors. Eleven distinct Vi genes and
sixteen distinct Vx genes were identified after sequencing >100 random clones and transfected in
165 different combinations into 293 cells. The eight pairs that produced the best binders were
determined by cell staining and FACS analysis, and by measuring binding affinity for CHO cells
expressing avP8. The eight pairs each comprised a Vi domain selected from RSDLVH-1,
RSDLVH-3, and RSDLVH-16; and a Vx domain selected from RSDLVK-1, RSDLVK-6,
RSDLVEK-10, and RSDLVK-13; the sequences of which are shown in FIG. 1 and FIG. 2.

[0213] These eight rabbit IgG Vu/Vk pairs were then used 1o create a new mutagenic scFV
yeast display library that was inserted into a yeast expression library vector. Two high-affimty
binders from this selection and affinity maturation step were identified and designated clone 29

and clone 44. Random mutation mutagenic hibraries were next made from genes of clones 29
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and 44, and from these libraries the higher-affinity binding clones C6 and D4 were selected and
determined (FI(:. 1 and FIG. 2). Mutations in the complementarity-determining regions (CDRs}
of C6 Vy and D4 Vi were identified, and the two chains were combined to create the composite

antibody C6D4 (FIG. 1 and FIG. 2).

Example 2. Characterization of C6D4 binding affinity

{0214] A Kinetic Exclusion Assay (KINEXA ®) was used to measure the binding affinity of
C6D4. The affinity as a murine [g(G2a was measured as 832 pM. As a recombinant Ig(, C6D4
was found to result in substantially complete blockage of avB8-mediated TGF-P activation. This
result implies blockage that is better than with BS, an allosteric inhibitor of avf8-mediated TGF-

B activation. (Minagawa, et al, Sci Trans Med. 2014 Jun 18,6(241).241ra79)

{6218] CoD4 was also shown to block adhesion of cells to immobilized latent TGF-B. A
peptide with the sequence DDHGRGDLGRLE (SEQ 1D NQO:713), which corresponds to aa 257~
268 of human TGF-B3 (NP_003230) was synthesized on an 8 lysine core (Multiple antigen
presenting peptide, BioSyn) and used at 1 ug/ml to coat a 96 well ELISA plate. A truncated
secreted form of avf38 which was fused in frame to alkaline phosphatase (Gline 8E, er al. J Biol
Chem. 2004 Dec 24; 279(52).54567-72) was added with Mab at the indicated concentrations,
The results (FIG. 19) show the superiority of CoDM4 over BS and the improvement of CoD4

compared to Clone 13C12, The table gives the IC50 values in pug/ml

{0216] Further, a peptide with the sequence DDHGRGDLGRLK (SEQ ID NO:713), which
corresponds to aa 257-268 of human TGE-B3 (NP_003230) was synthesized on an 8 lysine core
(Multiple antigen presenting peptide, BioSyn} and used at 0.51 ug/m] to coat a 96 well ELISA
plate. CHO lec cells stably transfected with «vf38 were allowed to bind to the pepiide coated
wells for 30 min at RT. Unbound cells were washed off with PBS. The Mab C6D4 was added at
the indicated concentrations. Results were presented as stained cells detected after staming with
crystal violet ( ODS90). The results (FIG. 20) show that C6D4 almost completely blocks cell

adhesion to the peptide.

Example 3. Characterization of CoD4 binding structure
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{6217] The current understanding of iniegrin structure is faced with the hurdle of having to
reconcile two polar opposite views of integrin conformation. One camp proposes that integring
are always bent. The other believes that integrins must undergo a significant conformational
“switchblade” change from a bent conformation to an extended conformation upon activation,
opening the “headpieces” of the integrins to be fully functional. This model of integrin extension

proposes one of the largest tertiary and quaternary structural rearrangements in biology.

[0218] Proof of such conformational extremes has been hampered by compromises and
shortcomings associated with techniques routinely used in structural biology. Traditional
crystallography produces crystal structures with atomic resolution but is reliant on the
conformations and conditions under which crystals can be formed. In the case of integrins, only
compact, closed conformations have been seen by crystallography. Alternatively, size exclusion
chromatography (SEC) of integrins under activating conditions have demonstrated large shifts in
size consistent with integrin extension. Such changes in conformation have been directly
visualized using negative stain electron microscopy {EM) studies but at low resolution. Thus, the
atomic details of the integrin ligand binding and the integrin activation mechanism remains

unresolved.

[0219] Single-particle cryo-electron microscopy (cryoEM) can be used to determine the
structure of biological macromolecules without crystals, thus offering an alternative that
circumvents the obstacles of erystalizing integrins in the extended form. Recent hardware and
software developments demonstrate that single-particle cryoEM has the power to provide
atomic-level structural understanding of molecules that are traditionally challenging to study.
Because single-particle cryoEM does not require the formation of crystals, and allows
examination in the native functional conformations unaffected by crystal packing forces or high-
salt crystallization buffers, this method 15 uniquely suited to understanding structures of proteins
or integrin-ligand or integrin-Fab complexes that are difficult to crystallize. Here, we have used
single particle cryoEM to address some of the biggest mysteries in structural biology, the
structural mechanisms of wtegrin activation and conversely the mechanism of action of integrin

inhibitors.

[0220] Previously published crystal structures of the latent TGF-P arginine-glycyine-aspartic

acid (RGD) peptide of avB6 show the positioning of the TGF-$ RGD in the avf6 binding pocket,
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as well as the positioning of the R of the TGF-B RGD proximate to the av head. Cryo-electron
microscopy of the new composite antibody C6D4 structure have now produced a ~4-5-angstrom-
resolution structure of the C6D4 Fab binding to avp8. To generate the structures of avf8 in
complex with C6D4, purified recombinant av38 and C6D4 Fab complexes were isolated by size
exclusion chromatography and then plunge frozen on grids in liquid nitrogen. Images of
~61,000 individual particle images captured by electron microscopy were selected to produce a
3D electron density map which was used to build mode! of avp8 in complex with C6D4 Fab
using existing Protein Data Bank (PDB) entries for the integrin av33, ofibB3, and Fabs with
similar CDRs.

{0221] FIGS. 13A and 13B presents cryoEM resulis showing binding of the C6D4 Fab to the
integrin avP8 at the head domain. FIGS. 13A and 138 illustrate this binding between C6D4 and
avpP8 in closer detail. From the C6D4 antibody footprint of FIG. 6, it can be seen that C6D4
binds primarily to the SDL loop of 8, making additional contacts with other secondary
structures on the B8 ol and o2 helices and on the head of uv. Together, these components of the
binding configuration result in the almost complete occlusion of the ligand binding pocket. The
residues of the B8 ol and a2 helices and av head that directly interact with C6D4 are further

detailed 1n FIG. 7.

[0222] The elucidated structure shows that the CDR1 domain of the D4 Vi binds close to the
contact site for the R of RGD in the previously published avp6-RGD crystal structure. Because
the av subuntt 15 shared by both avB6 and avp8, this finding suggests that the CDR1 loop of D4
V1 is optimally positioned to sterically inhibit the binding of the R of RGD of latent TGF- to
avB8. On the other side of the SDL is a hvdrophobic binding pocket having an L that
mmediately follows the RGD, forming an RGDL peptide. This hydrophobic pocket has been
shown to be essential as a secondary binding site for the binding of the latent TGF-5 RGD
peptide to avP6. See, e.g., Shi M, et al., Nature 474(7351):343-9 (2011). The L or RGDL has
also been shown to be essential for the binding of the latent TGF-B RGD peptide to uvB8. (See,
e.g., Ozawa, A, et al. J Biol Chem. 291(22):11551-65 (2016). The CDR3 loop of C6 Vu has now
been shown to bind in such a way as to substantially cover the hydrophobic binding pocket
located on the B8 subunit head domain. Additionally, C6D4 was found to interact extensively

with the SDL of §88. FIG. & illusirates the overlapping of the C6D4 epitope with the ligand
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binding pocket of integrin avp8, showing how it can prevent the association of the integrin with
latent TGF-B, and thus the activation of latent TGF-f. Importantly, all contact restdues with
2624 are believed to be conserved i avP8 across all mammalian species. This 15 in conirast to

the allosteric inhibitor B3, which only reacts significantly against human avf8.

Example 4. Modeling of C6D4 effects on lung cancer survival

{0223] Syngeneic models for the study of lung cancer are very limited. The Lewis lung
carcinoma (LLC) model i the only reproducible syngeneic lung cancer model currently widely
inuse. LLC 18 a cell line established from the lung of 2 C57BL mouse bearing a primary Lewis
lung carcinoma. This line is highly tumorigenic and 1s used to model pulmonary metastasis that
results after resection of the primary tumor. In this way the model mimics the clinical scenario
closely. It is a useful model for evaluating the efficacy of chemotherapeutic agents in vivo. An
advantage of the LLC model is that tumor cells are immunologically compatible, unlike the
mmmunodeficient strains used in most other xenograft models. The LLC model was used as a
preclinical model 1o evaluate vinorelbine prior to its use in clinical trials. The LLC cell line is
injected subcutaneously into the subeutis of C57B6 mice, and within two weeks primary tumors
reproducibly reach sizes of 10 mm. After resection of the primary tumor, lung metastasis appears

in 2-4 weeks. The primary endpoints in this model are weight loss and lung metastasis number,

[0224] FIG. 9 presents resuit indicating that C6D4 increases survival in the LLC model. Mice
received intraperitoneal injections of either C6D4 murine 1gG2a or SV5 isotype control (7mg/kg)
at the time of primary tumor removal (day 0), and then once every week until weight loss
exceeded 20%. The positive results indicate the first demonstration of an anti-B8 antibody
inhibiting lung cancer metastasis. The fact that C6D4 inhibits lung cancer metastasis in this
model indicates its potential as a treatment to prevent lung cancer metastasis. Because the
mechanism of this antibody in cancer likely involves inhibiting the function or development of
mmunosuppressive Treg cells, C6D4 can have broad applications to any number of cancers

where Treg cells play an immunosuppressive role.

[0225] FIG. 28 provides a schematic of the LLC model used herein to evaluate lung
metastasis. The LLC tumor cell line is syngeneic to the host C57B/6 strain. This cell line does

not express the integring ovf6 or avB8. The LLC 1 cell line has been passed though mice one
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time and regrown from lung metastasis. After two weeks, subcutaneously injected tumor (1x10°)
LLC.1 cells form large tumor nodules {(~1cm). The tumors are removed surgically and when

animals lose 20% of their body weight they are euthanized.

{0226] The LLC model lung meiastasis experiment described in the preceding paragraph was
repeated eleven (11) times and the results in each of the eleven experiments were found to be
similar {data not shown}. FIGS. 29A and 29B present data from the eleventh experiment
indicating that C6D4 increases survival in the LLC model. In each instance, mice received
intraperitoneal injections of either C6D4 murine [gG2a or SV5 isotype control (7mg/kg) at the
time of primary tumor removal (day 0), and then once every week until weight loss exceeded
20%. The results indicate the anti-p8 antibody (C6D4) inhibits lung cancer metastasis. Survival
curves in FIG. 29A represent mice euthanized for reasons of local recurrence or weight loss. In
FIG. 29B, the animals removed tor local recurrence are excluded. At autopsy, the animals with
20% weight loss all have metastatic umplants in their lungs. The C6D4 antibodies were injected
for up to 90 days in surviving animals. Interestingly, post-mortem examination did not reveal
any abnormal inflammatory response in the tissues examined. The fact that C6D4 inhibits lung
cancer metastasis in this model indicates 1ts potential as a treatment to prevent lung cancer
metastasis. Because the mechanism of this antibody i cancer likely involves inhibiting the
function or development of immunosuppressive Treg cells, €634 can have broad applications to

any number of cancers where Treg cells play an immunosuppressive role.

[0227) The effect of C6D4 was also evaluated with respect to tumor growth and tumor
immune response. From the resected LLC.1 primary tumors in mice that received two injections
of isotype control (BS, which only cross reacts with human and not mouse b8) or C6D4 (which
cross-reacts with mouse and human), the primary tumor weights were recorded and dimensions
measured. The tumors were enzymatically disaggregated and immune cells 1solated and
counted. Flow cytometry was performed and tumor infiltrating immune cells separated from
tumor cells using Percoll gradient centrifugation. FIGS. 30A-F is one of three experiments with
similar results (remaining data not shown). In each experiment, n was greater than, or equal to,

10 in each test group.
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Example 5. C6D4 effects on metastatic disease using 3 melanoma disease model

{0228] A model for the study of metastasis was tested herein that utilized the B16-F10 tumor
cell line. The B16-F10 highly metastatic tumor cell line is syngenic to the host C578/6 strain.
This line does not express the integrins avB6 or avp8. The B16-F10 cell line was transfected
5 with murine ITGbE and after selection in G418 and two rounds of sorting, a pool of high

expressing avP8 cells were identified. When injected mtravenously via the tail vein, visible lung
metastases appeared within 14 days. A schematic of the metastatic disease melanoma model
described in this paragraph is provided in FIG. 31, After three injections (i.p.) of isotype conirol
{SV5) or C6D4, both at 7 mg/kg, at days 0, 7 and 14, the mice were euthanized at day 18. FIG.

10 34A shows photographs of representative lungs in anterior and posterior views; visible fung
metastases were counted and the total lung surface area involved with metastases was assessed.
FIG. 34B shows the total number of metastases and FIG. 34C shows the percentage of total fung

surface area involved in metastatic melanoma.

Example 6. Modeling of C634 effects on hepatitis B infection and disease outcome

15 {0229] Because the hepatitis B virus (HBV) does not infect mice, research has typically
focused on using transgenic and knockout mouse models to study HBV immunity. In this model,
viral antigens in the liver are exposed to an immune system that is not immunologically tolerant,
and that has not been previously exposed to HBV. The goal is to mimic the immunologic events
that would normally occur during primary HBV infection. In addition, this model permits

20 manipulation of the immune system that is exposed to the virus, to be able to identify and dissect

the cells, cytokines, and chemokines contributing to chronic hepatitis or disease resolution.

{0230] To generate the model, the resident (tolerized) immune system of the HBV -transgenic
moice 18 ablated by backcrossing to immune-deficient strains (Mombaerts ef al. (1992) Nature
360:225 and Mombaerts et af. (1992) Cell 68:869). This breeding strategy generates animals

25  expressing high levels of viral antigen (HBV-Env) or virus (HBV-replication) in the liver, in the
absence of a tolerant immune system (Baron et al. (2002) Immunity 16:583). Into these mice,
HBV-naive syngeneic splenocytes (the equivalent of a whole spleen) are travnsferred from wild-
type mice to reconstitute the immune system, mimic the point of primary infection, and test the

mmportance of cellular and soluble mediators in HBV pathogenesis. Careful monttoring of
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immune responses and pathologic outcomes has revealed the utility of this model 1n mimicking
or moditying acute and chronic HBV infection (Publicover ef al. (2011} J. Clin. Investigation
2011:1154 and Publicover er al. (2013} J. Clin. Investigation 123:3728). In this way, the mouse
model provides an experimental sysiem to examine the reversibility of the altered immune

5 priming that facilitates HBV persistence, and to test immune-modulatory therapeutics.

{6231] Results shown in FIG. 10 indictate that C6D4 induces HBV viral clearance in the

chronic infection mouse model without causing hepatitis. In the figure, HepB surface anitigen

(HBSag) is a surrogate for mtact HBV. Clearance of HBSag is a marker of HBVY clearance. ALT

is the liver enzyme monttored to measure liver inflammation and damage. The normal range of
10 ALT in mice is 15-40. It can be seen from the data that the C6D4 antibody promoted HBsAg

clearance in three of four chronic HBV model mice.

-~

Example 7. Construction and characterization of composite antibody 4F119

{0232] A yeast display scFV library was created using V-genes from hybridoma clones 6B9 and
4F1, a new clone 6B9.1 was selected from this library, then another yeast display scFV library
15 was created using the V-gene of 6B9.1 and random mutagenesis, sixteen affinity-matured
variant from this second library were characterized m terms of binding affinity and two clones
(4 and D10 were transformed in to rabbit IgG format, both reacts weakly with human B8 in
formalin-fixed paraffin-embedded tissue. A third mutagenic scFV library was then created from
the variable regions of these two antibodies and inserted in a phage display vector and displayed
20 as scFv on the phage surface (FIG. 11A-B). The induced phage library was screened against
immobilized paraffin-embedded human ovp8. Multiple rounds of selection were carried out, and
fifteen phage clones were characterized in detail before the final clone FO (FIG. 11A-B) was
picked and transformed into 1gG format for in vitro characterization.
[0233] Clone F9 in the IgG format was found to work efficiently in formalin-fixed paraffin-
25  embedded tissues. The clone can be suitable for use as a companion diagnostic, for example to
determine tumors expressing avB8 or infiltrated by immune cells expressing ovB8 (i.e. dendritic
cells, Treg cells), as a bioimaging reagent for measuring B8-specific tumor uptake and for
informing C6D4 treatment decisions. The F9 antibody can also be used to detect avp8 in fluid or

tissue lysate samples using ELISA.
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Example 8. Methods to inhibit and/or treat H. Pylori pathogenicity

{0234] The bacterium Helicobacter pylori (H. pylori) infects the stomachs of approximately
half of the world’s population and is associated with peptic ulcer disease, gastric carcinoma and
gastric lymphoma (MALToma). The pathogenicity of Helicobacter pylori is linked to a type [V
secretion system and the cytotoxicity-associated gene pathogenicity island cagPAL The cagPAl
proteins are transcribed from a 40kb stretch of H. pylori DNA encoding ~31 genes of which one,
cagl., contains an RGDL integrin binding motif. This RGDL motif is thought to act as a receptor
for integrins so that the H. pviori pilus can interact with gastric epithelial cells and then penetrate
the cell membrane and the oncogenic toxin cagA can be injected into the cell (see Kwok, et al,
Narure, , 2007449, 862-866, and Barden, et al, Journal of Molecular Biology, 2015, 427 (6) Part
B, 1304-1315). We have used the anti-B8 clone F9 to stain human stomach biopsies and have
found that the integrin avP8 is expressed by gastric crypt epithelial cells and this expression 15
mcreased in patients with chronic active gastritis due to H. pylort infection (see FIG. 21 and 22).
The ectodomain of integring avP6 and avp8, but not other RGD-binding integrins {avp1, avp3,
avB5 and a5p1) have been shown to preferentially bind to Cagl. via an RGDL dependent
mechanism (see Barden, et al, Gastroenterology, 2010, 138(3). Previously, it was thought that
the a5P1 integrin was the main Cagl. receptor on gastric epithelial cells (see Kwok, et al, Nature,
2007, 449 (7164):862-6. We have found that the integrins ovB6 and avpB8 bind with similar
efficiency to Cagl. while the avf3 integrin does not bind to Cagl. (8ee FIG. 23). The avp§-
mediated binding to Cagl. can be efficiently blocked by CoD4 (See FIG. 24). The ovf8 integrin
also mediates strong cell adhesion to Cagl. (see Fig. 25) and Cagl. can compete for av{i3-
mediated cell adhesion to the TGF-B3 RGD peptide, indicating that avB8 binds to the RGD site
of Cagl. (See FIG. 26). C6D4 can efficiently block cell adhesion to Cagl. (See FIG. 27).

[0235] Blocking avB8-mediated binding of Cagl. with C6D4 or its derivatives (1.e. IgA,
monomeric or dimeric) can be used as a method to inhibit /. Pylori pathogenicity (1.e. peptic
ulcer disease, gastric carcinoma or MALToma) by blocking entry of the oncogenic toxin

CagA. Tu addition, C6D4 could provide protection against H. Pylori itzelf or from its indirect
oncogenic and toxic effects by inhibiting Treg function and increasing more effective immunity
against H. Pylori, gastric carcinoma, and MALToma. Such effects can be predicted by findings

in murine models where 4. Pylori immune escape has been shown 1o be mediated by dendritic
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cell-induced Treg skewing and Th17 suppression (see Kao, et al, Gastroenterclogy, 2010
138(3):1046-54). Because the integrin avP8-mediated TGF-f activation has been shown to be
required for Treg development and function {see Worthington, et al, fmmunity, 2015, Volume 42,
{ssue 5, pp. 903-915), inhibiting avp8-mediated TGF-f activation using C6D4 or its derivatives
5 will protect against the oncogenic effects of H. Pylori infection by enhancing immunity to H.

Pylori itself while simultaneously increasing anti-tumoral immunity. Another possible
mechanism by which blocking av8-mediated TGF-§ activation with C6D4 or its derivatives
could block Treg function i1s by inhibiting migration of Tregs to the H. Pylori infected gastric
mucosa. The chemokine CCL20 is a potent chemokine for Tregs and dendritic cells, which are

10 required for Treg differentiation, and avf8-mediated TGF-P activation provides a major
contribution to CCL20 production and function (see Cook, et al, Gur (2014), 63(10):1550-9;
Brand, et al, J Biol Chem, 2015, 290(23):14717-28, Hashimoto, et al, J Immunol 195(3):1182-
90.). Therefore, treating patients with C6D4 or another anti-av8 antibody alone, in combination
with antibodies to other Cagl. binding integrins (a5B1, Act-1, or avf36, 3G9) or in combination

15 with standard H. Pylori therapy (i.e. bismuth salts, proton pump inhibitors, macrolides,
amoxicillin, metronidazole) would treat not only the pathogenic mechanism of H. Pylori but
would enhance immunity to more efficiently eliminate H. Pvlori, while at the same time

protecting and/or treating the malignant complications of chronic A, pylori infection.

Examuple 9. Construction of composite humanized antibodv C6D4

20 {0236] FIG. 46, FIG. 50, and FIG. 51, show sequence alignment of various U614 humanized
clones. FIGS. 50 and 51 also provide heavy chain and hight chain amino acid consensus
sequences for the humanized C6D4 related clones. The C6D4 antibody humanization focused on
the V domain framework region of both the heavy and light chain. The humanization process
was performed to include three criteria;

25 {1} The humanized version of antibody(HuC6D4) should have similar or improved affinity and
specificity for avP8 as the murime version C6D4;

(2) The final amino acid in the HuC6D4 antibody framework region should be as cloge as
possible to the translated antibody framework region of the human germline version that was

selected as the target gene family (VHI/VEK3);
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(3) Production levels of the final humanized version (HuC6D4) in 1gG or other format should be

scalable for industry application.

{0237] We designed a potential humanized lead version of the murine C6D4 based on the
chosen germline of human antibody(VH1/VK3), and the humanization algorithm developed at
UCSF, and other published information for antibody human drug development, with main
consideration on 1gG general structure, VH-VL interface, Ig( folding packing, surface

accessibility, vernier zone mmpact, humanization hotspots and other risk factors.

10238] These designed lead versions were synthesized and expressed as seFV using yeast
display. The measured Kd showed an approximate 2-fold decrease from the parent murine
(64 scFv.

{0239] Next, a random mutation based yeast scFv display library was created using the
humanized lead version as the starting point, and FACS sorting performed to pick the best
binders to avp from the displayed yeast library. Three mutant candidates (C6D4-RGD1, C6D4-
RGD2 and C64-RGID3) were chosen for further testing in IgG format (See, for example FIG.
38C and FI1G. 39),

Example 10. Characterization of humanized C6Dd and CDG64-BRGD3 binding affinit

[0246] Shown in FIG. 39 is cell surface staining experiments of C6Vh expressed with either
RGD1, RGD2, or RGD3 mutants (as disclosed in Example 8) as rabbit IgG. Binding to human
Cho cells expressing «vP8 was expressed as a percentage of binding of C6D4. The results show
that RGD3 mutant has substantially higher relative binding to avf38 as compared to wildtype

C6D4, RGDT mutant or RDG2 mutant.

{0241] FIG. 40 shows cell surface staining experiments of C6Vh expressed with either D4 Vk
or RGD1, RGD2 or RGD3 mutants (as disclosed in Example 8) as rabbit IgG. Binding to Cho
cells expressing human av38 or SW4B0 cells expressing ov6 are shown. Relative binding i3
defined as staining compared to staining of non-transfected Cho or SW480 cells. The results
show that the C6D4-RGD3 mutant has substantially higher relative binding to av6 as compared
to wildtype CoM4, RGD1 mutant, or RDG2 mutant.
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{6242] Shown in FIG. 41 is a binding experiment of C6Vh expressed with either D4 Vk or
RGD1, RGD2 or RGD3 mutanis (as disclosed in Example 8) as rabbit IgG to various av-
integrins, The integrins avP1, avB3, avBs, avpe and avPB8 were purchased from R&D systems.
All integring were coated on ELISA plates at 2 mg/ml, blocked with BSA, and antibodies were
allowed to bind. Binding of C6D4 and RGD3 was detected with anti-rabbit HRP. The results
shown are relative to control wells coated with anti-av {clone 8B8) where av-integrins were
detected with another av-antibody recognizing an non-overlapping epitope (L.230-biotin),
followed by SA-HRP. The results show that RGD3 mutant has substantially higher binding to

avf6, while C6D4 has higher relative binding to avf38.

[0243] Co6D4 and CoD4-RGD3 were also shown to bind avidly to avB8. Humanized C6D4 or
CoD4-RGD3 (Frameworks and CHI are human; hinge and CH2-3 are mouse) were immobilized
on ELISA plates at the indicated concentrations. As a negative control, some wells were coated
with anti-SV5 at the same concentrations. Non-specific binding sites were blocked with BSA.
Recombinant ov38 ectodomain (0.5 ug/ml) was added to each well and after binding and
washing in binding buffer (1 mM Ca™ and Mg™), the bound avf38 was detected with
biotinylated anti-ov (8b8) and detected with SA-HRP. The results of this experiment are shown
as specific binding (minus SV35 control}{FIG. 47). The results show that C6D4 and C6D4-RGD3
outperform murine C6D4 and C6D4-RGD3 antibodies by avidly binding ovB8.

Example 11. Characterization of bumanized C6D4-RGD3 binding structure

[0244]  As set forth in Example 3, modeling and CryoEM maps can be used to provide
structural information with respect to antibody binding. FIG. 48 presents a map of RGD3
binding to the ligand pocket of av38. The map is derived from C6D4 in complex with av38 and
is compared to CoD4-RGD3 in complex with avP& The density map when compared with the
headpiece of avp6 in complex with LTGFB1 shows the similarity of the position of the RGD
residues of LTGFB1 with the RGD residues of C6D4-RGD3. Magenta wire represent s
RGD3+avf38 density map, Black represents C6D4-+av38 density map; Gold represents €634

Fab, Green represents the av subunit; Blue represents the B8 subunit.

[0245] FIG. 49 is a cryoEM map showing the CDR Vk1 loop of C6D4-RGD3 occupies the
ligand binding pocket of avf8. Here, models of C6D4 Fab-avp8 (FIG. 49A) are compared with
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RGD3-0vP8 map (FIG. 49B) or in overlay (FIG. 49C) based on cryoEM derived density maps.
The anti-ov 11D12V2 Fab was used to increase molecular mass of the complex and to agsist in
particle orientation. The results show that the C6D4 and C6D4-RGD3 complexes possess highly

stinilar positioning.

Example 12. Characterization of D4-RGD3 mutants having various loop length of the RGD

and flankine sequence of Pro-TGF-beta 3

{0246] There is an amphipathic alpha-helix following the R-G-D sequence of Latent-TGF-
betal and Latent-TGF-beta3. Of the 3 engineered versions (RGN, RGD2, RGD3) of D4 only
RGD3 contained the amphipathic helix. Therefore, we engineered various loops containing
portions of the RGD and flanking sequences of Pro-TGF-beta 3 to determine if loop length
altered affinity, specificity or production of each clone. Because the Vh was not altered, we
cloned all new constructs into the CDRL1 region of the C6D4 murine TgG expression vector and
transfected the various new D4-RGD3-mutants into 293 cells.  After 10 days, protein expression
was compared using an murine [gG ELISA (shown as relative expression levels in the Table
provided below). Integrins avBl, avp3, avps, uvB6 or avP8 (R&D systems) were coated on
Immulon 4HBX ELISA plates (Thermo Scientific) for 1 hour at room temperature followed by
blocking with a 5% bovine serum albumin solution (Sigma-Aldrich) overnight at 4°C.
Supernatants with various RGD3 mutant antibodies were apphied at 1/10 ditutions onto the wells
for 1 hour at room temperature. Antibodies bound to the integrins were detected with an anti-
mouse IgG-HRP antibody (GE Healthcare) and revealed with TMB substrate (Pierce}. Binding
was quantified by intensity as 0-4 (0 representing no apparent binding; 4 representing robust
binding} and results normalized to expression. As can be seen from the data provided in the
table below, different CDRu: swaps into Vk D4 show distinct binding specificities. As a result,
we identified several mutanis having bi-specific {e.g., RGD3-2 and RGD3-3) or tri-specific (e.g.,
RGD3-7 and RGD3-8) binding specificities.

L e o Murine Bindi b .
Inbblt(,(il Vk QDRM donain TeG H+L JoG ELISA Binding o %rf,gv,ﬂmlbnmn Iviman
swap into D4 . infegring
Vecior
CDRLy Vi | vk | PSSR ovpt | ovp3 | avps | ovpo | avps
KSSQSLLNSRSRKNYLA Co D4 4 0 0 0 0 4
(SEQ ID NO: 572y
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KSSQSLLNSGRGDLGNALA C6 | RGD2 4 0 0 0 0 2
(SEQ ID NO: 574)
KSSQSLLGRGDLGRLKEQKDHNALA | C6 | RGD3- 3 0 0 0 n 1
(SEQ ID NO: 576) 1
KSSOSLLGRGDLGRLKKQKDNALA | C6 | RGD3- 3 0 0 0 n 4
(SEQ ID NO: 577) 2
KSSQSLLGRGDLGRLKKQKNALA | C6 | RGD3- 3 0 0 0 n 4
(SEQ ID NO: 578) 3
KSSOSLLGRGDLGRLKEONALA | €6 | RGD3- 3 0 0 0 n 4
(SEQ ID NO: 579) 4
KSSOSLLGRGDLGRLKENALA C6 | RGD3 3 0 0 ) N 3
(SEQ D NO: 575)
KSSOSLLGRGDLGRLENALA C6 | RGD3- 3 0 0 0 4 g
(SEQ 1D NO: 580) 6
KSSQSLLGRGDLGRLNALA C6 | RGD3- 3 0 4 0 2 2
(SEQ ID NO: 581) 7
KSSQSLLGRGDLGRNALA C6 | RGD3- 3 0 3 0 3 3
(SEQ ID NO: 582) 8
KSSQSLLGRGDLGNALA C6 | RGDI 2 0 0 0 0 1
(SEQ T NO: 573)
KSSQSLLGRGDLGRLKKOKDHH | C6 | RGDA- 1 0 0 0 3 0
(SEQ ID NO: 583) 9
KSSQSLLGRGDLGRLKKOKDH C6 | RGD3~ 2 0 0 0 1 0
(SEQ ID NO: 584) 10
KSSQSLLGRGDLGRLKKQKD C6 | RGD3- 2 0 0 0 2 1
(SEQ ID NO: 585) 11
KSSQSLLGRGDLGRLKKOQK C6 | RGD3- 2 0 1 0 2 0
(SEQ ID NO: 586) 12
KSSQSLLGRGDLGRLKED C6 | RGD3- 2 0 0 0 p) 0
(SEQ ID NO: 587) 13
KSSQSLLGRGDLGRLKK. C6 | RGD3- 3 0 0 0 1 1
(SEQ 1D NO: 588) 14
KSSQSLLGRGDLGRIK C6 | RGD3- 3 0 0 0 0 0
(SEQ ID NO: 589) 15
KSSQSLLGRGDLGRL C6 | RGD3- 3 0 0 0 0 0
(SEQ 1D NO: 590) 16

Example 13, CoDd4 induces Thl bias and increases CD8 IFN-v producing ¢ells

[0247] Seventeen C57B/7 mice were injected with 10° Lewis lung carcinoma (LLC) tumor
5  cells and 8 were injected IP with anti-SV35 (isotype control) or 9 mice with 6124 (both groups at

7 mg/kg). Mab injections were repeated at day 7 and tumors were harvested at day 11. Tumor
mfiltrating lymphoid cells were isolated from tumors by enzyme digestion and Percoll gradient
centrifugation and stained for CD45, TCRb, CD4, CD8 and surface capture assay for IFNg. Live
CD45+ cells were pated and B220, Ly6g, CD1lc, CD11b negative, TCRb positive cells were

10 segregated in CD4, (D8, IFN-g positive subsets. The results from this experiment are shown in
FIG. 54A-54D. Shown are percentages. * p<<0.05, ¥*p<0.01.
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[0248] <deleted>

[0249] Many modifications and variations of this invention can be made without departing
from its spirit and scope, as will be apparent to those skilled in the art. The specific embodiments
described herein are offered by way of example only and are not meant to be limiting in any
way. It is intended that the specification and examples be considered as exemplary only, with the

true scope and spirit of the invention being indicated by the following claims.

91

Date Recgue/Date Received 2023-12-19



WO 2018/064478 PCT/US2017/054306

Informal Sequence Listing

SEQ ID NO:3 si13ca 15-8 EVQLODSGPELKKPGETVKISCKASGY TETDYSMH  WVKQADGKG
REAFSLETSATTAYLOINNLENEDTAKYEFCAT  YYYGRDS WEQGTTLTVSS
5

SEQ ID NO:2 VH Framework 1 zvorooscprELKKEGETVKISCRASGY
SEQ ID NOG:3 VH CDRI rrrovsm
SEQ ID NO:4 VH Framework 2 wxorroxenreme
SEQ ID NO:5 VH CDR2 wirrercepTYADDFKG

10 SEQ ID NO:6 VH Framework 3 srarsLaTsaTTAYLOINNLKNEDTAKYFCAT
SEQ ID NO:7 VH CDR 3 vyveros
SEQ I NG:8 VH Framework 4 weostriTvss

LEWMG  WIKTETGEPTYADDFKG

SEQ in N():g B13C4 15-10 CIQLLOSGPELKKPGETVKISCRKASGY TFEFTDYSMH WVKQAPGKGLEKWMG WIXTETGEPTYADDFKG

15 RraPSLETSATTAYLOINNLXNEDTAKYFCAI  YYYGRDS WGOGTTLIVSS
SEQID NO:10 VH Framework 1 010L1056PELKKPGETVKI SCKASGY
SEQ ID NG:11 VH CBRI rrrovevn
SEQ ID NO:12 VH Framework 2 wvxoarsrerrwms
SEQ ID NG:13 VH CBRZ vixTererpTyannrrs

20 SEQ ID NO:14 VH Framework 3 rrarsLeTsATTAYLQTNNLKNEDTAKYFCAT
SEQ ID NO:15 VH CDBR 3 vyverns
SEQ ID NO:16 VH Framework 4 weooTrrTves

25 BEQ ID NO:17
BL3H3.2 QIQLLOSGPELKKPGETVKI SCKASGY TETDYSMH  WVKQA
REAFSLETSASTANLOTINLKNEDTATYFCAL  YYYGRDS WGQETTLTVSSSEQ

SEQID N{O:18 VH Framework 1 01on10S6pELRKPGETVRT SCKASSY
SEQ ID NO:19 VH CBRI rrrovem

30 SEGID NO:20 VH Framework 2 wvxoneskonrms
SEG ID NO:21 VH CDRZ wikTerdEpTYADDFKE
SEQID NO:22 VH Framework 3 RearsLETSASTANLGT INLKNEDTATYFCAT
SEQ ID NO:23 VHCBR 3 vyvsros
SEQ ID W(:24 VH Framework 4 weostrnTvssse

3
h

SEQ ID NOG:2S8
B13C1231015  QIQLLGSG
REAFSLETSASTAYLOINNLKNEDTATYFCAT  YYYGRDS WEOGTTLIVSS

SEQ ID NO:26 VH Framework 1 o1oL1086PELKKPGETVKI SCRASGY
40 SEQ ID NO:27 VH CDBR1 rrrovsn
SEQ ID NG:28 VH Framework 2 wvxoarsxerrums
SEQ ID NO:29 VH CDR2 wikTereEPTYAIDENS
SEQ ID NO:30 VH Framework 3 srarsLersasTAYLOTNNLENEDTATYFCAT
SEQ ID NO:31 VEHCDR 3 vyverns
45  SEQ ID NO:32 VH Framework 4 wegerrirvss
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SEQ ID NG:33

B15R11Vh QIQLLOSGPELKKPGETVKI SCKASGY TFTDYSMH WVEQAFPGHGLKWVA RINTETGEPTFADDIRG
REAVSLETSASTAVLOINNLENEDTATYECAL  YYYGRDS WEQGTTLTVES

SEQ ID NO:34 VH Framework 1 oron1056pELKKPGETVRISCRAS BY
SEQ ID NO:35 VH CBR1 rrrovsws

SEQ ID NO:36 VH Framework 2 wvroapcreLKuvA

SEQ 1D NO:37 VH CDR2 riuTercEPTFADDFRG

SEQ ID NO:38 VH Framework 3 rravsLETsASTAYLOINNLKNZDTATYFCAT
SEQ ID NG:39 VH CDR 3 vyveres

SEQ ID NO:d40 VH Framework 4 weostrrrvss

SEQ ID NO:41

B2B2 15-9 CIQLLOSGPELKKPGETVKISCLASGY TFIDYSMH WVEQAPGKGLKWVA  RINTETGEPTEFADDFGGE
REAVSLETSASTAYVLOINNLENEDTATYFCAL  YYYGRDS WGQGTTLTVES

SEQ ID NO:42 VH Framework 1 010LL0S6PELKKPGETVRI SCLASGY
SEQ ID NOG:43 VH CDR1 rerovsmu

SEQ ID NO:d4 VH Framework 2 wvrores
SEQ ID NO:45 VH CDBR2 rowrereeeTead
SEQ ID NO:d6 VH Framework 3 reavsy
SEQ ID NG:47 VH CDR 3 vyveros

SEQ ID NO:48 VH Framework 4 weostrnrvss

KGLEKWVA

TSASTAYLOINNLKNEDTATYFCAL

SEQ ID NO:49
R1ILID12715.3 EVOLVESGGGLVOPGGSLKLSCAASGE TF3SPGM3 WVRQTPDERLELVA TINSNGGSTYYPDNMRG
RFTISRDNAKNTLYLOMSSLKSEDTAMYYCAS ACYRYGAFFDY WGQGTTLTVAES

SEQ ID NO:58 VH Framework 1 ovonvESGoeLvopGes LKLSCARSGE
SEQ ID NO:S1 VH CDRI rrssroms

SEQ ID NO:82 VH Framework 2 wvroTpprrLELVA

SEQ ID NO:53 VH CDR2 718566 TYYEDNUKG

SEQ ID NO:54 VH Framework 3 nrrisrDNakNTLYLOMS SLKSEDTAMYYCAS
SEQ ID NO:55 VH CDR 3 acvrvearrny

SEQ ID NO:S6 VH Framework 4 ucostrirvss

SEQ ID NO:57

REDLVH-1 EVQLLESGPELKKPGETVKISCKASGY TFIDYSIH WVEQAFGKGLEKWMG WIKTETGEPTYADDFKG
REAFSLETSASTAYLOINNLENEDTATYECAT  YYYGRDS WEQGETTVIVES

SEQ ID NO:58 VH Framework 1 sv0LLESGPELKKEGETVRI SCKASGY
SEQ ID NO:59 VH CDRI rrroysis

SEQ ID NO:60 VH Framework 2 wroapGReLKWMG

SEQ ID NO:61 VH CDR2 wikrercerryabnrks

SEQ ID NO:62 VH Framework 3 rearsne
SEQ ID NO:63 VH CDR 3 vyverns

SEQ ID NO:64 VH Framework 4 weostrvrvss

TSASTAYLOINNLKNEDTATYFCAL

SEQ ID NO:65
REDLVH-1 EVOLLESGPELKKPGETVKI 3CKASGY DY WVKQAPGKGLEWMG WIKTETGERPTYADDFRG
REPAFSLETSASTAYLOINNLENEDTATYEFCAL  YYYGRDS FQGTTVIVES
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SEQ ID NO:66 VH Framework 1 =vorirscpELKKEGETVRI SCKASGY
SEQ ID NO:67 VH CDBR1 rrrovsta
SEQ ID NG:68 VH Framework 2 wwxoapexoriume
SEQ I NO:69 VH CDR2 wikTercEpTYADDFKG

5 SEQID NG:70 VH Framework 3 rRearsLETSASTAYLOINNLENEDTATYFCAT
SEQ ID NO:71 VH CDR 3 vyvcros
SEQ ID NOG:72 VH Framework 4 voostrvrvss

SEQ ID NG:73

10 REDLVA-3 QVOLMOSGPELKKPGETVRKISCRASGY TFTDYSIH WVEQAPGKGLKUMG WIKTETGEPTYADDENG
REAFSLETSASTAYLQINNLENEDTATYECAL  YYYGRDS WGEQGTTLIVES

SEQ ID NO:74 VH Framework 1 ovormMoserELRKPGETVKI SCKASGY
SEQ ID NO:.75 VH CDR1 rrrovsis
SEQ ID NO:76 VH Framework 2 wwroarcxenkame

15 SEQ ID NG:77 VH CDR2 wixrereerTyADDFNG
SEQ ID NO:78 VH Framework 3 rearsLETsasTAYLQINNLKNEDTATYFCAT
SEQ ID NO:79 VH CBR 3 vyverns
SEQ 11y NG:86 VH Framework 4 woosrrLTvss

20 SEQ ID NO:81

RSDLVH-16 QIQLORSGPELKKPGETVKISCKAZGY  TEFIDYSMH WVEQARGKGLRWVA  RINTETGEPTEFADLERG
REAVSLETSASTAYLOQINNLENEDTATYECAL  YYYGRDS WGEQGTTLTVSS

SEQ ID NO:82 VH Framework 1 01010086PELKKEGETVRI SCKASGY
SEQ ID NO:83 VH CDR1 rrrovsmn
25  SEQ I NO84 VH Framework 2 wrxorprexorruva
SEQ ID NO:85 VH CDR2 rINTETGEPTFADDFRG
SEQ ID NG:86 VH Framework 3 rravsLersasTAYLOINNLKNTDTATYFCAT
SEQ ID NO:87 YH CDR 3 vyyeros
SEQ ID NO:88 VH Framework 4 weostrirvss
30
SEQ ID NO:89

29 and 44 QIQLLOSGPELKKPGETVKISCKASGY TFIDYSMH WVEQAPGKGLKWVA RINTETGEPTFADDFRG
REAVSLETSASTAVLOINNLENEDTATYEFCAL YYYGRDS WGQGTTLTIVES

SEQ ID NO:90 VH Framework 1 010LL0S6PELKKPGETVRI SCKASGY
35 SEQIDNOG:S1 VHCBRI rerovewvm
SEQ ID NO:92 VH Framework 2 uvrorpereLiwva
SEQ ID NO:93 VH CBR2 ninrercepIFADDIRG
SEQ ID NO:94 VH Framework 3 reavsy
SEQ ID NG:95 VH CDR 3 vyveros
40 SEQ ID NO:96 VH Framework 4 wcostrirvss

TORSTAYLOINNLKNEDTATYFCAL

SEQ ID NO:97

Al=R4=F9 QIQLLOSGPELKKPGETVKISCKAZGY TFTDYSMH WVKQAPGCKGLXWVA RINTETGEPTFADDERG
REAVSLETSASTAYLOINNLENEDTATYECAT  YWYYGRDT WEQGTTLSVES

45  SEQ ID NO:98 VH Framework 1 01010036P2LKKPGETVKI SCKASGY
SEQ ID NO:99 VH CDRI rrrovsmn
SEQ ID NO: 100 VH Framework 2 wvkorpcKeLKavA
SEQ ID NO:101 VH CDR2 rinrerererrapnrre
SEQ ID NO: 102 VH Framework 3 reavsreTsasTAYLOINNIKNEDTATYFCAT
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SEQ ID NG:103 VH CDR 3 vyveroT
SEQ I NO: 184 VH Framework 4 weosrrrsvss
SEQ ID NQ:105
S ms=ce QIQLLOSGRELKKPGETVKISCKASGY TFTDYSMH  WVKQAPGKGLAWVA RINTETGEPTEADLERG

REAVSLETSAS TAYLOINNLENEDTATYFCAT  FYYGRDS WEQGTALTVSS
SEQ ID NG: 186 VH Framework 1 070110s6PELKKPGREIVKISCRASGY
SEQ ID NO:1067 VH CDR1 zrrovsm

SEQ 1D NOG: 108 VH Framework 2 wvrorpererruva

SEQ ID NG:169 VH CDR2 riureETcrEPTFADDFRG
SEQ ID NO:110 VH Framework 3 zeavsiers
SEQ ID NO:111 VH CDR 3 ryveres

SEQ ID NO:112 VH Framework 4 weosranrvss

10

ASTAYLQINNLENEDTATYRCAT

15 SEQIDNOG:113
DA=EE QIQLLOSGPELKKPGETVKL SCKASGY
RFAVSLETSASTAYLOINNLENEDTATYFCAI  YYVGRDS

SEQ ID NO:114 VH Framework 1 oot
SEQ ID NO:115 VH CDR1 zrrovsmn
SEQ ID NO:116 VH Framework 2 wvkoarcreLruva

SEQ ID NO:117 VH CDR2 »1erercapTrabDraG

SEQ ID NO:118 VH Framework 3 reavsieTsasTAYLOINNLKNEDTATY FCAT
SEQ ID NO:119 VH CDR 3 vyveros

SEQ ID NO: 120 VH Framework 4 weostTnTvss

TETDYSMH WVXQAPGKGLKWVA
WGQGTTLTVSS

YSGPELKREGETVKISCKASGY

20

SEQ ID NO:121

CeD4 QLOLLOSGPELKKPGETVKIBCKAZGY TEFTDYSMH WVKQAPGKG
REAVSLETSASTAYLOINNLENEDTATYECAT  FYYGRDS WEQGTTLIVSS

RINTETGEPTF

ADDFRG

SEQ ID NO:122
SEQ ID NO:123
SEQ ID NO:124
SEQ ID NO:125
SEQ ID NO:126
SEQ ID NO:127
SEQ ID NO:128

30

SEQ ID NO:129

BZB2 35-20

40 SEQID NO:130
SEQ ID NO:131
SEQ ID NO:132
SEQ ID NO:133
SEQ ID NO:134
SEQ ID NO:135
SEQ ID NO:136

SEQ ID NO:137

B2B2 35-26

DIVMIQSPSSMYASLEERVTITC
GVPSRFSGEGSGODYSLTISSLEYEDMGIYYC

QIVL
GVPSRFEGSGSGQRDYSLTIS

VH Framework 1 01910056PELKKEGETVKISCKASGY

YH CDRY orrovsmn

VH Framework 2 wvxorpcreuxwva

VH CDR2 siurereaerrapprze

VH Framework 3 peavsiersasTaYLOINNLKNEDTATYFCAT
VH CBR 3 roverns

VH Framework 4 uweoerrrrvss

KASQDINSYLS
LOYDEFPPLT FGAGTKLELKA

VL Framework 1 pivmsgspssMyasLeERVTITC
VL CDR1 xasopinsvis

VL Framework 2 wrocxeoxksexrozy

VL CDR2
VL Framework 3 cvrsrrses
VL CBR 3 wovpzreernt

VL Framework 4 reacrriziea

WEQOXPGKSPRTLIY RANRLVD

RANRLVD
SGEGRDYSLTISSLEYEDMGIYYC

TQSPS SMYASLGERVT RANRLVD

EYEDMGIYYC

ITe KASQDINSYLS
LOQYDEFPPLT FGAGTKLELKA

WFQORPGKSPKTLIY
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SEQ ID NO:138 VL Framework 1 o1virosessuyasiservriTe
SEQ ID NO:139 VL CDRI xasopinsvis
SEQ ID NG: 140 VL Frameweork 2 wrookpeKsprTLIY
SEQ ID NQO:141 VL CDR2  ravrivp
5  SEQIDNQG:142 VL Framework 3 cvesrrscsescopySLTISSLEYEDMGIYYC
SEQ 1D NOG:143 VL CDR 3 rovoereent
SEQ ID NO:144 VL Framewerk 4 rorcTannka

SEQ ID NO: 145

PCT/US2017/054306

10 B1SBR11vk34-26 QIVLTESPAIMSASPGEKVTMIC SABS3VEYMH WYQQRPGTSPRLWIY DTBNLASL
GYPARFSGSGSGISYSLTISSMEAEDAATYYC  QOWISNPLY PGEGURLEIKA

SEQ ID NO:146 VL Framework 1 orviroseaimsaseerxvruTe
SEQ D NO:147 VL CDR1I sasssvsvm
SEQ ID NO:148 VL Framework 2 wroorkeeTsprInIY
15 SEQ I NG:149 VL CDR2  pravias
SEQ I NO:150 VL Framework 3 cvearrseses6TsYSITISSMEAEDARTYYC
SEQ ID NO:151 VL CDR 3 oowssnert
SEQ Iy NG:152 VL Framework 4 roserxirika

20 SEQ ID NO:1583

Bl3BL1vk33-24 EIVLTQSPAIMSASPGERYTMIC SASSSVIYMH WYQUKPGSSEKIWIY DTSNLAS
GVPARFPSGSGSGTSYSLTISSMEAEDARTYYC  QOWISNPLT FGDGTRLEIKA

SEQ ID NO:154 VL Framework 1 mrvirospaIMsaseGERVIMIC
SEQ ID NO: 1585 VL CDRI sasssvsvm
25  SEQ ID N(O:156¢ VL Framework 2 wrooxessspriwzy
SEQ ID NO:157 VE. CDR2  oprsvias
SEQ ID NO:158 VL Framework 3 cvparrscsse6TsYSLTISSMEARDARTYYC
SEQ ID NO:1539 VL. CDR 3 oowssnert
SEQ ID NG: 160 VL Framework 4 reperriprxa
30
SEQ ID NO:16d

BISB11vk35-26 OIVLTOSPAIMSASEGEKVIMIC  SASSSVSYMH WYOOKSGTSPRLWIY  DTSNLAS
GVPARFSGSGSGTSYSLTISSMEAEDARTYYC QOWSSNEPT  FGAGTKLELKA
SEQ ID NO:162 VL Framework 1 orviroseamnsaspeervenre
35 SEQID NO:163 VL CDRI sesesvsvm
SEQ ID NO:164 VL Framework 2 wrookserspriwy
SEQ ID NO:168 VL CDRZ  oprswias
SEQ ID NO:166 VL Framework 3 ovparrscsoseTsYsLTISSMEARDAATYYC
SEQ ID NOG:167 VL CDR 3 oowssurer
40 SEQ ID NO:168 VL Framework 4 roacrxirnra
SEQ ID NO:169
B13C12134-25  DIKMTQSPAIMSASPGEKVIMTC — SASSSVSYMH WYQQKSGTSPKRWIY  DTSKLAS

c
GVPARFSGSGSGTSYSLTISSMEAEDAATYYC OQWSSNPET  FGSGTKLEIKA
45  SEQ ID MNO:170 VL Framework 1 nrxrosraIMsAspGERIMIC
SEQ ID NO:171 VL CDRI1 sasssvsyva
SEQ ID NO:172 VL Framework 2 wroorsersprrwy
SEQ IDNO:173 VL CDR2Z  oprsxuas
SEQ ID NO:174 VL Framework 3 ovearrscscseTsYsLTISSMEAEDAATYYC
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SEQ ID NG:175 VL CDR 3 oowssnerr
SEQ ID NO:176 VL Framework 4 roserirrza
SEQ ID NO:177

BI13C12133-26  OMVLTHSPATMSASPGEKVIMIC  SASSSVSYMH WYQOKPGSSPKPWIY  GTSNLAS
GVPARFSGSGSGTSYSLTTSRMEAEDARTYYC OQWSSNEPT  FGDGTRLEIKA
SEQ ID NQO:178 VL Framework 1 owitaspaIMsASPGERVTHTC
SEQ ID NO:179 VL CDRI szsssvsvvm
SEQ 1D NG: 180 VL Framework 2 wrooxecssprpwiy
SEQ ID NO:181 VL CDR2  osrsnias
SEQ ID NG:182 VL Framework 3 cvearres T IIRMEAEDAATYYC
SEQ ID NO:183 VL CDR 3 oowssueer
SEQ ID NO:184 VL Framework 4 roperrupixa
SEQ ID N(O: 183
BISC4 35-20  DIVMBQSPSSLAVSAGEKVTMSC — KSSQSLLNSRTRKNYLA WYQOKPGOSPRLLIY — WASTRES

GVPDRETGEGSGTDFTLTISSVOAEDLAVYYC

SEQ ID NO:186
SEQ ID NO:187
SEQ ID NO:188
SEQ ID NO:189
SEQ ID NO:190
SEQ ID NO:191
SEQ ID NO:192

SEQ ID NO:193

B15B1ivk35-20

SEQ ID NO:19%4
SEQ ID NO:195
SEQ ID NO:196
SEQ ID NO:197
SEQ ID NO:198
SEQ ID NO:199
SEQ ID NO:200

SEQ ID NO:201

B1l3CL12335-25
SEQ ID NO:202
SEQ ID NO:203
SEQ ID NO:204
SEQ ID NO:205
SEQ ID NO:206
SEQ ID NO:207
SEQ ID NO:208

SEQ ID NO:209

B13C1L233520

GVPDRETGSGSCGTDFTLTISSVQARDLAVY YT

DIVMEQEP3SLAVSAGENVTVEC
GYPDRETGSGSGIDEFTLTISSVOAEDLAVYEFC

DIKMTQSPSSLAVEPGERVIMEC K3s
GVPDRFTGEGSGTDFTLTISSVQAEDLAVYYC KQSYNLLT

DIVMSQSP3SLAVISPLERKVIMST

KQSYNLLT FGAGTKLELKA
VL Framework 1 nrvsosessnavsacekvrmsc

VE CDR1 xsso
VI Framework 2 W
VE CDR2
VL Framework 3 cveorer
VL CDR 3 xoswviwr

VL Framework 4 reacTxuznia

WAST

FTDETLTISSVOAEDLAVYYC

KOSYNLLT
VL Framework 1 nrwus
VE CDRI prvMsosrssLAVSAGENVTVSC
VL Framework 2 wroorecospriniy
VE CDR2  wasr
VL Framework 3 cvporrresceeTpeTLT IS SVQAEDLAVYFC
VL CDR 3 xoswvnor

Vi Framework 4 reacrxiznra

FGAGTRLELEA
SLAVSAGENVIVEC

QSLLHSRTRENYLA
FGAGTKLELKA

WYQOKPGQSPXLLIY

VL Framework 1 p1nvrospssiavspeEgveMsc
VL CDR1 xs50sLLESRTRANYLA

VL Framework 2 wrocxesgsexinzy

Vi CDR2
VL Framework 3 svrorrresceser:
VL CDR 3 xoswntur

VL Framework 4 reacrriziea

WASTRES

DETLTISSVOAEDLAVYYC

KSS8QSLLHSRTRENYLA
LT FGAGTHLELKA

KQSYNT
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SEQ ID NO:216
SEQ ID NO:211
SEQ ID NO:212
SEQ ID NO:213
SEQ ID NO:214
SEQ ID NO:215
SEQ ID NO:216

SEQ ID NO:217

REDLVE-1
GYPDRETGSG

SEQ ID NO:218
SEQ ID NO:219
SEQ ID NO:220
SEQ ID NO:221
SEQ ID NO:222
SEQ ID NO:223
SEQ ID NO:224

SEQ 1D NO:225

RSDLVE-6

SEQ ID NO:226
SEQ ID NOG:227
SEQ ID NO:228
SEQ ID NO:229
SEQ ID NO:230
SEQ ID N(:231
SEQ ID NO:232

SEQ ID NO:233

GVPDRETGEGESGTGFTLTISSVOAEDLAVYFC

SEQ ID NO:234
SEQ ID NO:2358
SEQ ID NO:236
SEQ ID NO:237
SEQ ID N(O:238
SEQ ID NO:239
SEQ ID NO:240

SEQ ID NO:241

REDLVE-13

SEQ D NO:242
SEQ ID NO:243
SEQ ID NG:244
SEQ ID NO:245
SEQ ID NOG:246

DIVMTQSESSLAVE ‘)A(:I KVTM3C
SGEIDETLTISSVOAEDLAVYY

DIVMTGSESSLAVSAGERVIMIC
GVPDRETGSGSGTDETLTISSVOAEDLAVYYC

DIVMTCSES3LAVSAGENYTVEC

DIVMEQRSPSELAVSPGEKVTMEC KS3QSLLHSRTRKNYLA
GYPDRETGSGSGTDETLTISSVOAEDLAVYYC T

PCT/US2017/054306

VL Framework ! p1vmsospss1avapcERVTMSC
YL CDRI xssgs5LLHSRTRENYLA

VL Framework 2 wrooxpcospriLIy

VL CDR2
Vi, Framework 3 cveorrr
YL CDR 3 xosyniit

VL Framework 4 reactxienza

WASTRES

GEESGTDFTL

TISSVOQAEDLAVYYC

K83QSLLNSRTRENYLA
KQSYNLL? PGAGTRLELKR

YL meeworkl DIVMTQSES
VE CDRI xos0snINsRTRRNYLA
VL Framework 2 wyookeegsprRLLIY
VL CDR2
YL Framework 3 oveprrIessseToFTLTISSVOARDLAVYYC
VE CDR 3 xoswrir

VL Framework 4 roacTiirikr

WYQQRKPGQSPRLLIY

SSLAVBAGEKVTMSC

WAZTRES

KSSQUSLLNSRTRENYLA
KOSYNLLT FGAGTRLEIKR

Vi Framework 1 nrwrosess
VE CDRI xs5050LNSRTRRNYLA
Vi Framework 2 wyooxesospriLIY
VECDR2Z  wastess

VL Framework 3 cveorrresssernrrirs
VL CBR 3 voswraT

VL Framework 4 reactrinixr

WYGORKPGQSPRLLIY

LAVSAGERVIMEC

SEVOAEDLAVYYC

KS3Q3LLNSRTRKNYLA
KQSYNLLT FGAGTRLEIKR

VL Framework 1 nivros
VE COR1 xsso
VL Framework 2 wrookeensprunry
VE CDR2
VL Framework 3 ovporeresssoTeFTLT IS5VOAEDLAVYEC
VL CDR 3 xosynirr

VL Framework 4 roacTrLEIRR

WYQOKPGOSPRLLIY

AVSAGENVTVSC

SLLNSRTRKNYLA

WASTRES

WYQQKPGOSPXKLLIY

KOSYNLLT
VL Framework 1 prws
VL CDRI xssosnispTRRNYLA

VL Framework 2 WYQOKPGOS PKLLIY
Vi CDR2
VL Framework 3 cveoreressserprriris

FGAGTRLELKR
SLAVIPGEKVIMEC

WASTRES

SVQAEDLAVYYC
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SEQ ID NO:247
SEQ ID NO:248

SLQ D NO:249

2 DIVMS
GYPDRETGSGSGTDFTLTISSVOAEDLAVYYC

SEQ ID NO:250
SEQ ID NO:251
SEQ ID NO:252
SEQ ID NG:253
SEQ ID NO:254
SEQ ID NG:253
SEQ ID NO:256

SEQ ID NO:257

44 DIVMSCSESSLAVSAGEKYTMSEC KS3QSLLNSRTRKNYLA
GVPDRETGEGESGTDFTLTISSVODEDLAVYYC

SEQ ID NO:2358
SEQ ID NO:259
SEQ ID NO:260
SEQ ID NO:261

PCT/US2017/054306

YL CDR 3 xgsynror
VL Framework 4 roacTirernkr

OSESILAVSAGERVIMSC K3SQSLLNSRTRENYLA

KQSYNLLT FGAGTKLELKA

WYQQKPGQSPRLLIY

Vi Framework 1 prvmsgspssta
VE CDRI xss050LLNsRTRRNYLA

Vi Framework 2 wrooxrsosprinIy
VL CDR2
V1 Framework 3 cveorer
YL CBR 3 voswrar
VL Framework 4 »

SAGEKVTMEC

WASTRES

SYQAEDLAVYYC

FGAGTKLELKA

WYQOKPGOSPRLLIY
KQSYNLLT

VL Framework 1
VL CDRI xsse
VL Framework 2 W
VE CDR2

FPGAGTKLELKA

DIVMSQSPSSLAVSAGERVIMSC

WAST

SEQ ID NO:262 VL Framework 3 sveorer STDFTLT IS SVODEDLAVYYC
SEQ ID NO:263 VL CDR 3 xosvniwr

SEQ ID NO:264 VI Framework 4 roacTxusnra

SEQ ID NO:265

AL=BA=FY DIVMSCSPSSLAVSAGEKVIMEC — KSSQSLLNSRTRKNYLA WYGOKPGOSPRLLIY

GYPDRETGSGSGIDEFTLTISSVOAEDLAVYYC

SEQ ID NO:266
SEQ ID NO:267
SEQ ID NO:268
SEQ ID NO:269
SEQ ID NO:27¢
SEQ ID NO:271
SEQ ID NO:272

SEQ ID NOG:273

A5=CE

GVPDRFTGEGSGTDFTLTISSVQAEDLAVY YT

SEQ ID NO:274
SEQ ID NO:275
SEQ ID NO:276
SEQ ID NO:277
SEQ ID NO:278
SEQ ID NO:279
SEQ ID NO:280

SEQ ID NO:281

D4=EE

DIVMIQSPSSLAVSAGERVIMSC

DIVMSC
GVPDRETGSGSCGTDFTLTISSVODEDLAVY YT

KOSYNLLT
VL Framework 1 nrwus
VE CDRI rssosninsrTRKNYLA
VL Framework 2
VE CDR2
VL Framework 3 cveorrressseTpFTLTISSVOAEDLAVYYC
VL CDR 3 xoswvnor

Vi Framework 4 reacrxiznra

FGAGTRLELEA
SLAVSAGEKVIMEC

WYQORPGQESPRLLI

K3SQSLLNSRTRENYLA
KQSYNLLT FGAGTKLELKA

WYOQKPGOSPRLLIY
VL Framework 1 prwsose
VL CDRI xs505LLNSRTRRNYLS
VL ¥ramework 2 wrooxeco
VL CDR2
VL Framework 3 svrorrresceser:
VL CDR 3 xoswntur

VL Framework 4 reacrriziea

SBLAVSAGEKVTIMEC

RLLIY
WASTRES

DETLTISSVOAEDLAVYYC

LLNSRTRKNYLA WYQQ
FGAGTHLELKA

KPGOXPRLLIY

JSPSSLAVSAGERVTMSC KS8Q8L
KQSYNLLE
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SEQ D N{:282
SEQ ID N(G:283
SEQ ID NO:284
SEQ 1D N(:285
SEQ ID NO:286
SEQ ID NO:287
SEQ ID NO:288

SEQ ID NO:289

CeD4

SEQ ID NG:290
SEQ ID N(:291
SEQ ID NG:292
SEQ ID N(:293
SEQ ID NOG:294
SEQ ID N(G:295
SEQ ID NO:296

SEQ 1D NO:297

9 VH

SEQ ID NO:298
SEQ ID NO:299
SEQ ID NO:300
SEQ ID NO:301
SEQ ID NO:302
SEQ ID NO:303
SEQ ID NO:304

SEQ ID NO:305

9 L

SEQ ID NO:306
SEQ ID NO:307
SEQ ID NO:308
SEQ ID NO:309
SEQ ID NO:31¢
SEQ ID NO:311
SEQ ID NO:312

SEQ ID NO:313
SEQ ID NOG:314
SEQ ID NO:315

SEQ ID NO:316
SEQ ID NO:317
SEQ ID NO:318

DIVMTQSESSLAVSAGERVTMEC
GYPDREFTGSGSGIDETLTISSVOAEDLAVYYC

QVOLOGSGAELVRPGTSVEVSCRASGY

KATLTADKSISSAYMOLSSLTIGDSAVYFCAR  EAGNYIYAMDY

DIVMTQSPAFLSASVGETVIITC
GVPSREPSGEGESGTQFELKINSLOPEDFGEYYC

PCT/US2017/054306

VL Framework 1 prvusospssravsacErvTMse
YL CDRI xssosnLNSRTRENYIA

VL Framework 2 wrookpeoxpRILIY

VL CDR2
VL Framework 3 cvepRFIGSGSGTDFTLTISSVODEDLAVYYC
YL CDR 3 xosvynris

VL Framework 4 roacTriznxa

WASTRES

KS3QSLLNSRTRENYLA WYQQKPGQOSPRLLIY
KQSYNLLS PGAGTRLELKR

VL Framework 1 prwrosessiavsacexkvrsc
VL CDRI xssosnINsRTRRNYLA

Vi Framework 2 weooxeegsprILIY

VL CDR2
VL Framework 3 cveoreressssTDRTITISSVOREDLAVYYC
VL CDR 3 wpovnrus

VL Framework 4 roacTeirikr

WAZTRES

APTDYLIO WVKQRPGOGLEWIG

WGQGTSVIVSS

VH Framework 1 ovorons6ARIvREGTSVRVECKASGY

VH CDR1 zrroviio

VH Framework 2 wwrorpcoeniwic

VH CDR2 vInprTceTNYNAKFRG

VH Framework 3 «aT1TanKssssAYMOLESLTSGDIAVYRCAR
VH CDR 3 mrenyryampy

YVH Framework 4 wooorsvrvss

RASVNIYSYLY

FGGGTRKLEIKR

WYCQRKQGKSPQLLVH
QHHHGTPYT

VL Framework 1 prvwrosparLsasverrvrire
VE COR1 resvnivsviv

VL Framework 2 wrockosxksperovi

VE CDR2
VL Framework 3 ovrsrrsescserorsLKINSLOPEDFGSYYC
VL CDR 3 oumsereyr

VL Framework 4 roseTiunIxr

NAXTLAE

B2B2 VH CDR! Trrovswn
B28B2 VH CDR2 rInTETCEPTFADDFGE
B28B2 VH CDR3 vyverns

B13C4 VH CDRI ~rroysmu

B13C4 VH CDR2 wixrerszpTyADDERG
B13C4 VH CDR3 vyycros
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SEQ ID N{O:319
SEQ ID NO:320
SEQ ID N(:321

5  SEQIDNO:322
SEQ ID NO:323
SEQ ID NO:324

SEQ ID NO:3258
10 SEQ ID NO:326
SEQ ID NO:327

SEQ ID NO:328
SEQ ID NO:329
15 SEQ ID NO:33¢

SEQ ID NO:331
SEQ ID NO:332
SEQ ID NO:333

SEQ ID NO:334
SEQ ID NO:338
SEG ID NO:336

25 SEQ ID NO:337
SEQ ID NO:338
SEQ ID NO:33¢%

SEQ ID NO:340
30 SEQGIDNG:341
SEGID NO:342

SEGQGID NO:343
SEG ID NO:344
SEG ID N{3:345

3
h

SEG ID Ni:346

SEQ ID NO:347

SEQ D N{:348
40

SEQ ID N{:349

SEQ ID NO:350

SEQ ID N(G:351

45  SEQ ID NO:352
SEQ ID NO:353

PCT/US2017/054306

s13a3VH CDRI rrroysmu
s133VH CDR2 wixrerpeeTvADDFRE

133 VH CDR3 vyverps

215311 VH CDRI1 rrrovswy
815813 VH CDRZ rinrereeprranpens

s1:811VH CDR3 vyveros

siicizVH CDRI1 rrroysin
s1zc1zVH CDR2 wixrereepryanpene

piicizVH CDR3 vyyveros

a1 VH CDRI rerovewm
a1 VH CDR2 rinverceprsanprre
a1 VH CDR3 vyyveror

ce VH CDRI rrrovsms
cs VHCDR2 rinveres
ce YVH CDR3 ryverps

PTEADDIRG

s2z2 VK CDRI xasopinvsyns
z2e2Vk CDR2 ranzivo
s282Vk CDR3 1ovuzreeLT

slzcs Vk CDRI xssostinsrrrrnyLa
p12c4Vk CDR2 wasrres
81204 Vk CDR3 xosyvinT

s1zr2 Vk CDRI xesgsniverinxuyia
z1283Vk CDR2 wasTres
81283 VK CDR3 xosyniir

815811.1 VK CDRI sasssvsymn
815811.1Vk CDR2 orsmias

815811.1Vk CDR3 ogwssnerr

s15811.2 Yk CDRI sasssvsymn
815811.2Vk CDR2 prsuias
s15811.2Vk CDR3 oowssweer

815811.3 Vk CDRI zssostinsrrrrnyia
815811.3Vk CDR2 wasrres

815811.3Vk CDR3 xgsynrrr

s1aciz.1 ¥k CDRI sasssvsymu
r13c12.1Vk CBRZ prexias
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SEQ ID N{O:354

SEQ ID N{:355
SEQ 1D NO:356
SEQ ID NO:357

SEQ ID NO:358
SEQ ID NO:359
SEQ ID NO:360

SEQ ID NG:361
SEQ ID NO:362
SEQ ID NO:363

SEGQ ID NO:364
SEQ ID NO:363
SEQ ID NO:366

SEQ ID NO:367
SEQ ID NO:368
SEQ ID NO:369

SEG ID NO:370
SEQ ID NO:371
SEQ ID NO:372

SEQ ID NO:373
SEGID NO:374
SEQ ID NO:375

SEGQGID NO:376
SEGID NO:377
SEGQGID NO:378

SEG ID N{:379
SEC ID NO:386
SEG ID NO:381

SEG D N{:382
SEQ D NO:383
SEQ ID N{:384

SEG ID NO:385
SEQ ID NO:386
SEG ID NO:387
SEQ ID NO:388

PCT/US2017/054306

s1zciz.1Vk CDR3 cowssuerr

13c1z.2 Vk CDR1 sasssvsyms
s1zciz.zVk CDR2 ersuias
3

13c12.2Vk CDR3 gowssuper

813c12.3 Vk CIDRI zssostiasprrinyia
s1zciz.3 Vk CDR2 wasrres
p13ciz.s Vk CDR3 xosywinr

e Vk CDRI rssostinsrreeNyoa
54Vk CDR2 wasrees
paVk CDR3 xosyuris

rsprvi-1 VH CDRI orrpysis
zspivi-1VH CDR2Z wixrerezpryanpeke
rsprva-1 YH CDR3 vyveros

rspiva-3 VH CDRI rerpysta
wspivi-3VH CDR2 wixrerezeryanpens

rspLvi-3 VH CDR3 vyveros

rspLvi-15 VH CDRI rrrovems
zspivi-1s W H CDR2 riw
rspivE-16 VH CDR3 vyverns

LPTEADDERG

msoive-10 VK CDR1 xssostinsrTrrNyia
rsovk-10Vk CDR2 wasTres
reoive-10 VK CBR3 xoswwinr

repivie-13 VK CDR1 xssostiasrTeriyia
rsotvk-13Vk CDR2 wasTres
rsonve-13Vk CDR3 xosyninr

net VH CDBRI rerovems
per VH CDR2 rinrTeTcepTrapDRRG

na VH CDR3 vyveros

cex Vk CDRI xesosiinsrrrznyLA
cex  Vk CDR2 wastres
cex Vk CDR3 xosynirr

heavy chain FRI (o/z)100(0/M) (0/E) SGPELEXPGETVKI SCKASGY
heavy chain FR2 wxoarcrerxw (v/Mi

heavy chain FR3 nra(v/r) sLETSASTAYLOINNLKNEDTATYFCAT
heavy chain FR4 wvooxecose (x/R) L1IY
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SEQ ID N(:389 light chain FRI (o/z)1vM(T/5) 0spss1Av(/PS) AGE (K/N) VT (M/V} SC
SEQ ID NO:390 light chain FRZ wyoorecosr (z/r) 1113
SEQ 1D N(:391 light chain ¥R3 aveorrreseseror
5 SEQIDNO:392 light chain FR4 reacr(r/x)12(1/1)&

SEQ ID NG:393 Human ov

10 1 FNLDVDSPAEYSGPEGSYFGFAVDFFVPSASSRMFLLVGAPKANTTQPGI 50
51 VEGGOVLKCDWS STRRCQPIEFDATGNRDYAKDDPLEFKSHOWFGASVRS 100

101 KQDKILACAPLYHWRTEMKQEREPVGTCFLODGTKTVEYAPCRSQODIDAD 150
151 GUGFCQGGFSIDEFTKADRVLLGGPGSFYWQGQLISDQVAEIVSKYDENVY 200
201  SIKYNNQLATRTAQAIFDDSYLGYSVAVGDENGDGIDDFVSGVPRAARTL 250
15 251 GMVYIYDGKNMS SLYNFTGEQMAAYFGEFSVAATDINGDDYADVFIGAPLF 300
301 MDRGSDGKLQEVGOVSVSLORASGDFQTTKLNGFEVFARFGSAIAPLGDL 350
351 DODGFNDIAIAAPYGGEDKKGIVYIFNGRSTGLNAVPSQILEGOWAARSM 400
401 PPSFGYSMKGATDIDENGYPDLIVGAFGVDRAILYRARPVITVNAGLEVY 450
451 PSILNDDNKTCSLPGTALKVSCFNVRFCLEADGKGVLPRKINFQVELLLD 500
20 501 KLKOKGAIRRALFLYSRSPSHSKENMTISRGGLMOCEELIAYLRDESEFRD 550
551 KLTPITIFMEYRLDYRTAADTTGLOPILNQFTPANISROAHILLDCGEDN 600

601 VCHPKLEVSVDSDORKKIYIGDDNPLTLIVEAQNQGEGAYEAELIVSIPLY 650
651 ADFIGYVRNNEALARLSCAFKTENQTROVVCDLGNPMKAGTOLLAGLRES 700

701 VHOQSEMDTSVKFDLOTQSSNLEFDRVSPVVSHRKVDLAVLAAVETIRGVSSE 750
25 751 DHVFLPIPNWEHKENPETEEDVGPVVQHIYELRNNGPSSFSKAMLHLOWP 800
801 YRYNNNTLLYILHYDIDGPMNCTSDMEINPLRIKISSLOTTERKNDTVAGQ 850

851 GERDHLITKRDLALSEGDIHTLGCGVAQCLKIVCQVGRLDRGKSAILYVK 3800

907 SLLWTETFMNKENQNHSYSLKSSASFNVI NETLVTTN 950

PYRKNLPIEDRIT

951 VITWGIQPAPMPVPVWVIILAVLAGLLLLAVLVFVMYRMGEFFKRVRPPOEE 1000
30 1001 QEREQLQPHENGEGNSET i0is

SEQ ID NG:394 Human 38

EDNRCASSNAASCARCLALGPECGHCVQEDFISGGSREERCDIVINLISK 50

=

51 GCSVDSIEYPSVHVIIPTENEINTQVIPGEVSIQLRPGAEANFMLKVHPL 100
35 101 KKYPVDLYYLVDVSASMHNNIEKLNSVGNDLSRKMAFFSRDFRLGFGEYV 150
151 DKTVSPYISIHPERIHNQCSDYNLDCMPPHGYIHVLSLTENITEFEKAVH 200
201 RORISGNIDTPEGGFDAMLOAAVCESHIGWRKEAKRLLLVMTDQTSHLAL 250
251 DSKLAGIVVPNDGNCHLENNVYVKSTTMEHPSLGQLSEKLIDNNINVIFA 300
301 VOGKOFHWYKDLLPLLPGTIAGEIESKAANLNNLVVEAYQKLISEVEVQVY 350
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351 ENQVQGIYFNITAICPDGSREKPGMEGCRNVTSNDEVLEFNVTVIMEKKCDVT 400
401 GGKNYAITIKPIGFNETAKIHIHRNCSCQCEDNRGPKGKCVDETFLDSKCE 450
451 CCUDENKCHFDEDQFSSESCKSHEDQPVCSGRGVCVCGRKCSCHRIKLGRVY 500
501 GKYCEKDDFSCPYHHGNLCAGHGECEAGRCQCFSGWEGDRCQCPSAAAQH 550
5 551 CVNSKGQVCSGRGTCVCGRCECTDPRSIGRFCEHCETCYTACKENWNCMQ 600
601 CLHPHNLSQAILDQCRTSCALMEQOHYVDOTSECFSSPSYLRIFFIIFIV 650
651 TPLIGLLKVLITIROVILOWNSNKIKSSSDYRVSASKKDKLILOSVCTRAY 700
701 TYRREKPEEIRKMDISKLNAHETFRCNF 727

10 SEQIDNG: 595

HuCéDAVL DY3MH WVRQAPGGGLEWVA RINTETGERPTFADDERG
RETVILDTETS ‘I'AVL}*,J.] 3 WGQGTTLTIVES

SEQ ID NO:396 VH Framework 1 0r0LVOSGARVRKPGASVKISCRASGYTET
SEQ ID NO:397 VEHCDRI  pysmn

15 SEQ ID NO:398 VH Framework 2 wroarsoanewva
SEQ ID NO:399 VH CDR2  rinTercEpTFADDERG
SEQ ID NO:400 VH Framework 3 rervrnoTsTsTAYLEIRSLRSDDTAVYFCAT
SEQ ID NO:401 VHCDR 3 FYYGRDS
SEQ ID NO:402 VH Framework 4 weostTiTvss

20
SEQ ID NO:403
HueD4as QLOLVG! EVEKPGASVRISCKASGYTET  DYSMH WVRQAPGQGLEWYA RINTETGEPTFADDERG
RETVTLOTITITAYLEIRSLRSDDTAVYFCAL  FYYGRDS WGEQGETTLIVES

SEQ ID WN:404 VH Framework 1 01omvoscarvikkpeasvKISCRASGYTET
25 SEQIDNO:4065 VHCBRI oprsw
SEQ ID NO:406 VH Framework 2 wwroarsgermwva
SEQ ID NO:407 VH CBR2  rInTETGEPTFADDFRG
SEQ ID NO:408 VH Framework 3 rrrvTLDrsTsTAYLEIRSLRSDDTAVYFCAT
SEQID NOG:409 VHCDR 3 FYYGRDS
30 SEQ ID NO:416 VH Framework 4 wegstrirvss

SEQ ID NO:411
HuCeD4B7 QINLVOSGAKVKKPGASVEI SCKASSYTET  DYSMH  WVRQAPSGGLEWVA RINTETGEPTFALDEFRG
RFSVTLDTSTSTAYLEITSLRSDDIAVYFCAL  FYYGRDT WGQGTALTVSS

SEQ ID N(:412 VH Framework 1 01omvoscaKVKKEGASVKISCRASGYTFT
SEQ ID NO:413 VHCDRI  pysan
SEQ ID N(:414 VH Framework 2 wwroapsgenewva
SEQ ID NO:415 VH CDBRY rINTETGEPTFADDFRG
SEQ ID WNih:416 VH Framework 3 resvTLpTsTSTAYLEITSLRSDDTAVYFCAT
40  SEQID NO:M417 VHCDR3 FYYGRDT
SEQ ID Ni{}:418 VH Framework 4 weosTantvss

)
18

SEG ID NO:419

HuCEDLARS QIQLVOSGAEVRKPGASVKI SCKASGYTEFT DYSMH WVRQAFPGQGLEWVA RINTETGEPTFALDERG
45 RETVTLDTETSTAYLEIRSLREDDTAVYEFCAL  FYYGRDT WGQGTTLTVES

SEQ ID NO:420 VH Framework 1
SEQ IDNG:421 VHCDRI  pyomn

IOLVQSGAEVKKPGRIVRISCHRASEYTET
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SEQ ID NO:422 VH Framework 2 wvroapcoenmva
SEQ 1D N(G:423 VH CDR2
SEQ ID NG:424 VH Framework 3 reTvrinTsTeTAYLEIRSLRSODTAVYFCAT
SEQ ID NG:425 VHCDBR 3 FYYGRDT

5 SEQID NO:426 VH Framework 4 weoertrnTvss

RINTETGEPTFADDEFRG

PCT/US2017/054306

SEQ ID NO:427

HuCeD4

RETVILDTSTSTAYLEIRSLRSDDTAVYECAL

16 SEQ ID NOG:428
SEQ ID N(:429
SEQ ID NG:430
SEQ ID N(O:431
SEQ ID NO:432
15 SEQ ID NO:433
SEQ ID NOG:434

SEQ ID NO:4358

CGD4-RGD3A

SEQ ID NO:436
SEQ ID NO:437
SEQ ID NO:438
SEQ ID NO:439
25 SEQ ID NO:440
SEQ ID NG:441
SEQ ID NO:442

SEQ ID NO:443

QIOL
20 REAVSLETSASTAYLOINNLKNEDTATYFCAT

OIQLYQEGAEVKKPGASVKI SCKASGYTET DYSMH  WVROAPGQGLEWVA RINTETGEPTFADDFRG
FYYGRDT WGQGTTLTVSS
VH Framework 1 o101v0s6AEVKKPGASVKISCKASGYTET
VHCDRY  ovew

VH Framework 2 wvrorrcocrrwva
VH CDBR2
VH Framework 3 reTvIioTsTSTAYLEIRSLRSIDTAVYFCAT
VHCDBR 3 PYYGRODT

VH Framework 4 weosrTrTvss

RINTETGEPTFADDFRG

LOSGRELKEPGETVKISCKASGYTET  DYSMH WVEQAPGKGLAWVA  RINTETGEPTFADDFRG
EYYGRDS WGEQGTTLTVES

VH Framework 1 o10LL0s6PELKKPGETVRISCKASGYTET
VH CDR1
VH Framework 2 uveoarcreLiwva
VH CDR2
VH Framework 3 rraveinTsasTavLOINNLENEDTATYFCAT
VHCDR 3 FYYGRDS

VH Framework 4 weosrrrrvss

DY SMH

RINTETGEPTFADLDERG

30 HuCEDA-RGD3 QIQLVOSGAEVREPGASVKISCRAIGYTET DYSMH WVROAPGOGLEWVA  RINTETGEPTFADDFRG
RETYTLDTETESTAYLEIRSLRSDDTAVYFCAL  FYYGRDT WGQGTTLTVES

SEQ ID NO:ddd VH Framework 1 0701v0s6ARVKKEGASVKISCRASGYTFT
SEQ ID NO:445 VHCDRY  ovomm
SEQ ID NO:446 VH Framework 2 wiroarsocrmva

35 SEQIDNOG:447 VHCDR2  rivTercEerraobres
SEQ ID NO:448 VH Framework 3 rervTioTsTsTAYLEIRSLRSDDTAVY FCAT
SEQ IDNG:449 VHCDR 3 FYYGRDT
SEQ ID NO:450 VH Framework 4 weostrirvss

40 SEQ ID NO:451
HUCBDAV1 EIVMTQSPATLSVSPGERVIMEC
GVPARFSGSGSGTEFTLIISSVOSEDFAVYYC  KOSYNLLS

SEQ ID NO:452 Vk Framework I znvurosearisvseerryTmse
SEQ ID NO:4583 Vik CDRI xss0sLINSRTRRNYLA

45  SEQ D NO:454 Vi Framework 2
SEQ ID NO:458 VK CDR2 WASTRES
SEQ ID NO:456 Vk Framework 3
SEQ ID NO:487 VKCDR 3 KQEYNLLS
SEQ ID NO:458 Vk Framework 4 roosrvierxe

KEEQELLNSRTRENYLA
PGOGTVLEIKR

WYQQRKPGOAPRLLIY

GVPARFSEGSGIGTEFTLT I3 81
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SEQ ID NO:459
HuCED4A3
GVPARFSGSGSGTEF

SEQ ID NO:460
SEQ ID NO:461
SEQ ID NO:462
SEQ ID NG:463
SEQ ID NO:464
SEQ ID NO:465
SEQ ID NO:466

SEQ ID NO:467

HuCeD4R7

SEQ ID NO:468
SEQ ID NO:469
SEQ ID NO:470
SEQ ID NO:471
SEQ ID NO:472
SEQ ID NO:473
SEQ ID NO:474
SEQ ID NO:478
Hu 6DA
SEQ ID NO:476
SEQ D NO:478
SEQ 1D NO:479
SEQ D NO:480
SEQ 1D NO:481
SEQ D NO:482
SEQ 1D NO:483

SEQ ID NO:484

HuCeD4

EIVMTQSPATLIVSPGEIVIMEC K35Qs8L
FILTISSVQSEDFAVYYC

EIVMTQTPVTLSVSPGERVTIMAC S30Q
DVPARESGSGSGTEFTLTISSVOSEDTAVYYC

BIVMTOS PATLSVEPGER
GVPARFSGSGSCTEFTLTISSVOSEDFAVYYC

PCT/US2017/054306

LLN: A WYQQRKPGQAPRLLIY
KQSYNLIS PGQGTVLEIKE

Vk Framework I srvurosearisvse
Vk CDRI «ssosnins
Vk Framework 2  wyookpcoaprLLIY
Vi CDR2 WASTRES

Vi Framework 3
ViCDR3 KOSYNLIS

Vk Framework 4 rogervimixe

RESRKNYLA

GVPARFSGEGIGTEFTLTISSVOSEDFAVYYC

QSLLMSRTRKNYLA
PGRGTVLETKR

WYQQKPGQAPRLLIY
KOS SN

Vk Framework 1 zrvurorevrLsvses
Yk CDRI xssospinspiprNyLa

Vk Framework 2
Yk CDR2
Vi Framework 3 ovearrscs
YECDR3

SERVIMSC

WYQORKPGOAPRLLIY

WASTRES

SGTEFTLTISSVOSEDFAVYYC
KQBSNLIS

Vi Framework 4 reosrvierza

Vk CDBRI1 xs505L103RSRENYLA
Vk Framework 2
Vk CDR2
Vk Framework 3
VECTDR3
Vk Framework 4 roooer

WYQQKPGOAPRLLIY
WASTRES
GVPARFSCG3GIGTEFTLTISSVOSEDFAVYYC
RQSYNLLS

VLEIXR

JTME
KQSYNLLS3

HesQs WYQQKPGQAPRLLIY

SEQ ID N(G:485 Vk Framework 1  =n
SEQ ID NO:486 Vi CDRI x5505LINSRSRRNYLA
SEQ ID NOG:487 Vk Framework 2 wyoorpcoarrLLTY

40 SEQID NO:488 VK CDR2 WASTRE

SEQ ID N(:489 Vk Framework 3 osvearrsesc

SEQ ID NG:490 VKCDR 3

GSGTERFTLTISSVOSEDFAVYYC
KOSYNLLS

WASTRES

WASTRES

WASTRES

SEQ 1D NG:491 Vk Framework 4 roostviixr
45  SEQ ID NO:492
C6D4-RG DIVMTQS PSSLAVSAGEKVIMEC  KS5QSLLGRGDLGRLKKNALA WYQQKPGOSPRLLIY  WASTRES

GVPDRFTGSGSGTDFTLTISSVOAEDLAVYYC KOSYNLLS  FGAGTKLELKR
SEQ ID NO:493 Vk Framework 1 orvwrgsessiavsaczrvivse
SEQ ID NG:494 VEk CDRI 5505106REDLERLKENALA

50  SEQ ID NO:498 Vk Framework 2 wvooxes
SEQ ID NO:49% VRCDR2 WASTRES

OSPRLLIY
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SEQ ID NO:497 Vk Framework 3  cveoRFTGSGSGTDFTLTISSVOAEDLAVYYC
SEQ ID NO:498 VKCDR 3 KQSYNLLS
SEQ ID NO:499 Vk Framework 4 roacrxieixr

5 SEQID NG:560

HuCeD4-RGD3 EIVMTQSEPATLEVSPGERVIMEC KSB3QSLLGRGDLGRLEKKNALA WYQOKPGOAPRLLIY WASTRES
GVPARESGIGEGTEFTLTISSVQERDFAVYYC KQ3YNLLS FGQGTVLEIKR

SEQ ID NO:5381 Vi Framework 1 zrvmo LEVEPGERVIMSC
SEQ ID NO:502 Vi CDR1 155051 L6RODLERLKENALA
10 SEQ ID NO:503 Vi Framework 2 wyookpeearruuIy
SEQ ID NO:504 Vk CDR2 WASTRES
SEQ ID NO:508 Vi Framework 3 cvearrscscseTEFTLTIS SVOSEDFAVYYC
SEQ ID NO:506 VRKCDR 3 KQSYNLLS
SEQ ID NO:507 Vhk Framework 4 roocrviersr

15
SEQ 1D NO:508 aucspavi VH CDRI pyown
SEQ ID NO:569 aucepavi VH CDR2Z rourereeerracprre
SEQ ID NO:5810 aucenavl VH CDR3 rrverns

20 SEQ ID NO:511 aucspans VH CDRI1 pysun
SEQ ID NO:512 gucepand VH CDRZ rInTerceErTFADDFRG
SEQ ID NO:S13 aucenans VH CDR3 ryveros

SEQ ID NO:S14 aucenar? VH CDRI1 pysma
25  BEQ ID NO:518 aucenas’ VH CDR2 riwrzreeerranorre
SEQ ID NO:S1s aucspas’ VH CDR3 ryveeor

SEQ ID NO:S17 aucenass VH CDR1 pysma
SEQ ID NO:518 gucspars VH CDRZ rintereepTFADDFRG
30  SEQ ID NO:S19 aucepars VH CDR3 ryveror

SEQ ID NO:52¢ aucend VH CDR1 pyowm
SEQ ID NO:821 aucend VH CDR2 rivrerezprraopras
SEQ ID NO:522 aucens VH CDR3 syveror

SEQ ID NO:523 cepa-repz VH CDRI oysmn
SEQ ID NO:524 cend-reps VH CDR2 wintereEpTraDDFRG
SEQ ID NO:525 cena-repz VH CDR3 ryveaps

40  SEQ ID NO:5826 aucens-renz VH CDRI pyswm
SEQ ID NO:527 gucend-renz VH CDR2 =z SEPTFADDFRG
SEQ ID NOG:528 aucens-renz VH CDR3 ryveror

SEQ ID NO:529 aucenavi VK CDRI xss;
SEQ ID NO:530 aucepdvi VK CDR2 wastres
SEQ ID NO:531 aucenavi VK CDR3 xoswwrnrs

SLLNSRTRENYLA

PN
(¥ ]
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SEQ ID NO:532 aucenans VEk CDRI xssosninsrsrrnyLa
SEQ 1» NO:533 aucenans VK CDR2Z wasrres
SEQ 1D NO:534 aucendns Vk CDR3 xosynizs

SEQ ID NO:5358 sucenan? VK CDRI xssostinseTrINyLA
SEQ ID NO:536 sucenas? Vk CDR2 wastres
SEQ ID NO:537 sucepan? VK CDR3 rosswnis

SEQ ID N(O:538 gucenans Vk CDRI xssosninsrsrruyLa
SEQ 1D NO:539 gucenars VK CDRZ wasrres
SEQ ID NO:540 gucenass Vk CDR3 zoswniwns

SEQ D NOG:541 aucena VK CDRI xssostinsrsrryvia
SEQ ID NO:542 aucens VK CDR2 wastres
SEQ ID NO:543 aucena VK CDR3 xoswving

SEQ ID NO: 544 cena-rens VK CDRI k95051166 DLGRLKENALA
SEQ ID N{:545 cepa-rens Yk CDR2Z wastrzs
SEQ ID NO:56 cepa-rep3 Yk CDR3 xosveins

SEQ ID NO:S47 aucend-rep3 YK CDR1 xssostisrepLerLKKNALA
SEQ ID NO:548 gucend-reps Yk CDR2 wasrres
SEQ ID NO:549 gucena-rep3 YK CDR3 xoswirns

SEQ ID NO:5S50 heavy chain FR1 oronvosc (e/a) (B/K) (L/V) KKRG(E/A) {T/S) VRISCKASGYTET
SEQ D NO:551 heavy chain FR2 wv(x/r) 0arc (8/0) 6L (K/E)wvA
SEQ ID NO:5Ss2 heavy chain FR3 nr(a/7/3)v(s/T)L(E/D) T8 (A/T] STAYL(Q/E) T {N/R/T)

(N/S)LA{K/R) (N/3) (BE/D)DTA(T/V] YFCAL

SEQ ID NG:5353 heavy chain FR4 weosr (1/8) 17vss

SEQ ID NG:354 light chain FRY /=) 1vuros/m)
SEQ ID NO:353 fight chain FR2 wyooxreo (s/4) PRILIY

SEQ 1D NG:356 fight chain FR3 (s/p)ve (0/8)RF(T/5) GSGSGT (D/E) FTLTISEVO (A/S) ED (L/F}AVYYC
SEQ ID NO:357 light chain FR4 ro /0 o x/vinen/oisr

2]
-
o

(3/R/V) (3/TYL{AR/S)VE(A/P)GE{K/R/T}VTMIC
-

SEQ ID NO:558 heavy chain FR1 QIQLx1Q8Gx2x3x34KKPGuaxSVKISCKASGYTFT
SEQ ID NQ:559 heavy chain FR2 WVXO6QAPGx7GLx8Wx9x10

SEQ ID NO:560 heavy chain FR3
REx17x18x190Lx20TSx21x22TAX23Lx241x25x26Lx27x28x 29D TAX30YFCAI

SEQ ID NO:561 heavy chain FR4 WGQGTK33LVTVES

SEQ ID NO:S62 heavy chain CDR1  DYSMH

SEQ ID NO:563 heavy chain CDR2 x11IxI2TETx13EPTx14ADDFx15x16

SEQ ID NO:564 heavy chain CDR3  x31YYGRDx32

wherexl =VorL x2=A 0P, x3=Eor K, xd=AorE, x5=80rT,x6=RorK, x7=Q or kK,
WB=FEor K, x9=VorM x10=AcrGx11=RorW x12=NorK,x13=GorD, x14=F or
Y, x15=R, N, Kor G xl16=GorE,xI17=T, A, or §, x18=V orF, xi19=Tor §,x20=D or E,
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x21 =TorA,x22=8or T, x23 =Y or N, x24=FEor Q,x25=R N,Tor T, x26=5 or N, x27 =
RorK,x28=8or N, x29=DorE, x30=V, T,or K, x31=ForY, x32=Tor§, x33=Tor A.
x34 =¥ or L.

5  SEQ ID NQO:565 light chain FR1 x40IVMx41Qx42Px43x44L x45V Sx46GEx47VTMSC

SEQ ID NO:566 light chain FR2 WYQOKPGOx49PRLLIY
SEQ ID NO:567 light chain FR3
XSOVPXSIRFxS2GSGSGTXS3FTLTISSVOXS4EDXS5AVYYC
SEQ ID NO:568 light chain FR4 FGxS56GTxS57TLExS8KR

10
SEQ ID NO:569 light cham CDR1 KSSOSLINSRx48RKNYLA
SEQ ID NO:870 tight chain CDR2 WASTRES
SEQ ID NO:&T1 light chain CDR3 KQSYNLLS
wherex40=EorD, x4l =Tor§, xd2=8 or T, x43=A, 8 0rV,x44 =T, §, x45 =8 or A, x46

15 =PorAx47=R, Korf{ x48=8SorT,x49=Aor 5, x50=Gor D, x51=AorD, x52=8or T,
x53=EorD,x534=8 Dor A, x85=ForL, x56=Qor A, x57=VorK x58=IorL.

SEQ ID NQ:572  (C6D4) KSSQSLLNSRSRENYLA

SEQ ID NO:573 (RGDD KSSQSLLGRGDLGNALA

SEQ ID NO:574 (RGD2) KSSQSLLNSGRGDLGNALA
SEQ ID NO:575 (RGD3) KSSQSLLGRGDLGRLKKNALA

SEQ ID NO:576 (RGD3-1)  KSSQSLLGRGDLGRLKKQKDHNALA
SEQ ID NO:577 (RGD3-2)  KSSQSLLGRGDLGRLKKQKDNALA
SEQ ID NO:578 (RGD3-3)  KSSQSLLGRGDLGRLKKOKNALA
SEQ ID NO:579 (RGD3-4)  KSSQSLLGRGDLGRLKKQNALA
SEQ ID NO:580 (RGD3-6)  KSSQSLLGRGDLGRLKNALA

SEQ ID NO:581 (RGD3-7)  KSSQSLLGRGDLGRLNALA

SEQ ID NO:582 (RGD3-8)  KSSQSLLGRGDLGRNALA

SEQ ID NO:583 (RGD3-9)  KSSQSLLGRGDLGRLKKQKDHH
SEQ ID NO:584 (RGD3-10)  KSSQSLLGRGDLGRLKKOQKDH
SEQ ID NO:585 (RGD3-11)  KSSQSLLGRGDLGRLKKQKD

SEQ TD NO:586 (RGD3-12)  KSSQSLLGRGDLGRLKKQK

SEQ ID NO:587 (RGD3-13)  KSSQSLLGRGDLGRLKKQ

SEQ TD NO:588 (RGD3-14)  KSSQSLLGRGDLGRLKK

SEQ ID NO:589 (RGD3-15)  KSSQSLLGRGDLGRLK

SEQ ID NO:590 (RGD3-16)  KSSQSLLGRGDLGRL

SEQID Human av FLODGTKTVEYAPCRSQDIDADGQGFCOGUFSIDFTKADRY

NO:591 LLGGPGSFYWQGQ
SEQID  Chimp av FLODGTKTVEYAPCRSODIDADGQOGFCQGGFSIDFTKADRY
NO:592 LLGGPGSFYWQGQ
SEQID  Rhesus av FLODGTKTVEY APCRSODIDADGOGFCOGGFSIDFTKADRY
NO:593 LLGGPGSFYWQGQ
SEQID  Cynoav FLODGTKTVEYAPCRSQDIDADGOGFCQGGFSIDFTKADRY
NO:594 LLGGPGSFYWQGQ
109
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SEQID  Cowav FLODGTKTVEYAPCRSKNIDADGOGFCQOGGFSIDFTKADRY

NO:595 LLGGPGSFYWQGQ

SEQID  Pigav FLODGTKTVEYAPCRSKNIDADGQGFCQGGFSIDFTKADRY

NO:596 LLGGPGSFYWQGO

SEQID  Horscav FLODGAKTVEY APCRSKNIDADGOGFCQGGFSIDFTRKADRY

NO:597 LLGGPGSFYWQGQ

SEQID  Mousc av FLODGTKTVEYAPCRSKNIDADGQGFCQGGFSIDFTKADRYV

NO:598 LLGGPGSFYWQGQ

SEQID  Ratav FLODGTKTVEY APCRSKNIDADGOGFCQGGFSIDFTKADRY

NO:599 LLGGPGSFYWQGQ

SEQID  Amadilloov  FLODGTKTVEYAPCRSKNIDADGOGFCQGGFSIDFTKADRY

NO:660 LLGGPGSFYWQGQ

SEQID  Playpusav  FLODGTKTVEYAPCRSRSIDADGOGFCQGGFSIDFTKADRVL

NO:661 LGGPGSFYWOQGQ

SEQID  Human B8 SASMANNIEKLNSVGNDLSRKMAFFSRDFRLGFGSYVDKTV

NO:662 SPYISIHPERIHNQCSDYNLDCMPPHGYTHVLSLTENITEFEKA
VHRQKIS

SEQID  Chimp B8 SASMAHNNIEKLNSVGNDLSRKMAFFSRDFRLGFGSYVDKTV

NO:663 SPYISIHPERIHNQCSDYNLDCMPPHGYIHVLSL TENITEFERA
VHROKIS

SEQID  Rhbesus B8 SASMENNIEKLNSVGNDLSRKMAFFSRDFRLGFGSYVDKTV

NO:664 SPYISTHPERTHNQCSDYNLDCMPPHGYIHVLSLTENITEFEKA
VHROKIS

SEQID  Cyno P8 SASMINNIEKLNSVGNDLSRKMAFFSRDFRLGFGSYVDKTV

NO:665 SPYISIHPERTHNQCSDYNLDCMPPHGYIHVLSLTENITEFEKA
VHRQKIS

SEQID  Cowps SASMZNNIEKLNSVGNDLSRKMAFFSRDFRLGFGSYVDKTV

NO:606 SPYISIHPERIHNQCSDYNLDCMPPHGYIHVLSLTENITEFEKA
VHROKIS

SEQID  Pig 8 SASMENNIEKLNTVGNDLSRKMAFFSRDFRLGFGSY VDKTY

NO:667 SPYISTHPERIHNQCSDYNLDCMPPHGYTHVLSLTENITEFEKA
VHROQKIS

SEQID  Horsc B8 SASMANNIEKLNSVGNDLSRKMAFFSRDFRLGFGSYVDKTV

NO:668 SPYISTHPERIHNQCSD YNLDCMPPHGYIHVLSLTENITEFEKA
VHROKIS

SEQID  Mouse B8 SASMHNNIEKLNSVGNDLSKKMALYSRDFRLGFGSYVDKT

NO:669 VSPYISIHPERTANQCSD¥YNLDCMPPHGYTHVLSL TENITEFEK
AVHROKIS

SEQID  Ratp8 SASMHNNIEKLNSVGNDLSKKMALFSHDFRLGFGSYVDKT

NO:610 VSPYISIHPERIHNQCSDYNLDCMPPHGYIHVLSLTENITEFEK
AVHROKIS

SEQID  Amadillo B8 SASMZNNIEKLNSVGNDLSRKMAFFSLDFRLGFGSYVDKTV

NO:611 SPYISTHPERIHNQCSDYNLDCMPPHGYTHVLSLTENITEFAK
AVHROKIS

SEQID  Platypusf8  SASMANNIEKLNSVGNDLSOKMADFTRDFRLGFGSYVDKT

NO:612 VSPYISIHPGRIRNQCSQYDLDCMPPHGYIHVLPLTENVTEFE
KAVNKQKIS

SEQ ID NO:613 | C6D4 Vh CDR1 YTFTDYSMH

SEQ ID NO:614 | C6D4 Vh CDR2 RINTETGEPTFADDFRG
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SEQ ID NO:615 | CoD4 Vh CDR3 FYYGRDS
SEQ ID NO:616 | CoD4 Vk CDR1 KSSQSLLNSRTRKNYLA
SEQ ID NO:617 | CaD4 Vk CDR2 YWASTRES
SEQ ID NO:618 | C6D4 Vk CDR3 KOSYNLLS
SEQ ID NO:619 | B8, al helix SASMHENNIEKLNSVGNDLSRKMAFFS
SEQ ID NO:620 Bg, SDL TYVSPYISIHPERIHNQCSDYNLDUCMPPH
SEQ ID NO:621 | B8, 12 helix NITEFEKAVHR
SEQ D NO:622 oV, B-propelier KODKILACAPLYHWRTEMKQEREPVGTCFLOD
domain blade W3 GTKTVEYAPCRSODIDADGOQGFCQGGFSIDFT
KADRVLLGGPGSFYWQGQLISD(Q
VAEIVSKYDPNVYSIKYNNOLATRTAQAIFD

SEQ ID NO:623: head sequence of integrin ov

FNLDVDSPARYSGPEGRSYFGFAVDEFVPSASSRMPLLVGAPKANTTOQPGIVEGGOVLKC
DWSSTRRCOPIEFDATGNRDY AKDDPLEFKSHOWFGASVRSKOQDKILACAPLYHWRTE
MEKQEREPVGTCFLODGTRKTVEYAPCRIQDIDADGOQGRFCOGGEFSIDFTK ADRVLLGGPGS
FYWQGQLISDOVAEIVSKYDPNVYSIKYNNQLATRTAQAIFDDSYLGYSVAVGDFENGD
GIDDFVSGVPRAARTLGMVYIYDGKNMSSLYNFTGEQMAAYFGFSVAATDINGDDYAD
VFIGAPLFMDRGSDGEKLQEVGQVSVSLORASGDFQTTKLINGFEVFARFGSAIAPLGDLD
QDGIENDIATAAPYGGEDKKGIVYIFNGRSTGLNAVPSQILEGOWAARSMPPSFGYSMKG

ATDIDKNGYPDLIVGAFGVDRAILYRARP

SEQ ID NO:624

4F1 VH

QVOLOOSGAELVRPGTSVKVICRKASGY
KATLTADKS B8 TAYMOLGGLTEFDDEAVYFCAR

AFTNYLIE
EGNARTYYYAMDY

WVEQRPGQGLEWIG
WGQGETSVIVEE

VINPGCTGGTNYNKKEFRY

SEQ ID NO:625 VH Framework 1 QVQLQOSGAELVRPGTSVKVSCKASGY

SEQID NO:628 VH CDR1  AFTNYLIE

SEQ ID NO:632  VH Framework 2 WVKQRPGOGLEWIG

SEQ ID NO:634 VH CDR2 VINPGTGGTNYNKKFKV

SEQ ID NO:637 VH Framework3 KATLTADKSSSTAYMQLGGLTFDDSAVYFCAR
SEQID NO:651 VHCDR3 EGNARTYYYAMDY

SEQ 1D NO:655 VH Framework4 WGQGTSVIVSS

SEQ ID NO:656

5B9 VH QVOLOOSGAELVRPETSVKVECKASGY AFTDYLIE WVEQRPGQGLEWIG VINPETGGTNYNAKEKG
KATLTADKSSSSAYMOLSSLTSGDSAVYEFCAR BAGNYIYAMDY WEQETIVIVES

SEQ ID NO:625  VH Framework 1 QVQLOQSGAELVRPGTSVKVSCKASGY
SEQIDNO:629 VHCDR!I AFTDYLIE

SEQ ID NO:632 VH Framework 2 WVKQRPGOGLEWIG

REQGID NO:3S VHCDR2 VINPETGGTNYNAKFEG

SEGID NO:632  VH Framework 3 KATLTADKSSSSAYMOQLSSLTSGDSAVYFCAR
SEQIDNO:652 VHCDR3 EAGNYIYAMDY

SEQ ID NO:658  VH Framework4d WGQGTSVTVSS

SEQ ID NOG:ws7

6B9.1 VH

WGOGTSVIVSES

QVQLOQSGAELVRPGTSVKVSCKASGY
VINPETGGTNYNAKFRG

AFTDYLIE
KATLTADKSSSSAYMOLSSLTSGDSAVYFCAR

WVKQRPGQGLEWIG
AGNYIYAMDY
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SEQ ID NO:625
SEQ ID N(G:629
SEQ ID N(O:632
SEQ ID NO:636
SEQ ID N(O:638
SEQ ID NO:653
SEQ ID NO:6358

SEQ ID NO:658

Al VH

QVQLOCSGARLVRPGASVEVSCRKASGY
KATLTADKSSSSVYMQLE SLTSGDSAVYEFCAR

PCT/US2017/054306

VH Framework 1 QVOQLOOQSGAELVRPGISVKVSCKASGY

VH CDR1 AFTDYLIE

VH Framework 2 WVKQRPGOQGLEWIG

VH CDR2  VINPETGGINYNAKFRG

VH Framework 3 KATLTADKSSSSAYMOLSSLTSGDSAVYFCAR
VHCDR3 AGNYIYAMDY

VH Framework4 WGQGTSVTVSS

AFTDYLIE
BEAGNYIYAMDY

WVRQRPGQGLEWI G VINPETGGTNYNAKFRG

WGQGTIVIVES

SEQ ID N0O:626 VH Framework1 QVQLQOQSGAELVRPGASVKVSCKASGY

SEQ IDNG:629 VHCDR1 AFIDYLIE

SEQ I NG:633 VH Framework 2 WVROQRPGQGLEWIG

SEQ IDNOw36e VHODRZ VINPETGGTNYNAKFRG

SEQ I NG:639 VH Framework 3 KATLTADKSSSSVYMOQLSSLTSGDSAVYFCAR
SEQ ID NO:6S4 VHOCDR3 EAGNYIYAMDY

SEQ Iy NG:6585  VH Framework4 WGEQGTSVTVSS

SEQ ID NO:659

A2 VH OVOLOCSGARLVRPGTSVEVSCRASGEY AFTDOYLIE WYRQRPGQGLEWIG VINPETGGTINYNAKERG
KATLTADKS SSTAYMOLSSLTSGDSAVYEFCAR EAGNYIYAMDY WEOGTIVIVES

SEQ ID N(G:625 VH Framework 1 QVQLOOSGAELVRPGTSVEVSCKASGY
SEQIDNOG:629 VHCDR1 AFTDYLIE

SEQ ID N(:633 VH Framework2 WVRQRPGOQGLEWIG

SEQ ID NO:63¢ VH CDRX VINPETGGTNYNAKFRG

SEQ ID N(O:640 VH Framework3 KATLTADKSSSTAYMQLSSLTSGDSAVYFCAR
SEQ ID NO:654 VHCDR3 EAGNYIYAMDY

SEQ ID NO:6585 VH Framework4 WGQGTSVTVSS

SEQ ID NO:668

AR VH AVOLQOSGAELVRPGTIVEVSCKASGEY AFTDYLIE WVROQRPGOGLEWIG

VINPETGGTNYNAKFRG KATLTADKISSSAYMOLSGLTSGDSAVYFCAR EAGNYIYAMDY WGQGTEVTIVES

SEQ ID NO:625 VH Framework 1 QVQLQOSGAELVRPGTSVEVSCKASGY

SEQ IDN(G:629 VHCDR1 AFIDYLIE

SEQ ID N(O:633 VH Framework2 WVRORPGOQGLEWIG

SEQ ID NO:w636 VHCDR2 VINPETGGTNYNAKFRG

SEQ ID N(:641  VH Framework3 KATLTADKSSSSAYMQLSGLTSGDSAVYFCAR
SEQ IDNO:654 VHCDR3 EAGNYIYAMDY

SEQ ID N(:655 VH Framework4 WGQGTSVTVSS

SEQ ID NO:661

A1l VH QVOLOOSGABLVRPGTSVEKVSCRASGY AFPTDNLIE WYRQRPGOGLEWIG

VINPETGGTNYRAKERG KATLTADKSSSSAYMOLESLTSGDSAVYFCAR EAGNYIYAMDY WEQGTSVIVES

SEQ ID N(:625 VH Framework 1l QVOLQOSGAELVRPGTSVEVSCKASGY

SEQ ID NO:630 VH DRI AFTDNLIE

SEQ ID NO:633 VH Framework2 WVRQORPGQGLEWIG

SEQIDNO:636¢ VH{CDRZ VINPETGGTNYNAKFRG

SEQ ID N(G:638 VH Framework3 KATLTADKSSSSAYMOQLSSLTSGDSAVYFCAR
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SEQ ID NOwS4 VHOCDR3 EAGNYIYAMDY

SEQ I NG:685  VH Framework4 WGEQOGTSVTVSS

SEQ ID NO:662

BL VH GVOLOOSGABRLVRPGTSVKVSCRASGY AFTDYLIE WVKORPGOGLEWIG VINPETGGEINYNAKFRG
KATLTADKS SSSAYMOLSSL3SGDSAVYEFCAR BEAGNYIYAMDY WEQGTIVIVES

SEQ ID N(:625 VH Framework 1 QVOQLOQOSGAELVRPGTSVEVSCKASGY
SEQ IDNO:629 VHCBR1 AFTDYLIE

SEQ ID NO:632 VI Framework 2 WVKQRPGQGLEWIG

SEQ ID NO:636 VHCDBR2Z VINPETGGTINYNAKFRG

SEQ ID N(G:642 VH Framework3 KATLTADKSSSSAYMOLSSLSSGDSAVYFCAR
SEQ ID NO:6534 VHCDR3 EAGNYIYAMDY

SEQ ID NO:685  VH Framework4d WGQGTSVTVSS

SEQ ID NO:663

B3 VH CVOLOOSGARLVRPGTIVRVSCRASGY AFTDYLIE WVROQRPGQGLEWIG VINPETGGTNYNAKFRG
KATLTADKSSSSAYMQLEGLT3GDEAVYFCAR EAGNYIYAMDY WEQGTIVIVIE

SEQ ID N(:625  VH Framework 1  QVQLOQOSGAELVRPGTSVEKVSCKASGY
SEQ IDN(:629 VHCDR1 AFTDYLIE

SEQ ID NO:633  VH Framework2 WVRORPGQGLEWIG

SEQ ID NO:w636 VHODR2 VINPETGGINYNAKFRG

SEQ ID N(:643 VH Framework3 KATLTADKSSSSAYMOQLSGLTSGDSAVYFCAR
SEQ IDNO:654 VHCDR3 EAGNYIYAMDY

SEQ ID NO:6585 VH Framework4 WGQGTSVTVSS

SEQ ID NO:664

C4=F10 VH

GVOLQQBGAELVRPGT SVKVECKASGY
RATLTADKSSSSAYMOLS SLTBGDSAVYECAR

AFTDYLIE
EAGNYIYAMDY

WVRQRPGQGLEWIG VINPETGGTNYNAKERG

WGQGTSVIVSES

SEQ ID N(:625 VH Framework 1l QVQLOQOSGAELVRPGTSVEVSCKASGY
SEQIDNOG:629 VH{CDBRI AFTDYLIE

SEQ ID NO:633 VH Framework2 WVRQORPGQGLEWIG

SEQIDNOG:636 VHCDRZ VINPETGGTNYNAKFRG

SEQ ID N(G:644 VH Framework3 RATLTADKSSSSAYMQLSSLTSGDSAVYFCAR
SEQIDNO:654 VHCDR3I EAGNYIYAMDY

SEQ ID NO:655  VH Framework4 WGQGTSVTVSS

SEQ ID NG:665

C7=D1 VH OVOLORSGABLVRPGTSVEVSCRASGY AFTDYLIE WYRQRPGOGLEWIG YVINPETGETNYNARERG
KATLTADKSSGSAYMOLSSLTSGDSAVYEFCAR EAGNYIYAMDY WEQGTSVTVES

SEQ ID NO:625  VH Framework 1  QVOQLQOSGAELVRPGTSVKVSCKASGY
SEQ ID NO:629 VHCDR1 AFIDYLIE
SEQ ID NO:633  VH Framework2 WVRQRPGQGLEWIG
SEQ IDNO:636 VHCDR2Z VINPETGGTNYNAKFRG
SEQ ID NO:644 VH Framework 3 RATLTADKSSSSAYMOQLSSLTSGDSAVYFCAR
SEQ ID NO:654 VH{CDBR3 EAGNYIYAMDY
SEQ ID NO:655  VH Framework4d WGQGTSVTVSS
SEQ ID NOG:666
D3=F1 VH OVOLGOSGARLVRPGTSVKVSCKASGY  AFTDYLIE WVRQRPGOGLEWIG VINPETGGTNYNAKFRG
KATLTADKS 58 SAYMCGLESLTSDDSAVYFCAR ERAGNYTYAMDY  WGQGTSVIVES
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SEQ ID NO:625
SEQ ID N(G:629
SEQ ID N(O:633
SEQ ID NO:636
SEQ ID NO:645
SEQ ID NO:654
SEQ ID NO:6358

SEQ ID NO:667

D10=E5 VH

SEQ ID NO:625 VH Framework1 QVQLQOSGAELVRPGTSVKVSCKASGY

SEQ IDNG:629 VHCDR1 AFIDYLIE

SEQ ID NO:633 VH Framework2 WVRQRPGQGLEWIG

SEQ IDNO:636 VHCDRZ VINPETGGTNYNAKFRG

SEQ ID NO:646 VH Framework3 KVTLTADKTSSSAYMQLSSLTSGDSAVYFCAR

SEQ ID NO:6S4 VHOCDR3 EAGNYIYAMDY

SEQ Iy NG:6585  VH Framework4 WGEQGTSVTVSS

SEQ ID NO:668

G4 VH OVOLOCSGARLVRPGTSVEVSCRASGEY APTOYLIE WYRQRPGQGLEWIG VINPETCGGETNYNAKFRG
KVTLTADKS SSIAYMOLNSLTSGL3AVYFPCAR EAGNYIYAMDY WEOGTIVIVES

SEQ ID N(G:625 VH Framework 1 QVQLOOSGAELVRPGTSVEVSCKASGY

SEQIDNOG:629 VHCDR1 AFTDYLIE

SEQ ID NO:633 VH Framework 2 WVRORPGQGLEWIG

SEQ ID NO:63¢ VH CDRX VINPETGGTNYNAKFRG

SEQ ID NO:647 VH Framework3 KVTLTADKSSSSAYMOLNSLTSGDSAVYFCAR

SEQ IDNC:654 VHCDR3 EAGNYIYAMDY

SEQ ID NO:6585 VH Framework4 WGQGTSVTVSS

SEQ ID NOG:669

Cc4 vH AVOLQOSGAELVRPGTIVEVSCKASGEY AFTOYLIE WVRQRPGOGLEWIG VINPETGETHNYNAKFRG
RATLTADKSSS3AYMOLSSLTSGDSAVYFCAR BAGNYIYAMDY WGOGTRVTVES

SEQ ID NO:625 VH Framework 1 QVQLQOSGAELVRPGTSVEVSCKASGY

SEQIDNG:629 VHCDBRI AFTDYLIE

SEQ ID NO:633 VH Framework 2 WVRORPGOGLEWIG

SEQ IDNG:636 VHCDRI VINPETGGINYNAKFRG

SEQ ID NO:650  VH Framework3 RATLTADKSSSSAYMQLSSLTSGDSAVYFCAR

SEQ IDNG:654 VHUCDR3 EAGNYIYAMDY

SEQ ID N(:655 VH Framework4 WGQGTSVTVSS

SEQ ID NG:678

D10 VH QVOLOOSGABLVRPGTIVEKVSCKRASGY AFTDYLIE WYRQRPGOGLEWIG VINPETGGTNYNAKFRG
KVTLTADKTSSSAYMOLSSLTSGDSAVYFCAR EAGNYIYAMDY WEQGTIVIVIS

SEQ ID N(:625 VH Framework 1l QVOLQOSGAELVRPGTSVEVSCKASGY

SEQ IDN(G:629 VHCDR1 AFTDYLIE

SEQ ID NO:633 VH Framework2 WVRQORPGQGLEWIG

SEQIDNO:636¢ VH{CDRZ VINPETGGTNYNAKFRG

SEQ ID NOG:646 VH Framework3 KVTLTADKTSSSAYMQLSSLTSGDSAVYFCAR

QVQLOCSGARLVRPGTIVEVSCRKASGY
KVYTLTADKYSSSAYMOLIS LT SGLSAVYFCAR

PCT/US2017/054306

YVH Framework 1  QVOQLQQOSGAELVRPGTSVKVSCKASGY

VH CDRI AFTDYLIE

VH Framework2 WVRQRPGQGLEWIG

VHCDR2 VINPETGGTNYNAKFRG

YVH Framework 3 KATLTADESSSSAYMOLSSLTSDDSAVYFCAR
VH CDR3 FAGNYIYAMDY

VH Framework4 WGQGTSVTVSS

AFTIYLIE
EAGNYIYMMDY

WVRQRPGQGLEWIG VINPETGETNYNAKFRG
WGQGTIVIVSES
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SEQ ID NOwS4 VHOCDR3 EAGNYIYAMDY

SEQ I NG:685  VH Framework4 WGEQOGTSVTVSS

SEQ ID NO:w671

AFIALL VH GVOLOOSGABLVRPGTSVKYSCRASGY AFTDYLIE WVRORPGOGLEWIG
VINPETGGETNYNAKFRG RATLTADKSSS3AYMOLS SLTSGDSAVYFCAR BAGNYIYAMDY WEQHETIVIVSES

SEQ ID N(:625 VH Framework 1 QVOQLOQOSGAELVRPGTSVEVSCKASGY

SEQIDNOG:629 VHCDR1 AFTDYLIE

SEQ ID NO:632 VI Framework 2 WVKQRPGQGLEWIG

SEQ ID NO:636 VHCDBR2Z VINPETGGTINYNAKFRG

SEQ ID N(G:650 VH Framework 3 RATLTADKSSSSAYMOQLSSLTSGDSAVYFCAR

SEQ ID NO:6534 VHCDR3 EAGNYIYAMDY

SEQ ID NO:685  VH Framework4d WGQGTSVTVSS

SEQ ID N(:672

4F1E1 VH

VINPETGGTNYNAKFRG

SEQ ID NO:625
SEQ 1D NO:631
SEQ ID NO:632
SEQ ID NG:636
SEQ ID NO:638
SEQ ID NG:654
SEQ ID NO:655

SEQ ID NO:673

4F1G3 VH

VINPETGGTNYNAKFRG

SEQ ID NO:625
SEQ ID NO:631
SEQ ID NO:632
SEQ ID NO:636
SEQ ID NO:648
SEQ ID NO:654
SEQ ID NO:655

SEQ ID NO:674

4F1ELD VH

VINPETGGTNYNAKFRG

SEQ ID NO:627
SEQ ID NO:631
SEQ ID NO:632
SEQ ID NO:636
SEQ ID NO:638
SEQ ID NO:654
SEQ ID NO:655

SEQ ID NO:675

4F1ESZ VH

VINPETGGTNYNAKFRG

CVOLQGSGARLVRPGTIVEVICKASGY AFTDYLIOQ WVEKQRPGOGLEWIG
KATLTADKESSSAYMOLSSLTEGDSAVYECAR EAGNYIYAMDY WGQGTSVIVES

VH Framework 1 QVQLQOSGAELVRPGTSVEVSCKASGY
VHCBR1 AFTDYLIQ
VH Framework 2 WVKQRPGQGLEWIG

VHCDRY VINPETGGTNYNAKFRG
VH Framework 3 KATLTADKSSSSAYMOLSSLTSGDSAVYFCAR

VH CDR3 EFAGNYIYAMDY
VH Framework 4 WGQGTSVTVSS

QVOLOOSGAELVRPGTSVRVSCKASGY AFTDYLIQ
KATLTANKS SSSAYMOLSSLTSGDSAVYEFCAR

WVKQRPGQGLEWIG

EAGNYIYAMDY WERGTSVIVES

VH Framework 1 QVQLQOSGAELVRPGTSVKVSCKASGY
VH CDR1  AFTDYLIQ
VH Framework2 WVKQRPGQGLEWIG

VH CBR2 VINPETGGTNYNAKFRG

VH Framework3 KATLTANKSSSSAYMQLSSLTSGDSAVYFCAR
VH CBR3 EAGNYIYAMDY

VH Framework 4 WGOQGTSVTVSS

QVQLQOSGAELVRPGTSVKVECKASGY AFTDYLIQ WYKQRPGQGLEWIG
KATLTADKSSSSAYMQL3SLTSGDSAVYFCAR EAGNYIYAMDY WGRETEVIVSSE

VH Framework 1 QVOLQOSGAELVRPGTSVKVPCKASGY
VHCDR1 AFTDYLIQ

YH Framework 2 WVKQRPGQGLEWIG

VHCDR2 VINPETGGINYNAKIRG

VH Framework 3 KATLTADKSSSSAYMOQLSSLTSGDSAVYFCAR
VH CPR3 EAGNYIYAMDY

VH Framework4 WGQGTSVTVSS

QVQLOQSGARLVRPGTIVKVECKASGY AFTDYLIE
KATLTADKSSSSAVMOLESSLTSGDSAVYFCAR

WVKQRPGQGLEWIG

EAGNYIVAMDY WGOGETSVIVSS
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SEQ ID NO:625
SEQ ID N(G:629
SEQ ID N(O:632
SEQ ID NO:636
SEQ ID N(O:638
SEQ ID NO:654
SEQ ID NO:6358

SEQ ID NO:676

4F1B12 VH

VINPETGGONYNAKERG

PCT/US2017/054306

VH Framework 1 QVOQLOOQSGAELVRPGISVKVSCKASGY

VH CDR1 AFTDYLIE

VH Framework 2 WVKQRPGOQGLEWIG

VH CDR2  VINPETGGINYNAKFRG

VH Framework 3 KATLTADKSSSSAYMOLSSLTSGDSAVYFCAR
VHCDR3 EAGNYIYAMDY

VH Framework4 WGQGTSVTVSS

GVOLOQSGAELVRPGTIVRYSCRASGY AFTDYLIG
KATLTADKS 33 SAYLQLSSLYIGDSAVYECAR

WVKQRPGOGLEWIG
EAGNYIYAMDY

WERETBVIVES

SEQ ID NOG:625 VH Framework 1 QVQLOOSGAELVRPGTSVKVSCKASGY

SEQ IDNG:631 VHCDR1 AFTDYLIQ

SEQ I NO:632 VH Framework 2 WVKQGRPGQGLEWIG

SEQ IDNOw36e VHODRZ VINPETGGTNYNAKFRG

SEQ I NG:649  VH Framework 3 KATLTADKSSSSAYLQLSSLTSGDSAVYFCAR

SEQ ID NO:6S4 VHOCDR3 EAGNYIYAMDY

SEQ Iy NG:6585  VH Framework4 WGEQGTSVTVSS

SEQ ID NO:677

9 VH OVOLOCSGARLVRPGTSVEVSCRASGEY APTOYLIO WVKQRPGQGLEWIG VINPETCGGETNYNAKFRG
KATLTADKSSS3IAYMOLSSLTSGL3AVYFPCAR EAGNYIYAMDY WEOGTIVIVES

SEQ ID N(:625 VH Framework1 QVOQLOOSGAELVRPGTSVEVSCKASGY

SEQ IDNO:631 VHCDR1 AFTDYLIQ

SEQ ID NO:632 VH Framework 2 WVKQRPGQGLEWIG

SEQ ID NO:63¢ VH CDRX VINPETGGTNYNAKFRG

SEQ ID N(:638 VH Framework3 KATLTADKSSSSAYMOQLSSLTSGDREAVYFCAR

SEQ ID NO:654 VHCDR3 EAGNYIYAMDY

SEQ ID NO:6585 VH Framework4 WGQGTSVTVSS

SEQ ID NO:678

4F1 VL DIOMTOSEPASLIASVGETVTITC RASVNIYSIYLY WYCQKQGKSPQLLVH NAKTLAR
GVPSRFSGEGSGTOFSLKINSLOPERFGSYYC QBRHHGTPYT FGGGTRKLEIKA

SEQIDN(G:692 VL Frameworkl DIQOMTQOSPASLSASVGETVTITC

SEQIDNG:693 VL (DRI RASVNIYSYLVY

SEQIDNG:694 VL Framework2 WYQQKQGKSPQLLVH

SEQID NG9 VL CBbR2 NAKTLAE

SEQIDN(:696 VL Framework 3 GVPSRFSGSGSGTQFSLKINSLOPEDFGSYYC

SEQ IDNG:697 VL CPR3 QHHHGTPYT

SEQIDN(:698 VL Framework4 FGGGTKLEIKA

SEQ ID NO:679

6B¢ VL DIEMTQOTPASLIASVGETVTITC RASENIYZYLV WYQQRKOGKSPOVLVY NAKTLAE
GVPSRPSGSGSGTOFSLKINSLOPERFGESYYC CHHNGTPYT FGGGTKLEIRA

SEQ IDNG:69% VL Framework 1l DIEMTQTPASLSASVGETVTITC

SEQIDNOG:700 VL CDRI RASENIYSYLV

SEQIDNG:701 VL Framework2 WYQOQKQGKSPQVLVY

SEQIDNO:695 VL CDR2 NAKTLAE

SEQIDNG:696 VL Framework3 GVPSRFSGSGSGTQFSLKINSLOPEDFGSYYC
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SEQIDNQO:702 VL CDR3 QHHNGTPYT

SEQIDNO:698 VL Framework4 FGGGTKLEIKA

SEQ ID NO:680

682, 1 VL DIVMTOSPASLIASVGETVTITC RASVNIYSYLY WYQOKOGHSPOLLVH NAKTLAR
GVESRESGIGSGTRPSLEINSLOPEDFESYYC QHHHGTEYT FGOGTRKLEIRA

SEQIDNG:783 VL Framework1 DIVMTQSPASLSASVGETVTITC

SEQIDNOG:693 VL (DRI RASVNIYSYLY

SEQIDNQG:694 VL Framework2 WYQOQKQGKSPQLILVH

SEQ ID NO:695 VI, (DR2Z NAKTLAE

SEQIDNG:696 VL Framework3 GVPSRFSGSGSGTQFSLKINSLOPEDFGSYYC

SEQ IDNG:697 VL CDR3 QHHHGTPYT

SEQIDNG:698 VL Frameworkd4 FGGGTKLEIKA

SEQ ID NQO:681

Al = A2 = C4d = C7 = D1 = D10 = ES = Fl1l = FL0O = G4 VL DIVMTQSPASLIASVGEETVTITC
RASVNIYSYLY WYQOKQGKSPQLLVH NAKTLAE GVPIRFSG3GIGTRPSLKINSLQPEDFG3YYC
QHHHGTPYT FGGETKLETKA

SEQIDNO:763 VL  Framework 1 DIVMTQSPASLSASVGETVTITC

SEQIDNG:693 VL CDRI RASVNIYSYLV

SEQ IDNO:694 VL Framework2 WYQQKQGKSPQLLVH

SEQIDNO:695 VI CDR2Z NAKTLAE

SEQ IDNO:696 VL Framework3 GVPSRFSGSGSGTQFSLKINSLQPEDFGSYYC

SEQIDNO:697 VL CDR3 QHHHGTPYT

SEQIDNO:698 VI Framework4 FGGGTKLEIKA

SEQ ID NO:682

AB VL DIVMTOSPASLSASVGETVTITC RASVNIYSYLY WYQQKQGKSPOLLYH NAKTLAE
GVP3RFSGEGEGTOFILEINSVQPEDFGESYYC QHHHEGETPYT FGGETRKLEIKA

SEQIDNG:703 VL Framework1l DIVMTQSPASLSASVGETVTITC

SEQIDNQO:693 VL CBR1 RASVNIYSYLVY

SEQIDNG:694 VL Framework2 WYQOQKQGKSPOLLVH

SEQIDNG:695 VL C(CDR2 NAKTLAE

SEQIDNG:w% VI Framework3 GVPSRESGSGSGTQFSLKINSLQPEDFGSYYC

SEQIDNG:697 VI CDR3 QHHHGTPYT

SEQ IDNO:698 VI Framework 4 FGGGTKLEIKA

SEQ ID NO:683

All VL HIVMTQSPASLSASVGETVTITC RASVNIYSYLV WYQOKQGKSPOLLVH NAKTLAE
GVPSRESG3GEGTOFSLEINSLOPEDFGEYYC QHAHGTRYT FCOGTRKLEIKA

SEQIDNO:784 VL Framework 1 HIVMTQSPASLSASYGETVTITC

SEQIDNO:693 VL CDRI RASVNIYSYLY

SEQIDNO:694 VL Framework?2 WYQOKQGKSPQLLVH

SEQIDNO:695 VL CDR2 NAKTLAE

SEQIDNO:w69 VL  Framework3 GVPSRESGSGSGTQFSLKINSLQPEDFGSYYC

SEQIDNOw9?7 VL CBR3 QHHHGIPYT

SEQIDNO:w698 VL Framework4 FGGGTKLEIKA

SEQ ID NO:684

PCT/US2017/054306
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BL VL DIVMTOSEASLBASVGETVIITC RASVNIYIYILV WYGOKOGKSPOLLVE NARTLAE
GVPSRESGSGEGTOFSLKINSLOPEDVGSYYC OHHHGTPYT FGGETKLEIRA

SEQIDNG:703 VL Framework1l DIVMTQSPASLSASVGETVIITC

SEQIDNG:693 VL CPBRI  RASVNIYSYLY

SEQIDN(:694 VL Framework2 WYQQKQGKSPQLILVH

SEQIDNG:695 VL. CDBbR2 NAKTLAE

SEQIDNG:69% VL Framework3 GVPSRFSGSGSGTQFSLKINSLOPEDFGSYYC

SEQIDNO:697 VL CDR3 QHHHGTPYT

SEQIDNO:698 VI Framework4d FGGGTKLEIKA

SEQ ID N(O:685

B3 Vi DIVMTOSPASLSASVGETVITIC RASVNIY3YLY WYQOKOGKSPOLLVH NAKTLAE
GVPSRFSGSGSGTOFSLKINSLOPEDFGSYYC QHHHGTPYT FGGGTKLEIKA

SEQIDNG:703 VL Frameworkl DIVMTQSPASLSASVGETVTITC

SEQIDN(G:693 VL CDR1 RASVNIYSYLY

SEQIDNG:694 VL Framework2 WYQQKQGKSPQLLVH

SEQIDNG:695 VL CDR2 NAKTLAE

SEQIDNG:696 VL Framework3 GVPSRESGSGSGTQFSLKIMSLOPEDFGSYYC

SEQ IDNG:697 VL (PR3 QHHHGTPYT

SEQ IDN(:698 VL Framework4 FGGGTKLEIKA

SEQ ID NO:686

D10=Eb VL

DIVMTQSPASLIASVGETVTITC RASVNIYSYLY WYQQKQGKIPQLLVH

GVPSREFSGSGIGTORSLKINSLOPEDFGSYYC QHHHGTPYT FGGGTRLETIKRA
SEQIDNG:703 VL  Framework 1 DIVMTQSPASLSASVGETVTITC
SEQIDNQG:693 VL CDRI RASVNIYSYLV
SEQID NO:694 VL Framework2 WYQOQKQGKSPQLLVH
SEQIDNQG:695 VI CDR2 NAKTLAE
SEQIDN(G:696 VL Framework3 GVPSRFSGSGSGTQFSLKINSLOPEDFGSYYC
SEQIDNQG:697 VL CDBR3 QHHHGTPYT
SEQID NG:698 VL Frameworkd FGGGTKLEIKA
SEQ ID NOG:687
C4 VL DIVMTOSPASLSASVGETVIITC BASVNIYSYLV WYQQROGKEPOLLVE NAKTLAR
GVRSRFSGSGESETORPSLKINSLOPEDFGSYY(C QHHHGTPYT FEGGTELEIKR
SEGIDNG:703 VL  Framework 1l DIVMTQSPASLSASVGETVTITC
SEQIDNG:693 VL CDRI RASVNIYSYLV
SEQIDNG:694 VL Framework2 WYQQRKQGKSPQLLVH
SEQIDNO:w69S VL CDER2 NAKTLAE
SEQIDNG:696 VL Framework3 GVPSRFSGSGSGTQFSLKINSLOPEDFGSYYC
SEQIDNO:697 VL CDR3 QHHHGIPYT
SEQIDNG:706 VL Framework4 FGGGTKLEIKR
SEQ ID N{:688
D10 VL DIEMTOTPASLSASVEETVTITC RASVNIYSYLV WYQQXOQGKSPOLLVHE NAKTLAR

GVPSRESGEEGIGTORSLKING

SEQ D NO:699
SEQ ID NO:693
SEQ ID NO:694
SEQ ID NO:695

LGPEDRGSYYC QHHHGTPYT FGGGTRLETKR
VL Framework 1 DIEMTQTPASLSASVGETVTITC
VL CDR1 RASVNIYSYLV

YL  Framework2 WYQQKQGKSPQLLVH
Vi CDR2 NAKTLAE
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SEQ IDNO:696 VL Framework3 GVPSRFSGSGSGTQFSLKINSLQPEDFGSYYC
SEQ IDNO:697 VL CDR3 QHHHGTPYT
SEQ ID NO:706 VL Framework4 FGGGTKLEIKR
5  SEQ IDNO:689
AFLEL = 1F1G3 = 4F1IB: = 4F1G11l = 4F1A F1BY = 4F1HS = 4F1D10 = 4F1lE9 = 4F1F10 = 4F1H1l =
41812 VL DIVMTQSPASLSA RASVNIYSYLYV WYQQROGRKSPQLLVH NAXTLAE
GVPBRFSGSGE3GTOFSLRINSLOPREDFESYYC QHHHGTPYT FGGGTRKLEIKA
SEQ ID NO:703 VL Framework1 DIVMTQSPASLSASVGETVTITC
10 SEQIDNO:693 VL CDR1 RASVNIYSYLV
SEQ ID NO:694 VL Framewerk2 WYQQKQGKSPOLLVH
SEQIDNO:695 VL CDR2 NAKTLAE
SEQ ID NO:696 VL Framework3 GVPSRFSGSGSGTQFSLKINSLQPEDFGSYYC
SEQ IDNO:697 VL CDR3 QHHHGTPYT
15 SEQIDNO:698 VL Frameworkd4 FGGGTKLEIKA
SEQ ID NO:696
4FAlL VL DIVVTQSPASLSASVGEETVTITC RASVNIYSYLV WYQORCGKSPOLIVH NAKTLAE
GVPSRFSGSGEGTOFSLKINSLOPEDFGSYYC QHHHGTPYT FGGGTKLEIKA
20 SEQIDNO:705 VL Framework1 DIVVTQSPASLSASVGETVTITC
SEQ ID NO:693 VL CDR1 RASVNIYSYLV
SEQ ID NO:694 VL Framework2 WYQQKQGKSPQLLVH
SEQ IDNO:695 VL CDR2 NAKTLAE
SEQ ID NO:696 VL Framework3 GVPSRFSGSGSGTQFSLKINSLQPEDFGSYYC
25 SEQIDNO:697 VL CDR3 QHHHGTPYT
SEQ ID NO:698 VL Framework4 FGGGTKLEIKA
SEQ ID NO:691
F9 VL DIVMTQSPAFLSASVGETVTITC RASVNIYSYLV WYQQKQGKSPOLLVHE NAKTLAE
30 GVPSRESGSGIETOFSLEINSLOPEDFGIYYC QBHHGTREYT FPGGETRLEIKR
SEQIDNO:703 VL Framework! DIVMTQSPASLSASVGETVTITC
SEQ ID NO:693 VL CDR1 RASVNIYSYLV
SEQ ID NO:694 VL Framework2 WYQOKQGKSPQLLVH
SEQ IDNO:695 VL. CDR2 NAKTLAE
35 SEQIDNO:69 VL Framework3 GVPSRFSGSGSGTQFSLKINSLQPEDFGSYYC
SEQ IDNO:697 VL. CDR3 QHHHGTPYT
SEQ ID NO:7066 VL Framework4d FGGGTKLEIKR
SEQ ID NO:707 | C6D4 Vh CDRI DYSMH
SEQ ID NO:615 | C6D4 Vh CDR3 FYYGRDS
SEQ ID NO:626 | B8, SDL TVSPYISIHPERIHNQCSDYNLDCMPPH
SEQ ID NO:616 | C6D4 Vk CDRI KSSQSLLNSRTRKNYLA
SEQ ID NO:708 | C6D4 Vk CDR2 WASTRES
SEQ ID NO:618 | C6D4 Vk CDR3 KQSYNLLS
40 SEQ ID NO:709 oVp6: GRGDLGRLKK
SEQ ID NO:710 olIbp3: GRGDSP
SEQ ID NO:711 olIbp3: AKQRGDV
119
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SEQ ID NO:712: RGDLGRLKK - loop of L-TGFp
SEQ ID NO:713: DDHGRGDLGRLK (TGFB3 sequence)

SEQ ID NG: 714 TGBEL
MPPSGLRLLLLLLPLLWLLVETPGRPAAGLSTCKTIDMELVKRKRIEAIRGQILSKLRLASPPSQGE
VPPGPLPEAVLALYNSTRDRVAGESAEPEPEPEADY YAKEVTRVLMVETHNEIYDKFKOSTHSIY
MEFFNTSELREAVPEPVLLSRAELRLLRLKLEKVEQHVELYQKYSNNSWRYLSNRLLAPSDSPEWL
SFDVTGVVROWLSRGGEIEGFRLSAHCSCDSRDNTLOVDINGFTTGRRGDLATIHGMNRPFLLL
MATPLERAGHLOSSRHRRALDTNYCFSSTEENCCVROLYIDFREKDLGWEKWIHEPKGYHANFCL
GPCPYIWSLDTQYSKVLALYNQHNPGASAAPCCVPQALEPLPIVYYVGREKPKVEQLSNMIVRSC
KCS

SEQ ID NO: 718 TGFB2
MHYCVLSAFLILHLVTVALSLSTCSTLDMDOFMRERIEAIRGOILSKLKLTSPPEDYPEPEEVPPEY
ISIYNSTRDLLOQEKASRRAAACERERSDEEYYAKEVYKIDMPPEFFPSENAIPPTFYRPYFRIVRFDV
SAMEKNASNLVKAEFRVFRLONPKARVPEQRIELYQILKSKDLTSPTORYIDSKVVKTRAEGEWL
SFDVTDAVHEWLPSYRLESQOQTNRRKKRALDAAYCFRVOQDNCCLRPLYIDFKRDLOWKWIHEP
KGYNANFCAGACPYLWSSDTOHSRVLILYNTINPEASASPCCVSQDLEPLTILY YIGKTPKIEQLS
NMIVKSCKCS

SEQ ID NO: 716 TGFB3
MEMHLORALVVLALLNFATVSLSLSTCTTLDFGHIKKKRVEAIRGQILSKLRLTSPPEPTVTRVPY
QVLALYNSTRELLEEMHGEREEGCTQENTESEY YAKETHKFDMIQGLAEHNELAVCPKGITSKVF
RFNVSSVEKNRTNLFRAEFRVLRVPNPSSKRNEQRIELFQILRPDEHIAKQRYIGGKNLPTRGTAE
WLSFDVTDTVREWLLRRESNLGLEISIHCPCHTFOPNGDILENIHEVMEIKFKGVDNEDDHGRGD
LGRLEKKOQKOHHENPHLILMMIPPHRLDNPGOGGORKKRALDTNYCFRNLEENCCVRPLYIDFR(QD
LGWKWVHEPKGYYANFCSGPCPYLRSADTTHSTVLGLYNTLNPEASASPCCVPODLEPLTILYY
VGRTPRKVEQLSNMVVESCKCS

SEQ ID NQ: 717 C6D4 vk
DIVMTQSPSSLAVSAGERKVIMSCKS 5QS LINSRTRENY LAWYQORPGOSPRLLIYWASTRESGYPDRFTGIGEGTDFTLTISESVY
AFEDLAVYYCKQSYNLLSFGAGTKLELKAADAAPTVETIFPPE SEQLTSGGASVVCFLNNFYPRDINVEWK I DGSERONGVLNEWTD
ODSKDASTYSMESTLTLTKDEY ERHNSYTCEATHRTSTSPIVKSFNRNEC

SEQ ID NG:718 (6D4-BDG1 KESQSLLGRGDLGNALA
SEQ ID NG:719 C6D4-RDG2 KSSOSLLNSGRGDLGNALA
SEQ ID NG:720 C6D4-BDG3  KSSOQSLLGRGDLGRLEKNALA

SEQID NG:721 — GRGDLGRLK

SEQ ID NO:722
Ceb4d VH QIQLVOSGPELEKPGETVKISCRASGYTET DYSMH WVKQAPGRGLEWYA RINTETGEPTFADDFRG
REAVSLETSASTAVLOINNLENEDTATYFCAL FYYGRD3 WGQGTTLTVES

SEQIDNO:732 VH Frameworkl QIQLVQSGPELKKPGETVKISCKASGYTFT
SEQIDNOG:733 VH CDR1 DYSMH

SEQIDNO:734 VH Framework2 WVKQAPGKGLKWVA

SEQIDNO:735 VH CDR2 RINTETGEPTFADDERG

SEQIDNO:736 VH Framework3 RFAVSLETSASTAYLOQINNLEKNEDTATYFCA]
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SEQ ID NO:737
SEQ ID NO:738

SEQ ID N(G:723
HuCED4 vi A
RINTETGEPTFATDERG

SEQ ID NO:739
SEQ ID NO:733
SEQ ID NO:740
SEQ ID NO:735
SEQ ID NO:741
SEQ ID NO:737
SEQ ID NO:738

SEQ I NG:724
Mutclone A3 VH
RINTETGEPTFADDFRG

SEQ ID NO:739
SEQ 1D NO:733
SEQ ID NO:740
SEQ ID NG:735
SEQ ID NO:741
SEQ ID NG:737
SEQ ID NO:738

SEQ ID NO:725

Mutclone B7 VH
RINTETGEPTFADDEFRG

SEQ ID NO:742
SEQ ID NO:733
SEQ ID NO:746
SEQ ID NO:735
SEQ ID NO:743
SEQ ID NO:744
SEQ ID NO:738

SEQ ID NO:726

Mutclone ES5 VH
RINTETGEPTFADDFRG

PCT/US2017/054306

VH CDR3 FYYGRDS

VH Framework4 WGQGTTLTVSS
OIOLVGSGAEVEKPGASVKISCKASGYTET  DYSMH  WVROAPGOGLEWVA
RPTVTLDTSTSTAYLEIKSLRSDDTAVYFCAT  FYYGRDS  WGQGTITLTVSS

VH Frameworkl OQIQLVQSGAEVKEPGASVKISCKASGYTFT
VH CDBR1 DYSMH
VH Framework2 WVROAPGQGLEWVA
VH CDR2 RINTETGEPTFADDFERG
VH Framework3 RFTVTLDTSTSTAYLEIRSLRSDDTAVYFCAIL
YH CDR3 FYYGRDS
VH Framework4 WGQGTTLTVES
QIQLVOSGAEVEKPGASVKI SCKASGYTET DYSMH WVRQAPGQGLEWVA
RFTVTLDTSTSTAYLEIRSLRSDDTAVYFCATL FYYGRDS WEQGTTLTVES
VH Frameworkl QIQLVQSGAEVKKPGASVKISCKASGYTFT
VH CDR1 DYSMH
VH Framework2 WVRQAPGOQGLEWVA
VH CDR2 RINTETGEPTFADDFRG
VH Framework3 RFTVTLDTSTSTAYLEIRSLRSDDTAVYFCAI
VH CDR3 FYYGRDS
VH Framework4 WGQGTTLTVSS
QIQLVQSGAKVKKPGASVKISCKASGYTET DYSMH WYROAPGOGLEWVA
RESVTLDTSTSTAYLEITSLRIDDTAVYFCATL EYYGRDT WEOGETTLTVES
VH Frameworkl QIQLVQSGAKVKEPGASVEISCKASGYTFT
VH CDR1 DYSMH
VH Framework2 WVROAPGQGLEWVA
VH CDR2 RINTETGEPTFADDFRG
VH Framework3 RFESVTLDTSTSTAYLEITSLRSDDTAVYFCAI
VH CDR3 FYYGRDT
VH Framework4 WGOGTTLTVSS
QIQIVOQSGAEVEKPGASVKI SCRASGYTET DY SMH WYROAPGOGLEWVA
RETVTLDTSTSTAYLEIRSLRSDDTAVYECAT FYYGRLT WEQEGTTLTVIS

SEQIDNG:739 VH Framework1 QIQLVQSGAEVKKPGASVKISCKASGYTET
SEQIDNG:733 VH CDR1 DYSMH
SEQIDNG:740 VH Framework2 WVRQAPGQGLEWVA
SEQIDNG:733 VH C(DR2 RINTETGEPTFADDFRG
SEQIDNG:741 VH Framework3 RFTVILDTISTSTAYLEIRSLRSDDTAVYFCAI
SEQIDNO:744 VH CDR3 FYYGRDT
SEQIDNG:738 VH Framework4 WGOGTTLTVSS
SEQ ID NO:727
C6D4Ae VK DIVMTQSPSSLAVSAGERKVTMSC KESOSLLNSRTRENYLA WYQOKPGOSPRLLIY WASTRES
GVPDRETGSGSGTDFTLTISSVQARDLAVY YT KOSYNLLS FGAGTKLELKR
121
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SEQIDNG:745 VK
SEQ ID NG:746 VK
SEQIDNG:747 VK

SEQ ID NO:748 VK
SEQIDNG:749 VK
SEQ IDNO:78¢ VK
SEQ IDNO:751 VK

SEQ ID NO:728

HuCeD4 Vi VK

SEQ IDNO:752 VK
SEQ IDNG:746 VK
SEQ ID NO:747 VK
SEQ ID N(G:748 VK
SEQ IDNO:753 VK
SEQ ID NG:750 VK

SEQ IDNO:754 VK
SEQ 1D NO:729
Mutclone A3 VK
WASTRES
SEQ ID NG:758 VK
SEQ IDNG:756 VK
SEQIDNG:747 VK
SEQ ID NG:748 VK
SEQIDNO:753 VK
SEQ IDNO:758 VK
SEQIDNG:754 VK
SEQ ID NO: 730
Mutclone B7 VK

WASTRES DVPARF3GEG.
SEQ ID NO:787 VK
SEQ ID NG:746 VK
SEQ IDNO:747 VK
SEQIDNG:748 VK
SEQIDN(O:758 VK
SEQ ID NG:756 VK
SEQIDNO:754 VK
SEQ ID NO:731
Mutclone ES VK
SEQIDNO:752 VK
SEQ ID NG:75% VK
SEQ ID NO:747 VK
SEQ ID NG:748 VK
SEQ IDNO:753 VK

EIVMTOSPATLIVSEGERVIMEC
GYPARFSGSGSGIEFTLTISSVOIEDFAVYYC

EIVMTQSPATLSVSPGEIVIMSC
GVPARFSGSGIGTEFTLTIISVOSEDFAVYYC

EIVMTQTPVTLIVIPGERVIMSC
GTEFTLTISSVQSEDFAVYYC

EIVMTQSPATLEVEPGERVIMSC
WASTRES GVPARFSGEGSGTEFTLTISSVQSEDFAVYYC

PCT/US2017/054306

Framework 1 DIVMTQSPSSLAVSAGERKVTMSC
CDR1  KSSQSLLNSRTRKNYLA
Framework 2 WYQQKPGQSPRLLIY

CDR2  WASTRES
Framework 3 GVPDRFTGSGSGIDFTLTISSVOQAEDLAVYYC

CDR3 KQSYNLLS
Framework 4 FGAGTKLELKR

KSBQSLLNSRTRENY LA WASTRES

KQSYNLLS FGOGTVLEIXR

Framework 1 EIVMTQSPATLSVSPGERVTMSC

CDR1  KSSQSLLNSRTRENYLA

Framework 2 WYQQKPGQSPRLLIY

CDR2 WASTRES

Framework 3 GVPARFSGSGSGTEFTLTISSVQSEDFAVYYC
CDR3 KQSYNLLS

Framework 4 FGQGTVLEIKR

WYQQKPGOAPRLLIY

K3SOSLINSRSRENYLA
KOSYNLLS FPGOGTVLETKR

Framework 1 EIVMTQSPATLEVSPGEIVIMAC

CDR1 KSSOSLLINSRSRKNYLA

Framework 2 WYQQEPGQOSPRLLIY

CDR2 WASTRES

Framework 3 GVPARFSGSGSGTEFTLTISSVOSEDFAVYYC
CDR3 KQSYNLLS

Framework4 FGQGTVLEIKR

WYQOKPGRAPRLLIY

KSZQSLINSRTRKNYLA WYQQKPGOAPRLLIY
KOS3NLLS FGQGTVLEIKR

Framework 1 EIVMTQTPVTLSVEPGERVTMSC

CDR1  KSSOSLLNSRTRENYLA

Framework 2 WYQQEPGOSPRLLIY

CDR2  WASTRES

Framework 3 DVPARFSGSGSGTEFTLTISSVQSEDFAVYYC
CDR3 KQSYMNLLS

Framework 4 FGOQGTVLEIKR

KSBQSLINSRERKNYLA WYQQKPGQAPRLLIY
KQSYNLLS FGQGTVIEIKR

Framework 1 EIVMTQSPATLSVSPGERVTMSC

CDR! KSSQSLLNSRSRKNYLA

Framework 2 WYQQKPGQSPRLLIY

CDR2 WASTRES

Framework 3 GVPARFSGSGSGTEFTLTISSVQSEDFAVYYC
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SEQ IDNG:750 VK CDR3 KQSYNLLS
SEQ ID NO:754 VK Framework4 FGQGTVLEIKR

SEQ 1D NO:785 — E8 - VL. Framework 3 - GVPSRFSGSGSGTRFESLKINSLOPEDFGSYYC
SEQ ID NO:756 - RGDL

SEQ ID NO:757  av DADGQ
SEGQ D NO:758 ov SFYWQ

SEQ ID NO:759  av ¥FDDSY

SEQ ID NO:760
KOQDKILACAPLYHWRTEMKQEREPVGTCFLQDGTK TVEYAPCRSODIDADGQGFCQGG
FSIDFTKADRVLLGGPGSFYWQGQLISDQVAFIVSKYDPNVYSIKYNNQLATRTAQAIFD

SEQ ID NO:761 88 YNLDC
SEQ ID NO:762 38 QCSDYNL
SEQ ID NO:763 (38 SMHNN
SEQ IDNQO:764 18 AVHRGQ

SEQ ID NO:765 - KSSQSLLGRGDLGRLKK

SEQ ID NO:766 — CoH - VH CDR1 - TFTDYSMH
SEQ ID NO:767 — CoH - VH CDR2 - RINTETGEPTFADDFERG
SEQ ID NO:768 - C6H - VH CDR3 - FYYGRDS

SEQ ID NO:877 heavy chain FR2 wv (x/Rr) 0aP6 (K/0) 6L (R/E)W (V/M) (A76)
SEQ ID NG:878 heavy chain FR3

RE{A/T/S)Y (V/FY(S/TYL(B/D) TS (A/T) (B/TYTA(Y/N) LIQ/EY L{N/R/T/T) (N/SL(K/R) (N/S) (B/D)DTA(T/V/R)YEFCAT

SEQ ID NO:879 heavy chain FR4 weosr (1/8) L1VSS

SEQ D NO:880 light chain FR1

(D/EYIVMUT/S) 0 (S/TYE (S/A/V) (S/T) L (A/S) VS (A/P) GE (K/R/ 1) VIMSC
SEQ ID N(O:881 fight chain FR2 wyooxeeo (s/a) pruzzy
SEQ ID NG:882 light chain FR3

(G/DIVE{D/ARF (T/31GSG3GT (D/E) FILTISIVY (A/S/D)ED (L/F) AVYYC

SEQ ID N(O:883 fight chain FR4 rea/0) a7 (r/vine (/811 kR
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WHAT IS CLAIMED IS:

1 1. An antibody that specifically binds human av8 and blocks binding of

2 TGFP peptide to avp8, wherein the antibody binds to an epitope on human avB8 comprising
amino acids D148, A149, D150, G151, and Y178 of human ov as oceurs in SEQ ID N(O:393 and
4  amine acids H118, S170, D171, Y172, N173 L174, D175, H200, and R201 of human $38 as
oceurs 1n SEQ ID NO:394.

3

LA

1 2. The antibody of claim 1, wherein the antibody comprises heavy chain
2 CDRs SEQ ID NO:562, SEQ ID NO: 563, and SEQ ID NO; 564 and light chain CDRs SEQ ID
3 NG:569, SEQ ID NO: 570, and SEQ ID NO: 571,

1 3. The antibody of claim 1, wherein the antibody comprises:
2 heavy chain CDRs SEQ ID NG:313, SEQ ID NO:314, and SEQ 1D NO:315; and
3 light chain CDRs SEQ ID NO:334, SEQ ID NO:335, and SEQ ID NO:336; or
4 heavy chain CDRs SEQ ID NO:319, SEQ ID NO:320, and SEQ ID NO:321; and
5 hght chain CDRs SEQ 1D NO:340, SEQ ID NO:341, and SEQ 1D NG:342; or
6 heavy chain CDRs SEQ ID NG:316, SEQ ID NO:317, and SEQ ID NOG:318; and
7 light chain CDRs SEQ ID NO:337, SEQ ID NO:338, and SEQ ID NO:339; or
8 heavy chain CDRs SEQ 1D NQO:322, SEQ ID N(O:323, and SEQ ID N(:324; and
9 light chan CDRs SEQ ID NO:343, SEQ ID NO:344, and SEQ 1D NO:345; or
10 heavy chain CDRs SEQ ID NO:322, SEQ ID NO:323, and SEQ ID N(:324; and
11 light chain CDRs SEQ ID N(:346, SEQ ID N(O:347, and SEQ 1D NO:348; or
12 heavy chain CDRs SEQ 1D NO:322, SEQ ID NO:323, and SEQ ID N(:324; and
13 light chain CDRs SEQ ID N(G:349, SEQ 1D NG:350, and SEQ 1D NO:351; or
14 heavy chain CDRs SEQ 1D N(G:325, SEQ ID N(O:326, and SEQ ID NO:327; and
15 light chain CDRs SEQ ID NO:352, SEQ ID NO:353, and SEQ ID NO:354; or
16 heavy chain CDRs SEQ 1D NO:325, SEQ ID N{O:326, and SEQ ID N(:327; and
17 light chain CDRs SEQ 1D NO:355, 8EQ ID N(O:356, and SEQ 1D NO:357; or
18 heavy chain CDRs SEQ 1D N(:325, SEQ ID N(O:326, and SEQ ID N(:327; and

19 light chain CDRs SEQ ID NO:338, SEQ ID N(:359, and SEQ 1D NO:360; or
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20 heavy chain CDRs SEQ ID NO:367, SEQ ID NO:368, and SEQ 1D NO:369; and
21 hight chain CDRs SEQ 1D NOG:373, SEQ ID NO:374, and SEGQ D NO375; or
22 heavy chain CDRs SEQ D NO:364, SEQ ID NO:363, and SEQ I NO:366; and
23 light chain CDRs SEQ 1D NG:373, SEQ ID NO:374, and SEQ [D NO:375; or
24 heavy chain CDRs SEQ ID NG:367, SEQ 1D NO:368, and SEQ ID N(O:369; and
25 light chain CDRs SEQ 1D NO:376, SEQ 1D NO:377, and SEQ 1D NO:378; or
26 heavy chain CDRs SEQ ID NO:370, SEQ ID NO:371, and SEQ ID NO:372; and
27 light chain CDRs SEQ 1D NO:373, SEQ 1D NO:374, and SEQ 1D NO:375; or
28 heavy chain CDRs SEQ ID NO:331, SEQ 1D NO:332, and SEQ ID NO:333; and
29 light chain CDRs SEQ ID NO:382, SEQ ID NO:383, and SEQ ID NO:384; or
30 heavy chain CDRs SEGQ 1D N(G:379, SEQ ID NO:380, and SEQ ID NO:381; and
31 hight chain CDRs SEQ ID NO:361, SEQ ID NO:362, and SEQ ID NO:363; or
32 heavy chain CDRs SEQ ID NG:331, SEQ 1D NO:332, and SEQ 1D NO:333; and
33 light chain CDRs SEQ ID NO:361, SEQ ID NO:362, and SEQ 1D NO:363; or
34 heavy chain CDRs SEQ ID NO:508, SEQ ID NQO:509, and SEQ ID NO:510; and
35  hight chain CDRs SEQ 1D NO:529, SEQ ID NO:530, and SEQ IID NO:531; or
36 heavy chain CDRs SEQ ID NG:S11, SEQ 1D NO:512, and SEQ ID NG:513; and
37  light chain CDRs SEQ ID N(O:532, SEQ ID NQG:533, and SEQ ID NO:534; or
33 heavy chain CDRs SEQ ID NO:514, SEQ ID NO:515, and SEQ ID N(O:516; and
39 light chan CDRs SEQ ID N(O:535, SEQ ID NG:536, and SEQ 1D NO:537; or
40 heavy chain CDRs SEQ ID NO:517, SEQ ID NO:518, and SEQ ID N(:519; and
41 light chain CDRs SEQ ID N(O: 538, SEQ ID N(:539, and SEQ 1D NO:540; or
42 heavy chain CDRs SEQ ID NO:520, SEQ ID NO:521, and SEQ ID N(:522; and
43 light chain CDRs SEQ ID NO: 541, 8EQ ID N(O:542, and SEQ 1D NO:543; or
44 heavy chain CDRs SEQ 1D NO:523, SEQ ID NO:524, and SEQ 1D NO:525; and
45 light chain CDRs SEQ ID NO: 544, SEQ 1D NO:545, and SEQ 1D NQO:546; or
46 heavy chain CDRs SEQ 1D NQO:526, SEQ ID NO:527, and SEQ ID N(:528; and

47  light chain CDRs SEQ 1D NO: 547, SEQ 1D NO:548, and SEQ ID NQO: 549,

1 4 The antibody of claim 2 or 3, wherein the antibody further comprises
2 heavy chain framework sequences FR1, FR2, FR3and FR4 as SEQ} 1D NQ: 5358, SEQ 1D NO:
3 559 SEQID NO: 560, and SEQ 1D NO: 561, respectively, and light chain framework sequences
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4 FRI1, FR2, FR3,and FR4 as SEQ ID NO: 565, SEQ ID NO: 566, SEQ ID NO: 567, and SEQ ID

5 NO: 568, respectively.

1 5. The antibody of claim 2 or 3, wherein the antibody further comprises

2 heavy chain framework sequences FR1, FR2, FR3 and FR4 as SEQ ID NQO: 550, SEQ ID NO:

3 551, SEQ D NO: 552, and SEQ ID NO: 553, respectively, and hight chain framework sequences
4  FRI1, FR2, FR3,and FR4 as SEQ 1D NO: 554, 8EQ 1D N(O: 555, SEQ ID NQO: 556, and SEQ 1D
5 NQO: 557, respectively.

1 6. The antibody of any of claims 1-3, wherein the antibody is humanized.

i 7. The antibody of any of claims 1-3, wherein the antibody 1s linked to a

2 detectable label.

1 8. An antibody that specifically binds human av8 and blocks binding of

2 TGEFB peptide to «vp8, wherein the antibody binds to the specificity determining loop (SDL) of

3 human 38

1 9. The antibody of claim B, wherein the antibody further binds to one, two, or

2 all three of the human av-head domain, the o] helix of human B8, or the @2 helix of human 8.
1 10, The antibody of claim 8 or 9, wherein the antibody s humanized.

1 11, The antibody of claim 8 or 9, wherein the antibody is linked to a

2 detectable label.

1 12. An antibody that binds to ovP8 and avp6 and comprising a light chain

CDR1 comprising the sequence RGI¥L.

N

1 13, Theantibody of claim 12, comprising

heavy chain CDRs SEQ ID N(O:523, SEQ ID NO:524, and SEQ ID NG:525; and
fight chain CDRs SEQ ID NO: 544, SEQ ID NO:545, and SEQ ID NO:546; or

heavy chain CDRs SEQ 1D N(:526, SEQ 1D NO:527, and SEQ ID NOG:528; and
light chain CDRs SEQ 1D NO:547, SEQ ID NO:548, and SEQ ID N(:549.

[V TR SN S N S
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1 14, The antibody of claim 13, wherein the antibody further comprises heavy

2 chain framework sequences FR1, FR2, FR3 and FR4 as SEQ 1D NO: 558, SEQ 1D NQO: 559,

3 SEQID NO: 560, and SEQ 1D NO: 561, respectively, and light chain framework sequences FR1,
4 FR2Z, FR3,and FR4 as SEQ 1D NO: 565, SEQ ID NO: 566, SEQ 1D NO: 567, and SEQ ID NCG:

5 568, respectively.

1 15, The antibody of claim 13, wherein the antibody further comprises heavy

2 chain framework sequences FR1, FRZ, FR3 and FR4 as SE( 1D NO: 550, SEQ ID NO: 551,

3 BEQID NQO: 552, and SEQ ID NO: 553, respectively, and light chain framework sequences FR1,
4  FR2, FR3,and FR4 as SEQ ID NO: 554, SEQ 1D NG 555, SEQ ID NO: 556, and SEQ ID NO:

5 557, respectively.

1 16. The antibody of claim 12 or 13, wherein the antibody is humanized.

1 17.  The antibody of claim 12 or 13, wherein the antibody 1s linked to a

2 detectable label.

1 18 A pharmaceustical composition comprising the antibody of any of claims

2 1-6 or 8-17 in a pharmaceutically acceptable excipient.

1 19. A method of enhancing an immune response to a viral infection in a
2 human individual, the method comprising administering 8 sufficient amount of the antibody of
3 any of claims 1-6 or 8-17 10 the individual, thereby enbancing an immune response to the viral

4 infection.

1 20, The method of claim 19, wherein the viral infection is a hepatitis infection.
1 21. The method of claim 20, wherein the viral infection is a hepatitis B

2 nfection.

1 22, A method of enhancing an immune response to a viral infection in a

2 human individual, the method comprising administering a sufficient amount of the antibody to

the individual, wherein the antibody specifically binds to human avB8 and blocks binding of

(37
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4  TGFP peptide to «vP8 or blocks activation of avB8 by binding of TGFP human av{38, thereby

5 enhancing an immune response 1o the viral infection.

1 23, A method of enhancing an imimune response to cancer in a human

2 ndividual, the method comprising administering a sufficient amount of the antibody of any of

3 claims 1-6 or 8-17 to the individual, thereby enhancing an immune response to the cancer.

1 24, The method of claim 23, wherein the cancer is lung cancer,

1 25, The method of claim 23, wherein the cancer 1s a metastatic cancer.

1 26, The method of claim 23, wherein the cancer is a primary cancer.

1 27, A method of enhancing an immune response to H. pvroli in a human

2 individual, the method comprising administering a sufficient amount of the antibody of any of

3 claims 1-6 or 8-17 to the individual, thereby enhancing an immune response to H. pyrofi.

1 28, The method of claim 27, wherein the human individual has a peptide

2 ulcer, gastric carcinoma or MALT lymphoma.

1 29 An antibody that specifically binds to human av[38 and that comprises
2 human heavy chain CDRs SEQ ID N(:299, SEQ ID NG:301, and SEQ ID NO:303; and light
3 chamn CDRs SEQ ID NO:307, SEQ ID N(:309, and SEQ ID NO:311.

1 30.  The antibody of claim 29, wherein the antibody is linked to a detectable

2 label.

1 31, A method of detecting the presence, absence, or quantity of human m a

2 sample, the method comprising,

3 contacting the antibody of 29-30 to the sample, and

4 detecting or quantifying binding of the antibody to the sample.

1 32. The method of claim 31, wherein the sample is a formalin-fixed sample.
128
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FNLDVDSPAEYSGPEGSYFGFAVDFEFVPSASSRMFLLVGAPKANTTOPGI 50
VEGGQVLKCDWSSTRRCQPIEFDATGNRDYAKDDPLEFKSHOWEFGASVRS 100

N b
S On
S

KODKILACAPLYHWRTEMKQEREPVGTCFLODGTKTVEYAPCRSQDIDAD
GOGFCQGGES IDFTKADRVLLGGPGSFYWOGQLISDOVAEIVSKYDEPNVY 2
SIKYNNQLATRTAQAIFDDSYLGYSVAVGDENGDGIDDEVSGVPRAARTL 25
GMVYIYPGKNMSSLYNFTGEQMAAYFGESVAATDINGDDYADVEIGAPLFE
MDRGSDGKLOEVGOVSVSLORASGDFOTTKINGFEVFARFGEATAPLGDL
DODGENDIATAAPYGGEDRRGIVYIFNGRSTGLNAVPS QI LEGOWAAREM
401 PPSFGYSMKGATDIDENGYPDLIVGAFGVDRAILYRARPVITVNAGLEVY ¢
451 PSILNQDNKTCSLPGTALKVSCFNVRFCLKADGKGVLPRKLNFQVELLLD
501 KLKQKGAIRRALFLYSRSPSHSKNMTISRGGLMQCEELIAYLRDESEFRD 550
551 KLTPITIFMEYRLDYRTAADTTGLOPILNQFTPANISROQAHILLDCGEDN 600
601 VCKPKLEVSVDSDOKKIYIGDDNPLTLIVKAQNQGEGAYEAELIVSIPLY 650
651 ADFIGVVRNNEALARLSCAFKTENQTROVVCDLGNPMKAGTQLLAGLRES 700
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701 VHOOSEMDTSVKEDLOIQSSNLEDKVSEPVVSHRVDLAVLAAVEIRGVISP 750
751 DHVFLPIPNWEHKENPETEEDVGPVVOHIYELRNNGPSSEFSKAMLHLOWP 200
01  YKYNNNTLLYILHYDIDGPMNCTSDMEINPLRIKISSLOTTEKNDTVAGQ 850
851 GERDHLITKRDLALSEGDIHTLGCGVAQCLKIVCOVGRLDRGKSAILYVK 900
901 SLLWTETFMNKENQNHSYSLKSSASENVIEFPYKENLPIEDITNSTLVTIIN 950
951 VIWGIQPAPMPVPVWVIILAVLAGLLLLAVLVEVMYRMGFFKRVRPPQEE 1000

s
[a]
[a]
et

QEREQLOPHENGEGNSET 1018

Integrin AlphaV (Human, No Signal Peptide) ~
Epitope for C6D4 in Bold Underlined [talics

1 EDNRCASSNAASCARCLALGPECGWCVQEDFISGGSRSERCDIVSNLISK 50

51 GCSVDSIEYPSVHVIIPTENEINTQVIPGEVSIQLRPGAEANFMLKVHPL 100
101 KRKYPVDLYYLVDVSASMANNIEKLNSVGNDLSRKMAFFSRDFRLGEGSYV 150
151 DKIVSPYISIHPERIHNQCSDYNLDCMPPHGYIHVLSLTENITEFEKAVE 200
201 ROKISGNIDTPEGGFDAMLOAAVCESHIGWRKEAKRLLLVMTDQTSHLAL 25¢(
251 DSKLAGIVVPNDGNCHLENNVYVKSTTMEHPSLGQLSEKLIDNNINVIFA 300
301 VOQGKOFHWYKDLLPLLPGTIAGEIESKAANLNNLVVEAYQOKLISEVEVQV 350
351 ENQVQGIYFNITAICPDGSRKPGMEGCRNVTSNDEVLENVIVIMKKCDVT 400
401 GGKNYAIIKPIGEFNETAKIHIHRNCSCQCEDNRGPKGKCVDETFLDSKCE 450
451 QCDENKCHEDEDQFSSESCKSHKDQPVCSGRGVCVCGKCSCHKIKLGRVY 500
501 GKYCEKDDF3CPYHHGNLCAGHGECEAGRCQCEFSGWEGDRCQUPSAAAQH 550
551 CVNSKGQVCSGRGTCVCGRCECTDPRIIGRFCEHCPTCYTACKENWNCMY 600
601 CLHPHNLSQAILDQCKTSCALMEQQOHYVDQTSECFSSPSYLRIFFIIFIV 650
651 TFLIGLLKVLIIRQVILOWNSNKIKSSSDYRVSASKKDKLILOSVCTRAY 700
701 TYRREKPEEIKMDISKLNAHETFRCNFE 727

Integrin BetaB (Human, No Signal Peptide) -
Epitope for C6D4 in Bold Underlined ltalics

FIG. 5
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Survival Proportions: Survival of 07012016LLC-vol. 3

100-
@
% - A (SV-5)
5 5. B (C6D4)
v :
€ 50- ;
8 D
o
418

0 I - ] ]

0 20 40 60 80

A (n=5), cause; 1 died (and had local rec), 1 local rec, 3 weight loss

Days Elapsed

B (n=5}, 1 iocal rec. 2 weight loss (1 died)

Log-rank (Mantel-Cox) test

Gehan-Breslow ~Wilcoxon test

P value summary

Chi square 5.322 | | Chi square 3.510

df 1 df 1

P value 0.0211} | P value 0.0610
* P value summary ns

FIG. 9
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PBS |ALT HBSag | ALT HBSag | ALT HESag
Day 0 |ELISA |Day7 |ELISA |Day14 |ELISA
1 71 POS 33 POS 68 POS
2 77 POS 10 POS 27 POS
3 20 POS 16 POS 38 POS
4 33 POS 17 POS 51 POS
5 28 POS 14 POS 31 POS
CeD4
1 38 POS 23 NEG 26 NEG
2 31 POS 24 NEG 20 NEG
3 24 POS 59 NEG 31 NEG
4 28 POS 24 POS 20 POS
FIG. 10
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avpaTr+ L-TGFB

aVB8Tr + Fab C6D4
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C6D4 binds integrin aVi8 at the head domain

FIG. 13A

Fab C6D4

Zoom-in onto the integrin aVR8 head domains and bound Fab C8D4

FIG. 13B
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CeD4, Vk, CDR1: KSSQSLLNSRTRKNYLA
aV, B-propeller domain, blade W3: ... DIDADGQG...SFYWQ. ..

Interacting residues are in bold

FIG. 14
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B8 a2 helix

PCT/US2017/054306

Interacting residues are in bold

outside of the CDR\
C6D4, Vh, CDR1: YTFTDYSMH
88, a2 helix: 191 NITEFEKAVHR 201

This residue is technically

FIG. 17
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C6D4 is a potent inhibitor of cell avi8-mediated
cell adhesion to L-TGF-B3 peptide
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38 integrin subunit is increased in expression in the crypt
epithelial cells of patients infected with H. Pylori

H. Pylori

Normal

FIG. 21C FIG. 21D
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38 integrin subunit is increased in expression in the gastric
mucosa of patients infected with H. Pylori
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The ectodomain of av8 binds to Cagl of Helicobacter Pylori

0.6 -
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Receptor binding
o
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avf8 binding to Cagl. is potently inhibited by C6D4

02 | MAB 10 ug/mi
N Mab 5 ug/mi

4 Mab 2.5 ug/mi

V) Mab 1.25 ug/iml

N Mab 0.625 ug/ml

Binding to CagL
[
n

ceD4 BS 68
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avf8 mediates cell adhesion to Cagl of Helicobacter Pylori

L
| |
* koK Kk

o 3.5 ! * ¥ |

3 T |

% 0.4

3 N2

& o02- § é ‘;::f;';lj;}i‘

: NIZL
5 2.5 1 5 5 25 1 5

CaglL RGD Cagl. RGD
TGFg83 TGFB3

Coating Concentration
[Ligand] (ug/ml)

FIG. 25
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avp8 binding to the TGF-33 RGD peptide is potently inhibited by cagL

0.8 [ 110 ug/mL

— R 0.1 ug/mL

ODsgq
[
n

0.0
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avi8 mediated cell adhesion to Cagl is potently inhibited by C6D4

* ok K R

d ok ok K

100

I
a [ ] MAB 10ug/mL
N MAB tug/ml

% Inhibition by Mab
i
T
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FIG. 34A

C6D4 inhibits B16-lung metastases
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Structure based development of a C6D4 derivative (C6D4-RGD3)
aVR6: GRGDLGRLKK

alibB3: GRGDSP
alibB3: AKQRGDYV
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Specificity of C6D4 and RGD3 for av integrins
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RGD3 shows modest cross- competition
for 3G9 for binding to avb6
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Humanized C6D4 and C8D4-RGD3 bind avidiy to
recombinant avb8

Humanized C8D4 and RGD3
vs mouse C8D4 and RGD3
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