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Figure 5§ MEDI9447 Inhibited Tumor-infiltrating MDSCs
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Figure 6: MED19447 migG1 combination with anti-PD1 in vive tumor volume spider plots
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THERAPEUTIC COMBINATIONS
COMPRISING ANTI-CD73 ANTIBODIES AND
USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application No. 62/078,243,
filed Nov. 11,2014, which is incorporated by reference herein
in its entirety for all purposes.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII format and
is hereby incorporated by reference in its entirety. Said ASCII
copy, created on Nov. 9, 2015, is named CD73-200US1_SL.
txt and is 128,702 bytes in size.

BACKGROUND OF THE INVENTION

[0003] CD73 orecto-5'nucleotidase (5'-NT) is ubiquitously
expressed in a number of tissues. This protein is anchored to
the cell membrane through a glycosylphosphatidylinositol
(GPI) linkage, has ecto-enzyme activity, and plays a role in
signal transduction. The primary function of CD73 is the
conversion of extracellular nucleotides (e.g., 5'-AMP), to
which cells are generally impermeable, to their correspond-
ing nucleosides (e.g., adenosine), which can readily enter
most cells. CD73 production of adenosine by the dephospho-
rylation of AMP, has been shown to regulate adenosine recep-
tor engagement in many tissues, indicating that adenosine
functions in cytoprotection, cell growth, angiogenesis and
immunosuppression, and also plays a role in tumorigenesis.
[0004] CD73 expression on tumor cells has been reported
in several types of cancer, including bladder cancer, leuke-
mia, glioma, glioblastoma, melanoma, ovarian cancer, thy-
roid cancer, esophageal cancer, prostate cancer, and breast
cancer. Elevated CD73 expression has also been associated
with tumor invasiveness, metastasis, and reduced patient sur-
vival time. CD73 generates an immunosuppressed environ-
ment, characterized by increased adenosine levels, which
promote the development and progression of cancer. Notably,
CD73 expression has been associated with a prometastatic
phenotype in melanoma and breast cancer.

[0005] Immune-checkpoint inhibitors hold great potential
as cancer therapeutics. Nevertheless, clinical benefits from
immune-checkpoint inhibition have been modest. One poten-
tial explanation is that tumors use nonoverlapping immuno-
suppressive mechanisms to facilitate immune escape.
Accordingly, improved compositions and methods for reduc-
ing tumor-mediated immunosuppression are urgently
required.

SUMMARY OF THE INVENTION

[0006] The present invention provides isolated binding
molecules or antigen-binding fragments thereof which spe-
cifically bind to CD73. In some aspects, such CD73-binding
molecules are, e.g., antibodies or antigen-binding fragments
thereof. In particular embodiments, anti-CD73 antibodies of
the invention (e.g., MEDI9447) is useful for reducing tumor-
mediated immunosuppression.

[0007] In one aspect, the invention generally provides a
method of inhibiting tumor growth in a subject, the method
comprising administering to a subject in need thereof an

May 12, 2016

anti-CD73 antibody, or an antigen-binding fragment thereof,
and an A2A receptor inhibitor.

[0008] In another aspect, the invention provides a method
of'increasing an anti-tumor immune response in a subject, the
method comprising administering to a subject in need thereof
an anti-CD73 antibody, or an antigen-binding fragment
thereof, and an A2A receptor inhibitor to the subject.

[0009] In afurther aspect, the invention provides a method
of treating a tumor in a subject, the method comprising
administering to a subject in need thereof an anti-CD73 anti-
body, or an antigen-binding fragment thereof, and an A2A
receptor inhibitor.

[0010] Inoneormore embodiments of any of the aspects of
the invention provided the anti-CD73 antibody is MED19447
or an antigen-binding fragment thereof. In another embodi-
ment the anti-CD73 antibody is Phen0203 higG1 or an anti-
gen-binding fragment thereof. In yet another embodiment the
A2A receptor inhibitor is SCH58261. In additional embodi-
ments the CD73 inhibitor is adenosine 5'-(c.,-methylene)
diphosphate (APCP). In yet another embodiment the anti-
CD?73 antibody is MEDI9447 or an antigen-binding fragment
thereof and the A2 A receptor inhibitor is SCH58261. In addi-
tional embodiments the anti-CD73 antibody is Phen0203
hlgG1 or an antigen-binding fragment thereof and the A2A
receptor inhibitor is SCH58261. In yet another embodiment
the anti-CD73 antibody or antigen-binding fragment thereof
or the adenosine receptor inhibitor (A2 AR1i) are administered
concurrently. In further embodiments anti-CD73 antibody is
administered prior to the adenosine receptor inhibitor
(A2ARi). In other embodiments the adenosine receptor
inhibitor (A2ARi) is administered prior to the anti-CD73
antibody. In other embodiments the tumor is a breast cancer,
hormonally mediated breast cancer, triple negative breast
cancer, colon carcinoma, colorectal cancer, lung cancer,
melanoma, non-small cell carcinoma, lymphoma, Hodgkin’s
and non-Hodgkin’s lymphoma, Burkitt’s lymphoma, and sar-
coma. In another embodiment the method results in an
increase in overall survival as compared to the administration
of any one of the anti-CD73 antibody or the A2A receptor
inhibitor alone. In other embodiments the method induces or
increases a tumor-specific immune response. In another
embodiment the method reduces the immunosuppressive
effects of a AMP/CD73/adenosine pathway. In further
embodiments the method reduces metastasis or reduces the
propensity of the tumor to metastasize relative to the admin-
istration of either the anti-CD73 antibody or the adenosine
receptor inhibitor (A2 ARi) alone. In yet another embodiment
the method reduces the number of metastases within the
subject. In certain embodiments the subject is a human
patient. In yet another embodiment the tumor is a CD73
overexpressing tumor. In other embodiments the cancer has a
prometastatic phenotype.

[0011] In another aspect, the invention provides a kit for
increasing anti-tumor activity, the kit comprising an anti-
CD73 antibody or antigen-binding fragment thereof and an
A2A receptor inhibitor. In an embodiment of this aspect, the
anti-CD73 antibody is MEDI9447 or an antigen-binding
fragment thereof. In another embodiment of this aspect, the
anti-CD73 antibody is Phen0203 hlgG1 or an antigen-bind-
ing fragment thereof. In yet another embodiment of this
aspect, the A2A receptor inhibitor is SCH58261. In another
embodiment the anti-CD73 antibody is MEDI9447 or an
antigen-binding fragment thereof and the A2A receptor
inhibitor is SCH58261. In additional embodiments the anti-
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CD73 antibody is Phen0203 hlgG1 or an antigen-binding
fragment thereof and the A2A receptor inhibitor is
SCH58261.

[0012] In another aspect, the invention provides a pharma-
ceutical formulation comprising an effective amount an anti-
CD73 antibody or antigen-binding fragment thereof and an
A2A receptor inhibitor. In an embodiment of this aspect the
anti-CD73 antibody is MEDI9447 or an antigen-binding
fragment thereof. In another embodiment the anti-CD73 anti-
body is Phen0203 hlgG1 or an antigen-binding fragment
thereof. In yet another embodiment the A2A receptor inhibi-
tor is SCH58261. In additional embodiments the anti-CD73
antibody is MEDI9447 or an antigen-binding fragment
thereof and the A2A receptor inhibitor is SCH58261. In cer-
tain embodiments the anti-CD73 antibody is Phen0203
hlgG1 or an antigen-binding fragment thereof and the A2A
receptor inhibitor is SCH58261.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

[0013] FIG. 1A shows the nucleotide sequence (SEQ ID
NO: 22) and amino acid translation (SEQ ID NO: 21) of
MEDI9447 VH domain with CDRs shown based on Kabat
numbering convention.

[0014] FIG. 1B shows the nucleotide sequence (SEQ ID
NO: 24) and amino acid translation (SEQ ID NO: 23) of
MEDI9447 VL domain with CDRs shown based on Kabat
numbering convention.

[0015] FIG. 1C an alignment of MEDI9447 VH (SEQ ID
NO: 21) with closest human VH and JH germline sequences
(SEQ ID NO: 147). CDRs based on Kabat numbering con-
vention are highlighted and residues different from germline
sequences are boxed.

[0016] FIG. 1D shows an alignment of MEDI9447 VL
(SEQ ID NO: 23) with closest human VL and JL. germline
sequences (SEQ ID NO: 148). CDRs based on Kabat num-
bering convention are highlighted and residues different from
germline sequences are boxed.

[0017] FIG. 2 provides two graph showing antibody-medi-
ated internalization of a cytotoxic FabZAP reagent into
MDA-MB-231 cells and 4T1 cells, where the antibodies are
MEDI9447 and the control antibody R347.

[0018] FIG. 3A is a graph showing inhibition of 5' ecto-
nucleotidase by the anti-CD73 antibody MEDI9447.

[0019] FIG. 3B is a graph showing inhibition of AMP
hydrolysis by anti-CD73 antibody CD370010.

[0020] FIG. 4 is a graph showing that MEDI9447 inhibited
tumor growth in a CT26 syngeneic tumor model. Murine
CT26 tumor cells were implanted subcutaneously on the right
flank of female Balb/C mice. Tumors were allowed to grow
for 3 days and treated with MEDI9447 or an isotype control
twice weekly for two weeks. At Day 16, tumors were har-
vested for flow cytometry analysis.

[0021] FIG.5 is a graph showing that MEDI9447 inhibited
tumor-infiltrating myeloid-derived suppressor cells (MD-
SCs). MEDI9447-treated CT26 tumor-bearing mice were
sacrificed and tumors were harvested at study Day 16.
Tumors were disassociated into single cells, stained for CD45
and MDSC markers, and analyzed by flow cytometry.
[0022] FIG. 6 includes six spider plots showing the effect of
MEDI9447 mlgG1, anti-PD-1 or the combination on tumor
volume. Control antibodies include rlgG2a, which is a Rat
Ig(G2a control monoclonal rat antibody specific for E. coli
[-galactosidase (-Gal), and Isotype control murine IgGl.
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Tumor volumes from each group of animals were plotted for
individual animals out to study day 40. No control group mice
were tumor free by the end of the 40 day study period. Anti-
CD73 treatment alone resulted in 10% tumor free animals at
the end of study. Anti-PD-1 treatment alone also resulted in
10% tumor free animals at the end of study. Remarkably, the
combination of anti-CD73 and anti-PD treatment resulted in
60% tumor free mice. None of the control group mice were
tumor free by the end of the study.

[0023] FIG. 7 is a graph showing the effect of MEDI9447
mlgG1, anti-PD-1 or the combination on tumor volume.
[0024] FIG. 8 is a graph showing the effect of MEDI9447
mlgG1, anti-PD-1 or the combination on survival.

[0025] FIG. 9 is a graph showing the effect of Phen0203
higG1 antibody on AMP-mediated suppression of CD4+
CD25-T-cell proliferation.

[0026] FIG. 10 is a graph showing the effect of SCH58261
on AMP-mediated suppression of CD4*CD25™ T cell prolif-
eration.

[0027] FIG. 11 is a graph showing the effect of anti-CD73
and SH58261, either alone or in combination, on IFNy super-
natant levels in a mixed leukocyte reaction.

[0028] FIG. 12 is a graph showing the effect of anti-CD73
and SH58261, either alone or in combination, on TNFa
supernatant levels in a mixed leukocyte reaction.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The present invention provides isolated binding
molecules or antigen-binding fragments thereof which spe-
cifically bind to CD73. In some aspects, such molecules are
antibodies and antigen-binding fragments thereof that spe-
cifically bind to CD73. Related polynucleotides, vectors,
pharmaceutical compositions comprising the anti-CD73 anti-
bodies or antigen-binding fragments thereof, are also pro-
vided. Also provided are methods of making as well as meth-
ods of using the anti-CD73 antibodies and antigen-binding
fragments disclosed herein, for example, diagnostic methods
and methods of treating cancer in a subject (as direct therapy,
adjuvant therapy, or in combination therapy). The invention
also provides antibody-drug conjugates derived from the
CD?73 binding molecules disclosed herein.

[0030] In order that the present disclosure can be more
readily understood, certain terms are first defined. Additional
definitions are set forth throughout the detailed description.

1. DEFINITIONS

[0031] Before describing the present invention in detail, it
is to be understood that this invention is not limited to specific
compositions or process steps, as such can vary. As used in
this specification and the appended claims, the singular forms
“a”, “an” and “the” include plural referents unless the context
clearly dictates otherwise. The terms “a” (or “an”), as well as
the terms “one or more,” and “at least one” can be used
interchangeably herein.

[0032] Furthermore, “and/or” where used herein is to be
taken as specific disclosure of each of the two specified fea-
tures or components with or without the other. Thus, the term
and/or” as used in a phrase such as “A and/or B” herein is
intended to include “A and B,” “A or B,” “A” (alone), and “B”
(alone). Likewise, the term “and/or” as used in a phrase such
as “A, B, and/or C” is intended to encompass each of the
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following aspects: A, B,and C; A, B, or C; Aor C; Aor B; B
or C; A and C; A and B; B and C; A (alone); B (alone); and C
(alone).

[0033] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure is related. For example, the Concise Dictionary of
Biomedicine and Molecular Biology, Juo, Pei-Show, 2nd ed.,
2002, CRC Press; The Dictionary of Cell and Molecular
Biology, 3rd ed., 1999, Academic Press; and the Oxford Dic-
tionary Of Biochemistry And Molecular Biology, Revised,
2000, Oxford University Press, provide one of skill with a
general dictionary of many of the terms used in this disclo-
sure.

[0034] Units, prefixes, and symbols are denoted in their
Systeme International de Unites (SI) accepted form. Numeric
ranges are inclusive of the numbers defining the range. Unless
otherwise indicated, amino acid sequences are written left to
right in amino to carboxy orientation. The headings provided
herein are not limitations of the various aspects, which can be
had by reference to the specification as a whole. Accordingly,
the terms defined immediately below are more fully defined
by reference to the specification in its entirety.

[0035] It is understood that wherever aspects are described
herein with the language “comprising,” otherwise analogous
aspects described in terms of “consisting of”” and/or “consist-
ing essentially of” are also provided.

[0036] Amino acids are referred to herein by either their
commonly known three letter symbols or by the one-letter
symbols recommended by the IUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, are
referred to by their commonly accepted single-letter codes.

[0037] The term “CD73 polypeptide” as used herein refers
to the CD73 (Cluster of Differentiation 73) protein, also
referred to as 5'-nucleotidase (5'-NT) or ecto-5'-nucleotidase
in the literature, which is encoded by the NTSE gene. See,
e.g., Misumietal. Eur. J. Biochem. 191(3): 563-9 (1990). The
respective sequences of the human and murine forms of
CD?73 are available at the Uniprot database under accession
numbers P21589 and Q61503, respectively.

[0038] Anexemplary CD73 polypeptide is provided below:

>sp|P21589 |SNTD_HUMAN 5'-nucleotidase
0OS = Homo sapiens GN = NTGE PE = 1 SV = 1

(SEQ ID NO: 130)
MCPRAARAPATLLLALGAVLWPAAGAWELTILHTNDVHSRLEQTSEDSSK
CVNASRCMGGVARLFTKVQQIRRAEPNVLLLDAGDQYQGT INFTVYKGAE
VAHFMNALRYDAMALGNHEFDNGVEGLIEPLLKEAKFPILSANIKAKGPL
ASQISGLYLPYKVLPVGDEVVGIVGYTSKETPFLSNPGTNLVFEDEITAL
QPEVDKLKTLNVNKIIALGHSGFEMDKLIAQKVRGVDVVVGGHSNTFLYT
GNPPSKEVPAGKYPFIVTSDDGRKVPVVQAYAFGKYLGYLKIEFDERGNY
ISSHGNPILLNSSIPEDPSIKAD INKWRIKLDNYSTQELGKTIVYLDGSS
QSCRFRECNMGNLICDAMINNNLRHTDEMFWNHV SMCILNGGGIRSPIDE

RNNGTITWENLAAVLPFGGTFDLVQLKGSTLKKAFEHSVHRYGQSTGEFL

QVGGIHVVYDLSRKPGDRVVKLDVLCTKCRVPSYDPLKMDEVYKVILPNF
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-continued
LANGGDGFQMIKDELLRHDSGDQDINVVSTYISKMKVIYPAVEGRIKFST

GSHCHGSFSLIFLSLWAVIFVLYQ

[0039] Soluble and membrane-bound forms of CD73 have
been identified. See Klemens et al, Biochem. Biophys. Res.
Commun. 172(3):1371-7 (1990). In addition, several difter-
ent isoenzymes have been identified. See Rosi et al. Life Sci.
62(25):2257-66 (1998). The full-length CD73 protein com-
prises 574 amino acids. The mature CD73 protein is produced
after removal of a signal sequence (positions 1 to 26) and the
C-terminal region of the propeptide (positions 550-574). In
addition, amino acids 404 to 453 are removed in isoform 2 of
CD73 after alternative splicing. Natural variants are also
known, for example, variant C358Y, variant T376 A, and vari-
ant M379T. See Misumi et al., Eur. J. Biochem. 191:563-569
(1990); Otsuki et al. DNA Res. 12:117-126 (2005); Mungall
et al. Nature 425:805-811 (2003); Hansen et al. Gene 167:
307-312 (1995); Klemens et al. Biochem. Biophys. Res.
Commun. 172:1371-1377 (1990); Knapp et al. Structure
20:2161-2173 (2012); or St. Hilaire et al. N. Engl. J. Med.
364:432-442 (2011), all of which are herein incorporated by
reference in their entireties.

[0040] Accordingly, the CD73-binding molecules dis-
closed herein can be used for example to treat or diagnose
cancer (e.g., breast cancer (including hormonally mediated
breast cancer, see, e.g., Innes et al. (2006) Br. J. Cancer
94:1057-1065), triple negative breast cancer, colon carci-
noma, colorectal cancer, lung cancer, melanoma, non-small
cell carcinoma, lymphoma, Hodgkin’s and non-Hodgkin’s
lymphoma, Burkitt’s lymphoma, and sarcoma). In addition,
the measurement of the levels of CD73 in a sample from a
patient (e.g., a tissue fluid) using the CD73-binding mol-
ecules disclosed herein can be used for monitoring the devel-
opment of the above described diseases, for assessing the
efficacy of therapies, to elect patients for treatment with a
particular therapy, or to take medical decisions, for example,
commencing, ending, interrupting, or modifying a certain
treatment.

[0041] The term “adenosine A2A receptor (ADORA2A)
polypeptide” as used herein refers to a protein having at least
about 85% amino acid sequence identity to NP_000666 or a
fragment thereof and having adenosine binding and G-pro-
tein signaling activity. The respective sequences of the human
and murine forms of adenosine A2 A receptor are available at
the Uniprot database under accession numbers P29274 and
Q60613, respectively.

[0042] An exemplary adenosine A2A receptor polypeptide
is provided below:

>sp|P29274 |AA2AR_HUMAN Adenosine receptor
A2a 0OS = Homo sapiens GN = ADORA2A PE = 1
sV =2

(SEQ ID NO: 131)
MPIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLONVTNYFVVSLAA
ADIAVGVLAIPFAITITGFCAACHGCLFIACFVLVLTQSSIFSLLAIAID
RYIAIRIPLRYNGLVTGTRAKGI IAI CWVLSFAIGLTPMLGWNNCGQPKE
GKNHSQGCGEGQVACLFEDVVPMNYMVYFNFFACVLVPLLLMLGVYLRIF

LAARRQLKOQMESQPLPGERARSTLQKEVHAAKSLAI IVGLFALCWLPLHI
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-continued
INCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFI YAYR IREFRQTFRK

IIRSHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSA
PHPERRPNGYALGLVSGGSAQESQGNTGLPDVELLSHELKGVCPEPPGLD
DPLAQDGAGVS

[0043] By “SCH58261” is meanta small compound having
the following structural formula:

CAS 160098-96-4, and having adenosine A2 A receptor bind-
ing and inhibitory activity.

[0044] By “adenosine A2A receptor inhibitor (A2AR1)” is
meant an agent that inhibits the G protein signaling activity of
an adenosine A2A receptor. In one embodiment, inhibition of
A2A receptor activity is measured by measuring TNFa secre-
tion in a mixed lymphocyte stimulation assay, where an
increase in TNFa indicates inhibition of adenosine A2A
receptor activity.

[0045] By “adenosine 5'-(c.,fp-methylene)diphosphate
(APCP)” is meant a small compound having the following
structural formula:

NH,
P an
HO—P—CH,—P—0O N )
| | o N
OH OH
HOs ZOH

CAS 3768-14-7, and having CD73 enzyme inhibitory activ-
ity.

[0046] The terms “inhibit,” “block,” “suppress,” and gram-
matical variants thereof are used interchangeably herein and
refer to any statistically significant decrease in biological
activity, including full blocking of the activity. For example,
“inhibition” can refer to a decrease of about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90% or 100% in biological
activity. Accordingly, when the terms “inhibition™ or “sup-
pression” are applied to describe, e.g., an effect on the enzy-
matic activity of CD73, the term refers to the ability of an
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anti-CD73 antibody or antigen-binding fragment thereof to
statistically significantly decrease the 5'-nucleotidase activity
of CD73 (catabolizing the hydrolysis of adenosine mono-
phosphate, AMP, to adenosine), relative to the CD73-medi-
ated 5'-nucleotidase activity in an untreated (control) cell.
The cell which expresses CD73 can be a naturally occurring
cell or cell line (e.g., a cancer cell) or can be recombinantly
produced by introducing a nucleic acid encoding CD73 into a
host cell. In some aspects, an anti-CD73 antibody or antigen-
binding fragment thereof can statistically significantly
decrease the 5'-nucleotidase activity of a soluble form of
CD73 in a biological fluid. In one aspect, the anti-CD73
binding molecule, e.g., an antibody or antigen-binding frag-
ment thereof inhibits CD73-mediated 5'-nucleotidase activity
by at least 10%, at least 15%, or at least 20%, at least 25%, or
at least 30%, at least 35%, or at least 40%, at least 45%, or at
least 50%, at least 55%, or at least 60%, at least 65%, or at
least 70%, at least 75%, or at least 80%, at least 85%, or at
least 90%, at least 95%, or about 100%, as determined, for
example, by the methods described in the Examples infra,
and/or methods known in the art.

[0047] The term “suppress CD73 activity,” as used herein,
refer to the ability of anti-CD73 binding molecule, e.g., an
antibody or antigen-binding fragment thereof to statistically
significantly decrease CD73-dependent 5'-nucleotidase
activity in a cell expressing CD73 or a sample containing
CD73. In some aspects, the suppression of CD73 activity can
be a decrease of at least 10%, or at least 15%, or at least 20%,
or at least 25%, or at least 30%, or at least 35%, or at least
40%, or at least 45%, or at least 50%, or at least 55%, or at
least 60%, or at least 65%, or at least 70%, or at least 75%, or
at least 80%, or at least 85%, or at least 90%, or at least 95%,
or about 100% when cells or a sample are contacted with an
anti-CD73 binding molecule, e.g., an antibody or antigen-
binding fragment thereof of the present disclosure, relative to
the CD73 activity measured in the absence of the anti-CD73
binding molecule, e.g., an antibody or antigen-binding frag-
ment thereof (control conditions).

[0048] Theterms “antibody” or “immunoglobulin,” as used
interchangeably herein, include whole antibodies and any
antigen-binding fragment or single chains thereof.

[0049] A typical antibody comprises at least two heavy (H)
chains and two light (L) chains interconnected by disulfide
bonds. Each heavy chain is comprised of a heavy chain vari-
able region (abbreviated herein as VH or V) and a heavy
chain constant region. The heavy chain constant region is
comprised of three domains, CH1, CH2, and CH3. Each light
chain is comprised of a light chain variable region (abbrevi-
ated herein as VL or V; ) and a light chain constant region. The
light chain constant region is comprised of one domain, CL.
The VH and VL regions can be further subdivided into
regions of hypervariability, termed Complementarity Deter-
mining Regions (CDR), interspersed with regions that are
more conserved, termed framework regions (FW). Each VH
and VL is composed of three CDRs and four FWs, arranged
from amino-terminus to carboxy-terminus in the following
order: FW1, CDR1, FW2, CDR2, FW3, CDR3, FW4. The
variable regions of the heavy and light chains contain a bind-
ing domain that interacts with an antigen. The constant
regions of the antibodies can mediate the binding of the
immunoglobulin to host tissues or factors, including various
cells of the immune system (e.g., effector cells) and the first
component (Clq) of the classical complement system. Exem-
plary antibodies of the present disclosure include anti-CD73
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antibodies (original and germlined), affinity optimized
clones, optimized antibodies lacking ADCC, conjugated anti-
bodies (e.g., ADC), and other optimized antibodies (e.g.,
serum half-life-optimized antibodies including, for example,
YTE mutations, see Dall’Acqua et al., J. Biol. Chem. 281:
23514-24 (2006) and U.S. Pat. No. 7,083,784, which are
hereby incorporated by reference in their entireties).

[0050] The term “germlining” means that amino acids at
specific positions in an antibody are mutated back to those in
the germ line.

[0051] The term “antibody” means an immunoglobulin
molecule that recognizes and specifically binds to a target,
such as a protein, polypeptide, peptide, carbohydrate, poly-
nucleotide, lipid, or combinations of the foregoing through at
least one antigen recognition site within the variable region of
the immunoglobulin molecule. As used herein, the term “anti-
body” encompasses intact polyclonal antibodies, intact
monoclonal antibodies, antibody fragments (such as Fab,
Fab', F(ab")2, and Fv fragments), single chain Fv (scFv)
mutants, multispecific antibodies such as bispecific antibod-
ies generated from at least two intact antibodies, chimeric
antibodies, humanized antibodies, human antibodies, fusion
proteins comprising an antigen determination portion of an
antibody, and any other modified immunoglobulin molecule
comprising an antigen recognition site so long as the antibod-
ies exhibit the desired biological activity.

[0052] An antibody can be of any the five major classes of
immunoglobulins: IgA, IgD, IgE, IgG, and IgM, or sub-
classes (isotypes) thereof (e.g. IgG1, 1gG2, IgG3, IgG4, IgAl
and IgA2), based on the identity of their heavy-chain constant
domains referred to as alpha, delta, epsilon, gamma, and mu,
respectively. The different classes of immunoglobulins have
different and well known subunit structures and three-dimen-
sional configurations. Antibodies can be naked or conjugated
to other molecules such as toxins, radioisotopes, etc. to form
ADCs.

[0053] A “blocking” antibody or an “antagonist” antibody
is one which inhibits or reduces biological activity of the
antigen it binds, such as CD73. In a certain aspect blocking
antibodies or antagonist antibodies substantially or com-
pletely inhibit the biological activity of the antigen. Desir-
ably, the biological activity is reduced by at least 10%, at least
15%, at least 20%, at least 25%, at least 30%, at least 35%, at
least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, or even 100%.

[0054] Theterms “CD73 antibody,” “antibody that binds to
CD73” or “anti-CD73” refers to an antibody or antigen-bind-
ing fragment thereof that is capable of selectively binding
CD73. In one embodiment an anti-CD73 antibody binds
CD73 with sufficient affinity such that the molecule is useful
as a therapeutic agent or diagnostic reagent in targeting
CD73. The extent of binding of an anti-CD73 antibody to an
unrelated, non-CD73 protein is less than about 10% of the
binding of the antibody to CD73 as measured, e.g., by a
radioimmunoassay (RIA), BIACORE™ (using recombinant
CD?73 as the analyte and antibody as the ligand, or vice versa),
or other binding assays known in the art. In certain aspects, an
antibody that binds to CD73 has a dissociation constant (K )
of =1 uM, =100 nM, =10 nM, =1 nM, =0.1 nM, =10 pM, =1
pM, or 0.1 pM. The term “anti-CD73” also broadly encom-
passes molecules comprising, e.g., the CDRs of the antibod-
ies disclosed herein incorporated into a scaffold. Thus, the
phrase “isolated binding molecule or antigen-binding frag-
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ment thereof which specifically binds to CD73” would refer
not only to antibodies and antigen-binding fragments thereof,
but also would refer to a molecule comprising, for example,
one or more scaffolds (such as a fibronectin III domain from
fibronectin or tenascin-3) incorporating the CDRs of the anti-
bodies disclosed herein.

[0055] Inoneembodiment,ananti-CD73 antibody refers to
anantibody in IgG1-TM format such that the IgG1 Fc domain
comprises mutations [.234, .235E and P331, binds soluble
and cell-surface displayed CD73, and inhibits CD73 enzy-
matic activity. FIGS. 1A-D provide the nucleotide and amino
acid sequences of MEDI9447 VH and VL domains.

[0056] The term “antigen-binding fragment” refers to a
molecule comprising a portion of an intact antibody, and in
particular refers to a molecule comprising the antigenic deter-
mining variable regions of an intact antibody. It is known in
the art that the antigen-binding function of an antibody can be
performed by fragments of a full-length antibody. Examples
of antibody fragments include, but are not limited to Fab,
Fab', F(ab')2, and Fv fragments, linear antibodies, single
chain antibodies, and multispecific antibodies formed from
antibody fragments.

[0057] A “monoclonal antibody” refers to a homogeneous
antibody population involved in the highly specific recogni-
tion and binding of a single antigenic determinant, or epitope.
This is in contrast to polyclonal antibodies that typically
include different antibodies directed against different anti-
genic determinants.

[0058] The term “monoclonal antibody” encompasses both
intact and full-length monoclonal antibodies as well as anti-
body fragments (such as Fab, Fab', F(ab')2, Fv), single chain
variable fragments (scFv), fusion proteins comprising an
antibody portion, and any other modified immunoglobulin
molecule comprising an antigen recognition site. Further-
more, “monoclonal antibody” refers to such antibodies made
in any number of ways including, but not limited to, by
hybridoma, phage selection, recombinant expression, and
transgenic animals (e.g., expression of a human antibody in a
transgenic mouse).

[0059] The term “humanized antibody” refers to an anti-
body derived from a non-human (e.g., murine) immunoglo-
bulin, which has been engineered to contain minimal non-
human (e.g., murine) sequences. Typically, humanized
antibodies are human immunoglobulins in which residues
from the CDRs are replaced by residues from the CDR of a
non-human species (e.g., mouse, rat, rabbit, or hamster) that
have the desired specificity, affinity, and capability (Jones et
al., 1986, Nature, 321:522-525; Riechmann et al., 1988,
Nature, 332:323-327; Verhoeyen et al., 1988, Science, 239:
1534-1536). In some instances, the framework (FW) amino
acid residues of a human immunoglobulin are replaced with
the corresponding residues in an antibody from a non-human
species that has the desired specificity, and/or affinity, and/or
capability.

[0060] Thehumanized antibody can be further modified by
the substitution of additional residues either in the Fv frame-
work region and/or within the replaced non-human residues
to refine and optimize antibody specificity, affinity, and/or
capability. In general, the humanized antibody will comprise
substantially all of at least one, and typically two or three,
variable domains containing all or substantially all of the
CDR regions that correspond to the non-human immunoglo-
bulin, whereas all or substantially all of the FR regions are
those of a human immunoglobulin consensus sequence. The
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humanized antibody can also comprise at least a portion of an
immunoglobulin constant region or domain (Fc), typically
that of a human immunoglobulin. Examples of methods used
to generate humanized antibodies are described in U.S. Pat.
No. 5,225,539 or 5,639,641.

[0061] A “variable region” of an antibody refers to the
variable region of the antibody light chain or the variable
region of the antibody heavy chain, either alone or in combi-
nation. The variable regions of the heavy and light chain each
consist of four FW regions connected by three CDR regions.
The CDRs in each chain are held together in close proximity
by the FW regions and, with the CDRs from the other chain,
contribute to the formation of the antigen-binding site of
antibodies. There are at least two techniques for determining
CDRs: (1) an approach based on cross-species sequence vari-
ability (i.e., Kabat et al. Sequences of Proteins of Immuno-
logical Interest, (Sthed., 1991, National Institutes of Health,
Bethesda Md.)); and (2) an approach based on crystallo-
graphic studies of antigen-antibody complexes (Al-lazikani
etal. (1997)J. Molec. Biol. 273:927-948)). In addition, com-
binations of these two approaches are sometimes used in the
art to determine CDRs.

[0062] The Kabat numbering system is generally used
when referring to a residue in the variable domain (approxi-
mately residues 1-107 of the light chain and residues 1-113 of
the heavy chain) (e.g., Kabat et al., Sequences of Immuno-
logical Interest, Sth Ed. Public Health Service, National Insti-
tutes of Health, Bethesda, Md. (1991)).

[0063] The phrases “amino acid position numbering as in
Kabat,” “Kabat position,” and grammatical variants thereof
refer to the numbering system used for heavy chain variable
domains or light chain variable domains of the compilation of
antibodies in Kabat et al., Sequences of Proteins of Immuno-
logical Interest, Sth Ed. Public Health Service, National Insti-
tutes of Health, Bethesda, Md. (1991). Using this numbering
system, the actual linear amino acid sequence can contain
fewer or additional amino acids corresponding to a shortening
of, or insertion into, a FW or CDR of the variable domain. For
example, a heavy chain variable domain can include a single
amino acid insert (residue 52a according to Kabat) after resi-
due 52 of H2 and inserted residues (e.g., residues 82a, 82b,
and 82c, etc. according to Kabat) after heavy chain FW resi-
due 82.

TABLE 1
Loop Kabat AbM Chothia
L1 124-1.34 124-1.34 1.24-1.34
L2 L50-L56 L50-L56 L50-1.56
L3 1.89-1L.97 1.89-1L.97 1.89-1.97
H1 H31-H35B H26-H35B H26-H32...34
(Kabat Numbering)
H1 H31-H35 H26-H35 H26-H32
(Chothia Numbering)
H2 H50-H65 H50-H58 H52-H56
H3 H95-H102 H95-H102 H95-H102
[0064] The Kabat numbering ofresidues can be determined

for a given antibody by alignment at regions of homology of
the sequence of the antibody with a “standard” Kabat num-
bered sequence. Chothia refers instead to the location of the
structural loops (Chothia and Lesk, J. Mol. Biol. 196:901-917
(1987)). The end of the Chothia CDR-H1 loop when num-
bered using the Kabat numbering convention varies between
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H32 and H34 depending on the length of the loop (this is
because the Kabat numbering scheme places the insertions at
H35A and H35B; if neither 35A nor 35B is present, the loop
ends at 32; if only 35A is present, the loop ends at 33; if both
35A and 35B are present, the loop ends at 34). The AbM
hypervariable regions represent a compromise between the
Kabat CDRs and Chothia structural loops, and are used by
Oxford Molecular’s AbM antibody modeling software.
[0065] IMGT (ImMunoGeneTics) also provides a number-
ing system for the immunoglobulin variable regions, includ-
ing the CDRs. See e.g., Lefranc, M. P. et al., Dev. Comp.
Immunol. 27: 55-77(2003), which is herein incorporated by
reference. The IMGT numbering system was based on an
alignment of more than 5,000 sequences, structural data, and
characterization of hypervariable loops and allows for easy
comparison of the variable and CDR regions for all species.
According to the IMGT numbering schema VH-CDRI1 is at
positions 26 to 35, VH-CDR?2 is at positions 51 to 57, VH-
CDR3 is at positions 93 to 102, VL.-CDR1 is at positions 27
to 32, VL-CDR2 is at positions 50 to 52, and VL-CDR3 is at
positions 89 to 97.

[0066] The EU index or EU numbering system is based on
the sequential numbering of the first human IgG sequenced
(the EU antibody). Because the most common reference for
this convention is the Kabat sequence manual (Kabat et al.,
1991), the EU index is sometimes erroneously used synony-
mously with the Kabat index. The EU index does not provide
insertions and deletions, and thus in some cases comparisons
of IgG positions across IgG subclass and species can be
unclear, particularly in the hinge regions. Nonetheless, the
convention has sufficed at enabling straightforward compari-
son between Fc regions in numerous Fe structure function
studies. Accordingly, the numbering scheme used for substi-
tutions and insertions in Fc regions in this specification is the
EU index as in Kabat. In contrast, the numbering scheme used
for the variable regions (VH and VL) in this specification is
the regular Kabat numbering.

[0067] As used throughout the specification the VH CDRs
sequences described correspond to the classical Kabat num-
bering locations, namely Kabat VH-CDRI is at positions
31-35, VH-CDR2 is a positions 50-65, and VH-CDR3 is at
positions 95-102. VL-CDR1, VL-CDR2 and VL-CDR3 also
correspond to classical Kabat numbering locations, namely
positions 24-34, 50-56 and 89-97, respectively.

[0068] As used herein the Fc region includes the polypep-
tides comprising the constant region of an antibody excluding
the first constant region immunoglobulin domain. Thus, Fc
refers to the last two constant region immunoglobulin
domains of IgA, IgD, and IgG, and the last three constant
region immunoglobulin domains of IgE and IgM, and the
flexible hinge N-terminal to these domains. For IgA and IgM
Fc can include the J chain. For IgG, Fc comprises immuno-
globulin domains Cgamma2 and Cgamma3 (Cy2 and Cy3)
and the hinge between Cgammal (Cyl) and Cgamma2 (Cy2).
[0069] Although the boundaries of the Fc region can vary,
the human IgG heavy chain Fc region is usually defined to
comprise residues C226 or P230 to its carboxyl-terminus,
wherein the numbering is according to the EU index as set
forth in Kabat (Kabat et al., Sequences of Proteins of Immu-
nological Interest, Sth Ed. Public Health Service, National
Institutes of Health, Bethesda, Md. (1991)). Fc can refer to
this region in isolation, or this region in the context of an
antibody, antibody fragment, or Fc fusion protein. Polymor-
phisms have been observed at a number of different Fc posi-
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tions, including but not limited to positions 270, 272, 312,
315, 356, and 358 as numbered by the EU index, and thus
slight differences between the presented sequence and
sequences in the prior art can exist.

[0070] The term “human antibody” means an antibody pro-
duced by a human or an antibody having an amino acid
sequence corresponding to an antibody produced by a human
made using any technique known in the art (e.g., recombinant
expression in cultures cells, or expression in transgenic ani-
mals). Thus, the term human antibody also encompasses an
antibody having an amino acid sequence corresponding to an
antibody originally produced by a human (or an engineered
variant or derivative thereof) but expressed in a non-human
system (e.g., produced by chemical synthesis; recombinantly
expressed in microbial, mammal, or insect cells; or expressed
in an animal subject). Accordingly, an antibody obtained
from a human subject or from human cells (e.g., hybridoma or
cell line expressing a recombinant antibody or fragment
thereof) and subsequently expressed in an animal, e.g., mice,
is considered a human antibody. This definition of a human
antibody includes intact or full-length antibodies, fragments
thereof, and/or antibodies comprising at least one human
heavy and/or light chain polypeptide such as, for example, an
antibody comprising murine light chain and human heavy
chain polypeptides.

[0071] The term “chimeric antibodies” refers to antibodies
wherein the amino acid sequence of the immunoglobulin
molecule is derived from two or more animal species. Typi-
cally, the variable region of both light and heavy chains cor-
responds to the variable region of antibodies derived from one
species of mammals (e.g., mouse, rat, rabbit, etc.) with the
desired specificity, and/or affinity, and/or capability while the
constant regions are homologous to the sequences in antibod-
ies derived from another specie (usually human) to avoid
eliciting an immune response in that species.

[0072] The term “epitope” as used herein refers to an anti-
genic protein determinant capable of binding to a CD73 anti-
body or CD73 binding molecule disclosed herein. Epitopes
usually consist of chemically active surface groupings of
molecules such as amino acids or sugar side chains and usu-
ally have specific three dimensional structural characteristics,
as well as specific charge characteristics. The part of an anti-
body or binding molecule that recognizes the epitope is called
a paratope. The epitopes of protein antigens are divided into
two categories, conformational epitopes and linear epitopes,
based on their structure and interaction with the paratope. A
conformational epitope is composed of discontinuous sec-
tions of the antigen’s amino acid sequence. These epitopes
interact with the paratope based on the 3-D surface features
and shape or tertiary structure of the antigen. By contrast,
linear epitopes interact with the paratope based on their pri-
mary structure. A linear epitope is formed by a continuous
sequence of amino acids from the antigen.

[0073] The term “antibody binding site” refers to a region
in the antigen (e.g., CD73) comprising a continuous or dis-
continuous site (i.e., an epitope) to which a complementary
antibody specifically binds. Thus, the antibody binding site
can contain additional areas in the antigen which are beyond
the epitope and which can determine properties such as bind-
ing affinity and/or stability, or affect properties such as anti-
gen enzymatic activity or dimerization. Accordingly, even if
two antibodies bind to the same epitope within an antigen, if
the antibody molecules establish distinct intermolecular con-
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tacts with amino acids outside of the epitope, such antibodies
are considered to bind to distinct antibody binding sites.
[0074] “Binding affinity” generally refers to the strength of
the sum total of non-covalent interactions between a single
binding site of a molecule (e.g., an antibody) and its binding
partner (e.g., an antigen). Unless indicated otherwise, as used
herein, “binding affinity” refers to intrinsic binding affinity
which reflects a 1:1 interaction between members of a bind-
ing pair (e.g., antibody and antigen). The affinity of a mol-
ecule X for its partner Y can generally be represented by the
dissociation constant (K ). Affinity can be measured by com-
mon methods known in the art, including those described
herein. Low-affinity antibodies generally bind antigen slowly
and tend to dissociate readily, whereas high-affinity antibod-
ies generally bind antigen faster and tend to remain bound
longer. A variety of methods of measuring binding affinity are
known in the art, any of which can be used for purposes of the
present disclosure.

[0075] “Potency”is normally expressed as an IC,, value, in
nM unless otherwise stated. IC,, is the median inhibitory
concentration of an antigen-binding molecule. In functional
assays, 1Cs, is the concentration that reduces a biological
response by 50% of its maximum. In ligand-binding studies,
1C,, is the concentration that reduces receptor binding by
50% of maximal specific binding level. IC;, can be calculated
by any number of means known in the art. Improvement in
potency can be determined by measuring, e.g., against a par-
ent antibody (for example, the parent antibody prior to ger-
mlining or the parent antibody prior to affinity optimization).
[0076] The fold improvement in potency for the antibodies
or polypeptides of the present disclosure as compared to a
parent antibody can be at least about 2-fold, at least about
4-fold, at least about 6-fold, at least about 8-fold, at least
about 10-fold, at least about 15-fold, at least about 20-fold, at
least about 25-fold, at least about 30-fold, at least about
40-fold, at least about 50-fold, at least about 60-fold, at least
about 70-fold, at least about 80-fold, at least about 90-fold, at
least about 100-fold, at least about 110-fold, at least about
120-fold, at least about 130-fold, at least about 140-fold, at
least about 150-fold, at least about 160-fold, at least about
170-fold, or at least about 180-fold or more.

[0077] “Antibody-dependent cell-mediated cytotoxicity”
or “ADCC” refers to a form of cytotoxicity in which secreted
immunoglobulins bound onto Fc receptors (FcRs) present on
certain cytotoxic cells (e.g., Natural Killer (NK) cells, neu-
trophils, and macrophages) enable these cytotoxic effector
cells to bind specifically to an antigen-bearing target cell and
subsequently kill the target cell with cytotoxins. Specific
high-affinity IgG antibodies directed to the surface of target
cells “arm” the cytotoxic cells and are absolutely required for
such killing. Lysis of the target cell is extracellular, requires
direct cell-to-cell contact, and does not involve complement.
It is contemplated that, in addition to antibodies, other pro-
teins comprising Fc regions, specifically Fc fusion proteins,
having the capacity to bind specifically to an antigen-bearing
target cell will be able to effect cell-mediated cytotoxicity.
For simplicity, the cell-mediated cytotoxicity resulting from
the activity of an Fc fusion protein is also referred to herein as
ADCC activity.

[0078] A polypeptide, antibody, polynucleotide, vector,
cell, or composition which is “isolated” is a polypeptide,
antibody, polynucleotide, vector, cell, or composition which
is in a form not found in nature. Isolated polypeptides, anti-
bodies, polynucleotides, vectors, cells or compositions
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include those which have been purified to a degree that they
are no longer in a form in which they are found in nature. In
some aspects, an antibody, polynucleotide, vector, cell, or
composition which is isolated is substantially pure.

[0079] The term “subject” refers to any animal (e.g., a
mammal), including, but not limited to humans, non-human
primates, rodents, and the like, which is to be the recipient of
a particular treatment. Typically, the terms “subject” and
“patient” are used interchangeably herein in reference to a
human subject.

[0080] The term “pharmaceutical composition” refers to a
preparation which is in such form as to permit the biological
activity of the active ingredient (e.g., an anti-CD73 binding
molecule disclosed herein) to be effective, and which con-
tains no additional components which are unacceptably toxic
to a subject to which the composition would be administered.
Such composition can be sterile.

[0081] An “effective amount” of an anti-CD73 binding
molecule as disclosed herein is an amount sufficient to carry
out a specifically stated purpose. An “effective amount” can
be determined empirically and in a routine manner, in relation
to the stated purpose.

[0082] The term “therapeutically effective amount” refers
to an amount of an anti-CD73 binding molecule disclosed
herein or other drug effective to “treat” a disease or disorder
in a subject or mammal.

[0083] The word “label” when used herein refers to a
detectable compound or composition which is fused (e.g.,
genetically fused) or conjugated (e.g., chemically conju-
gated) directly or indirectly to an anti-CD73 binding mol-
ecule disclosed herein so as to generate a “labeled” anti-
CD73 binding molecule. The label can be detectable by itself
(e.g., radioisotope labels or fluorescent labels) or, in the case
of an enzymatic label, can catalyze chemical alteration of a
substrate compound or composition which is detectable.
[0084] Terms such as “derivatizable group” and “derivatiz-
able functional group” are used interchangeably and refer to
a functional group that is capable of reacting to permit the
formation of a covalent bond between an anti-CD73 binding
molecule disclosed herein (e.g., a CD73 antibody) and
another substance. In some aspects, such substance is a thera-
peutic agent (e.g., a cytotoxin), a detectable label, a polymer
(e.g., PEG), etc. Exemplary derivatizable groups include
thiol, hydroxyl, amino, carboxy, and amide, as well as modi-
fied forms thereof, such as activated or protected forms.
[0085] Terms such as “treating” or “treatment” or “to treat”
or “alleviating” or “to alleviate” refer to both (1) therapeutic
measures that cure, slow down, lessen symptoms of, and/or
halt progression of a diagnosed pathologic condition or dis-
order and (2) prophylactic or preventative measures that pre-
vent and/or slow the development of a targeted pathologic
condition or disorder. Thus, those in need of treatment include
those already with the disorder; those prone to have the dis-
order; and those in whom the disorder is to be prevented. In
certain aspects, a subject is successfully “treated” for cancer
according to the methods of the present disclosure if the
patient shows, e.g., total, partial, or transient remission of a
certain type of cancer.

[0086] The terms “cancer”, “tumor”, “cancerous”, and
“malignant” refer to or describe the physiological condition
in mammals that is typically characterized by unregulated
cell growth. Examples of cancers include but are not limited
to, lymphomas, non-small cell lung cancer, Hodgkin’s and
non-Hodgkin’s lymphoma, breast cancer (including hormon-
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ally mediated breast cancer, see, e.g., Innes et al. (2006) Br. J.
Cancer 94:1057-1065), colon cancer, In some aspects, the
term cancer as used herein specifically refers to cancer
expressing CD73 (e.g., colon cancer, breast cancer, lym-
phoma, non-small cell carcinoma).

[0087] “Polynucleotide,” or “nucleic acid,” as used inter-
changeably herein, refer to polymers of nucleotides of any
length, and include DNA and RNA. The nucleotides can be
deoxyribonucleotides, ribonucleotides, modified nucleotides
or bases, and/or their analogs, or any substrate that can be
incorporated into a polymer by DNA or RNA polymerase. A
polynucleotide can comprise modified nucleotides, such as
methylated nucleotides and their analogs. The preceding
description applies to all polynucleotides referred to herein,
including RNA and DNA.

[0088] The term ‘“‘vector” means a construct, which is
capable of delivering, and in some aspects, expressing, one or
more gene(s) or sequence(s) of interest in a host cell.
Examples of vectors include, but are not limited to, viral
vectors, naked DNA or RNA expression vectors, plasmid,
cosmid or phage vectors, DNA or RNA expression vectors
associated with cationic condensing agents, DNA or RNA
expression vectors encapsulated in liposomes, and certain
eukaryotic cells, such as producer cells.

[0089] The terms “polypeptide,” “peptide,” and “protein”
are used interchangeably herein to refer to polymers of amino
acids of any length. The polymer can be linear or branched, it
can comprise modified amino acids, and it can be interrupted
by non-amino acids. The terms also encompass an amino acid
polymer that has been modified naturally or by intervention;
for example, disulfide bond formation, glycosylation, lipida-
tion, acetylation, phosphorylation, or any other manipulation
or modification, such as conjugation with a labeling compo-
nent. Also included within the definition are, for example,
polypeptides containing one or more analogs of an amino
acid (including, for example, unnatural amino acids, etc.), as
well as other modifications known in the art. It is understood
that, because the polypeptides of the instant disclosure are
based upon antibodies, in certain aspects, the polypeptides
can occur as single chains or associated chains.

[0090] A “recombinant” polypeptide or protein refers to a
polypeptide or protein produced via recombinant DNA tech-
nology. Recombinantly produced polypeptides and proteins
expressed in engineered host cells are considered isolated, as
are native or recombinant polypeptides which have been
separated, fractionated, or partially or substantially purified
by any suitable technique. The polypeptides disclosed herein
can be recombinantly produced using methods known in the
art. Alternatively, the proteins and peptides disclosed herein
can be chemically synthesized.

[0091] The term “amino acid substitution” refers to replac-
ing an amino acid residue present in a parent sequence with
another amino acid residue. An amino acid can be substituted
in a parent sequence, for example, via chemical peptide syn-
thesis or through recombinant methods known in the art.
Accordingly, references to a “substitution at position X” or
“substitution at position X” refer to the substitution of an
amino acid present at position X with an alternative amino
acid residue. In some aspects, substitution patterns can
described according to the schema AXY, wherein A is the
single letter code corresponding to the amino acid naturally
present at position X, and Y is the substituting amino acid
residue. In other aspects, substitution patterns can described
according to the schema XY, wherein Y is the single letter
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code corresponding to the amino acid residue substituting the
amino acid naturally present at position X.

[0092] A “conservative amino acid substitution” is one in
which the amino acid residue is replaced with an amino acid
residue having a similar side chain. Families of amino acid
residues having similar side chains have been defined in the
art, including basic side chains (e.g., lysine, arginine, histi-
dine), acidic side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine), nonpolar
side chains (e.g., alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan), beta-branched side
chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).
Thus, if an amino acid in a polypeptide is replaced with
another amino acid from the same side chain family, the
substitution is considered to be conservative. In another
aspect, a string of amino acids can be conservatively replaced
with a structurally similar string that differs in order and/or
composition of side chain family members.

[0093] Non-conservative substitutions include those in
which (i) a residue having an electropositive side chain (e.g.,
Arg, His or Lys) is substituted for, or by, an electronegative
residue (e.g., Glu or Asp), (ii) a hydrophilic residue (e.g., Ser
or Thr) is substituted for, or by, a hydrophobic residue (e.g.,
Ala, Leu, Ile, Phe or Val), (iii) a cysteine or proline is substi-
tuted for, or by, any other residue, or (iv) a residue having a
bulky hydrophobic or aromatic side chain (e.g., Val, His, Ile or
Trp) is substituted for, or by, one having a smaller side chain
(e.g., Ala, Ser) or no side chain (e.g., Gly).

[0094] Other substitutions can be readily identified by
workers of ordinary skill. For example, for the amino acid
alanine, a substitution can be taken from any one of D-ala-
nine, glycine, beta-alanine, [-cysteine and D-cysteine. For
lysine, a replacement can be any one of D-lysine, arginine,
D-arginine, homo-arginine, methionine, D-methionine,
omithine, or D-ornithine. Generally, substitutions in func-
tionally important regions that can be expected to induce
changes in the properties of isolated polypeptides are those in
which (i) a polar residue, e.g., serine or threonine, is substi-
tuted for (or by) a hydrophobic residue, e.g., leucine, isoleu-
cine, phenylalanine, or alanine; (ii) a cysteine residue is sub-
stituted for (or by) any other residue; (iii) a residue having an
electropositive side chain, e.g., lysine, arginine or histidine, is
substituted for (or by) a residue having an electronegative side
chain, e.g., glutamic acid or aspartic acid; or (iv) a residue
having a bulky side chain, e.g., phenylalanine, is substituted
for (or by) one not having such a side chain, e.g., glycine. The
likelihood that one of the foregoing non-conservative substi-
tutions can alter functional properties of the protein is also
correlated to the position of the substitution with respect to
functionally important regions of the protein: some non-con-
servative substitutions can accordingly have little or no effect
on biological properties.

[0095] The term “amino acid insertion” refers to introduc-
ing a new amino acid residue between two amino acid resi-
dues present in the parent sequence. An amino acid can be
inserted in a parent sequence, for example, via chemical
peptide synthesis or through recombinant methods known in
the art. Accordingly as used herein, the phrases “insertion
between positions X and Y or “insertion between Kabat
positions X andY;” wherein X andY correspond to amino acid
positions (e.g., a cysteine amino acid insertion between posi-
tions 239 and 240), refers to the insertion of an amino acid
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between the X and Y positions, and also to the insertion in a
nucleic acid sequence of a codon encoding an amino acid
between the codons encoding the amino acids at positions X
and Y. Insertion patterns can be described according to the
schema AXins, wherein A is the single letter code corre-
sponding to the amino acid being inserted, and X is the
position preceding the insertion.

[0096] The term “percent sequence identity” between two
polypeptide or polynucleotide sequences refers to the number
of'identical matched positions shared by the sequences over a
comparison window, taking into account additions or dele-
tions (i.e., gaps) that must be introduced for optimal align-
ment of the two sequences. A matched position is any position
where an identical nucleotide or amino acid is presented in
both the target and reference sequence. Gaps presented in the
target sequence are not counted since gaps are not nucleotides
or amino acids. Likewise, gaps presented in the reference
sequence are not counted since target sequence nucleotides or
amino acids are counted, not nucleotides or amino acids from
the reference sequence.

[0097] The percentage of sequence identity is calculated by
determining the number of positions at which the identical
amino-acid residue or nucleic acid base occurs in both
sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of
positions in the window of comparison and multiplying the
result by 100 to yield the percentage of sequence identity. The
comparison of sequences and determination of percent
sequence identity between two sequences can be accom-
plished using readily available software both for online use
and for download. Suitable software programs are available
from various sources, and for alignment of both protein and
nucleotide sequences. One suitable program to determine
percent sequence identity is b12seq, part of the BLAST suite
of program available from the U.S. government’s National
Center for Biotechnology Information BLAST web site
(blast.ncbi.nlm.nih.gov). Bl2seq performs a comparison
between two sequences using either the BLASTN or
BLASTP algorithm. BLASTN is used to compare nucleic
acid sequences, while BLASTP is used to compare amino
acid sequences. Other suitable programs are, e.g., Needle,
Stretcher, Water, or Matcher, part of the EMBOSS suite of
bioinformatics programs and also available from the Furo-
pean Bioinformatics Institute (EBI) at www.ebi.ac.uk/Tools/
psa.

[0098] Different regions within a single polynucleotide or
polypeptide target sequence that aligns with a polynucleotide
or polypeptide reference sequence can each have their own
percent sequence identity. It is noted that the percent
sequence identity value is rounded to the nearest tenth. For
example, 80.11, 80.12, 80.13, and 80.14 are rounded down to
80.1, while 80.15,80.16,80.17, 80.18, and 80.19 are rounded
up to 80.2. It also is noted that the length value will always be
an integer.

[0099] In certain aspects, the percentage identity “X” of a
first amino acid sequence to a second sequence amino acid is
calculated as 100x(Y/Z), whereY is the number of amino acid
residues scored as identical matches in the alignment of the
first and second sequences (as aligned by visual inspection or
a particular sequence alignment program) and Z is the total
number of residues in the second sequence. If the length of'a
first sequence is longer than the second sequence, the percent
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identity of the first sequence to the second sequence will be
higher than the percent identity of the second sequence to the
first sequence.

[0100] One skilled in the art will appreciate that the gen-
eration of a sequence alignment for the calculation of a per-
cent sequence identity is not limited to binary sequence-
sequence comparisons exclusively driven by primary
sequence data. Sequence alignments can be derived from
multiple sequence alignments. One suitable program to gen-
erate multiple sequence alignments is Clustal W2, available
from www.clustal.org. Another suitable program is
MUSCLE, available from www.drive5.com/muscle/. Clust-
alW2 and MUSCLE are alternatively available, e.g., from the
EBL

[0101] TItwill also be appreciated that sequence alignments
can be generated by integrating sequence data with data from
heterogeneous sources such as structural data (e.g., crystal-
lographic protein structures), functional data (e.g., location of
mutations), or phylogenetic data. A suitable program that
integrates heterogeneous data to generate a multiple sequence
alignment is T-Coffee, available at www.tcoffee.org, and
alternatively available, e.g., from the EBI. It will also be
appreciated that the final alignment used to calculate percent
sequence identity can be curated either automatically or
manually.

[0102] The term “consensus sequence,” as used herein with
respect to light chain (VL) and heavy chain (VH) variable
regions, refers to a composite or genericized VL. or VH
sequence defined based on information as to which amino
acid residues within the VL or VH chain are amenable to
modification without detriment to antigen-binding. Thus, in a
“consensus sequence” for a VL or VH chain, certain amino
acid positions are occupied by one of multiple possible amino
acid residues at that position. For example, if an arginine (R)
or a serine (S) occur at a particular position, then that particu-
lar position within the consensus sequence can be either argi-
nine or serine (R or S). Consensus sequences for VH and VL,
chain can be defined, for example, by in vitro affinity matu-
ration (e.g., randomizing every amino acid position in a cer-
tain CDR using degenerate coding primers), by scanning
mutagenesis (e.g., alanine scanning mutagenesis) of amino
acid residues within the antibody CDRs, or any other methods
known in the art, followed by evaluation of the binding of the
mutants to the antigen to determine whether the mutated
amino acid position affects antigen-binding. In some aspects,
mutations are introduced in the CDR regions. In other
aspects, mutations are introduced in framework regions. In
some other aspects, mutations are introduced in CDR and
framework regions.

1II. CD73-BINDING MOLECULES

[0103] The present disclosure provides CD73 binding mol-
ecules, e.g., antibodies and antigen-binding fragments
thereof that specifically bind CD73, for example, human
CD73. The full-length amino acid (aa) and nucleotide (nt)
sequences for CD73 are known in the art (see, e.g., UniProt
Acc. No. P21589 for human CD73, or UniProt Acc. No.
Q61503 for mouse CD73). In some aspects, the anti-CD73
binding molecules are human antibodies (for example, a
clone 10.3 antibody, a clone 2C5 antibody, MEDI9447). In
certain aspects, the CD73 binding molecules are antibodies or
antigen-binding fragments thereof.

[0104] In some aspects, CD73 binding molecules, e.g.,
antibodies or antigen-binding fragments thereof comprise a
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Fab, a Fab', a F(ab"),, a Fd, a single chain Fv or scFv, a
disulfide linked Fv, a V-NAR domain, an IgNar, an intrabody,
an [gG CH2, a minibody, a F(ab');, a tetrabody, a triabody, a
diabody, a single-domain antibody, DVD-Ig, Fcab, mAbZ, a
(scFv),, or a scFv-Fc. In some aspects, the antibody is of the
1gG type, for example of the IgG1 type.

[0105] In some aspects, the anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or antigen-binding fragment thereof comprises a
heavy chain constant region or fragment thereof. In some
specific aspects, the heavy chain constant region is an IgG
constant region. The IgG constant region can comprise a light
chain constant region selected from the group consisting of a
kappa constant region and a lambda constant region.

[0106] In certain aspects, anti-CD73 antibodies or antigen-
binding fragments thereof disclosed herein are modified com-
pared to a parent antibody, e.g., the CD730010 antibody or the
CD730002 antibody. In some aspects, the parent antibody is
CD730010. In other aspects, the parent antibody is
CD730002. In other aspects, the parent antibody is
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069. The modifications can include mutations in the
CDR regions and/or in the FW regions as compared to the
parent antibody, e.g., CD730010 or CD730002.

[0107] The phrase “CD730002 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:1 and two VH domains comprising
the amino acid sequence of SEQ ID NO: 2.

[0108] The phrase “CD730004 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:104 and two VH domains compris-
ing the amino acid sequence of SEQ ID NO:103.

[0109] The phrase “CD730008 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:106 and two VH domains compris-
ing the amino acid sequence of SEQ ID NO: 107.

[0110] The phrase “CD730010 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:3 and two VH domains comprising
the amino acid sequence of SEQ ID NO: 4.

[0111] Thephrase “CD730011 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:5 and two VH domains comprising
the amino acid sequence of SEQ ID NO: 6.

[0112] The phrase “CD730021 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:7 and two VH domains comprising
the amino acid sequence of SEQ ID NO: 8.

[0113] The phrase “CD730042 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:9 and two VH domains comprising
the amino acid sequence of SEQ ID NO: 10.

[0114] The phrase “CD730046 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:11 and two VH domains comprising
the amino acid sequence of SEQ ID NO:12.

[0115] The phrase “CD730047 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:13 and two VH domains comprising
the amino acid sequence of SEQ ID NO:14.

[0116] The phrase “CD730068 antibody” refers to an IgG1
comprising two VL. domains comprising the amino acid
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sequence of SEQ ID NO:108 and two VH domains compris-
ing the amino acid sequence of SEQ ID NO:107.
[0117] The phrase “CD730069 antibody” refers to an [gG1
comprising two VL. domains comprising the amino acid
sequence of SEQ ID NO:110 and two VH domains compris-
ing the amino acid sequence of SEQ ID NO:109.

(1) CD730010-Derived Anti-CD73 Antibodies

[0118] In certain aspects, an anti-CD73 antibody of the
present disclosure comprises modifications to CDR1 and/or
CDR2 and/or CDR3 of the light chain of the CD730010
antibody, including, but not limited to:

[0119] 1) a light chain CDR1 comprising the consensus
sequence SGSLSNIGRNX, VN (SEQ ID NO: 132), wherein
X, represents amino acid residues Proline (P), Glutamic Acid
(E) or Aspartic Acid (D); and/or,

[0120] 2) a light chain CDR2 comprising the consensus
sequence LX,NX,RX X, (SEQ ID NO: 133), wherein X,
represents amino acid residues Asparagine (N) or Aspartic
Acid (D), X, represents amino acid residues Glutamine (Q) or
Leucine (L), X, represents amino acid residues Leucine (L) or
Proline (P), and X represents amino acid residues Glycine
(G) or Serine (S); and/or,

[0121] 3) a light chain CDR3 comprising the consensus
sequence ATWDDSX X GWX (SEQ ID NO: 134), wherein
X, represents amino acid residues Leucine (L) or Histidine
(H), X, represents amino acid residues Lysine (K), Proline
(P), Isoleucine (I) or Asparagine (N), and X, represents amino
acid residues Leucine (L) or Threonine (T).

[0122] In certain aspects, an anti-CD73 antibody of the
present disclosure comprises modifications to CDR1 and/or
CDR2 and/or CDR3 of the heavy chain of the CD730010
antibody, including, but not limited to:

[0123] 1) a heavy chain CDR1 comprising the consensus
sequence SYAX,S (SEQ ID NO: 135), wherein X, represents
amino acid residues Methionine (M) or Tyrosine (Y); and/or,
[0124] 2) a heavy chain CDR2 comprising the consensus
sequence X, ,IX; ,GSX,,GX,;TYYADSVKG (SEQ ID NO:
136), wherein X, , represents amino acid residues Leucine (L)
or Alanine (A), X,, represents amino acid residues Tryp-
tophan (W) or Serine (S), X, , represents amino acid residues
Tryptophan (W) or Glycine (G), and X, ; represents amino
acid residues Serine (S) or Arginine (R); and/or,

[0125] 3) a heavy chain CDR3 comprising the consensus
sequence LGYX X, X, DX, (SEQ ID NO: 137), wherein
X, 4 represents amino acid residues Glycine (G) or Serine (S),
X, srepresents amino acid residues Arginine (R) or Threonine
(1), X, ¢ represents amino acid residues Valine (V) or Isoleu-
cine (I), and X, represents amino acid residues Tyrosine (Y),
Lysine (K), Methionine (M), Leucine (L) or Glutamic acid
®.

[0126] In one aspect, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL region comprising
the consensus amino acid sequence:

(SEQ ID NO: 138)
[FW,]SGSLSNIGRNX, VN[FW,] LX,NX;RX,Xs[Fil;]

ATWDD SX¢X/GWXg[FW,]

wherein [FW, |, [FW,], [FW;] and [FW ] represent the amino
acid residues of VL framework region 1 (SEQ ID NO: 25 or
26), VL framework region 2 (SEQ ID NO: 27 or 28), VL.
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framework region 3 (SEQ ID NO: 29) and VL framework
region 4 (SEQ ID NO: 30), respectively, and wherein

X, represents amino acid residues Proline (P), Glutamic Acid
(E) or Aspartic Acid (D);

X, represents amino acid residues Asparagine (N) or Aspartic
Acid (D);

X, represents amino acid residues Glutamine (Q) or Leucine
L)

X, represents amino acid residues Leucine (L) or Proline (P);
X represents amino acid residues Glycine (G) or Serine (S);
X, represents amino acid residues Leucine (L) or Histidine
(H):

X, represents amino acid residues Lysine (K), Proline (P),
Isoleucine (I) or Asparagine (N); and,

X, represents amino acid residues Leucine (L) or Threonine
(D.

[0127] In one aspect, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH region which com-
prises the consensus amino acid sequence:

(SEQ ID NO: 139)
[FWs]SYAXoS [FWglX;oIX, GSX 50X, 3TYYADSVKG

[FW/JLGYX 14X 5X6DX17 [FWs]

wherein [FW], [FW,], [FW,] and [FWg] represent the
amino acid residues of VH framework region 1 (SEQ ID NO:
31), VH framework region 2 (SEQ ID NO: 32), VH frame-
work region 3 (SEQ ID NO: 33) and VH framework region 4
(SEQ ID NO: 34), respectively, and wherein

X, represents amino acid residues Methionine (M) or
Tyrosine (Y);

X, represents amino acid residues Leucine (L) or Alanine
(A);

X, represents amino acid residues Tryptophan (W) or Serine
(S);

X, represents amino acid residues Tryptophan (W) or Gly-
cine (G);

X5 represents amino acid residues Serine (S) or Arginine
R);

X, 4 represents amino acid residues Glycine (G) or Serine (S);
X, s represents amino acid residues Arginine (R) or Threonine
(1)

X, ¢ represents amino acid residues Valine (V) or Isoleucine
@

X, represents amino acid residues Tyrosine (Y), Lysine (K),
Methionine (M), Leucine (L) or Glutamic acid (E).

[0128] In one aspect, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL region comprising
the consensus amino acid sequence:

(SEQ ID NO: 138)
[FW,]SGSLSNIGRNX, VN[FW,] LX,NX;RX,Xs[FW;]

ATWDDSX X7GWXg[FW,]

wherein [FW, ], [FW,], [FW;] and [FW,] represent the amino
acid residues of VL framework region 1 (SEQ ID NO: 25 or
26), VL framework region 2 (SEQ ID NO: 27 or 28), VL.
framework region 3 (SEQ ID NO: 29) and VL framework
region 4 (SEQ ID NO: 30), respectively, and wherein

X, represents amino acid residues Proline (P), Glutamic Acid
(E) or Aspartic Acid (D);

X, represents amino acid residues Asparagine (N) or Aspartic
Acid (D);
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X, represents amino acid residues Glutamine (Q) or Leucine
@L);

X, represents amino acid residues Leucine (L) or Proline (P);
X represents amino acid residues Glycine (G) or Serine (S);
X, represents amino acid residues Leucine (L) or Histidine
(H):

X, represents amino acid residues Lysine (K), Proline (P),
Isoleucine (I) or Asparagine (N); and,

X, represents amino acid residues Leucine (L) or Threonine
(T

and wherein the anti-CD73 antibody or antigen-binding frag-
ment thereof further comprises a VH region which comprises
the consensus amino acid sequence:

(SEQ ID NO: 139)
[FWs]SYAX,S [FWglX,0IX, GSX,,GX, ;TYYADSVKE

[FW/JLGYX X, 5X 6DX,7 [FWs]

wherein [FW.], [FW,], [FW,] and [FW,] represent the
amino acid residues of VH framework region 1 (SEQ ID NO:
31), VH framework region 2 (SEQ ID NO: 32), VH frame-
work region 3 (SEQ ID NO: 33) and VH framework region 4
(SEQ ID NO: 34), respectively, and wherein

X, represents amino acid residues Methionine (M) or
Tyrosine (Y);

X, represents amino acid residues Leucine (L) or Alanine
(A);

X, represents amino acid residues Tryptophan (W) or Serine
(S

X, represents amino acid residues Tryptophan (W) or Gly-
cine (G);

X, 5 represents amino acid residues Serine (S) or Arginine
R);

X, 4 represents amino acid residues Glycine (G) or Serine (S);
X, s represents amino acid residues Arginine (R) or Threonine
(D

X, ¢ represents amino acid residues Valine (V) or Isoleucine
@

X, represents amino acid residues Tyrosine (Y), Lysine (K),
Methionine (M), Leucine (L) or Glutamic acid (E).

[0129] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 46,47, and 48. In some aspects, the anti-CD73 antibody
or antigen-binding fragment thereof comprises a VL-CDR1
comprising a sequence selected from the group consisting of
SEQ ID NOs: 46, 47, and 48.

[0130] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR2 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 49, 50, 51, and 52. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VL-CDR2 comprising a sequence selected from the group
consisting of SEQ ID NOs: 49, 50, 51 and 52.

[0131] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR3 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 53, 54, 55, and 56. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VL-CDR3 comprising a sequence selected from the group
consisting of SEQ ID NOs: 53, 54, 55, and 56.

[0132] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 consisting
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of a sequence selected from the group consisting of SEQ ID
NOs: 35 and 36. In some aspects, the anti-CD73 antibody or
antigen-binding fragment thereof comprises a VH-CDR1
comprising a sequence selected from the group consisting of
SEQ ID NOs: 35 and 36.

[0133] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR2 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 37, 38, 39, and 40. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VH-CDR2 comprising a sequence selected from the group
consisting of SEQ ID NOs: 37, 38, 39, and 40.

[0134] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR3 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 41, 42, 43, 44, and 45. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VH-CDR3 comprising a sequence selected from the group
consisting of SEQ ID NOs: 41, 42, 43, 44, and 45.

[0135] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 46, 47, and 48, except for one, two, three or four amino
acid substitutions. In some aspects, the anti-CD73 antibody
orantigen-binding fragment comprises a VL-CDR1 compris-
ing a sequence selected from the group consisting of SEQ ID
NOs: 46, 47, and 48, except for one, two, three or four amino
acid substitutions.

[0136] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR2 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 49, 50, 51, and 52, except for one, two, three, or four
amino acid substitutions. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VL-CDR2 comprising a sequence selected from the group
consisting of SEQ ID NOs: 49, 50, 51, and 52, except for one,
two, three or four amino acid substitutions.

[0137] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR3 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 53, 54, 55, and 56, except for one, two, three, or four
amino acid substitutions. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VL-CDR3 comprising a sequence selected from the group
consisting of SEQ ID NOs: 53, 54, 55, and 56, except for one,
two, three or four amino acid substitutions.

[0138] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 35 and 36, except for one, two, three, or four amino acid
substitutions. In some aspects, the anti-CD73 antibody or
antigen-binding fragment thereof comprises a VH-CDR1
comprising a sequence selected from the group consisting of
SEQ ID NOs: 35 and 36, except for one, two, three or four
amino acid substitutions.

[0139] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR2 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 37, 38, 39, and 40, except for one, two, three, or four
amino acid substitutions. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VH-CDR2 comprising a sequence selected from the group
consisting of SEQ ID NOs: 37,38, 39, and 40, except for one,
two, three or four amino acid substitutions.
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[0140] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR3 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 41,42, 43, 44, and 45, except for one, two, three, or four
amino acid substitutions. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VH-CDR3 comprising sequence selected from the group
consisting of SEQ ID NOs: 41, 42, 43, 44, and 45, except for
one, two, three or four amino acid substitutions.

[0141] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 46, 47 and 48; a VL-CDR2 consisting of a sequence
selected from the group consisting of SEQ ID NOs: 49, 50,
51,and 52; and a VL-CDR3 consisting of a sequence selected
from the group consisting of SEQ ID NOs: 53, 54, 55, and 56.
In some aspects, the anti-CD73 antibody or antigen-binding
fragment thereof comprises a VL-CDR1 comprising a
sequence selected from the group consisting of SEQ ID NOs:
46, 47 and 48; a VL.-CDR2 comprising a sequence selected
from the group consisting of SEQ ID NOs: 49, 50, 51, and 52;
and a VL-CDR3 comprising a sequence selected from the
group consisting of SEQ ID NOs: 53, 54, 55, and 56.

[0142] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 35 and 36; a VH-CDR2 consisting of a sequence
selected from the group consisting of SEQ ID NOs: 37, 38,
39, and 40; and a VH-CDR3 consisting of a sequence selected
from the group consisting of SEQ ID NOs: 41, 42,43, 44, and
45. In some aspects, the anti-CD73 antibody or antigen-bind-
ing fragment thereof comprises a VH-CDR1 comprising a
sequence selected from the group consisting of SEQ ID NOs:
35 and 36; a VH-CDR2 comprising a sequence selected from
the group consisting of SEQ 1D NOs: 37, 38, 39, and 40; a
VH-CDR3 comprising a sequence selected from the group
consisting of SEQ ID NOs: 41, 42, 43, 44, and 45.

[0143] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 46, 47 and 48 except for one, two, three or four amino
acid substitutions; a VL-CDR2 consisting of a sequence
selected from the group consisting of SEQ ID NOs: 49, 50,
51, and 52 except for one, two, three or four amino acid
substitutions; and a VL-CDR3 consisting of a sequence
selected from the group consisting of SEQ ID NOs: 53, 54,
55, and 56 except for one, two, three or four amino acid
substitutions.

[0144] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR1 comprising
a sequence selected from the group consisting of SEQ ID
NOs: 46, 47 and 48 except for one, two, three, or four amino
acid substitutions; a VL-CDR2 comprising a sequence
selected from the group consisting of SEQ ID NOs: 49, 50,
51, and 52 except for one, two, three, or four amino acid
substitutions; and a VL-CDR3 comprising a sequence
selected from the group consisting of SEQ ID NOs: 53, 54,
55, and 56 except for one, two, three or four amino acid
substitutions.

[0145] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 35 and 36 except for one, two, three, or four amino acid
substitutions; a VH-CDR2 consisting of a sequence selected
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from the group consisting of SEQ ID NOs: 37, 38, 39, and 40
except for one, two, three, or four amino acid substitutions;
and a VH-CDR3 consisting of a sequence selected from the
group consisting of SEQ ID NOs: 41, 42, 43, 44, and 45
except for one, two, three or four amino acid substitutions.
[0146] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 comprising
a sequence selected from the group consisting of SEQ ID
NOs: 35 and 36 except for one, two, three, or four amino acid
substitutions; a VH-CDR2 comprising a sequence selected
from the group consisting of SEQ ID NOs: 37, 38, 39, and 40
except for one, two, three, or four amino acid substitutions; a
VH-CDR3 comprising a sequence selected from the group
consisting of SEQ ID NOs: 41, 42, 43, 44, and 45 except for
one, two, three or four amino acid substitutions.

[0147] In certain aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof comprises modifications to
CDR1, and/or CDR2, and/or CDR3 of the heavy and/or light
chain, and further comprises modifications to FW1, and/or
FW2, and/or FW3, and/or FW4 of the heavy and/or light
chain.

[0148] Insome aspects, FW,; comprises SEQ ID NO: 25 or
26, FW, comprises SEQ ID NO: 27 or 28, FW; comprises
SEQ ID NO: 29, FW, comprises SEQ ID NO: 30, FW;
comprises SEQ ID NO: 31, FW, comprises SEQ ID NO: 32,
FW. comprises SEQID NO: 33, and FW, comprises SEQ ID
NO: 34.

[0149] Insome aspects, FW, comprises SEQ ID NO: 25 or
26, except for one, two, three, or four amino acid substitu-
tions; FW, comprises SEQ ID NO: 27 or 28, except for one,
two, three, or four amino acid substitutions; FW; comprises
SEQIDNO: 29, except for one, two, three, or four amino acid
substitutions; FW , comprises SEQ ID NO: 30, except for one,
two, three, or four amino acid substitutions; FW comprises
SEQIDNO: 31, except for one, two, three, or four amino acid
substitutions; FW ¢ comprises SEQ IDNO: 32, except for one,
two, three, or four amino acid substitutions; FW., comprises
SEQID NO: 33, except for one, two, three, or four amino acid
substitutions; and FWg comprises SEQ ID NO: 34.

[0150] In certain aspects, the anti-CD733 antibody or anti-
gen-binding fragment thereof comprises a VL and a VH com-
prising VL-CDR1, VL-CRD2, VL-CDR3, VH-CDR1, VH-
CDR2, and VH-CDR3 amino acid sequences identical or
identical except for one, two, three or four amino acid sub-
stitutions in one or more CDRs, wherein such VL-CDRI,
VL-CRD2, VL-CDR3, VH-CDR1, VH-CDR2, and
VH-CDRS3 are:

SEQ ID NOs: 46, 49, 53, 35, 37, and 41; or,
SEQ ID NOs: 47, 49, 53, 35, 37 and 41; or,
SEQ ID NOs: 47, 49, 54, 36, 37 and 42; or,
SEQ ID NOs: 46, 50, 54, 36, 38 and 43; or,
SEQ ID NOs: 46, 51, 55, 36, 39 and 44; or,
SEQ ID NOs: 48, 52, 54, 36, 40 and 44; or,
SEQ ID NOs: 46, 49, 56, 35, 37 and 41; or,
SEQ ID NOs: 46, 49, 53, 35, 37 and 45; or,
SEQ ID NOs: 47, 49, 56, 36, 37 and 45; or,
SEQ ID NOs: 46, 50, 56, 36, 38 and 45; or,
SEQ ID NOs: 46, 51, 56, 36, 39 and 45; or,

SEQ ID NOs: 48, 52, 56, 36, 40 and 45; or
[0151] SEQIDNOs: 46,49,56,35,37 and 45, respectively.
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[0152] In certain aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof comprises an antibody VL and
an antibody VH, wherein the VL. comprises an amino acid
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
100% identical to a reference amino acid sequence selected
from the group consisting of SEQ ID NO: 57, SEQ ID NO:
58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ
IDNO: 62, SEQIDNO: 63, SEQIDNO: 64, SEQID NO: 65,
SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID
NO: 69, and SEQ ID NO: 70.

[0153] Inother aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises an antibody VL and an
antibody VH, wherein the VH comprises an amino acid
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
100% identical to a reference amino acid sequence selected
from the group consisting of SEQ ID NO: 71, SEQ ID NO:
72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ
IDNO: 76, SEQIDNO: 77, SEQIDNO: 78, SEQIDNO: 79,
SEQ ID NO: 80, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID
NO: 82, SEQ ID NO: 83 and SEQ ID NO: 84.

[0154] Inother aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL comprising a
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
100% identical to a reference amino acid sequence selected
from the group consisting of SEQ ID NO: 57, SEQ ID NO:
58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ
IDNO: 62, SEQIDNO: 63, SEQIDNO: 64, SEQID NO: 65,
SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID
NO: 69, and SEQ ID NO: 70, and further comprises a VH
comprising a sequence at least about 80%, about 85%, about
90%, about 95%, about 96%, about 97%, about 98%, about
99%, or about 100% identical to a reference amino acid
sequence selected from the group consisting of SEQ ID NO:
71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ
IDNO: 75, SEQIDNO: 76, SEQIDNO: 77,SEQIDNO: 78,
SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID
NO: 82, SEQ ID NO: 83 and SEQ ID NO: 84.

[0155] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL. comprising the
sequence of SEQ ID NO: 68 and a VH comprising the
sequence of SEQ ID NO:82. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises aVL
consisting of the sequence of SEQ ID NO:68 and a VH
consisting of the sequence of SEQ ID NO:82.

[0156] The “clone 10.3 antibody” (also designated
“73combo3” or “MEDI9%47”) is an IgG1 comprising two
CD730010-derived light chains (VL) of SEQ ID NO: 68
(comprising three CDRs, CDR1, CDR2, and CDR3, with the
sequences of SEQ ID NO: 46, 51 and 56, respectively), and
two CD730010-derived heavy chains (VH) of SEQ ID NO:
82 (comprising three CDRs, CDR1, CDR2, and CDR3, with
the sequences of SEQ ID NO: 36, 39, and 45, respectively).
[0157] In certain aspects, an anti-CD73 antibody or anti-
gen-binding fragment thereof disclosed herein binds CD73
with substantially the same or better affinity as a 10.3 anti-
body comprising the 10.3 heavy chain VH of SEQ ID NO: 82
and the 10.3 light chain VL of SEQ ID NO: 68.

(i1) CD730002-Derived Anti-CD73 Antibodies

[0158] In certain aspects, the anti-CD73 antibody of the
present disclosure comprises modifications to CDR1 and/or
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CDR2 and/or CDR3 of the light chain of the CD730002
antibody, including, but not limited to:

[0159] 1) a light chain CDR1 comprising the sequence
SGDKVGDKYAS (SEQ ID NO: 97); and/or,

[0160] 2) a light chain CDR2 comprising the consensus
sequence EDX | KX, ;X5 (SEQ ID NO: 140), wherein X, &
represents amino acid residues Serine (S) or Threonine (T),
X, represents amino acid residues Arginine (R) or Tyrosine
(Y), and X, represents amino acid residues Histidine (H),
Proline (P) or Leucine (L); and/or,

[0161] 3) a light chain CDR3 comprising the sequence
QAWDTSFWYV (SEQ ID NO: 100).

[0162] In certain aspects, the anti-CD73 antibody of the
present disclosure comprises modifications to CDR1 and/or
CDR2 and/or CDR3 of the heavy chain of CD730002, includ-
ing, but not limited to:

[0163] 1) a heavy chain CDR1 comprising the sequence
SX,, A X,,5 (SEQ ID NO: 141), wherein X,, represents
amino acid residues Tyrosine (Y) or Valine (V), and X,,
represents amino acid residues Methionine (M) or Arginine
(R); and/or,

[0164] 2) a heavy chain CDR2 comprising the sequence
AISGSGGSX,,YY X,,DSVKX,; (SEQ ID NO: 142),
wherein X, represents amino acid residues Threonine (T) or
Proline (P); X,, represents amino acid residues Alanine (A)
or G (Glycine); and X, 5 represents amino acid residues Gly-
cine (G) or Arginine (R); and/or,

[0165] 3) a heavy chain CDR3 comprising the sequence
DKGYYWYM (SEQ ID NO: 143).

[0166] In one aspect, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL region comprising
the consensus amino acid sequence:

(SEQ ID NO: 144)
[FWy] SGDKVGDKYAS[FW o] EDX KX 19X20S[FW ]

QAWDTSFWV[FW,5]

wherein [FW,], [FW,,], [FW,,] and [FW,] represent the
amino acid residues of VL framework region 1 (SEQ ID NO:
90 or 91), VL framework region 2 (SEQ ID NO: 92), VL.
framework region 3 (SEQ ID NO: 93, 94 or 122) and VL.
framework region 4 (SEQ ID NO: 30), respectively; and
wherein X, represents amino acid residues Proline (P) or
Leucine (L); X, , represents amino acid residues Arginine (R)
or Tyrosine (Y); and X, , represents amino acid residues His-
tidine (H), Proline (P) or Leucine (L).

[0167] In one aspect, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH region which com-
prises the consensus amino acid sequence:

(SEQ ID NO: 145)
[FW,5] SX, A X,oS[FW,,]AISGSCASX,,YY

X54DSVKX 5[ FW, 5| DKGYYWYM[FW ;6]

wherein [FW 5], [FW ], [FW,5] and [FW ] represent the
amino acid residues of VH framework region 1 (SEQ ID NO:
31), VH framework region 2 (SEQ ID NO: 32), VH frame-
work region 3 (SEQ ID NO: 33) and VH framework region 4
(SEQ ID NO: 89), respectively; and wherein X, represents
amino acid residues Tyrosine (Y) or Valine (V); X,, repre-
sents amino acid residues Methionine (M) or Arginine (R);
X,; represents amino acid residues Threonine (T) or Proline
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(P); X,, represents amino acid residues Alanine (A) or G
(Glycine); and X, represents amino acid residues Glycine
(G) or Arginine (R).

[0168] In one aspect, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL region comprising
the consensus amino acid sequence:

(SEQ ID NO: 144)
[FW]SGDKVGDKYAS[FW,o]EDX g KX oXo0S[FW ]

QRWDTSFWV[FW,>]

wherein [FW], [FW ], [FW,,] and [FW,,] represent the
amino acid residues of VL framework region 1 (SEQ ID NO:
90 or 91), VL framework region 2 (SEQ ID NO: 92), VL.
framework region 3 (SEQ ID NO: 93, 94 or 122) and VL.
framework region 4 (SEQ ID NO: 30), respectively; and
wherein X, represents amino acid residues Proline (P) or
Leucine (L); X, , represents amino acid residues Arginine (R)
or Tyrosine (Y); and X, , represents amino acid residues His-
tidine (H), Proline (P) or Leucine (L),

and wherein the anti-CD73 antibody or antigen-binding frag-
ment thereof further comprises a VH region which comprises
the consensus amino acid sequence:

(SEQ ID NO: 145)
[FW 3] SX2A XrS[FW 4]|AlSGSGESK,3YY

X54DSVKX,s[FW, 5| DKGYYWYM[FW ;]

wherein [FW ,], [FW,,], [FW,] and [FW ] represent the
amino acid residues of VH framework region 1 (SEQ ID NO:
31), VH framework region 2 (SEQ ID NO: 32), VH frame-
work region 3 (SEQ ID NO: 33) and VH framework region 4
(SEQ ID NO: 89), respectively; and wherein X,, represents
amino acid residues Tyrosine (Y) or Valine (V); X,, repre-
sents amino acid residues Methionine (M) or Arginine (R);
X, represents amino acid residues Threonine (T) or Proline
(P); X,, represents amino acid residues Alanine (A) or G
(Glycine); and X, 5 represents amino acid residues Glycine
(G) or Arginine (R).

[0169] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR1 consisting
of'a sequence consisting of SEQ ID NO: 97. In some aspects,
the anti-CD73 antibody or antigen-binding fragment thereof
comprises a VL-CDRI1 comprising a sequence consisting of
SEQ ID NO: 97.

[0170] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR2 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 98, 99, 127, 128, and 129. In some aspects, the anti-
CD73 antibody or antigen-binding fragment thereof com-
prises a VL-CDR2 comprising a sequence selected from the
group consisting of SEQ ID NOs: 98, 99, 127, 128 and 129.
[0171] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR3 consisting
of'asequence consisting of SEQ ID NO: 100. In some aspects,
the anti-CD73 antibody or antigen-binding fragment thereof
comprises a VL-CDR3 comprising a sequence consisting of
SEQ ID NO: 100.

[0172] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 consisting
of'a sequence of a sequence selected from the group consist-
ing of SEQ ID NOs: 35, 123 and 124. In some aspects, the
anti-CD73 antibody or antigen-binding fragment thereof
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comprises a VH-CDRI1 comprising a sequence selected from
the group consisting of SEQ ID NOs: 35, 123 and 124.

[0173] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR2 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 37, 95, 125 and 126. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VH-CDR2 comprising a sequence selected from the group
consisting of SEQ ID NOs: 37, 95, 125, and 126.

[0174] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR3 consisting
of'a sequence consisting of SEQ ID NO: 96. In some aspects,
the anti-CD73 antibody or antigen-binding fragment thereof
comprises a VH-CDR3 comprising a sequence consisting of
SEQ ID NO: 96.

[0175] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR1 consisting
of a sequence consisting of SEQ ID NO: 97, except for one,
two, three, or four amino acid substitutions. In some aspects,
the anti-CD73 antibody or antigen-binding fragment thereof
comprises a VL-CDR1 comprising a sequence consisting of
SEQ ID NO: 97, except for one, two, three or four amino acid
substitutions.

[0176] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR2 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 98, 99, 127, 128, and 129, except for one, two, three, or
four amino acid substitutions. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VL-CDR2 comprising a sequence selected from the group
consisting of SEQ ID NOs: 98, 99, 127, 128, and 129, except
for one, two, three, or four amino acid substitutions.

[0177] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR3 consisting
of'a sequence consisting of SEQ ID NO: 100, except for one,
two, three, or four amino acid substitutions. In some aspects,
the anti-CD73 antibody or antigen-binding fragment thereof
comprises a VL-CDR3 comprising a sequence consisting of
SEQ ID NO: 100, except for one, two, three, or four amino
acid substitutions.

[0178] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 35, 123 and 124, except for one, two, three, or four
amino acid substitutions. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VH-CDR1 comprising a sequence selected from the group
consisting of SEQ ID NOs: 35, 123 and 124, except for one,
two, three, or four amino acid substitutions.

[0179] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR2 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 37, 95, 125 and 126, except for one, two, three, or four
amino acid substitutions. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises a
VH-CDR2 comprising a sequence selected from the group
consisting of SEQ ID NOs: 37, 95, 125 and 126, except for
one, two, three, or four amino acid substitutions.

[0180] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR3 consisting
of a sequence consisting of SEQ ID NO: 96, except for one,
two, three, or four amino acid substitutions. In some aspects,
the anti-CD73 antibody or antigen-binding fragment thereof
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comprises a VH-CDR3 comprising a sequence consisting of
SEQ ID NO: 96, except for one, two, three, or four amino acid
substitutions.

[0181] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR1 consisting
of a sequence consisting of SEQ ID NO: 97; a VL-CDR2
consisting of a sequence selected from the group consisting of
SEQ ID NOs: 98, 99, 127, 128, and 129; and a VL-CDR3
consisting of a sequence consisting of SEQ ID NO: 100. In
some aspects, the anti-CD73 antibody or antigen-binding
fragment thereof comprises a VL-CDR1 comprising a
sequence consisting of SEQ ID NO: 97; a VL.-CDR2 com-
prising a sequence selected from the group consisting of SEQ
ID NOs: 98, 99, 127, 128, and 129; and a VL-CDR3 com-
prising a sequence consisting of SEQ ID NO: 100.

[0182] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 35,123, and 124; a VH-CDR2 consisting of a sequence
selected from the group consisting of SEQ ID NOs: 37, 95,
125, and 126; and a VH-CDR3 consisting of a sequence
consisting of SEQ ID NOs: 96. In some aspects, the anti-
CD73 antibody or antigen-binding fragment thereof com-
prises a VH-CDRI1 comprising a sequence selected from the
group consisting of SEQ ID NOs: 35, 123, and 124; a VH-
CDR2 comprising a sequence selected from the group con-
sisting of SEQ ID NOs: 37, 95, 125, and 126; a VH-CDR3
comprising a sequence consisting of SEQ ID NO: 96.

[0183] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR1 consisting
of a sequence consisting of SEQ ID NO: 97, except for one,
two, three, or four amino acid substitutions; a VL-CDR2
consisting of a sequence selected from the group consisting of
SEQ ID NOs: 98, 99, 127, 128, and 129, except for one, two,
three or four amino acid substitutions; and a VL-CDR3 con-
sisting of a sequence consisting of SEQ ID NO: 100, except
for one, two, three, or four amino acid substitutions.

[0184] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL.-CDR1 comprising
a sequence consisting of SEQ ID NOs: 97, except for one,
two, three or four amino acid substitutions; a VL.-CDR2 com-
prising a sequence selected from the group consisting of SEQ
ID NOs: 98,99, 127, 128, and 129, except for one, two, three
or four amino acid substitutions; and a VL.-CDR3 comprising
a sequence consisting of SEQ ID NO:100, except for one,
two, three or four amino acid substitutions.

[0185] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 consisting
of a sequence selected from the group consisting of SEQ ID
NOs: 35, 123, and 124, except for one, two, three or four
amino acid substitutions; a VH-CDR2 consisting of a
sequence selected from the group consisting of SEQ ID NOs:
37,95,125, and 126, except for one, two, three, or four amino
acid substitutions; and a VH-CDR3 consisting of a sequence
consisting of SEQ ID NO: 96, except for one, two, three or
four amino acid substitutions.

[0186] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 comprising
a sequence selected from the group consisting of SEQ ID
NOs: 35, 123, and 124, except for one, two, three, or four
amino acid substitutions; a VH-CDR2 comprising a sequence
selected from the group consisting of SEQ ID NOs: 37, 95,
125, and 126, except for one, two, three, or four amino acid
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substitutions; a VH-CDR3 comprising a sequence consisting
of SEQ ID NO: 96, except for one, two, three or four amino
acid substitutions.

[0187] In certain aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof comprises modifications to
CDR1, and/or CDR2, and/or CDR3 of the heavy and/or light
chain, and further comprises modifications to FW1, and/or
FW2, and/or FW3, and/or FW4 of the heavy and/or light
chain.

[0188] Insome aspects, FW, comprises SEQ ID NO: 90 or
91, FW,, comprises SEQ ID NO: 92, FW,, comprises SEQ
ID NO: 93, 94, or 122, FW,, comprises SEQ ID NO: 30,
FW,; comprises SEQ ID NO: 31, FW,, comprises SEQ ID
NO: 32, FW, 5 comprises SEQ ID NO: 33, and FW, com-
prises SEQ ID NO: 89.

[0189] Insome aspects, FW, comprises SEQ ID NO: 90 or
91, except for one, two, three, or four amino acid substitu-
tions, FW  , comprises SEQ ID NO: 92, except for one, two,
three, or four amino acid substitutions, FW,, comprises SEQ
ID NO: 93, 94, or 122, except for one, two, three, or four
amino acid substitutions, FW,, comprises SEQ ID NO: 30,
except for one, two, three, or four amino acid substitutions,
FW, ; comprises SEQ ID NO: 31, except for one, two, three,
or four amino acid substitutions, FW,, comprises SEQ ID
NO: 32, except for one, two, three, or four amino acid sub-
stitutions, FW, 5 comprises SEQ ID NO: 33, except for one,
two, three or four amino acid substitutions, and FW, , com-
prises SEQ ID NO: 89.

[0190] In certain aspects, the anti-CD733 antibody or anti-
gen-binding fragment thereof comprises a VL and a VH com-
prising VL-CDR1, VL-CRD2, VL-CDR3, VH-CDR1, VH-
CDR2, and VH-CDR3 amino acid sequences identical or
identical except for one, two, three, or four amino acid sub-
stitutions in one or more CDRs, wherein such VL-CDRI,
VL-CRD2, VL-CDR3, VH-CDR1, VH-CDR2, and
VH-CDRS3 are:

SEQ ID NOs: 97, 98, 100, 35, 37, and 96; or,
SEQ ID NOs: 97, 99, 100, 35, 95 and 96; or,
SEQ ID NOs: 97, 98, 100, 35, 37, and 96; or,
SEQ ID NOs: 97, 99, 100, 123, 37, and 96; or,
SEQ ID NOs: 97, 99, 100, 124, 37, and 96; or,
SEQ ID NOs: 97, 99, 100, 35, 125, and 96; or,
SEQ ID NOs: 97, 99, 100, 35, 126, and 96; or,
SEQ ID NOs: 97, 99, 100, 35, 95, and 96; or,
SEQ ID NOs: 97, 127, 100, 35, 95, and 96; or,
SEQ ID NOs: 97, 128, 100, 35, 95, and 96; or,

SEQ ID NOs: 97, 129, 100, 35, 95, and 96; or,

[0191] SEQ ID NOs: 97, 99, 100, 35, 95, and 96; respec-
tively.
[0192] In certain aspects, the anti-CD73 antibody or anti-

gen-binding fragment thereof comprises an antibody VL and
an antibody VH, wherein the VL. comprises an amino acid
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
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100% identical to a reference amino acid sequence selected
from the group consisting of SEQ ID NOs: 86, 88, 112, 118,
119, 120, and 121.

[0193] Inotheraspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises an antibody VL and an
antibody VH, wherein the VH comprises an amino acid
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
100% identical to a reference amino acid sequence selected
from the group consisting of SEQ ID NOs: 85, 87, 111, 113,
114,115, 116, and 117.

[0194] Inother aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL comprising a
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
100% identical to a reference amino acid sequence selected
from the group consisting of SEQ ID NOs: 86, 88, 112, 118,
119, 120, and 121; and further comprises a VH comprising a
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
100% identical to a reference amino acid sequence selected
from the group consisting of SEQ ID NOs: 85, 87, 111, 113,
114,115, 116, and 117.

[0195] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL. comprising the
sequence of SEQ ID NO: 88; and a VH comprising the
sequence of SEQ ID NO:87. In some aspects, the anti-CD73
antibody or antigen-binding fragment thereof comprises aVL
consisting of the sequence of SEQ ID NO:87, and a VH
consisting of the sequence of SEQ ID NO:87.

[0196] The “clone 2C5 antibody” is an IgG1 comprising
two CD730002-derived light chains (VL) of SEQ ID NO: 88
(comprising three CDRs, CDR1, CDR2, and CDR3, with the
sequences of SEQ ID NO: 97, 99, and 100, respectively), and
CD7300002-derived heavy chains (VH) of SEQ ID NO: 87
(comprising three CDRs, CDR1, CDR2, and CDR3, with the
sequences of SEQ ID NO: 35, 95, and 96, respectively).

[0197] In certain aspects, an anti-CD73 antibody or anti-
gen-binding fragment thereof disclosed herein binds CD73
with substantially the same or better affinity as a 2C5 anti-
body comprising the 2C5 heavy chain VH of SEQ ID NO: 87
and the 2C5 light chain VL of SEQ ID NO: 88.

(iii) Anti-CD73 Antibodies with Parent Antibodies Other than
CD730002 or CD730010

[0198] In other aspects, the parent antibody of an anti-
CD?73 antibody or antigen-binding fragment disclosed herein
is CD730004 (i.e., an anti-CD73 antibody comprising a VL of
SEQ ID NO: 104 and a VH of SEQ ID NO:103), CD730008
(i.e., an anti-CD73 antibody comprising a VL of SEQ ID NO:
106 and a VH of SEQ ID NO:107), CD7300011 (i.e., an
anti-CD73 antibody comprising a VL of SEQ IDNO: Sand a
VH of SEQ ID NO:6), CD730021 (i.e., an anti-CD73 anti-
body comprising a VL. of SEQ ID NO: 7 and a VH of SEQ ID
NO:8), CD730042 (i.e., an anti-CD73 antibody comprising a
VL of SEQ ID NO: 9 and a VH of SEQ ID NO:10),
CD730046 (i.e., an anti-CD73 antibody comprising a VL of
SEQ ID NO: 11 and a VH of SEQ ID NO:12), CD730047
(i.e., an anti-CD73 antibody comprising a VL of SEQ ID NO:
13 and a VH of SEQ ID NO:14), CD730068 (i.e., an anti-
CD73 antibody comprising a VL. of SEQ ID NO: 108 and a
VH of SEQ ID NO:107), or CD730069 (i.e., an anti-CD73
antibody comprising a VL. of SEQ ID NO: 110 and a VH of
SEQ ID NO:109). The modifications to the parent antibodies
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can include mutations in the CDR regions and/or in the FW
regions as compared to the parent antibody, e.g., CD730004.
[0199] In certain aspects, the anti-CD73 antibody com-
prises modifications to CDR1 and/or CDR2 and/or CDR3 of
the light chain of CD730004, CD730008, CD7300011,
CD730021, CD730042, CD730046, CD730047, CD730068,
or CD730069.

[0200] In certain aspects, the anti-CD73 antibody com-
prises modifications to CDR1 and/or CDR2 and/or CDR3 of
the heavy chain of CD730004, CD730008, CD7300011,
CD730021, CD730042, CD730046, CD730047, CD730068,
or CD730069.

[0201] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDRI1 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069. In some aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof comprises a VL-CDR2 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069. In some aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof comprises a VL-CDR3 from

CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD7300609.

[0202] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069. In some aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof comprises a VH-CDR2 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069. In some aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof comprises a VH-CDR3 from

CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD7300609.

[0203] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDRI1 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069 except for one, two, three, or four amino acid
substitutions. In some aspects, the anti-CD73 antibody or
antigen-binding fragment thereof comprises a VL-CDR2
from CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069, except for one, two, three, or four amino acid
substitutions. In some aspects, the anti-CD73 antibody or
antigen-binding fragment thereof comprises a VL-CDR3
from CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069, except for one, two, three or four amino acid
substitutions.

[0204] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069, except for one, two, three, or four amino acid
substitutions. In some aspects, the anti-CD73 antibody or
antigen-binding fragment thereof comprises a VH-CDR2
from CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069, except for one, two, three, or four amino acid
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substitutions. In some aspects, the anti-CD73 antibody or
antigen-binding fragment thereof comprises a VH-CDR3
from CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069, except for one, two, three or four amino acid
substitutions.

[0205] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR1 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069; a VL-CDR2 from CD730004, CD730008,
CD7300011, CD730021, CD730042, (CD730046,
CD730047,CD730068, or CD730069; and a VL-CDR3 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069.

[0206] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069; a VH-CDR2 from CD730004, CD730008,
CD7300011, CD730021, CD730042, (CD730046,
CD730047,CD730068, or CD730069; and aVH-CDR3 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069.

[0207] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL-CDR1 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or

CD730069, except for one, two, three or four amino acid
substitutions; a VL-CDR2 from CD730004, CD730008,
CD7300011, CD730021, CD730042, CD730046,
CD730047, CD730068, or CD730069, except for one, two,
three or four amino acid substitutions; and a VL-CDR3 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069, except for one, two, three or four amino acid
substitutions.

[0208] Insome aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VH-CDR1 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069, except for one, two, three or four amino acid
substitutions; a VH-CDR2 from CD730004, CD730008,
CD7300011, CD730021, CD730042, CD730046,
CD730047, CD730068, or CD730069, except for one, two,
three or four amino acid substitutions; and a VH-CDR3 from
CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069, except for one, two, three or four amino acid
substitutions.

[0209] In certain aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof comprises modifications to
CDR1, and/or CDR2, and/or CDR3 of the heavy and/or light
chain from CD730004, CD730008, CD7300011, CD730021,
CD730042, CD730046, CD730047, CD730068, or
CD730069, and further comprises modifications to FW1,
and/or FW2, and/or FW3, and/or FW4 of the heavy and/or
light chain from CD730004, CD730008, CD7300011,
CD730021, CD730042, CD730046, CD730047, CD730068,
or CD730069.

[0210] In certain aspects, the anti-CD733 antibody or anti-
gen-binding fragment thereof comprises a VL and a VH com-
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prising VL-CDR1, VL-CRD2, VL-CDR3, VH-CDR1, VH-
CDR2, and VH-CDR3 amino acid sequences identical or
identical except for one, two, three, or four amino acid sub-
stitutions in one or more CDRs, wherein such VL-CDRI,
VL-CRD2, VL-CDR3, VH-CDRI, VH-CDR2, and
VH-CDR3 are from CD730004, CD730008, CD7300011,
CD730021, CD730042, CD730046, CD730047, CD730068,
or CD730069.

[0211] In certain aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof comprises an antibody VL and
an antibody VH, wherein the VL. comprises an amino acid
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
100% identical to a reference amino acid sequence selected
from VL sequences from CD730004, CD730008,
CD7300011, CD730021, CD730042, CD730046,
CD730047, CD730068, or CD730069.

[0212] Inother aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises an antibody VL and an
antibody VH, wherein the VH comprises an amino acid
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
100% identical to a reference amino acid sequence selected
from VH sequences from CD730004, CD730008,
CD7300011, CD730021, CD730042, CD730046,
CD730047, CD730068, or CD730069.

[0213] Inother aspects, the anti-CD73 antibody or antigen-
binding fragment thereof comprises a VL comprising a
sequence at least about 80%, about 85%, about 90%, about
95%, about 96%, about 97%, about 98%, about 99%, or about
100% identical to a reference amino acid sequence selected
from VL sequences from CD730004, CD730008,
CD7300011, CD730021, CD730042, CD730046,
CD730047, CD730068, or CD730069, and further comprises
a VH comprising a sequence at least about 80%, about 85%,
about 90%, about 95%, about 96%, about 97%, about 98%,
about 99%, or about 100% identical to a reference amino acid
sequence selected from VH sequences from CD730004,
CD730008, CD7300011, CD730021, CD730042,
CD730046, CD730047, CD730068, or CD730069.

[0214] In certain aspects, the anti-CD73 antibody or anti-
gen-binding fragment thereof disclosed herein binds CD73
with substantially the same or better affinity as a CD730004,
CD730008, CD7300011, CD730021, CD730042,
CD730046, CD730047, CD730068, or CD730069 antibody.

(iv) Mixed and Matched Anti-CD73 Antibodies

[0215] The VH and VL sequences from the anti-CD73
binding molecules disclosed herein (e.g., CD730002,
CD730004, CD730008, CD730010, CD730011, CD73021,
CD730042, CD730046, CD730047, CD730068, or
CD730069) or VH and VL. of variants of such sequences (e.g.,
clone 10 GL9, clone 10 P32E, clone 10 C1, clone 10 C2, clone
10D3, clone 10 G10, clone 10 HPT, clone 10 GRVE, clone 10
combol, clone 10 combo2, clone 10 combo3, clone 10
comboS5, or clone combo6) can be “mixed and matched” to
create other anti-CD73 binding molecules.

[0216] In certain aspects, the VH sequences of the 10.3
antibody and the 2CS5 antibody are mixed and matched. In
another aspect, the VL sequences of the 10.03 antibody and
the 2CS5 antibody can be mixed and matched. Additionally or
alternatively, the VL. and/or VH sequences of clone 10
(CD730010) variants disclosed herein can be mixed and
matched. Additionally or alternatively, the VL. and/or VH
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sequences of clone 2 (CD730002) variants disclosed herein
can be mixed and matched. Additionally or alternatively, the
VL and/or VH sequences of clone 10 (CD730010) and clone
2 (CD730002) variants disclosed herein can be mixed and
matched.

[0217] In some aspects, VL and/or VH mixing and match-
ing can take place between sequences derived from antibod-
ies grouped in the same epitope bin (see Example 2). As used
herein, the term “epitope bin” refers to the grouping of anti-
bodies or antigen-binding fragments thereof that bind the
same epitope or an overlapping epitope, or compete with each
other for binding with the same epitope or overlapping
epitope. E.g., sequences from CD730003, CD730010,
CD730021, CD730042, CD730046, and CD730047, all of
them antibodies belonging to “Epitope Bin B” can be mixed
in matched. In other aspects, the VL. and/or VH mixing and
matching can take place between sequences derived from
anti-CD73 antibodies grouped in different epitope bins.
Accordingly, sequences from antibodies belonging to
“Epitope Bin B” can be mixed and matched with sequences
from anti-CD73 antibodies in “Epitope Bin A” (CD730002,
CD730004, CD730008, and CD730011) or “Epitope Bin C”
(CD730068 and CD730069).

(v) Mutant Anti-CD73 Antibodies

[0218] In certain aspects, an anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or antigen-binding fragment thereof disclosed
herein comprises mutations that improve the binding to
human FcRn and improve the half-life of the anti-CD73 anti-
body or antigen-binding fragment thereof. In some aspects,
such mutations are a methionine (M) to tyrosine (Y) mutation
in position 252, a serine (S) to threonine (T) mutation in
position 254, and a threonine (T) to glutamic acid (E) muta-
tion in position 256, numbered according to the EU index as
in Kabat (Kabat, etal. (1991) Sequences of Proteins of Immu-
nological Interest, U.S. Public Health Service, National Insti-
tutes of Health, Washington, D.C.), introduced into the con-
stant domain of an IgG1. See U.S. Pat. No. 7,658,921, which
is incorporated by reference herein. This type of mutant IgG,
referred to as a “YTE mutant” has been shown display
approximately four-times increased half-life as compared to
wild-type versions of the same antibody (Dall’ Acqua et al., J.
Biol. Chem. 281:23514-24 (2006)). In some aspects, an anti-
CD?73 antibody or antigen-binding fragment thereof compris-
ing an IgG constant domain comprises one or more amino
acid substitutions of amino acid residues at positions 251-
257, 285-290, 308-314, 385-389, and 428-436, numbered
according to the EU index as in Kabat, wherein such muta-
tions increase the serum half-life of the anti-CD73 antibody
or antigen-binding fragment thereof.

[0219] In some aspects, a YTE mutant further comprises a
substitution at position 434 of the IgG constant domain, num-
bered according to the EU index as in Kabat, with an amino
acid selected from the group consisting of tryptophan (W),
methionine (M), tyrosine (Y), and serine (S). In other aspects,
aYTE mutant further comprises a substitution at position 434
of the IgG constant domain, numbered according to the EU
index as in Kabat, with an amino acid selected from the group
consisting of tryptophan (W), methionine (M), tyrosine (Y),
and serine (S), and substitution at position 428 of the IgG
constant domain, numbered according to the EU index as in
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Kabat, with an amino acid selected from the group consisting
of threonine (T), leucine (L), phenylalanine (F), and serine
().

[0220] Inyet other aspect, a YTE mutant further comprises
a substitution at position 434 of the IgG constant domain,
numbered according to the EU index as in Kabat, with
tyrosine (Y), and a substitution at position 257 of the IgG
constant domain, numbered according to the EU index as in
Kabat, with leucine (L). In some aspects, a YTE mutant
further comprises a substitution at position 434 of the IgG
constant domain, numbered according to the EU index as in
Kabat, with serine (S), and a substitution at position 428 of the
IgG constant domain, numbered according to the EU index as
in Kabat, with leucine (L.).

[0221] In a specific aspect, the anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or antigen-binding fragment thereof disclosed
herein comprises an 1gG1l constant domain comprising a
methionine (M) to tyrosine (Y) mutation in position 252, a
serine (S) to threonine (T) mutation in position 254, and a
threonine (T) to glutamic acid (E) mutation in position 256 of
the IgG1 constant domain, numbered according to the EU
index as in Kabat.

[0222] In certain aspects, the anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or antigen-binding fragment thereof disclosed
herein comprises at least one IgG constant domain amino acid
substitution selected from the group consisting of:

(a) substitution of the amino acid at position 252 with tyrosine
(Y), phenylalanine (F), tryptophan (W), or threonine (T);
(b) substitution of the amino acid at position 254 with threo-
nine (T);

(c) substitution of the amino acid at position 256 with serine
(S), arginine (R), glutamine (Q), glutamic acid (E), aspartic
acid (D), or threonine (T);

(d) substitution of the amino acid at position 257 with leucine
L)

(e) substitution of the amino acid at position 309 with proline
®);

(f) substitution of the amino acid at position 311 with serine
S

(g) substitution of the amino acid at position 428 with threo-
nine (T), leucine (L), phenylalanine (F), or serine (S);

(h) substitution of the amino acid at position 433 with argin-
ine (R), serine (8), isoleucine (I), proline (P), or glutamine
Q)

(1) substitution of the amino acid at position 434 with tryp-
tophan (W), methionine (M), serine (S), histidine (H), phe-
nylalanine (F), or tyrosine; and,

(j) a combination of two or more of said substitutions,
wherein the positions are numbered according to the EU
index as in Kabat, and wherein the modified IgG has an
increased serum half-life compared to the serum half-life of
an IgG having the wild-type 1gG constant domain.

[0223] In some aspects, the VH and/or VL. amino acid
sequence of an anti-CD73 antibody (for example,
MEDI9447, aclone 10.3 antibody or a clone 2CS5 antibody) or
antigen-binding fragment thereof disclosed herein can be
85%, 90%, 95%, 96%, 97%, 98% or 99% similar to the VH
and VL sequences set forth above, and comprise 1, 2, 3,4, 5
or more conservative substitutions. A CD73 antibody having
VH and VL regions having high (i.e., 80% or greater)
sequence similarity or sequence identity to the VH regions of
SEQIDNOs: 71,72,73,74,75,76,77,78,79, 80, 81, 82, 83,
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84,85,87,111,113,114,115,116,0r 117, and/or VL regions
of SEQID NOs: 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69,70,86,88,112,118,119, 120, or 121 respectively, can be
obtained by mutagenesis (e.g., site-directed or PCR-mediated
mutagenesis) of nucleic acid molecules encoding SEQ 1D
NOs: 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71,
72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, or 121,
followed by testing of the encoded altered antibody for
retained function using the functional assays described
herein.

[0224] In some aspects, the Fc domain of an anti-CD73
antibody disclosed herein or the Fc domain ofa fusion protein
comprising a CD73-binding fragment of an antibody dis-
closed herein has reduced binding to an Fc receptor to reduce
cytotoxicity, e.g., via ADCC. In some aspects, the Fc domain
of the antibody or Fc fusion protein has increased binding to
an Fc receptor to increase cytotoxicity, e.g., via ADCC. In
some aspects, the Fc domain of the antibody or Fc fusion
protein comprises a non-naturally occurring ADCC reducing
amino acid residue at one or more positions selected from the
group consisting of 234, 235, 236, 237, 238, 239, 240, 241,
243, 244,245, 247, 251, 252, 254, 255, 256, 262, 263, 264,
265, 266, 267, 269, 279, 280, 284, 292, 296, 297, 298, 299,
305, 313, 316, 325, 326, 327, 328, 329, 330, 331, 332, 333,
334, 339, 341, 343, 370, 373, 378, 392, 416, 419, 421, 440,
and 443 as numbered by the EU index as set forth in Kabat.
Numerous specific mutations capable of reducing the ADCC
activity of an antibody are known in the art and include, for
example 234F, 235E, 235F, 235Q (or 235Y), 239A, 332Q,
331S and combinations thereof. For example, see the muta-
tions described in International Publication Nos.
WO8807089, W0O9958572, W09951642, W0O2012175751,
W02011149999, W02011066501, WO02000042072,
WO02011120134, which are herein incorporated by reference
in their entireties. Antibodies with reduced ADCC effector
function also include those with substitution of one or more of
Fcregion residues 238, 265, 269, 270,297,327, and 329 (see,
e.g., U.S. Pat. No. 6,737,056). Such Fc mutants also include
Fc mutants with substitutions at two or more of amino acid
positions 265, 269, 270, 297 and 327, including Fc mutant
with substitution of residues 265 and 297 to alanine (see, e.g.,
U.S. Pat. No. 7,332,581). Optionally, mutations which reduce
both ADCC and CDC can be incorporated. In some aspects,
anti-CD73 antibodies disclosed herein or antigen-binding
fragment thereof comprising mutations that reduce or abolish
ADCC and/or CDC can be used to generate antibody drug
conjugates (ADC).

[0225] In one aspect, the present disclosure provides an
anti-CD73 antibody, wherein the antibody is an IgG1, IgG2 or
1g(G3 and comprises at least one modification at one or more
positions selected from the group consisting of 234, 235, and
331 as numbered by the EU index as set forth in Kabat. In still
another specific aspect, the Fc region is an IgG1, I1gG2 or
1gG3 Fc region and the non-naturally occurring amino acids
are selected from the group consisting of 234F, 235E, 235F,
235Q (or 235Y), 239A, 332Q, 3318, 332Q as numbered by
the EU index as set forth in Kabat.

[0226] Inanother aspect, the present disclosure provides an
anti-CD73 antibody, wherein the antibody is an IgG4 and
comprises at least one modification at one or more positions
selected from the group consisting of 228 and 235 as num-
bered by the EU index as set forth in Kabat. In still another
specific aspect, the Fc region is an IgG4 Fc region and the
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non-naturally occurring amino acids are selected from the
group consisting of 228P, 235E and 235Y as numbered by the
EU index as set forth in Kabat. In specific aspects, the present
disclosure provides an anti-CD73 antibody, wherein the anti-
body is an IgG1, 1gG2, or IgG3 and comprises modifications
at positions (i) 234F, 235E, and 3318; (ii) 234F, 235F, and
331S; (ii1) 234F, 235Q), and 322Q). In another specific aspect,
the present disclosure provides an anti-CD73 antibody,
wherein the antibody is an IgGG4 and comprises modifications
228P and 235E.

III. EPITOPE-COMPETING CD73-BINDING
MOLECULES

[0227] In another aspect, the present disclosure provides
CD73-binding molecules that bind to the same epitope as do
the various anti-CD73 antibodies described herein, for
example, molecules that bind to the same epitope as
MEDI9447, a clone 10.3 antibody or to the same epitope as a
clone 2C5 antibody.

[0228] Such antibodies can be identified based on their
ability to cross-compete (e.g., to competitively inhibit the
binding of, in a statistically significant manner) with the
anti-CD73 antibodies disclosed herein, such as the
CD730010 antibody, CD730002 antibody, CD730004 anti-
body, and antigen-binding fragments thereof, in standard
CD?73 binding assays (e.g., flow cytometry assays, surface
plasmon resonance, or solution assays).

[0229] Accordingly, in one aspect, the present disclosure
provides anti-CD73 antibodies and antigen-binding frag-
ments thereof, e.g., human monoclonal antibodies, that com-
pete for binding to CD73 with another anti-CD73 antibody or
antigen-binding fragment thereof, such as the CD730010
antibody, CD730002 antibody, CD730004 antibody, variants
thereof (e.g., MEDI9447, a clone 10.3 antibody or a clone
2C5 antibody), or antigen-binding fragments thereof. The
ability of a test antibody to inhibit the binding of, e.g., the
CD730010 antibody (or a clone 10.3 antibody or an antigen-
binding fragment thereof), or the CD730002 antibody (or
clone 2C5 antibody or an antigen-binding fragment thereof)
demonstrates that the test antibody can compete with that
antibody for binding to CD73; such antibody can, according
to non-limiting theory, bind to the same or a related (e.g., a
structurally similar or spatially proximal) epitope on CD73 as
the anti-CD73 antibody or antigen-binding fragment thereof
with which it competes. In one aspect, the anti-CD73 anti-
body or antigen-binding fragment thereof that binds to the
same epitope on CD73 as, e.g., the CD730010 antibody (or a
clone 10.3 antibody or an antigen-binding fragment thereof),
or the CD730002 antibody (or clone 2C5 antibody or an
antigen-binding fragment thereof), is a human monoclonal
antibody.

IV. FUNCTIONAL CHARACTERISTICS OF
ANTI-CD73 ANTIBODIES

[0230] The affinity or avidity of an antibody for an antigen
can be determined experimentally using any suitable method
well known in the art, e.g., flow cytometry, enzyme-linked
immunosorbent assay (ELISA), or radioimmunoassay (RIA),
or kinetics (e.g., BIACORE™ analysis). Direct binding
assays as well as competitive binding assay formats can be
readily employed. (See, for example, Berzofsky et al., “Anti-
body-Antigen Interactions,” In Fundamental Immunology,
Paul, W. E., Ed., Raven Press: New York, N.Y. (1984); Kuby,
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Immunology, W. H. Freeman and Company: New York, N.Y.
(1992); and methods described herein. The measured affinity
of a particular antibody-antigen interaction can vary if mea-
sured under different conditions (e.g., salt concentration, pH,
temperature). Thus, measurements of affinity and other anti-
gen-binding parameters (e.g., K, or Kd, K, K, ;) are made
with standardized solutions of antibody and antigen, and a
standardized buffer, as known in the art and such as the buffer
described herein.

[0231] Italsoknown in the art that affinities measured using
surface plasmon resonance analysis (e.g., BLACORE™) can
vary depending on which one of the reactants is bound to the
chip. In this respect, affinity can be measured using a format
in which the targeting antibody (e.g., a clone 10.3 antibody or
a clone 2CS5 antibody) is immobilized onto the chip (referred
to as an “IgG down” format) or using a format in which the
target protein (e.g., CD73) is immobilized onto the chip (re-
ferred to as, e.g., a “CD73 down” format).

[0232] In one aspect of the present disclosure, the anti-
CD73 antibody (for example, MEDI9447, a clone 10.3 anti-
body or a clone 2CS5 antibody) or an antigen-binding frag-
ment thereof specifically binds CD73 and/or antigenic
fragments thereof with a dissociation constant or k,, (k,4/k ,,)
ofless than 10~®M, or ofless than 10~7 M, or of less than 10~®
M, or of less than 10~° M, or of less than 107'° M, or of less
than 107! M, or of less than 10712 M, or of less than 10713 M.
[0233] In another aspect, the anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or an antigen-binding fragment thereof binds to
CD73 and/or antigenic fragments thereof with a K, of less
than 1x1072 s7*, or less than 2x107~> s7*. In other aspects, an
anti-CD73 antibody or an antigen-binding fragment thereof
binds to CD73 and antigenic fragments thereof witha K, -of
lessthan 1073 s7*, less than 5x1072 57!, less than 10™*s7*, less
than 5x107* 57", less than 107> 57!, less than 5x107> 57!, less
than 1079571, less than 5x10~% 57}, less than less than 5x10~7
s7!, lessthan 107% 57", less than Sx107® 57!, less than 107° s,
less than 5x10~° 571, or less than 1071° 571,

[0234] In another aspect, the anti-CD73 antibody (for
example, a clone 10.3 antibody or aclone 2CS5 antibody) or an
antigen-binding fragment thereof binds to CD73 and/or anti-
genic fragments thereof with an association rate constant or
k,, rate ofatleast 10° M~ 5! at least 5x10° M~ 57!, at least
10°M™* 57!, at least 5x10° M~! 57!, at least 10" M ' s7*, at
lea}st5><107 M~'s™! oratleast 108 M ' s7!, oratleast 10° M~!
s

[0235] In some aspects, the anti-CD73 antibody (for
example, a clone 10.3 antibody or aclone 2CS5 antibody) or an
antigen-binding fragment thereof binds to CD73 on the sur-
face of MB-MDA-231 cells witha K, of at least about 60 pM,
at least about 70 pM, at least about 80 pM, at least about 90
pM, at least about 100 pM, at least about 110 pM, at least
about 120 pM, at least about 130 pM, at least about 140 pM,
atleast about 150 pM, at least about 160 pM, or at least about
170 pm, as measured by flow cytometry. In one specific
aspect, the anti-CD73 antibody is a clone 10.3 antibody and it
binds to CD73 on the surface of MB-MDA-231 cells with a
K, of about 150 pM as measured by flow cytometry. In
another specific aspect, the anti-CD73 antibody is a clone
2C5 antibody and it binds to CD73 on the surface of MB-
MDA-231 cells with a K, of about 80 pM as measured by
flow cytometry.

[0236] In some aspects, the anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
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antibody) or an antigen-binding fragment thereof binds to
CD?73 binds on the surface of murine 3T1 cells with a K, of
a of at least about 40 pM, at least about 50 pM, at least about
60 pM, at least about 70 pM, at least about 80 pM, at least
about 90 pM, at least about 100 pM, at least about 120 pM, or
atleast about 130 pM, as measured by flow cytometry. In one
specific aspect, the anti-CD73 antibody is a clone 10.3 anti-
body and it binds to CD73 on the surface of murine 3T1 cells
witha K, of about 110 pM as measured by flow cytometry. In
another specific aspect, the anti-CD73 antibody is a clone
2CS5 antibody and it binds to CD73 on the surface of murine
3T1 cells with a K, of about 55 pM as measured by flow
cytometry.

[0237] In some aspects, the anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or an antigen-binding fragment thereof binds to
CD?73 on the surface of cynomolgus MK-1 cells with a K, of
a of at least about 40 pM, at least about 50 pM, at least about
60 pM, at least about 70 pM, at least about 80 pM, at least
about 90 pM, or at least about 100 pM, as measured by flow
cytometry. In one specific aspect, the anti-CD73 antibody is a
clone 10.3 antibody and it binds to CD73 on the surface of
cynomolgus MK-1 cells with a K, of about 80 pM as mea-
sured by flow cytometry. In another specific aspect, the anti-
CD?73 antibody is a clone 2C5 antibody and it binds to CD73
on the surface of cynomolgus MK-1 cells with a K, of about
60 pM as measured by flow cytometry.

[0238] In some aspects, the anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or an antigen-binding fragment thereof binds to
human CD73 with a K, of a of at least about 3 pM, at least
about 4 pM, at least about 5 pM, at least about 6 pM, at least
about 7 pM, at least about 8 pM, at least about 9 pM, or at least
about 10 pM, as measured by surface plasmon resonance
(ProTEON®). In one specific aspect, the anti-CD73 antibody is
a clone 10.3 antibody and it binds to human CD73 witha K,
of about 4 pM as measured by surface plasmon resonance
(ProTEON®). In another specific aspect, the anti-CD73 anti-
body is a clone 2C5 antibody and it binds to human CD73
with a K, of about 9 pM as measured by surface plasmon
resonance (PROTEON®).

[0239] In some aspects, the anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or an antigen-binding fragment thereof disclosed
herein binds to murine CD73 with a K, of a of at least about
1 pM, at least about 2 pM, at least about 3 pM, at least about
4 pM, at least about 5 pM, at least about 6 pM, at least about
7 pM, at least about 8 pM, at least about 9 pM, at least about
10 pM, at least about 11 pM, at least about 12 pM, at least
about 13 pM, at least about 14 pM, at least about 15 pM, at
least about 16 pM, at least about 17 pM, at least about 18 pM,
at least about 19 pM, at least about 20 pM, at least about 21
pM, at least about 22 pM, at least about 23 pM, at least about
24 pM, or at least about 25 pM, as measured by surface
plasmon resonance (ProTEON®). In one specific aspect, the
anti-CD73 antibody is a clone 10.3 antibody and it binds to
murine CD73 with aK,, of'about 1 pM as measured by surface
plasmon resonance (ProTEON®). In another specific aspect,
the anti-CD73 antibody is a clone 2CS5 antibody and it binds
to murine CD73 with a K, of about 22 pM as measured by
surface plasmon resonance (PROTEON®).

[0240] In some aspects, an anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or an antigen-binding fragment thereof binds to
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cynomolgus CD73 with a K, of a of at least about 3 pM, at
least about 4 pM, at least about 5 pM, at least about 6 pM, at
least about 7 pM, at least about 8 pM, at least about 9 pM, or
at least about 10 pM, as measured by surface plasmon reso-
nance (PrRoTEON®). In one specific aspect, the anti-CD73 anti-
body is a clone 10.3 antibody and it binds to cynomolgus
CD73 with a K, of about 7 pM as measured by SPR (Pro-
teon). In another specific aspect, the anti-CD73 antibody is a
clone 2CS5 antibody and it binds to cynomolgus CD73 with a
K, ofabout 9 pM as measured by surface plasmon resonance
(PROTEON®).

[0241] In some aspects, the anti-CD73 antibody (for
example, MEDI9447, a clone 10.3 antibody or a clone 2C5
antibody) or an antigen-binding fragment thereof binds to
human CD73 with a K, of a of at least about 40 pM, at least
about 50 pM, at least about 60 pM, at least about 70 pM, at
least about 80 pM, at least about 90 pM, at least about 100 pM,
or at least about 110 pM, as measured by solution binding. In
one specific aspect, the anti-CD73 antibody is a clone 10.3
antibody and it binds to human CD73 with a K, of about 80
pM as measured by solution binding. In another specific
aspect, the anti-CD73 antibody is a clone 2C5 antibody and it
binds to human CD73 with a K, of about 80 pM as measured
by solution binding.

[0242] In some aspects, the anti-CD73 antibody (for
example, a clone 10.3 antibody or aclone 2CS5 antibody) or an
antigen-binding fragment thereof binds to murine CD73 with
a K, of a of at least about 100 pM, at least about 200 pM, at
least about 300 pM, at least about 400 pM, at least about 500
pM, at least about 600 pM, at least about 700 pM, at least
about 800 pM, at least about 900 pM, at least about 1000 pM,
at least about 1100 pM, at least about 1200 pM, at least about
1300 pM, at least about 1400 pM, at least about 1500 pM, at
least about 1600 pM, at least about, or at least about 1700 pM,
as measured by solution binding. In one specific aspect, the
anti-CD73 antibody is a clone 10.3 antibody and it binds to
murine CD73 with a K, of about 130 pM as measured by
solution binding. In another specific aspect, the anti-CD73
antibody is a clone 2C5 antibody and it binds to murine CD73
witha K, of about 1500 pM as measured by solution binding.
[0243] In some aspects, the anti-CD73 antibody (for
example, a clone 10.3 antibody or aclone 2CS5 antibody) or an
antigen-binding fragment thereof binds to cynomolgus CD73
with a K, of a of at least about 60 pM, at least about 70 pM,
at least about 80 pM, at least about 90 pM, at least about 100
pM, at least about 110 pM, or at least about 120 pM, as
measured by solution binding. In one specific aspect, the
anti-CD73 antibody is a clone 10.3 antibody and it binds to
cynomolgus CD73 with a K, of about 90 pM as measured by
solution binding. In another specific aspect, the anti-CD73
antibody is a clone 2C5 antibody and it binds to cynomolgus
CD73 with a K, of about 100 pM as measured by solution
binding. In particular aspect, MEDI9447 binds CD73 with a
K, ofabout 1x107'2, 5x107'2,10x107'2, 100x107*2, or 150x
10712,

[0244] In some aspects, a CD73-binding molecule dis-
closed herein, e.g., an anti-CD73 antibody (for example,
MEDI9447, aclone 10.3 antibody or a clone 2CS5 antibody) or
an antigen-binding fragment thereof can relieve AMP-medi-
ated suppression of T cell division. In other aspects, a CD73-
binding molecule disclosed herein, e.g., an anti-CD73 anti-
body (for example, MEDI9447, a clone 10.3 antibody or a
clone 2C5 antibody) or an antigen-binding fragment thereof
can rescue ATP-induced T, ,suppression by T,..,.
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[0245] In some aspects, a CD73-binding molecule dis-
closed herein, e.g., an anti-CD73 antibody or antigen-binding
fragment thereof (for example, a clone 10.3 antibody or a
clone 2C5 antibody) can significantly inhibit syngeneic
tumor growth. In one aspect, the tumor is a CT26 mouse
syngeneic CRC tumor. In some aspects, a CD73-binding
molecule, e.g., an anti-CD73 antibody or antigen-binding
fragment thereof disclosed herein (for example, a clone 10.3
antibody or a clone 2C5 antibody) can significantly inhibit
tumor growth, wherein the tumor is unresponsive to therapy
with anti-PD1.

[0246] In some aspects, a CD73-binding molecule dis-
closed herein, e.g., an anti-CD73 antibody or antigen-binding
fragment thereof (for example, a clone 10.3 antibody or a
clone 2C5 antibody) can be internalized after binding to cells.
In some aspects, the CD73-binding molecule is an antibody
drug conjugate (ADC).

V. PREPARATION OF ANTI-CD73 ANTIBODIES
AND ANTIGEN-BINDING FRAGMENTS

[0247] Monoclonal  anti-CD73  antibodies  (e.g.,
MEDI9447, a clone 10.3 antibody or a clone 2C5 antibody)
and antigen-binding fragments thereof can be prepared using
hybridoma methods, such as those described by Kohler and
Milstein (1975) Nature 256:495. Using the hybridoma
method, a mouse, hamster, or other appropriate host animal,
is immunized as described above to elicit the production by
lymphocytes of antibodies that will specifically bind to an
immunizing antigen. Lymphocytes can also be immunized in
vitro. Following immunization, the lymphocytes are isolated
and fused with a suitable myeloma cell line using, for
example, polyethylene glycol, to form hybridoma cells that
can then be selected away from unfused lymphocytes and
myeloma cells. Hybridomas that produce monoclonal anti-
bodies directed specifically against a chosen antigen as deter-
mined by immunoprecipitation, immunoblotting, or by an in
vitro binding assay (e.g. radioimmunoassay (RIA); enzyme-
linked immunosorbent assay (ELISA)) can then be propa-
gated either in in vitro culture using standard methods (God-
ing, Monoclonal Antibodies: Principles and Practice,
Academic Press, 1986) or in vivo as ascites tumors in an
animal. The monoclonal antibodies can then be purified from
the culture medium or ascites fluid as described for poly-
clonal antibodies above.

[0248] Alternatively anti-CD73 monoclonal antibodies
(for example, MEDI9447, a clone 10.3 antibody or a clone
2C5 antibody) and antigen-binding fragments thereof can
also be made using recombinant DNA methods as described,
for example, in U.S. Pat. No. 4,816,567. The polynucleotides
encoding a monoclonal antibody are isolated from mature
B-cells or hybridoma cell, such as by RT-PCR using oligo-
nucleotide primers that specifically amplify the genes encod-
ing the heavy and light chains of the antibody, and their
sequence is determined using conventional procedures. The
isolated polynucleotides encoding the heavy and light chains
are then cloned into suitable expression vectors, which when
transfected into host cells such as E. coli cells, simian COS
cells, Chinese hamster ovary (CHO) cells, or myeloma cells
that do not otherwise produce immunoglobulin protein,
monoclonal antibodies are generated by the host cells. Also,
recombinant anti-CD73 monoclonal antibodies or antigen-
binding fragments thereof of the desired species can be iso-
lated from phage display libraries expressing CDRs of the
desired species as described (McCafferty et al., 1990, Nature,
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348:552-554; Clarkson et al., 1991, Nature, 352:624-628;
and Marks et al., 1991, J. Mol. Biol., 222:581-597).

[0249] The polynucleotide(s) encoding an anti-CD73 anti-
body (for example, a clone 10.3 antibody or a clone 2C5
antibody) or antigen-binding fragment thereof can further be
modified in a number of different manners using recombinant
DNA technology to generate alternative antibodies. In some
aspects, the constant domains of the light and heavy chains of,
for example, a mouse monoclonal antibody can be substituted
(1) for those regions of, for example, a human antibody to
generate a chimeric antibody or (2) for a non-immunoglobu-
linpolypeptide to generate a fusion antibody. In some aspects,
the constant regions are truncated or removed to generate the
desired antibody fragment of a monoclonal antibody. Site-
directed or high-density mutagenesis of the variable region
can be used to optimize specificity, affinity, etc. of a mono-
clonal antibody.

[0250] In certain aspects, the anti-CD73 antibody (for
example, a clone 10.3 antibody or a clone 2C5 antibody) or
antigen-binding fragment thereof is a human antibody or
antigen-binding fragment thereof. Human antibodies can be
directly prepared using various techniques known in the art.
Immortalized human B lymphocytes immunized in vitro or
isolated from an immunized individual that produce an anti-
body directed against a target antigen can be generated (See,
e.g., Cole et al., Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, p. 77 (1985); Boemer et al., 1991, J. Immunol.,
147 (1):86-95; and U.S. Pat. No. 5,750,373).

[0251] Also, the anti-CD73 human antibody (for example,
a clone 10.3 antibody or a clone 2C5 antibody) or antigen-
binding fragment thereof can be selected from a phage
library, where that phage library expresses human antibodies,
as described, for example, in Vaughan et al., 1996, Nat. Bio-
tech., 14:309-314, Sheets et al., 1998, Proc. Nat’l. Acad. Sci.,
95:6157-6162, Hoogenboom and Winter, 1991, J. Mol. Biol.,
227:381, and Marks et al., 1991, J. Mol. Biol., 222:581).
Techniques for the generation and use of antibody phage
libraries are also described in U.S. Pat. Nos. 5,969,108, 6,172,
197, 5,885,793, 6,521,404, 6,544,731, 6,555,313, 6,582,915,
6,593,081, 6,300,064; 6,653,068; 6,706,484; and 7,264,963,
and Rothe et al., 2007, J. Mol. Bio., doi:10.1016/j.jmb.2007.
12.018 (each of which is incorporated by reference in its
entirety).

[0252] Affinity maturation strategies and chain shuffling
strategies (Marks et al., 1992, Bio/Technology 10:779-783,
incorporated by reference in its entirety) are known in the art
and can be employed to generate high affinity human anti-
bodies or antigen-binding fragments thereof.

[0253] In some aspects, the anti-CD73 monoclonal anti-
body (for example, a clone 10.3 antibody or a clone 2C5
antibody) can be a humanized antibody. Methods for engi-
neering, humanizing or resurfacing non-human or human
antibodies can also be used and are well known in the art. A
humanized, resurfaced or similarly engineered antibody can
have one or more amino acid residues from a source that is
non-human, e.g., but not limited to, mouse, rat, rabbit, non-
human primate or other mammal. These non-human amino
acid residues are replaced by residues that are often referred
to as “import” residues, which are typically taken from an
“import” variable, constant or other domain of a known
human sequence. Such imported sequences can be used to
reduce immunogenicity or reduce, enhance or modify bind-
ing, affinity, on-rate, off-rate, avidity, specificity, half-life, or
any other suitable characteristic, as known in the art. In gen-
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eral, the CDR residues are directly and most substantially
involved in influencing CD73 binding. Accordingly, part or
all of the non-human or human CDR sequences are main-
tained while the non-human sequences of the variable and
constant regions can be replaced with human or other amino
acids.

[0254] Antibodies can also optionally be humanized, resur-
faced, engineered or human antibodies engineered with reten-
tion of high affinity for the CD73 antigen and other favorable
biological properties. To achieve this goal, humanized (or
human) or engineered anti-CD73 antibodies and resurfaced
antibodies can be optionally prepared by a process of analysis
of the parental sequences and various conceptual humanized
and engineered products using three-dimensional models of
the parental, engineered, and humanized sequences. Three-
dimensional immunoglobulin models are commonly avail-
able and are familiar to those skilled in the art. Computer
programs are available which illustrate and display probable
three-dimensional conformational structures of selected can-
didate immunoglobulin sequences. Inspection of these dis-
plays permits analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence, i.e.,
the analysis of residues that influence the ability of the can-
didate immunoglobulin to bind its antigen, such as CD73. In
this way, framework (FW) residues can be selected and com-
bined from the consensus and import sequences so that the
desired antibody characteristic, such as increased affinity for
the target antigen(s), is achieved.

[0255] Humanization, resurfacing or engineering of anti-
CD73 antibodies (for example, a clone 10.3 antibody or a
clone 2C5 antibody) or antigen-binding fragments thereof
can be performed using any known method, such as but not
limited to those described in, Jones et al., Nature 321:522
(1986); Riechmann et al., Nature 332:323 (1988); Verhoeyen
etal., Science 239:1534 (1988)), Sims et al., J. Immunol. 151:
2296 (1993); Chothia and Lesk, J. Mol. Biol. 196:901 (1987),
Carter et al., Proc. Natl. Acad. Sci. U.S.A. 89:4285 (1992);
Presta et al., J. Immunol. 151:2623 (1993), U.S. Pat. Nos.
5,639,641, 5,723,323; 5,976,862; 5,824,514; 5,817,483,
5,814,476, 5,763,192, 5,723,323; 5,766,886; 5,714,352,
6,204,023; 6,180,370; 5,693,762; 5,530,101; 5,585,089,
5,225,539, 4,816,567, 7,557,189; 7,538,195, and 7,342,110;
International Application Nos. PCT/US98/16280; PCT/
US96/18978; PCT/US91/09630; PCT/US91/05939; PCT/
US94/01234; PCT/GB89/01334; PCT/GB91/01134; PCT/
GB92/01755; International Patent Application Publication
Nos. WO90/14443; W090/14424; W090/14430; and Euro-
pean Patent Publication No. EP 229246; each of which is
entirely incorporated herein by reference, including the ref-
erences cited therein.

[0256] Anti-CD73 humanized antibodies and antigen-
binding fragments thereof can also be made in transgenic
mice containing human immunoglobulin loci that are capable
upon immunization of producing the full repertoire of human
antibodies in the absence of endogenous immunoglobulin
production. This approach is described in U.S. Pat. Nos.
5,545,807, 5,545,806; 5,569,825, 5,625,126; 5,633,425; and
5,661,016.

[0257] In certain aspects an anti-CD73 antibody fragment
(for example, a fragment from a clone 10.3 antibody or from
a clone 2C5 antibody) is provided. Various techniques are
known for the production of antibody fragments. Tradition-
ally, these fragments are derived via proteolytic digestion of
intact antibodies (for example Morimoto et al., 1993, Journal
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of Biochemical and Biophysical Methods 24:107-117; Bren-
nan et al., 1985, Science, 229:81). In certain aspects, anti-
CD73 antibody fragments are produced recombinantly. Fab,
Fv, and scFv antibody fragments can all be expressed in and
secreted from E. coli or other host cells, thus allowing the
production of large amounts of these fragments. Such anti-
CD73 antibody fragments can also be isolated from the anti-
body phage libraries discussed above. The anti-CD73 anti-
body fragments can also be linear antibodies as described in
U.S. Pat. No. 5,641,870. Other techniques for the production
of antibody fragments, e.g., chemical synthesis, will be
apparent to the skilled practitioner.

[0258] According to the present disclosure, techniques can
be adapted for the production of single-chain antibodies spe-
cificto CD73 (see, e.g., U.S. Pat. No. 4,946,778). In addition,
methods can be adapted for the construction of Fab expres-
sion libraries (see, e.g., Huse et al., Science 246:1275-1281
(1989)) to allow rapid and effective identification of mono-
clonal Fab fragments with the desired specificity for CD73, or
derivatives, fragments, analogs or homologs thereof. Anti-
body fragments can be produced by techniques in the art
including, but not limited to: (a) a F(ab")2 fragment produced
by pepsin digestion of an antibody molecule; (b) a Fab frag-
ment generated by reducing the disulfide bridges ofan F(ab')2
fragment, (c) a Fab fragment generated by the treatment of the
antibody molecule with papain and a reducing agent, and (d)
Fv fragments.

[0259] An anti-CD73 antibody (for example, a clone 10.3
antibody or a clone 2CS5 antibody) or an antigen-binding
fragment thereof disclosed herein can be modified in order to
increase its serum half-life. This can be achieved, for
example, by incorporation of a salvage receptor binding
epitope into the antibody or antibody fragment by mutation of
the appropriate region in the antibody or antibody fragment or
by incorporating the epitope into a peptide tag that is then
fused to the antibody or antibody fragment at either end or in
the middle (e.g., by DNA or peptide synthesis), or by YTE
mutation. Other methods to increase the serum half-life of an
antibody or antigen-binding fragment thereof, e.g., conjuga-
tion to a heterologous molecule such as PEG are known in the
art.

[0260] Heteroconjugate anti-CD73  antibodies  (for
example, a clone 10.3 antibody or a clone 2C5 antibody) and
antigen-binding fragments thereof are also within the scope
of the present disclosure. Heteroconjugate antibodies are
composed of two covalently joined antibodies. Such antibod-
ies have, for example, been proposed to target immune cells to
unwanted cells (see, e.g., U.S. Pat. No. 4,676,980). It is con-
templated that the heteroconjugate anti-CD73 antibodies (for
example, a clone 10.3 antibody or a clone 2C5 antibody) and
antigen-binding fragments thereof can be prepared in vitro
using known methods in synthetic protein chemistry, includ-
ing those involving crosslinking agents. For example, immu-
notoxins can be constructed using a disulfide exchange reac-
tion or by forming a thioether bond. Examples of suitable
reagents for this purpose include iminothiolate and methyl-
4-mercaptobutyrimidate.

[0261] For the purposes of the present disclosure, it should
be appreciated that modified anti-CD73 antibodies or anti-
gen-binding fragments thereof can comprise any type of vari-
able region that provides for the association of the antibody or
polypeptide with CD73. Inthis regard, the variable region can
comprise or be derived from any type of mammal that can be
induced to mount a humoral response and generate immuno-
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globulins against the desired tumor associated antigen. As
such, the variable region of the modified anti-CD73 antibod-
ies or antigen-binding fragments thereof can be, for example,
of human, murine, non-human primate (e.g., cynomolgus
monkeys, macaques, etc.) or lupine origin. In some aspects
both the variable and constant regions of the modified anti-
CD73 antibodies or antigen-binding fragments thereof are
human. In other aspects the variable regions of compatible
antibodies (usually derived from a non-human source) can be
engineered or specifically tailored to improve the binding
properties or reduce the immunogenicity of the molecule. In
this respect, variable regions can be humanized or otherwise
altered through the inclusion of imported amino acid
sequences.

[0262] In certain aspects, the variable domains in both the
heavy and light chains of an anti-CD73 antibody (for
example, a clone 10.3 antibody or a clone 2C5 antibody) or
antigen-binding fragment thereof are altered by at least par-
tial replacement of one or more CDRs and, if necessary, by
partial framework region replacement and sequence chang-
ing. Although the CDRs can be derived from an antibody of
the same class or even subclass as the antibody from which
the framework regions are derived, it is envisaged that the
CDRs will be derived from an antibody of different class and
in certain aspects from an antibody from a different species. It
is not necessary to replace all of the CDRs with the complete
CDRs from the donor variable region to transfer the antigen-
binding capacity of one variable domain to another. Rather, it
is only necessary to transfer those residues that are necessary
to maintain the activity of the antigen-binding site. Given the
explanations set forth in U.S. Pat. Nos. 5,585,089, 5,693,761
and 5,693,762, it will be well within the competence of those
skilled in the art, either by carrying out routine experimenta-
tion or by trial and error testing to obtain a functional antibody
with reduced immunogenicity.

[0263] Alterations to the variable region notwithstanding,
those skilled in the art will appreciate that the modified anti-
CD73 antibodies (for example, a modified clone 10.3 anti-
body or a modified clone 2C5 antibody) or antigen-binding
fragments thereof will comprise antibodies (e.g., full-length
antibodies or immunoreactive fragments thereof) in which at
least a fraction of one or more of the constant region domains
has been deleted or otherwise altered so as to provide desired
biochemical characteristics such as increased tumor localiza-
tion or reduced serum half-life when compared with an anti-
body of approximately the same immunogenicity comprising
a native or unaltered constant region. In some aspects, the
constant region of the modified antibodies will comprise a
human constant region. Modifications to the constant region
compatible with this the anti-CD73 molecules disclosed
herein comprise additions, deletions or substitutions of one or
more amino acids in one or more domains. That is, the modi-
fied antibodies disclosed herein can comprise alterations or
modifications to one or more of the three heavy chain constant
domains (CH1, CH2 or CH3) and/or to the light chain con-
stant domain (CL). In some aspects, modified constant
regions wherein one or more domains are partially or entirely
deleted are contemplated. In some aspects, the modified anti-
bodies will comprise domain deleted constructs or variants
wherein the entire CH2 domain has been removed (ACH2
constructs). In some aspects, the omitted constant region
domain will be replaced by a short amino acid spacer (e.g., 10
residues) that provides some of the molecular flexibility typi-
cally imparted by the absent constant region.
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[0264] Besides their configuration, it is known in the art
that the constant region mediates several effector functions.
For example, binding of the C1 component of complement to
antibodies activates the complement system. Activation of
complement is important in the opsonisation and lysis of cell
pathogens. The activation of complement also stimulates the
inflammatory response and can also be involved in autoim-
mune hypersensitivity. Further, antibodies bind to cells via
the Fc region, with a Fc receptor site on the antibody Fc region
binding to a Fc receptor (FcR) on a cell. There are a number
of Fc receptors which are specific for different classes of
antibody, including IgG (gamma receptors), IgE (eta recep-
tors), IgA (alpha receptors) and IgM (mu receptors). Binding
of antibody to Fc receptors on cell surfaces triggers a number
of important and diverse biological responses including
engulfment and destruction of antibody-coated particles,
clearance of immune complexes, lysis of antibody-coated
target cells by killer cells (called antibody-dependent cell-
mediated cytotoxicity, or ADCC), release of inflammatory
mediators, placental transfer and control of immunoglobulin
production.

[0265] In certain aspects, the anti-CD73 antibody (for
example, a clone 10.3 antibody or aclone 2CS5 antibody) or an
antigen-binding fragment thereof provides for altered effec-
tor functions that, in turn, affect the biological profile of the
administered antibody or antigen-binding fragment thereof.
For example, the deletion or inactivation (through point muta-
tions or other means) of a constant region domain can reduce
Fc receptor binding of the circulating modified antibody
thereby increasing tumor localization. In other cases it can be
that constant region modifications, consistent with this dis-
closure, moderate complement binding and thus reduce the
serum half-life and nonspecific association of a conjugated
cytotoxin. Yet other modifications of the constant region can
be used to eliminate disulfide linkages or oligosaccharide
moieties thatallow for enhanced localization due to increased
antigen specificity or antibody flexibility. Similarly, modifi-
cations to the constant region in accordance with this disclo-
sure can easily be made using well known biochemical or
molecular engineering techniques well within the purview of
the skilled artisan.

[0266] In certain aspects, a CD73-binding molecule dis-
closed herein that is an antibody (for example, a clone 10.3
antibody or a clone 2C5 antibody) or antigen-binding frag-
ment thereof does not have one or more effector functions.
For instance, in some aspects, the antibody or antigen-bind-
ing fragment thereof has no antibody-dependent cellular
cytotoxicity (ADCC) activity and/or no complement-depen-
dent cytotoxicity (CDC) activity. In certain aspects, the anti-
CD?73 antibody or antigen-binding fragment thereof does not
bind to an Fc receptor and/or complement factors. In certain
aspects, the antibody or antigen-binding fragment thereofhas
no effector function.

[0267] Itwill benoted that in certain aspects, the anti-CD73
modified antibodies or antigen-binding fragments thereof can
be engineered to fuse the CH3 domain directly to the hinge
region of the respective modified antibodies or fragments
thereof. In other constructs it can be desirable to provide a
peptide spacer between the hinge region and the modified
CH2 and/or CH3 domains. For example, compatible con-
structs could be expressed wherein the CH2 domain has been
deleted and the remaining CH3 domain (modified or unmodi-
fied) is joined to the hinge region with a 5-20 amino acid
spacer. Such a spacer can be added, for instance, to ensure that
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the regulatory elements of the constant domain remain free
and accessible or that the hinge region remains flexible. How-
ever, it should be noted that amino acid spacers can, in some
cases, prove to be immunogenic and elicit an unwanted
immune response against the construct. Accordingly, in cer-
tain aspects, any spacer added to the construct will be rela-
tively non-immunogenic, or even omitted altogether, so as to
maintain the desired biochemical qualities of the modified
antibodies.

[0268] Besides the deletion of whole constant region
domains, it will be appreciated that the anti-CD73 antibodies
and antigen-binding fragments thereof of the present disclo-
sure can be provided by the partial deletion or substitution of
a few or even a single amino acid. For example, the mutation
of a single amino acid in selected areas of the CH2 domain
can be enough to substantially reduce Fc binding and thereby
increase tumor localization. Similarly, it can be desirable to
simply delete that part of one or more constant region
domains that control the effector function (e.g., complement
C1Q binding) to be modulated. Such partial deletions of the
constant regions can improve selected characteristics of the
antibody or antigen-binding fragment thereof (e.g., serum
half-life) while leaving other desirable functions associated
with the subject constant region domain intact. Moreover, as
alluded to above, the constant regions of the disclosed anti-
CD73 antibodies and antigen-binding fragments thereof can
be modified through the mutation or substitution of one or
more amino acids that enhances the profile of the resulting
construct. In this respect it is possible to disrupt the activity
provided by a conserved binding site (e.g., Fc binding) while
substantially maintaining the configuration and immuno-
genic profile of the modified antibody or antigen-binding
fragment thereof. Certain aspects can comprise the addition
of'one or more amino acids to the constant region to enhance
desirable characteristics such as decreasing or increasing
effector function or provide for more cytotoxin or carbohy-
drate attachment. In such aspects it can be desirable to insert
orreplicate specific sequences derived from selected constant
region domains.

[0269] The present disclosure also provides variants and
equivalents which are substantially homologous to the chi-
meric, humanized and human anti-CD73 antibodies, or anti-
gen-binding fragments thereof, set forth herein. These can
contain, for example, conservative substitution mutations,
i.e., the substitution of one or more amino acids by similar
amino acids. For example, conservative substitution refers to
the substitution of an amino acid with another within the same
general class such as, for example, one acidic amino acid with
another acidic amino acid, one basic amino acid with another
basic amino acid or one neutral amino acid by another neutral
amino acid. What is intended by a conservative amino acid
substitution is well known in the art.

[0270] An anti-CD73 antibody or antigen-binding frag-
ment thereof can be further modified to contain additional
chemical moieties not normally part of the protein. Those
derivatized moieties can improve the solubility, the biological
half-life or absorption of the protein. The moieties can also
reduce or eliminate any desirable side effects of the proteins
and the like. An overview for those moieties can be found in
Remington’s Pharmaceutical Sciences, 20th ed., Mack Pub-
lishing Co., Easton, Pa. (2000).
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VI. POLYNUCLEOTIDES ENCODING
CD73-BINDING MOLECULES

[0271] In certain aspects, the present disclosure encom-
passes polynucleotides comprising nucleic acid sequences
that encode a polypeptide that specifically binds CD73 or an
antigen-binding fragment thereof. For example, the present
disclosure provides a polynucleotide comprising a nucleic
acid sequence that encodes an anti-CD73 antibody (e.g., a
clone 10.3 antibody or a clone 2C5 antibody) or encodes an
antigen-binding fragment of such an antibody. The poly-
nucleotides of the present disclosure can be in the form of
RNA or in the form of DNA. DNA includes cDNA, genomic
DNA, and synthetic DNA; and can be double-stranded or
single-stranded, and if single stranded can be the coding
strand or non-coding (anti-sense) strand.

[0272] In certain aspects, the polynucleotides are isolated.
In certain aspects, the polynucleotides are substantially pure.
In certain aspects the polynucleotides comprise the coding
sequence for the mature polypeptide fused in the same read-
ing frame to a polynucleotide which aids, for example, in
expression and secretion of a polypeptide from a host cell
(e.g., a leader sequence which functions as a secretory
sequence for controlling transport of a polypeptide from the
cell). The polypeptide having a leader sequence is a prepro-
tein and can have the leader sequence cleaved by the host cell
to form the mature form of the polypeptide. The polynucle-
otides can also encode for a CD73-binding proprotein which
is the mature protein plus additional 5' amino acid residues.
[0273] In certain aspects the polynucleotides comprise the
coding sequence for the mature CD73-binding polypeptide,
e.g., an anti-CD73 antibody (e.g., a clone 10.3 antibody or a
clone 2C5 antibody) or an antigen-binding fragment thereof
fused in the same reading frame to a marker sequence that
allows, for example, for purification of the encoded polypep-
tide. For example, the marker sequence can be a hexa-histi-
dine tag (SEQ ID NO: 146) supplied by a pQE-9 vector to
provide for purification of the mature polypeptide fused to the
marker in the case of a bacterial host, or the marker sequence
can be a hemagglutinin (HA) tag derived from the influenza
hemagglutinin protein when a mammalian host (e.g., COS-7
cells) is used.

[0274] The present disclosure also provides variants of the
described polynucleotides encoding, for example, CD73-
binding fragments, analogs, and derivatives of the CD73-
binding molecules disclosed herein (e.g., a clone 10.3 anti-
body or a clone 2C5 antibody).

[0275] The polynucleotide variants can contain alterations
in the coding regions, non-coding regions, or both. In some
aspects the polynucleotide variants contain alterations which
produce silent substitutions, additions, or deletions, but do
not alter the properties or activities of the encoded polypep-
tide. In some aspects, nucleotide variants are produced by
silent substitutions due to the degeneracy of the genetic code.
Polynucleotide variants can be produced for a variety of rea-
sons, e.g., to optimize codon expression for a particular host
(change codons in the human mRNA to those preferred by a
bacterial host such as E. coli). Vectors and cells comprising
the polynucleotides described herein are also provided.
[0276] Insome aspects a DNA sequence encoding a CD73-
binding molecule, e.g., an anti-CD73 antibody (e.g., a clone
10.3 antibody or a clone 2C5 antibody) or an antigen-binding
fragment thereof can be constructed by chemical synthesis
using an oligonucleotide synthesizer. Such oligonucleotides
can be designed based on the amino acid sequence of the
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desired polypeptide and selecting those codons that are
favored in the host cell in which the recombinant polypeptide
of interest will be produced. Standard methods can be applied
to synthesize an isolated polynucleotide sequence encoding
an isolated polypeptide of interest. For example, a complete
amino acid sequence can be used to construct a back-trans-
lated gene. Further, a DNA oligomer containing a nucleotide
sequence coding for the particular isolated polypeptide can be
synthesized. For example, several small oligonucleotides
coding for portions of the desired polypeptide can be synthe-
sized and then ligated. The individual oligonucleotides typi-
cally contain 5' or 3' overhangs for complementary assembly.
[0277] Once assembled (by synthesis, site-directed
mutagenesis or another method), the polynucleotide
sequences encoding a particular isolated polypeptide of inter-
est will be inserted into an expression vector and operatively
linked to an expression control sequence appropriate for
expression of the protein in a desired host. Proper assembly
can be confirmed by nucleotide sequencing, restriction map-
ping, and expression of a biologically active polypeptide in a
suitable host. As is well known in the art, in order to obtain
high expression levels of a transfected gene in a host, the gene
must be operatively linked to transcriptional and translational
expression control sequences that are functional in the chosen
expression host.

[0278] In certain aspects, recombinant expression vectors
are used to amplify and express DNA encoding anti-CD73
antibodies (e.g., a clone 10.3 antibody or a clone 2C5 anti-
body) or antigen-binding fragments thereof. Recombinant
expression vectors are replicable DNA constructs which have
synthetic or cDNA-derived DNA fragments encoding a
polypeptide chain of an anti-CD73 antibody or and antigen-
binding fragment thereof, operatively linked to suitable tran-
scriptional or translational regulatory elements derived from
mammalian, microbial, viral or insect genes.

[0279] A transcriptional unit generally comprises an
assembly of (1) a genetic element or elements having a regu-
latory role in gene expression, for example, transcriptional
promoters or enhancers, (2) a structural or coding sequence
which is transcribed into mRNA and translated into protein,
and (3) appropriate transcription and translation initiation and
termination sequences, as described in detail below. Such
regulatory elements can include an operator sequence to con-
trol transcription. The ability to replicate in a host, usually
conferred by an origin of replication, and a selection gene to
facilitate recognition of transformants can additionally be
incorporated. DNA regions are operatively linked when they
are functionally related to each other. For example, DNA for
a signal peptide (secretory leader) is operatively linked to
DNA for a polypeptide if it is expressed as a precursor which
participates in the secretion of the polypeptide; a promoter is
operatively linked to a coding sequence if it controls the
transcription of the sequence; or a ribosome binding site is
operatively linked to a coding sequence if it is positioned so as
to permit translation. Structural elements intended for use in
yeast expression systems include a leader sequence enabling
extracellular secretion of translated protein by a host cell.
Alternatively, where recombinant protein is expressed with-
out a leader or transport sequence, it can include an N-termi-
nal methionine residue. This residue can optionally be sub-
sequently cleaved from the expressed recombinant protein to
provide a final product.

[0280] The choice of expression control sequence and
expression vector will depend upon the choice ot host. A wide
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variety of expression host/vector combinations can be
employed. Useful expression vectors for eukaryotic hosts,
include, for example, vectors comprising expression control
sequences from SV40, bovine papilloma virus, adenovirus
and cytomegalovirus. Useful expression vectors for bacterial
hosts include known bacterial plasmids, such as plasmids
from E. coli, including pCR 1, pBR322, pMB9 and their
derivatives, wider host range plasmids, such as M13 and
filamentous single-stranded DNA phages.

[0281] Suitable hostcells for expression ofa CD73-binding
molecule, e.g., an anti-CD73 antibody (e.g., a clone 10.3
antibody or a clone 2C5 antibody) or antigen-binding frag-
ment thereof include prokaryotes, yeast, insect or higher
eukaryotic cells under the control of appropriate promoters.
Prokaryotes include gram negative or gram positive organ-
isms, for example E. coli or bacilli. Higher eukaryotic cells
include established cell lines of mammalian origin as
described below. Cell-free translation systems could also be
employed. Appropriate cloning and expression vectors for
use with bacterial, fungal, yeast, and mammalian cellular
hosts are described by Pouwels et al. (Cloning Vectors: A
Laboratory Manual, Elsevier, N. Y., 1985), the relevant dis-
closure of which is hereby incorporated by reference. Addi-
tional information regarding methods of protein production,
including antibody production, can be found, e.g., in U.S.
Patent Publication No. 2008/0187954, U.S. Pat. Nos. 6,413,
746 and 6,660,501, and International Patent Publication No.
WO 04009823, each of which is hereby incorporated by
reference herein in its entirety.

[0282] Various mammalian or insect cell culture systems
can also be advantageously employed to express recombinant
CD73-binding molecules, e.g., anti-CD73 antibodies (e.g., a
clone 10.3 antibody or a clone 2C5 antibody) or antigen-
binding fragments thereof. Expression of recombinant pro-
teins in mammalian cells can be performed because such
proteins are generally correctly folded, appropriately modi-
fied and completely functional.

[0283] Examples of suitable mammalian host cell lines
include HEK-293 and HEK-293T, the COS-7 lines of mon-
key kidney cells, described by Gluzman (Cell 23:175, 1981),
and other cell lines including, for example, L cells, C127,
3T3, Chinese hamster ovary (CHO), NSO, HelL.a and BHK
cell lines. Mammalian expression vectors can comprise non-
transcribed elements such as an origin of replication, a suit-
able promoter and enhancer linked to the gene to be
expressed, and other 5' or 3' flanking nontranscribed
sequences, and 5' or 3' nontranslated sequences, such as nec-
essary ribosome binding sites, a polyadenylation site, splice
donor and acceptor sites, and transcriptional termination
sequences. Baculovirus systems for production of heterolo-
gous proteins in insect cells are reviewed by Luckow and
Summers, BioTechnology 6:47 (1988).

[0284] CD73-binding molecules, e.g., anti-CD73 antibod-
ies (e.g., a clone 10.3 antibody or a clone 2C5 antibody) or
antigen-binding fragments thereof produced by a trans-
formed host can be purified according to any suitable method.
Such standard methods include chromatography (e.g., ion
exchange, affinity and sizing column chromatography), cen-
trifugation, differential solubility, or by any other standard
technique for protein purification. Affinity tags such as hexa-
histidine (SEQ ID NO: 146), maltose binding domain, influ-
enza coat sequence and glutathione-S-transferase can be
attached to the protein to allow easy purification by passage
over an appropriate affinity column. Isolated proteins can also

May 12, 2016

be physically characterized using such techniques as pro-
teolysis, nuclear magnetic resonance and x-ray crystallogra-
phy.

[0285] For example, supernatants from systems which
secrete recombinant protein into culture media can be first
concentrated using a commercially available protein concen-
tration filter, for example, an Amicon® or Millipore Perir-
coN® ultrafiltration unit. Following the concentration step,
the concentrate can be applied to a suitable purification
matrix. Alternatively, an anion exchange resin can be
employed, for example, a matrix or substrate having pendant
diethylaminoethyl (DEAE) groups. The matrices can be acry-
lamide, agarose, dextran, cellulose or other types commonly
employed in protein purification. Alternatively, a cation
exchange step can be employed. Suitable cation exchangers
include various insoluble matrices comprising sulfopropyl or
carboxymethyl groups. Finally, one or more reversed-phase
high performance liquid chromatography (RP-HPLC) steps
employing hydrophobic RP-HPLC media, e.g., silica gel hav-
ing pendant methyl or other aliphatic groups, can be
employed to further purify a CD73-binding molecule (e.g., a
clone 10.3 antibody or a clone 2C5 antibody). Some or all of
the foregoing purification steps, in various combinations, can
also be employed to provide a homogeneous recombinant
protein.

[0286] A recombinant CD73-binding protein, e.g., an anti-
CD73 antibody (e.g., a clone 10.3 antibody or a clone 2C5
antibody) or antigen-binding fragment thereof produced in
bacterial culture can be isolated, for example, by initial
extraction from cell pellets, followed by one or more concen-
tration, salting-out, aqueous ion exchange or size exclusion
chromatography steps. High performance liquid chromatog-
raphy (HPLC) can be employed for final purification steps.
Microbial cells employed in expression of a recombinant
protein can be disrupted by any convenient method, including
freeze-thaw cycling, sonication, mechanical disruption, or
use of cell lysing agents.

[0287] Methods known in the art for purifying antibodies
and other proteins also include, for example, those described
in U.S. Patent Publication Nos. 2008/0312425, 2008/
0177048, and 2009/0187005, each of which is hereby incor-
porated by reference herein in its entirety.

[0288] In certain aspects, the CD73-binding molecule is a
polypeptide that is not an antibody. A variety of methods for
identifying and producing non-antibody polypeptides that
bind with high affinity to a protein target are known in the art.
See, e.g., Skerra, Curr. Opin. Biotechnol., 18:295-304 (2007),
Hosse et al., Protein Science, 15:14-27 (2006), Gill et al.,
Curr. Opin. Biotechnol., 17:653-658 (2006), Nygren, FEBS
J., 275:2668-76 (2008), and Skerra, FEBS J., 275:2677-83
(2008), each of which is incorporated by reference herein in
its entirety. In certain aspects, phage display technology can
been used to identify/produce an CD73-binding polypeptide.
In certain aspects, the polypeptide comprises a protein scaf-
fold of a type selected from the group consisting of protein A,
a lipocalin, a fibronectin domain (e.g., a fibronectin domain
such as a Tenascin-3 Fn III domain), an ankyrin consensus
repeat domain, and thioredoxin.

VI. TREATMENT METHODS USING
THERAPEUTIC ANTI-CD73 ANTIBODIES

[0289] The present disclosure provides methods directed to
the use of anti-CD73 binding molecules, e.g., antibodies,
including antigen-binding fragments, variants, and deriva-
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tives thereof (for example, a clone 10.3 antibody or a clone
2C5 antibody), to treat patients having a disease associated
with CD73 expression or CD73-expressing cells, e.g., cancer.
In some specific aspects, such cancer is lung cancer, breast
cancer, colon cancer, and lymphoma.

[0290] By “CD73-expressing cell” is meant a cell express-
ing CD73. CD73 can be membrane-bound via glycosyl phos-
phatidylinositol-anchoring and also be present as a soluble
protein. Methods for detecting CD73 expression in cells and
other suitable samples are well known in the art and include,
but are not limited to immunohistochemistry, flow cytometry,
Western blot, ELISA, and the like.

[0291] Though the following discussion refers to diagnos-
tic methods and treatment of various diseases and disorders
with an CD73-binding molecule of the present disclosure
(e.g., a clone 10.3 antibody or a clone 2C5 antibody), the
methods described herein are also applicable to any other
anti-CD73 antibodies, and the antigen-binding fragments,
variants, and derivatives (e.g., fusion proteins or conjugates)
of these anti-CD73 antibodies that retain the desired proper-
ties of the anti-CD73 antibodies disclosed herein, e.g., being
capable of specifically binding CD73 and neutralizing its
S'-nucleotidase activity. In some aspects, CD73-binding mol-
ecules are human or humanized antibodies that do not medi-
ate human ADCC, or are anti-CD73 antibodies that are engi-
neered such that they do not mediate ADCC.

[0292] In some aspects, the CD73-binding molecule is a
CD730010 antibody or antigen-binding fragment thereof, a
clone 10.3 antibody or an antigen-binding fragment thereof, a
CD730002 antibody or antigen-binding fragment thereof, a
clone 2C5 antibody or an antigen-binding fragment thereof,
or a CD73004 antibody or antigen-binding fragment thereof.
In other aspects, the CD73-binding molecule is a clone 10.3
mutant antibody. In some aspects, the CD73-binding mol-
ecule is a clone 10.3 monoclonal antibody. In some aspects,
the CD73-binding molecule is a clone 10.3 monoclonal anti-
body engineered to extend serum half-life. In other aspects,
the CD73-binding molecule is a clone 10.3 YTE mutant anti-
body. In other aspects, the CD73-binding molecule is a clone
2C5 mutant antibody. In some aspects, the CD73-binding
molecule is a clone 2C5 monoclonal antibody. In some
aspects, the CD73-binding molecule is a clone 2C5 mono-
clonal antibody engineered to extend serum half-life. In other
aspects, the CD73-binding molecule is a clone 2C5 YTE
mutant antibody.

[0293] In one aspect, treatment includes the application or
administration of an anti-CD73 binding molecule, e.g., an
antibody (e.g.,a clone 10.3 antibody or a clone 2C5 antibody)
or antigen-binding fragment, variant, or derivative thereof of
the current disclosure to a subject or patient, or application or
administration of the anti-CD73 binding molecule to an iso-
lated tissue or cell line from a subject or patient, where the
subject or patient has a disease, a symptom of a disease, or a
predisposition toward a disease. In another aspect, treatment
is also intended to include the application or administration of
a pharmaceutical composition comprising the anti-CD73
binding molecule, e.g., an antibody or antigen-binding frag-
ment, variant, or derivative thereof of the current disclosure to
a subject or patient, or application or administration of a
pharmaceutical composition comprising the anti-CD73 bind-
ing molecule to an isolated tissue or cell line from a subject or
patient, who has a disease, a symptom of a disease, or a
predisposition toward a disease.
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[0294] The anti-CD73 binding molecules, e.g., antibodies
(e.g., a clone 10.3 antibody or a clone 2C5 antibody) or
antigen-binding fragments, variants, or derivatives thereof of
the present disclosure are useful for the treatment of various
cancers. In one aspect, the present disclosure provides anti-
CD?73 binding molecules, e.g., antibodies (e.g., a clone 10.3
antibody or a clone 2C5 antibody) or antigen-binding frag-
ments, variants, or derivatives thereof for use as a medica-
ment, in particular for use in the treatment or prophylaxis of
cancer (e.g., colon cancer, breast cancer, lymphoma, or non-
small cell carcinoma. In some aspect, the cancer presents a
prometastatic phenotype. In some aspects, the cancer is a
metastatic cancer. In some aspects, the anti-CD73 binding
molecules disclosed herein can trigger adaptive anti-tumor
activity and/or inhibit metastasis. In some particular aspects,
the anti-Cd73 binding molecules disclosed herein can inhibit
metastasis in breast cancer.

[0295] In accordance with the methods of the present dis-
closure, at least one anti-CD73 binding molecule, e.g., an
antibody (e.g.,a clone 10.3 antibody or a clone 2C5 antibody)
or antigen-binding fragment, variant, or derivative thereof as
defined elsewhere herein is used to promote a positive thera-
peutic response with respect to cancer. The term “positive
therapeutic response” with respect to cancer treatment refers
to an improvement in the disease in association with the
activity of these anti-CD73 binding molecules, e.g., antibod-
ies or antigen-binding fragments, variants, or derivatives
thereof, and/or an improvement in the symptoms associated
with the disease. Thus, for example, an improvement in the
disease can be characterized as a complete response. By
“complete response” is intended an absence of clinically
detectable disease with normalization of any previously test
results. Alternatively, an improvement in the disease can be
categorized as being a partial response. A “positive therapeu-
tic response” encompasses a reduction or inhibition of the
progression and/or duration of cancer, the reduction or ame-
lioration of the severity of cancer, and/or the amelioration of
one or more symptoms thereof resulting from the administra-
tion of an anti-CD73 binding molecule disclosed herein.

[0296] In specific aspects, such terms refer to one, two or
three or more results following the administration of anti-
CD73 binding molecules disclosed herein: (1) a stabilization,
reduction or elimination of the cancer cell population; (2) a
stabilization or reduction in cancer growth; (3) an impairment
in the formation of cancer; (4) eradication, removal, or con-
trol of primary, regional and/or metastatic cancer; (5) a reduc-
tion in mortality; (6) an increase in disease-free, relapse-free,
progression-free, and/or overall survival, duration, or rate; (7)
an increase in the response rate, the durability of response, or
number of patients who respond or are in remission; (8) a
decrease in hospitalization rate, (9) a decrease in hospitaliza-
tion lengths, (10) the size of the cancer is maintained and does
not increase or increases by less than 10%, preferably less
than 5%, preferably less than 4%, preferably less than 2%,
and (12) an increase in the number of patients in remission.

[0297] Clinical response can be assessed using screening
techniques such as magnetic resonance imaging (MRI) scan,
x-radiographic imaging, computed tomographic (CT) scan,
flow cytometry or fluorescence-activated cell sorter (FACS)
analysis, histology, gross pathology, and blood chemistry,
including but not limited to changes detectable by ELISA,
RIA, chromatography, and the like. In addition to these posi-
tive therapeutic responses, the subject undergoing therapy
with the anti-CD73 binding molecule, e.g., an antibody or
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antigen-binding fragment, variant, or derivative thereof, can
experience the beneficial effect of an improvement in the
symptoms associated with the disease.

[0298] The anti-CD73 binding molecules, e.g., antibodies
(e.g., a clone 10.3 antibody or a clone 2CS5 antibody) or
antigen-binding fragments, variants, or derivatives thereof
disclosed herein can be used in combination with any known
therapies for cancer, including any agent or combination of
agents that are known to be useful, or which have been used or
are currently in use, for treatment of cancer, e.g., colon can-
cer, lung cancer (e.g., non-small cell carcinoma), lymphoma,
breast cancerin specific aspects the CD73-binding molecules
disclosed herein, e.g., antibodies (e.g., a clone 10.3 antibody
or a clone 2C5 antibody) or antigen-binding fragments
thereof, can be administered in combination with antibodies
or antibody fragments targeting, for example, PD-1 (pro-
grammed death 1 protein), In some aspects, the anti-PD-1
antibody is pembrolizumab (KEYTRUDA®, formerly lam-
brolizumab, also known as MK-3475) or an antigen-binding
fragment thereof. In some aspects, the anti-PD-1 antibody is
nivolumab  (BMS-936558, MDX-1106, ONO-4538,
Oprpva®) or an antigen-binding fragment thereof. In some
aspects, the anti-PD-1 antibody is MEDI4736 or an antigen-
binding fragment thereof.

[0299] In some aspects, the CD73-binding molecules dis-
closed herein (for example, a clone 10.3 antibody or a clone
2C5 antibody) can be administered in combination with an
anti-PD-1 antibody. In some aspects, the administration of a
combination treatment comprising an CD73-binding mol-
ecule disclosed herein (for example, MEDI9447, a clone 10.3
antibody or a clone 2CS5 antibody) in combination with an
anti-PD-1 antibody, can increase survival by about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, or about 100% compared
to untreated subjects or subjects treated with a monotherapy
(e.g., an anti-PD-1 antibody without an anti-CD73 antibody).
In some aspects, the administration of a combination treat-
ment comprising an CD73-binding molecule disclosed
herein (for example, a clone 10.3 antibody or a clone 2C5
antibody) in combination with an anti-PD-1 antibody, can
increase survival by about 2-fold, about 3-fold, about 4-fold,
about 5-fold, about 6-fold, about 7-fold, about 8-fold, about
9-fold, or about 10-fold compared to untreated subjects or
subjects treated with a monotherapy (e.g., an anti-PD-1 anti-
body without an anti-CD73 antibody).

[0300] Where the combined therapies comprise adminis-
tration of an anti-CD73 binding molecule in combination
with administration of another therapeutic agent (e.g., an
anti-PD1), the methods disclosed herein encompass co-ad-
ministration, using separate formulations or a single pharma-
ceutical formulation, and consecutive administration in either
order. In some aspects, the anti-CD73 antibodies described
herein (for example, a clone 10.3 antibody or a clone 2C5
antibody) are administered in combination with other drugs,
wherein the antibody or antigen-binding fragment, variant, or
derivative thereof and the therapeutic agent(s) can be admin-
istered sequentially, in either order, or simultaneously (i.e.,
concurrently or within the same time frame).

[0301] The combination therapy can provide “synergy”
and prove “synergistic”, i.e., the effect achieved when the
active ingredients used together is greater than the sum of the
effects that results from using the compounds separately. A
synergistic effect can be attained when the active ingredients
are: (1) co-formulated and administered or delivered simul-
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taneously in a combined, unit dosage formulation; (2) deliv-
ered by alternation or in parallel as separate formulations; or
(3) by some other regimen. When delivered in alternation
therapy, a synergistic effect can be attained when the com-
pounds are administered or delivered sequentially, e.g., by
different injections in separate syringes. In general, during
alternation therapy, an effective dosage of each active ingre-
dient is administered sequentially, i.e., serially, whereas in
combination therapy, effective dosages of two or more active
ingredients are administered together.

[0302] A further aspect is the use of anti-CD73 binding
molecules, e.g., antibodies or antigen-binding fragments,
variants, or derivatives thereof (for example, a clone 10.3
antibody or a clone 2CS5 antibody), for diagnostic monitoring
of protein levels in tissue as part of a clinical testing proce-
dure, e.g., to determine the efficacy of a given treatment
regimen. For example, detection can be facilitated by cou-
pling the antibody to a detectable substance.

[0303] Examples of detectable substances include various
enzymes, prosthetic groups, fluorescent materials, lumines-
cent materials, bioluminescent materials, and radioactive
materials. Examples of suitable enzymes include horseradish
peroxidase, alkaline phosphatase, [3-galactosidase, or acetyl-
cholinesterase; examples of suitable prosthetic group com-
plexes include streptavidin/biotin and avidin/biotin;
examples of suitable fluorescent materials include umbellif-
erone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phy-
coerythrin; an example of a luminescent material includes
luminol; examples of bioluminescent materials include
luciferase, luciferin, and aequorin; and examples of suitable
radioactive material include 21, 131, 338, or °H.

VII. PHARMACEUTICAL COMPOSITIONS AND
METHODS OF ADMINISTRATION

[0304] Methods of preparing and administering anti-CD73
binding molecules, e.g., antibodies, or antigen-binding frag-
ments, variants, or derivatives thereof (e.g., a clone 10.3 anti-
body or a clone 2CS5 antibody) to a subject in need thereof are
well known to or are readily determined by those skilled in the
art. The route of administration of the anti-CD73 binding
molecule, e.g., an antibody, or antigen-binding fragment,
variant, or derivative thereof can be, for example, oral,
parenteral, by inhalation or topical. The term parenteral as
used herein includes, e.g., intravenous, intraarterial, intrap-
eritoneal, intramuscular, subcutaneous, rectal, or vaginal
administration. However, in other methods compatible with
the teachings herein, anti-CD73 binding molecules, e.g., anti-
bodies, or antigen-binding fragments, variants, or derivatives
thereof, of the present disclosure can be delivered directly to
the site of the adverse cellular population thereby increasing
the exposure of the diseased tissue to the therapeutic agent.
[0305] As discussed herein, anti-CD73 binding molecules,
e.g., antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the present disclosure (for example, a
clone 10.3 antibody or a clone 2C5 antibody) can be admin-
istered in a pharmaceutically effective amount for the in vivo
treatment of CD73-expressing cell-mediated diseases such as
certain types of cancers.

[0306] The pharmaceutical compositions used in this dis-
closure can comprise pharmaceutically acceptable carriers,
including, e.g., water, ion exchangers, proteins, buffer sub-
stances, and salts. Preservatives and other additives can also
be present. The carrier can be a solvent or dispersion medium.
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Suitable formulations for use in therapeutic methods dis-
closed herein are described in Remington’s Pharmaceutical
Sciences (Mack Publishing Co.) 16th ed. (1980).

[0307] In any case, sterile injectable solutions can be pre-
pared by incorporating an active compound (e.g., an anti-
CD73 antibody, or antigen-binding fragment, variant, or
derivative thereof, for example a clone 10.3 antibody or a
clone 2CS5 antibody, by itself or in combination with other
active agents) in the required amount in an appropriate sol-
vent followed by filtered sterilization. Further, the prepara-
tions can be packaged and sold in the form of a kit. Such
articles of manufacture can have labels or package inserts
indicating that the associated compositions are useful for
treating a subject suffering from, or predisposed to a disease
or disorder.

[0308] Parenteral formulations can be a single bolus dose,
an infusion or a loading bolus dose followed with a mainte-
nance dose. These compositions can be administered at spe-
cific fixed or variable intervals, e.g., once a day, or on an “as
needed” basis.

[0309] The composition can be administered as a single
dose, multiple doses or over an established period of time in
an infusion. Dosage regimens also can be adjusted to provide
the optimum desired response (e.g., a therapeutic or prophy-
lactic response).

[0310] Therapeutically effective doses of the compositions
of the present disclosure, for treatment of CD73-expressing
cell-mediated diseases, such as certain types of cancers
including e.g., colon cancer, vary depending upon many dif-
ferent factors, including means of administration, target site,
physiological state of the patient, whether the patient is
human or an animal, other medications administered, and
whether treatment is prophylactic or therapeutic. Usually, the
patient is a human, but non-human mammals including trans-
genic mammals can also be treated. Treatment dosages can be
titrated using routine methods known to those of skill in the
art to optimize safety and efficacy.

[0311] The amount of at least one anti-CD73 binding mol-
ecule, e.g., antibody or binding fragment, variant, or deriva-
tive thereof (for example, a clone 10.3 antibody or a clone
2C5 antibody) to be administered is readily determined by
one of ordinary skill in the art without undue experimentation
given the disclosure of the present disclosure. Factors influ-
encing the mode of administration and the respective amount
of at least one anti-CD73 binding molecule, e.g., antibody,
antigen-binding fragment, variant or derivative thereof
include, but are not limited to, the severity of the disease, the
history of the disease, and the age, height, weight, health, and
physical condition of the individual undergoing therapy.
Similarly, the amount of anti-CD73 binding molecule, e.g.,
antibody, or fragment, variant, or derivative thereof, to be
administered will be dependent upon the mode of adminis-
tration and whether the subject will undergo a single dose or
multiple doses of this agent.

[0312] The present disclosure also provides for the use of
an anti-CD73 binding molecule, e.g., an antibody or antigen-
binding fragment, variant, or derivative thereof (for example,
a clone 10.3 antibody or a clone 2C5 antibody), in the manu-
facture of'a medicament for treating a type of cancer, includ-
ing, e.g., colon cancer.

[0313] The disclosure also provides for the use of an anti-
CD73 binding molecule, e.g., antibody, or antigen-binding
fragment, variant, or derivative thereof (for example, a clone
10.3 antibody or a clone 2CS5 antibody), in the manufacture of
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a medicament for treating a subject for treating a type of
cancer. In certain aspects, the medicament is used in a subject
that has been pretreated with at least one other therapy.
[0314] By “pretreated” or “pretreatment” is intended the
subject has received one or more other therapies (e.g., been
treated with at least one other anti-cancer therapy) prior to
receiving the medicament comprising the anti-CD73 binding
molecule, e.g., antibody or antigen-binding fragment, vari-
ant, or derivative thereof (for example, a clone 10.3 antibody
or a clone 2C5 antibody). It is not necessary that the subject
was a responder to pretreatment with the prior therapy or
therapies. Thus, the subject that receives the medicament
comprising the anti-CD73 binding molecule, e.g., an anti-
body or antigen-binding fragment, variant, or derivative
thereof could have responded, or could have failed to respond
to pretreatment with the prior therapy, or to one or more ofthe
prior therapies where pretreatment comprised multiple thera-
pies.

[0315] The present disclosure also provides for the co-
administration of an anti-CD73 binding molecule, e.g., anti-
body, or antigen-binding fragment, variant, or derivative
thereof (for example, a clone 10.3 antibody or a clone 2C5
antibody) and at least one other therapy. The anti-CD73 anti-
body and the at least one other therapy can be co-administered
together in a single composition or can be co-administered
together at the same time or overlapping times in separate
compositions. In some aspects, the anti-CD73 antibody can
be co-administered with, for example, an antibody that targets
PD-1 (programmed death 1 protein The present disclosure
also provides for the use of an anti-CD73 binding molecule,
e.g., antibody, or antigen-binding fragment, variant, or
derivative thereof (for example, a clone 10.3 antibody or a
clone 2CS5 antibody), in the manufacture of a medicament for
treating a subject for treating cancer, wherein the anti-CD73
binding molecule is administered before a subject has been
treated with at least one other therapy.

VIII. DIAGNOSTICS

[0316] The present disclosure further provides diagnostic
methods useful during diagnosis of CD73-expressing cell-
mediated diseases such as certain types of cancer, which
involves measuring the expression level of CD73 protein in
tissue or other cells or body fluid from an individual and
comparing the measured expression level with a standard
CD73 expression level in normal tissue or body fluid,
whereby an increase in the expression level compared to the
standard is indicative of a disorder.

[0317] Theanti-CD73 antibodies disclosed herein and anti-
gen-binding fragments, variants, and derivatives thereof (e.g.,
aclone 10.3 antibody or a clone 2C5 antibody), can be used to
assay CD73 protein levels in a biological sample using clas-
sical immunohistological methods known to those of skill in
the art (e.g., see Jalkanen, et al., J. Cell. Biol. 101:976-985
(1985); Jalkanen et al., J. Cell Biol. 105:3087-3096 (1987)).
Other antibody-based methods useful for detecting CD73
protein expression include immunoassays, such as the
enzyme linked immunosorbent assay (ELISA), immunopre-
cipitation, or Western blotting. Suitable assays are described
in more detail elsewhere herein.

[0318] By “assayingthe expressionlevel of CD73 polypep-
tide” is intended qualitatively or quantitatively measuring or
estimating the level of CD73 polypeptide in a first biological
sample either directly (e.g., by determining or estimating
absolute protein level) or relatively (e.g., by comparing to the
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disease associated polypeptide level in a second biological
sample). CD73 polypeptide expression level in the first bio-
logical sample can be measured or estimated and compared to
a standard CD73 polypeptide level, the standard being taken
from a second biological sample obtained from an individual
not having the disorder or being determined by averaging
levels from a population of individuals not having the disor-
der. As will be appreciated in the art, once the “standard”
CD?73 polypeptide level is known, it can be used repeatedly as
a standard for comparison.

[0319] By “biological sample” is intended any biological
sample obtained from an individual, cell line, tissue culture,
or other source of cells potentially expressing CD73. Meth-
ods for obtaining tissue biopsies and body fluids from mam-
mals are well known in the art.

IX. KITS COMPRISING CD73-BINDING
MOLECULES

[0320] The present disclosure also provides kits that com-
prise at least one of the CD73-binding molecules described
herein, e.g., anti-CD73 antibodies or antigen-binding frag-
ment thereof, variants, or derivatives of the molecules dis-
closed herein (e.g., a clone 10.3 antibody or a clone 2C5
antibody), that can be used to perform the methods described
herein. In certain aspects, a kit comprises at least one purified
anti-CD73 antibody or an antigen-binding fragment thereof
in one or more containers. In some aspects, the kits contain all
of the components necessary and/or sufficient to perform a
detection assay, including all controls, directions for perform-
ing assays, and any necessary software for analysis and pre-
sentation of results. One skilled in the art will readily recog-
nize that the disclosed CD73-binding molecule, e.g., an anti-
CD73 antibody or antigen-binding fragment thereof of the
present disclosure (e.g., a clone 10.3 antibody or a clone 2C5
antibody) can be readily incorporated into one of the estab-
lished kit formats which are well known in the art.

X. IMMUNOASSAYS

[0321] Anti-CD73 binding molecules disclosed herein,
e.g., anti-CD73 antibodies or antigen-binding fragments
thereof, variants, or derivatives of the molecules disclosed
herein (e.g., a clone 10.3 antibody or a clone 2C5 antibody),
can be assayed for immunospecific binding by any method
known in the art. The immunoassays that can be used include
but are not limited to competitive and non-competitive assay
systems using techniques such as Western blots, radioimmu-
noassays, ELISA (enzyme linked immunosorbent assay),
“sandwich” immunoassays, immunoprecipitation assays,
precipitin reactions, gel diffusion precipitin reactions, immu-
nodiffusion assays, agglutination assays, complement-fixa-
tion assays, immunoradiometric assays, fluorescent immu-
noassays, protein A immunoassays, to name but a few. Such
assays are routine and well known in the art (see, e.g.,
Ausubel et al., eds, (1994) Current Protocols in Molecular
Biology (John Wiley & Sons, Inc., NY) Vol. 1, which is
incorporated by reference herein in its entirety).

[0322] CD73-binding molecules, e.g., anti-CD73 antibod-
ies or antigen-binding fragments thereof, and their variants or
derivatives (for example, a clone 10.3 antibody or a clone 2C5
antibody), can be employed histologically, as in immunofluo-
rescence, immunoelectron microscopy or non-immunologi-
cal assays, for in situ detection of CD73 or conserved variants
or peptide fragments thereof. In situ detection can be accom-
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plished by removing a histological specimen from a patient,
and applying thereto a labeled CD73-binding molecule, e.g.,
an anti-CD73 antibody or antigen-binding fragment thereof,
variant, or derivative thereof, preferably applied by overlay-
ing the labeled CD73-binding molecule (e.g., and antibody or
fragment) onto a biological sample. Through the use of such
a procedure, it is possible to determine not only the presence
of CD73, or conserved variants or peptide fragments, but also
its distribution in the examined tissue. Using the present
disclosure, those of ordinary skill will readily perceive that
any of'a wide variety ofhistological methods (such as staining
procedures) can be modified in order to achieve such in situ
detection.

[0323] The binding activity of a given lot of CD73-binding
molecule, e.g., anti-CD73 antibody (for example, a clone
10.3 antibody or a clone 2C5 antibody) or antigen-binding
fragment thereof, variant, or derivative thereof can be deter-
mined according to well-known methods. Those skilled in the
art will be able to determine operative and optimal assay
conditions for each determination by employing routine
experimentation.

[0324] Methods and reagents suitable for determination of
binding characteristics of an isolated CD73-binding mol-
ecule, e.g., anti-CD73 antibody (for example, a clone 10.3
antibody or a clone 2C5 antibody) or antigen-binding frag-
ment thereof, variant, or an altered/mutant derivative thereof,
are known in the art and/or are commercially available.
Equipment and software designed for such kinetic analyses
are commercially available (e.g., BlAcore, BIAevaluation
software, GE Healthcare; KinExa Software, Sapidyne Instru-
ments).

[0325] The practice of the present disclosure will employ,
unless otherwise indicated, conventional techniques of cell
biology, cell culture, molecular biology, transgenic biology,
microbiology, recombinant DNA, and immunology, which
are within the skill of the art. Such techniques are explained
fully in the literature. See, for example, Sambrook et al., ed.
(1989) Molecular Cloning A Laboratory Manual (2nd ed.;
Cold Spring Harbor Laboratory Press); Sambrook et al., ed.
(1992) Molecular Cloning: A Laboratory Manual, (Cold
Springs Harbor Laboratory, NY); D. N. Glover ed., (1985)
DNA Cloning, Volumes I and IT; Gait, ed. (1984) Oligonucle-
otide Synthesis; Mullis et al. U.S. Pat. No. 4,683,195; Hames
and Higgins, eds. (1984) Nucleic Acid Hybridization; Hames
and Higgins, eds. (1984) Transcription And Translation;
Freshney (1987) Culture Of Animal Cells (Alan R. Liss, Inc.);
Immobilized Cells And Enzymes (IRL Press) (1986); Perbal
(1984) A Practical Guide To Molecular Cloning; the treatise,
Methods In Enzymology (Academic Press, Inc., N.Y.); Miller
and Calos eds. (1987) Gene Transfer Vectors For Mammalian
Cells, (Cold Spring Harbor Laboratory); Wu et al., eds.,
Methods In Enzymology, Vols. 154 and 155; Mayer and
Walker, eds. (1987) Immunochemical Methods In Cell And
Molecular Biology (Academic Press, London); Weir and
Blackwell, eds., (1986) Handbook Of Experimental Immu-
nology, Volumes I-IV; Manipulating the Mouse Embryo,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., (1986); and in Ausubel et al. (1989) Current Protocols in
Molecular Biology (John Wiley and Sons, Baltimore, Md.).
[0326] General principles of antibody engineering are set
forth in Borrebaeck, ed. (1995) Antibody Engineering (2nd
ed.; Oxford Univ. Press). General principles of protein engi-
neering are set forth in Rickwood et al., eds. (1995) Protein
Engineering, A Practical Approach (IRL. Press at Oxford
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Univ. Press, Oxford, Eng.). General principles of antibodies
and antibody-hapten binding are set forth in: Nisonoff (1984)
Molecular Immunology (2nd ed.; Sinauer Associates, Sun-
derland, Mass.); and Steward (1984) Antibodies, Their Struc-
ture and Function (Chapman and Hall, New York, N.Y.).
Additionally, standard methods in immunology known in the
art and not specifically described are generally followed as in
Current Protocols in Immunology, John Wiley & Sons, New
York; Stites et al., eds. (1994) Basic and Clinical Immunology
(8th ed; Appleton & Lange, Norwalk, Conn.) and Mishell and
Shiigi (eds) (1980) Selected Methods in Cellular Immunol-
ogy (W.H. Freeman and Co., NY).

[0327] Standard reference works setting forth general prin-
ciples of immunology include Current Protocols in Immunol-
ogy, John Wiley & Sons, New York; Klein (1982) J., Immu-
nology: The Science of Self-Nonself Discrimination (John
Wiley & Sons, NY); Kennett et al., eds. (1980) Monoclonal
Antibodies, Hybridoma: A New Dimension in Biological
Analyses (Plenum Press, NY); Campbell (1984) “Mono-
clonal Antibody Technology” in Laboratory Techniques in
Biochemistry and Molecular Biology, ed. Burden et al.,
(Elsevere, Amsterdam); Goldsby et al., eds. (2000) Kuby
Immunnology (4th ed.; H. Freemand & Co.); Roitt et al.
(2001) Immunology (6th ed.; London: Mosby); Abbas et al.
(2005) Cellular and Molecular Immunology (5thed.; Elsevier
Health Sciences Division); Kontermann and Dubel (2001)
Antibody Engineering (Springer Verlan); Sambrook and Rus-
sell (2001) Molecular Cloning: A Laboratory Manual (Cold
Spring Harbor Press); Lewin (2003) Genes VIII (Prentice
Hall2003); Harlow and Lane (1988) Antibodies: A Labora-
tory Manual (Cold Spring Harbor Press); Dieffenbach and
Dveksler (2003) PCR Primer (Cold Spring Harbor Press).
[0328] All of the references cited above, as well as all
references cited herein, are incorporated herein by reference
in their entireties.

[0329] The following examples are offered by way of illus-
tration and not by way of limitation.

EXAMPLES

[0330] Aspects of the present disclosure can be further
defined by reference to the following non-limiting examples,
which describe in detail preparation of certain antibodies of
the present disclosure and methods for using antibodies of the
present disclosure. [t will be apparent to those skilled in the art
that many modifications, both to materials and methods, can
be practiced without departing from the scope of the present
disclosure.

[0331] CD73 (Cluster of Differentiation 73), also known as
ecto-5'-nucleotidase (NTSE), is a transmembrane receptor
found on tumor cells as well as in normal stromal cells such as
endothelial cells and certain leukocytes. CD73 catalyzes
adenosine monophosphate to adenosine and organic phos-
phate. Binding of the extracellular portion of adenosine
receptors signals through cyclic AMP to inhibit T-cell recep-
tor activation (reviewed by Linden and Cekic, 2012). CD73 is
believed to play a role in mediating the inhibitory function of
regulatory B and T lymphocytes (Saze et al, 2013), as well as
in maintaining endothelial integrity (reviewed by Jalkanen
and Salmi, 2008).

[0332] In addition to its role in normal biology, CD73 and
adenosine affect tumor biology. The presence of extracellular
adenosine within the tumor microenvironment has been
described as an immunosuppressive “halo” (Antonioli et al,
2013). Consistent with this role for adenosine, knockout mice
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lacking adenosine receptors have been shown to reject tumors
more readily than normal mice (Ohta et al, 2006). The pri-
mary source of extracellular adenosine within tumors is
believed to be CD73 (Augusto et al, 2013). Consistent with
this hypothesis as well as studies with A2A deficient mice,
knockout mice lacking CD73 have increased anti-tumor
immunity (Stagg etal, 2011) and show decreased carcinogen-
esis (Stagg et al, 2012) when compared normal mice. Spe-
cifically, extracellular adenosine is believed to mediate the
immunosuppressive effects of both regulatory T cells and
myeloid-derived suppressor cells (MDSCs), among others
(reviewed by Antonioli etal, 2013). Taken together with other
studies showing that molecular inhibition of CD73 with small
molecules or antibodies can inhibit tumor formation, growth,
and metastasis (reviewed by Young et al, 2014), it is hypoth-
esized that tumors use CD73 to generate adenosine and,
thereby, to suppress anti-tumor immunity. Accordingly, anti-
CD?73 antibodies that selectively bind to and inhibit the ecto-
nucleotidase activity of CD73 are likely to be useful for
enhancing an anti-tumor immune response.

Example 1

Isolation and Identification of Anti-CD73 Antibodies

[0333] Human scFv phage display libraries were panned
with biotinylated CD73 extracellular domain (ECD) to iso-
late antibodies binding to human, cynomolgus, and murine
CD73. CD73-specific scFv antibodies were isolated from the
human scFv phage display library in a series of repeated
alternate selection cycles on biotinylated human and murine
CD73 extracellular domain (ECD) produced in-house from
mammalian cells essentially as described previously in Lloyd
etal., PEDS 22:159-68 (2009). ScFv genes from rounds 2 and
3 of the selection outputs were converted in batch into bacte-
rial scFv-Fc or Fab expression vectors. Bacterial culture
supernatants carrying soluble scFv-Fc or Fab were screened
for their binding to human, murine, and cynomolgus CD73
ECD by ELISA or homogeneous time resolved fluorescence
HTREF). The top hits showing cross reactivity were selected,
subjected to DNA sequencing, and converted to whole immu-
noglobulin G1 triple mutant antibody format (“IgG-TM”,
IgG1 Fe sequence incorporating mutations [.234F, 1.235E
and P3318). IgG1 TM antibodies were expressed in mamma-
lian cells, purified by affinity chromatography and ranked
based on their characteristics in binding and functional
assays.

[0334] The lead antibody, CD730010, was shown to bind
specifically to human, murine, and cynomolgus CD73-ex-
pressing cells (by flow cytometry), and to inhibit the activity
of recombinant soluble CD73 ECD as well as native CD73
displayed on cells. Affinity maturation of CD730010 was
initiated to enhance binding affinity of CD730010 to human
CD73.

[0335] Prior to affinity optimization, it was attempted to
revert as many framework residues of CD730010 to the clos-
est human germline sequences (based on IMGT repertoire)
without impairing affinity (See Example 8). This was done to
minimize the potential immunogenicity of the final antibody
drug in humans. All framework residues of the VL. domain
and all except one framework residue of the VH domain could
be reverted to match the amino sequence of human germlines
1GLV1-44, IGLJ3,1IGHV3-23, and IGHI2. Lysine in position
94 (Kabat numbering; Kabat, 1991) of the VH domain of
CD730010 could not be reverted without loss of affinity.
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TABLE 10

Affinity of parental anti-CD730010 antibody and
antibody variants with germlined amino acids.

amino acid
inVH

amino acid in VL position position EC50
antibody variant 1 2 11 37 39 94 [nM]
CD730010 L P vV K V R 69
CD730010 GL9 Q S A Q L R 64
CD730010 GL10 L P vV K V K 205
CD730010 GL18 Q S A Q L K 132

[0336] The affinity and potency of germlined CD730010
antibody was enhanced by generating libraries of CDR vari-
ants and testing the variants for improved binding to CD73
(See Example 9). Several mutations with the best improve-
ment in affinity were combined to generate the candidate drug
MEDI9447. The nucleotide and deduced amino acid
sequences of MEDI9447 are shown in FIGS. 1A-1D.

Example 2

Epitope Binning of Anti-CD73 Antibodies

[0337] Theability ofanti-CD73 antibodies to compete with
each other for binding to human CD73 ECD was assessed on
an Octet instrument essentially as described (Abdiche Y N et
al., Anal Biochem 386: 172-80 (2009). CD73 ECD protein
and first anti-CD73 antibody were pre-incubated and added to
a biotinylated second anti-CD73 antibody captured on a
Streptavidin sensor. If the first anti-CD73 antibody blocked
binding of CD73 ECD to the second anti-CD73 antibody,
both antibodies were placed in same or overlapping epitope
bins. If both antibodies could bind simultaneously to CD73
ECD, they were placed in non-overlapping epitope bins. Pair-
wise testing of the anti-CD73 antibodies demonstrated that
they belong to 3 non-overlapping epitope bins (Table 2).

TABLE 2

Epitope bins of anti-CD73 antibodies

Epitope bin Antibodies

A CD730002, CD730004, CD730008, CD730011
B CD730003, CD730010, CD730021, CD730042,
CD730046, CD730047
C CD730068, CD730069
Example 3

Binding of Anti-CD73 Antibodies to CD73

[0338] The binding affinity and specificity of anti-CD73
antibodies was determined by Surface Plasmon Resonance
(SPR) and flow cytometry.

[0339] A ProteOn XPR36 instrument was used to charac-
terize binding o MEDI9447 to human, murine, and cynomol-
gus CD73 ECD. MEDI9447 was affinity-captured using an
anti-human Fc antibody. CD73 ECD was in the mobile phase.
The association and dissociation of CD73 to MEDI9447
could be accurately described with the Langmuir 1:1 model.
The results shown in Table 3 demonstrate that the affinity of
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MEDI9447 to CD73 ECD from the three species is compa-
rable and in the low picomolar range.

TABLE 3

Affinity of MEDI9447 to CD73 ECD Determined
by Surface Plasmon Resonance

Analyte k,(M's7h) k(s Kp (M)
Human CD73 ECD 2.57 x 106 1.06 x 107> 4.1x 10712
Murine CD73 ECD 2.41 x 106 2.32x10°¢ 0.9 x 10712
Cynomolgus CD73 271 x 108 1.76 x 107 6.5 x 10712
ECD

k, Association rate constant;
k4 Dissociation rate constant;
Kp Dissocation constant

[0340] Binding of MEDI9447 to native CD73 expressed on
human, murine, and cynomolgus monkey cell lines was char-
acterized by flow cytometry. The cells were incubated with
various concentrations of MEDI9447 and antibody binding
was monitored with and fluorophore-labeled anti-human Fc
antibody. A plot of the median fluorescence intensity as a
function of the MEDI9447 concentration was fitted nonlin-
early using a one-site binding isotherm model to calculate the
equilibrium dissociation constant. The analysis by flow
cytometry confirms the binding of MEDI9447 to human,
murine, and cynomolgus CD73 with comparable affinities
(Table 4), although the K, values are 13-126-fold greater than
those determined by SPR, probably because of conforma-
tional differences between recombinant and native CD73.

TABLE 4

Affinity of MEDI9447 to Native CD73
Determined by Flow Cytometry

Analyte Kp (M)

MDA-MB-231 cells (human) 154 x 10712
4T1 cells (murine) 113x 10712
MK-1 cells (cynomolgus) 84 x 10712

[0341] To determine the specificity of MEDI9447 for
human CD73 by flow cytometry, cell lines were developed.
MDA-MB-231 cells, which are human breast cancer cells
derived from a pleural effusion, were transfected with human
CD?73 short hairpin RNA (shRNA) to knock down the cell-
surface expression of CD73. Jurkat cells, a line of T cells
derived from Burkitt lymphoma cells, were transfected with a
plasmid expressing human CD73 mRNA to knock in cell-
surface expression of CD73. Jurkat cells express little endog-
enous CD73.

[0342] Specificity of MEDI9447 for human CD73 was
determined by the ratio of MEDI9447 binding to a high
CD73-expressing cell line (MDA-MB-231) to low express-
ing cell line IMDA-MB-231, CD73-shRNA). Specificity of
MEDI9447 for human CD73 was also determined by the ratio
ot high CD73 expressing cell line (Jurkat-CD73 knock-in) to
lower expressing cell line Jurkat.

[0343] Specificity of MEDI9447 for murine CD73
(mCD73) was determined by flow cytometry comparing the
mouse cell line 4T1 (high mCD73 expression) to the
knocked-down cell line (4T1 mCD73-shRNA). In addition,
specificity of MEDI9447 for Jurkat cells with murine CD73
knock-in was compared with wild-type Jurkat cells (no
murine CD73).
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TABLE 5 TABLE 7
Specificity of MEDI9447for Human and Mouse CD73 Antibody-mediated Internalization of Cytotoxic FabZAP
Reagent into MDA-MB-231 Cells and 4T1 Cells
Specificity Mean Fluorescence
of Intensity Ratio MDA-MB-231 4T1
MEDI9447 Cell Line Relationship (MFIR)
ECsq maximum ECso maximum
human MDA-MB-231/MDA-MB- 3.5 [PM] toxicity [PM] toxicity
231(CD73- shRNA)
human Jurkat (CD73 knock-in)/Jurkat 7.9 MEDI9447 3.5 97% 18.5 97%
Mouse 4T1/4T1(mCD73 -shRNA) 3.9
Mouse Jurkat (mCD73 knock-in)/Jurkat 57.1
[0346] Cell proliferation of MDA-MB-231 cells and 4T1

Example 4

Internalization of CD73 by Anti-CD73 Antibody
MEDI9447

[0344] Antibody-mediated internalization or shedding of
CD73 was assessed by flow cytometry. MDA-MB-231 cells
were incubated in presence of 100 nM MEDI9447 or negative
control antibody R347 in growth medium at 37° C. for 0-4
hours. Cells were washed and resuspended in ice-cold PBS.
The presence of CD73 on the cell surface was detected by
adding 10 nM DyLight488-labeled detection antibody. Cells
were incubated for 15 minutes, washed and analyzed by flow
cytometry. The detection antibody binds to an epitope of
CD?73 that is different from the MEDI9447 epitope and both
antibodies simultaneously bind to CD73 without interfer-
ence. Cell surface expression of CD73 dropped to 73% of its
original value after 4 hours incubation with MEDI9447, sug-
gesting that 27% of CD73 was either internalized or shed
upon MEDI9447 binding (Table 6).

TABLE 6

Percentage of CD73 remaining on the cell surface of
MDA-MB-231 cells after incubation with test antibody

Time [h] R347 MEDI9447

0 100%
0.25 107%
0.5 104%
1 102%
2 104%

4 102%

100%
90%
90%
87%
80%
73%

[0345] Internalization of MEDI9447 into cell lines MDA -
MB-231 (human mammary carcinoma) and 4T1 (murine
mammary carcinoma) was assessed using a human Antibody
Internalization Kit that is sold commercially as the FabZAP
assay (Advanced Targeting Systems, San Diego Calif.).
Serial dilutions of MEDI9447 or negative control antibody
R347 were pre-incubated with 40 nM FabZAP reagent (Fab
fragment of a polyclonal anti-human IgG antibody conju-
gated to the cytotoxic protein saporin) and then added to the
cell lines. After 3 days in culture, cell proliferation was mea-
sured using a luminescent cell viability assay sold commer-
cially as the CellTiter-Glo assay (Promega, Madison Wis.).
This assay was used to calculate EC,, values and maximum
toxicity. The FabZ AP reagent cannot internalize into cells on
its own. It binds to a test antibody (e.g., MEDI9447) and is
cytotoxic only upon internalization of the test antibody.
MEDI9447 caused internalization of FabZAP and inhibited
cell proliferation in a dose-dependent manner.

cells treated with serial dilutions of test antibody and FabZ AP
reagent was measured by CellTiter-Glo assay (FIG. 2). The
signal from the negative control antibody R347 in the Cell-
Titer-Glo assay was subtracted from the signal of MEDI9447
and the EC50 value and maximum toxicity were calculated by
fitting the dose-response curve using non-linear regression
analysis.

Example 5

Inhibition of 5'Ectonucleotidase Activity by
Anti-CD73 Antibody MEDI19447

[0347] In this study, the functional activity of MEDI9447
was determined in an in vitro assay that measured the CD73-
catalyzed hydrolysis of AMP using a human non-small cell
carcinoma cell line, NCI-H322. Formulation of MEDI9447
was prepared by diluting its stock solution in serum-free
RPMI medium to a final concentration of 1 uM. Formulation
ot R347 was prepared by diluting its stock solution in RPMI
to a final concentration of 1 uM.

[0348] NCI-H322 cells were centrifuged for 5 minutes at
1500 rpm. The supernatant was removed and replaced with
serum-free RPMI medium. The cell suspension was counted
using the ViCell (Beckman, Coulter) cell counter. The cells
were plated into 96-well plates at a cell density of 10,000 cells
per 100 uLs per well. 50 pL. of 4x concentrated AMP (200
uM) was added. The plates were then incubated at 37° C., 5%
CO, for 24 hours. Plates were centrifuged and 50 pL. of the
culture supernatant was transferred well-to-well to 96-well
opaque round bottom plates. 2x ATP was then added. CellTi-
terGlo® (Promega) was added according to the manufactur-
er’s instructions. Cellular enzyme inhibition of 5' ectonucle-
otidase was measured on a multilabel reader, the Perkin-
Elmer Envision Workstation. The samples were analyzed
using Prism Software.

[0349] MEDI9447 specifically inhibited dephosphoryla-
tion of adenosine monophosphate (AMP) in a human in vitro
system. In a cell-based assay of surface-expressed CD73,
conversion of adenosine monophosphate to adenosine was
reduced in a dose-dependent manner by MEDI9447, but not
by an irrelevant isotype control antibody (FIG. 3). The results
depicted in FIG. 3 were obtained using CD73-expressing
NSCLC cells that were plated into 96-well non-tissue culture
treated plates (Falcon 3788) at 10,000 cells per well in 100 pl,
of RPMI medium without additives. Antibodies were added
in duplicate along with AMP (200 uM final concentration)
and plates were incubated at 37° C., 5% CO, for 24 hours.
Plates were then centrifuged for 3 minutes at 1500 rpm.
Supernatants were collected into a new 96 well plate (Costar
#3605) and ATP was added to a final concentration of 100 M.
CellTiter-Glo® reagent (Promega) was added 1:1 and cellular
CD73 enzyme AMP phosphorylase activity was determined
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by measuring ATP levels using the Envision luminescence
plate reader (Perkin Elmer). Buffer containing only ATP and
AMP was used as a negative control. The assay was repeated
and the results shown at FIG. 3 are representative of two
similar experiments using other human cancer cell lines.
[0350] These results indicate that MEDI9447 inhibited the
production of adenosine by cancer cells. Adenosine mediates
the tumor’s immunosuppressive effects within the tumor
microenvironment.

Example 6

Reduction in Tumor-Infiltrating Myeloid-Derived
Suppressor Cells by MEDI9447

[0351] CT26 cells, which are derived from a murine colon
cancer, were established by subcutaneous (SC) injection of
5x10° cells suspended in 0.1 mL of PBS into the right flanks
of 4-to-6-week-old female mice. The mice were treated with
MEDI9447 or with a control antibody.

[0352] 10 mice per group were used in this study. Animals
were randomly assigned into groups. Animals in Group 1
were untreated and Group 2 was administered an isotype
control. MEDI9447 was administered to Group 3. Test
articles were administered intraperitoneally twice weekly
starting on Day 3. On Day 16, 5 animals from each group
were necropsied and tumors were isolated.

[0353] Group designation and dose levels are presented in
Table 8.
TABLE 8
Group Designation and Dose Levels
Number of
animals Days of  Dose level
Group (female) Treatment dosing (mg/kg)®  ROA

1 5 untreated N/A N/A N/A

2 5 isotype 2X weekly 20 mg/kg iy

3 5 MEDI9447 2X weekly 10 mg/kg iy

N/A = not applicable; ROA = route of administration.

Tumors were measured on Days 1, 7, 9, 12, 14, and 16 by
caliper, and the volumes of tumors were calculated as fol-
lows:

(tumor volume length (mm)x(tumor volume width)?
(mm))/2 (1)

The anticancer effects of MEDI9447 were expressed as per-
cent tumor growth inhibition, which was calculated as fol-
lows:

(Average tumor volume for MEDI9447/Average
tumor volume for R347-TM)x100 2)

[0354] Tumors were isolated for flow cytometry. Tumors
were dissected from CT26 tumor-bearing mice on study Day
16. Tumors were cut into small pieces and were digested with
collagenase. After a 30-minute incubation, the digested
sample was passed through a 70-micron filter. Dissociated
cells were pelleted at 1000 rpm for 5 minutes at 4° C. and were
resuspended in fluorescence-activated cell sorting (FACS)
buffer. Cells were counted on ViCell using the default setting.
1x10° cells were plated per well. Cells were stained with
anti-CD45 (to detect all leukocytes) anti-GR1 (to detect
MDSCs) and anti-Ly6g (Gran MDSC). Data were acquired
on the LSRII flow cytometer. Significant p-values, if any,
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obtained from the MDSC analyses are presented in FIG. 4
adjacent to the descriptive statistics (ie, mean and standard
deviation).

[0355] MEDI9447 inhibited tumor growth in murine CT26
syngeneic Balb/C tumor model (FIG. 4).

[0356] MEDI9447 reduced the proportion of tumor-infil-
trating MDSCs in the murine CT26 syngeneic Balb/C tumor
model (FIG. 5).

[0357] MEDI9447 inhibited the growth of CT26 murine
syngeneic tumors. In addition, myeloid-derived suppressor
cells were decreased in syngeneic CT26 colon carcinoma
tumors following treatment with MEDI9447. Intra-tumoral
MDSCs have an immunosuppressive effect on the tumor
microenvironment, allowing for enhanced tumor growth. The
observed reduction in intra-tumoral MDSCs following treat-
ment with MEDI9447 demonstrates a mechanism by which
treatment with MEDI9447 reduces tumor immune suppres-
sion.

Example 7

A Combination of MEDI9447 mIgG1 and an
Anti-PD-1 Antibody Reduced Tumor Growth and
Increased Survival

[0358] Syngeneic tumors were established by subcutane-
ous (SC) injection of 0.1 ml of 5x10° CT26 cells/ml sus-
pended in HBSS into the right flanks of 8- to 10-week-old
animals. Tumors were measured by caliper and the volumes
of tumors (TV) were calculated using the following formula:

TV=(LxW?)/2 1)

[0359] where L is tumor length in millimeters and W is
tumor width is in millimeters

[0360] Mice were randomized into groups based on body-
weight. There were no animal substitutions. 60 female Balb/c
mice were used in this study.

[0361] Animals were randomly assigned into 6 groups.
Animals were administered MEDI9%447(mlgG1). Test
articles were administered by intraperitoneal (IP) injection
twice weekly starting on Day 3. Group designation and dose
levels are presented in Table 9.

TABLE 9

Group Designation and Dose Levels

Number of Schedule
animals of dosing  Dose level
Group (Female) Treatment (2x weeky) (mg/kg)® ROA

1 10 Untreated NA NA NA

2 10 Isotype 4 doses 10 ip
mlgG1

3 10 Isotype 4 doses 10 ip
rlgG2a

4 10 MEDI9447 4 doses 10 ip
mlgG1

6 10 Anti-PD1 4 doses 0.5 ip

7 10 Anti-PD1 + 4 doses 0.5+10 ip
MEDI9447

F = female; IV = intravenous; M = male; ROA = route of administration.
2 Dose volume: 10 mL/kg.

[0362] (a) Results of In Vivo Tumor Inhibition Study
[0363] CT26 murine colon carcinoma were implanted into

syngeneic Balb/C mice and treated with anti-CD73
(MEDI9447 mIgG1; 10 mg/kg), anti-PD1 (0.5 mg/kg) or the
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combination (10 mg/kg anti-CD73 and 0.5 mg/kg anti-PD1).
The combination treatment significantly inhibited tumor
growth when compared to anti-CD73 alone (p=0.015,
ANOVA). Tumor volumes from each group of animals were
plotted for individual animals out to study day 40. No control
group mice were tumor free by the end of the 40 day study
period (See FIG. 6). Anti-CD73 treatment alone resulted in
10% tumor free animals at the end of study. Anti-PD1 treat-
ment alone also resulted in 10% tumor free animals at the end
of study. Remarkably, the combination of anti-CD73 and
anti-PD treatment resulted in 60% tumor free mice. None of
the control group mice were tumor free by the end of the
study. CT26 tumors were measured in mice treated with anti-
CD73 (MEDI9447 mlIgG1), anti-PD1 or the combination of
anti-CD73 and anti-PD1. Mice were measured until study day
40, and humanely sacrificed once tumors reached 2000 mm?®.
The combination of anti-CD73 and anti-PD1 treatment
together resulted in a statistically significant increase in sur-
vival when compared to anti-CD73 or anti-PD1 treatment
alone (p value=0.005 and p=0.038, respectively, Log Rank
Test) (FIG. 7). Median survival increased from 25 and 33 days
(anti-CD73 and anti-PD1, respectively) compared to “unde-
fined” at day 40 for the combination.

TABLE 9

Qutcome at Study Day 40

Tumor free mice Survival
Treatment (%) (%)
untreated 0 0
Isotype mIgG1l 0 0
Isotype rIgG2a 0 0
Anti-CD73 10 10
Anti-PD1 10 20
Anti-CD73 + Anti-PD1 60 70
[0364] In summary, anti-CD73 antibody, MEDI9447

mlgG1, showed enhanced anti-tumor activity when com-
bined with an anti-PD-1 antibody in a murine syngeneic
CT26 colon carcinoma model. In addition, the combination
of anti-CD73 and anti-PD treatment resulted in 60% tumor
free mice. The combination of anti-CD73 and anti-PD1 treat-
ment together also resulted in a statistically significant
increase in survival when compared to anti-CD73 or anti-PD1
treatment alone.

Example 8

Anti-CD730010 Antibody and Antibody Variants

[0365] TheVH and VL amino acid sequences of CD730002
and CD730010 were aligned to the known human germline
sequences using IMGT/V-QUEST (http:/www.imgt.org)
and the closest germline sequences were identified by
sequence similarity. For the CD730010 VH domain, these
were IGHV3-23 and IGHI2. For the CD730010 VL domain,
these were IGLV1-44 and IGLJ3. Six non-germline residues
outside the CDR regions were identified: R94 in VH, and L1,
P2, V11, K37, and V39 in VL (Kabat numbering). Nucle-
otides in the CD730010 IgG1-TM expression vector were
back-mutated by standard molecular biology techniques, so
that the resulting expression vectors encoded germline amino
acids in these positions (K94 in VH, and Q1, S2, All, Q37, and
L39 in VL). The CD730010 IgG1-TM protein variants were
expressed, purified and tested for binding to CD73-express-
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ing MD-MB-231 cells by flow cytometry. All 5 non-germline
amino acids in VL could be changed to their germline resi-
dues without impairing binding. However, R94 in VH is
important for binding and changing it to K impairs binding.
The nucleotide sequence of CD730010 GL9 was used as
template for generating affinity-optimized antibody variants.

[0366] For CD730002, the closest germline genes were
IGHV3-23 and IGHIJ3 for the VH domain, and IGLV3-1 and
IGLJ3 for the VL domain. Four non-germline residues out-
side the CDR regions were identified: R94 in VH, and T20,
R57, L81 and F87 in VL (Kabat numbering). Nucleotides in
the CD730002 IgG1-TM expression vector were back-mu-
tated by standard molecular biology techniques, so that the
resulting expression vectors encoded germline amino acids in
these positions (K94 in VH, and S20, G57, M81, and Y87 in
VL). The CD730002 IgGl-TM protein variants were
expressed, purified and tested for binding to recombinant
human and murine CD73 by flow cytrometry. All 4 non-
germline amino acids in VL could be changed to their germ-
line residues without impairing binding. However, R94 in VH
is important for binding and changing it to K impairs binding.
Variant CD730002 SGMY (non-germlined V, fully germ-
lined VL) was used as a template for generating affinity-
optimized antibody variants.

Example 9

Affinity-Optimization of Anti-CD73 Antibodies
CD730010GL9

[0367] CD730010GL9 IgG1-TM was enhanced by screen-
ing Fab libraries comprising variant CDR sequences with
single amino acid mutations. Each of the 61 positions in the
six CDRs was individually randomized to 19 amino acids (all
natural amino acids except Cysteine), generating a library
with a theoretical diversity of 1159 unique clones (19 amino
acids per position times 61 positions). Bacterial Fab frag-
ments were produced from 4224 clones of the library and
screened for binding to human and murine CD73 protein by
capture ELISA (Assay 2). 180 clones with increased binding
signal compared to parental CD730010 GL9 IgG1-TM were
selected and the mutations in the VH or VL domain were
identified by DNA sequencing. The Fab concentration in the
bacterial supernatants was normalized and the binding of the
normalized supernatants to human and murine CD73 protein
was evaluated by direct ELISA (Assay 1). Table 11 lists
selected beneficial single amino acid substitutions and their
effect on binding to recombinant CD73 protein.

TABLE 11

Single amino acid variants of CD730010
GL9 with improved affinity.

ELISA signal, fold improvement

Amino acid over parental antibody
CDR change huCD73 muCD73
L1 P32E 277 6.7
L1 P32D 11.7 6.5
H3 Y102K 9.9 7.4
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TABLE 11-continued

Single amino acid variants of CD730010
GL9 with improved affinity.

ELISA signal, fold improvement

Amino acid over parental antibody
CDR change huCD73 muCD73
L2 N51D 8.9 4.5
H2 G54N 8.9 7.1
H2 S52W 8.9 4.4
H3 Y102M 7.9 6.3
H3 Y102L 7.3 5.8
L2 S56G 7.1 5.6
L2 N51A 6.7 2.5
H3 Y102A 6.6 5.0
L1 P32G 6.1 5.8
L1 P32A 6.0 5.5
L2 Q53L 6.0 3.8
L2 Q53Y 5.8 2.3
L2 P35L 5.7 43
H2 S56R 5.6 4.9
L2 N51Q 4.2 2.3
H2 G54W 4.2 3.7
H2 AS50L 4.2 3.0
L2 Q53F 4.1 2.7
H1 M34Y 3.9 2.9
L2 P351 3.7 3.2
H3 Y102Q 3.6 3.0
L2 Q53W 3.1 2.7
L2 Q53H 2.4 1.9
L2 L50F 2.2 1.4
H1 S35H 1.8 1.1
H1 M341 1.5 1.1

[0368] To further improve the affinity of the anti-CD73
antibody, several single amino acid changes which improved
binding when compared to parental CD730010 GL9 were
combined to create a combinatorial Fab library (Assay 4). Fab
fragments of 4224 clones of the combinatorial library were
produced in E. coli and screened for binding to human and
murine CD73 protein by capture ELISA. The top 20 clones
from each screening assay were selected for further charac-
terization. The Fab concentration in the supernatants was
normalized and serial dilutions of normalized supernatants
were tested for binding to human and murine CD73 by cap-
ture ELISA and direct ELISA. Clones C1, C2, D3 and G10
showed strong binding to human and murine CD73 and were
selected for further characterization.

[0369] Antigen-binding of CD730010 GL9 was also
enhanced using affinity-based phage selections. Large scFv
libraries derived from the lead CD730010 GL9 sequence
were created by oligonucleotide-directed mutagenesis of the
variable heavy (VH) complementarity determining region 3
(CDR3) or variable light (VL) chain CDR3 using standard
molecular biology techniques as described (Finch et al., IMB
411,791-807 (2011)). The libraries were panned in a series of
repeated alternate selection cycles with biotinylated human
and murine CD73 extracellular domain protein. ScFv genes
from round 3 of the selection output were batch-converted
into a bacterial IgG expression vector. Bacterial culture super-
natants containing soluble IgG were screened for their bind-
ing to human and murine CD73. IgG variants with signifi-
cantly improved binding to CD73 compared to parental
CD730010 GL9 were subjected to DNA sequencing. Two
variants, GRVE and HPT, were selected for further charac-
terization.
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[0370] To generate further affinity improvements, benefi-
cial mutations identified from the combinatorial Fab library
and from the affinity-based phage selection were combined
creating variants 73combol to 73combo6.

Example 10

Affinity-Optimization of Anti-CD73 Antibodies
CD730002SGMY

[0371] CD730002SGMY IgG1-TM was enhanced by
screening Fab libraries comprising variant CDR sequences
with single amino acid mutations as described for
CD730010GL9. Five amino acid mutations in the VH domain
and four amino acid mutations in the VL domain were iden-
tified that resulted in increased binding signal to recombinant
CD73. Table 12 lists beneficial single amino acid substitu-
tions and their effect on binding to recombinant CD73.

TABLE 12

Single amino acid variants of CD730002SGMY
with improved affinity.

FACS signal, fold improvement

Amino acid over parental antibody
CDR change MDA-MB-231 cells
H1 Y32v 1.2
H1 M34R 1.1
H2 T57p 1.5
H2 A60G 1.3
H2 G65R 1.3
L2 T528 1.5
L2 R54Y 1.2
L2 P55L 1.9
L2 P55H 1.5

[0372] To further improve the affinity of the anti-CD73
antibody CD730002SGMY, IgG variants were prepared that
harbored one beneficial amino acid change in the VH domain
and one beneficial amino acid change in the VL. domain.
Antibody variants were prepared by transient transfection of
293F cells and were screened for binding to MDA-MB-231
cells by flow cytometry. Clone 2C5 had a 3-fold lower EC50
value than parental CD730002SGMY.

Example 11

Affinity of Enhanced Anti-CD73 Antibodies

[0373] The affinity of enhanced anti-CD73 antibodies (in
1gG1-TM format) to human, murine, and cynomolgus CD73
was determined by flow cytometry and surface plasmon
resonsance (SPR) (Table 13). The enhanced antibodies had
pM affinity to cellular and recombinant CD73 from the three
species.
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Affinity of anti-CD73 antibodies to human, murine, and cynomolgus CD73

KD [pM]
flow cytometry
MB- SPR (Proteon)
MDA-231 4T1 MK-1 human murine cyno
(human) (murine) (cyno) CD73 CD73 CD73
CD730010 8000 6100 ND 3580 2470 1920
CD730010GL9 8949 16365 16460 1640 ND ND
P32E 178 145 110 63 35 27
C1 179 95 160 29 6 12
C2 158 67 105 23
G10 354 259 258 9
HPT 739 5812 1138 548
GRVE 125 88 101 29
73combol 157 150 90 7 2 8
(C1 + GRVE + HPT)
73combo2 166 64 74 5
(C2 + GRVE + HPT)
73combo3 154 113 84 4 1 7
(D3 + GRVE + HPT)
73combo5 169 205 78 7
(G10 + GRVE + HPT)
73combob6 166 82 107 15
(GRVE + HPT)
CD730002 52 50 52 7 40 15
CD730002 2C5 84 55 63 9 22 9
Example 12 France) at a concentration of 5x10” per mL. CD4* T cells

The Anti-Human CD73 Antibody, Phen0203 higG1,
Inhibited AMP-Mediated Suppression of
CD4+CD25-T Cell Proliferation In Vitro, in a
Concentration Dependent-Manner

[0374] A study was conducted to determine the ability of an
anti-CD73 antibody (Phen0203) to relieve AMP-mediated
T-cell suppression in vitro. In this in vitro study, the ability of
an anti-human CD73 antibody (Phen0203 hlgG1) to inhibit
the catalysis of adenosine monophosphate to adenosine and
organic phosphate by CD73 and the subsequent impact on
T-cell function was examined. Phen0203 hligG1 has similar
functional properties to MEDI9447, including the ability to
inhibit the cellular and biochemical enzymatic activity of
CD?73 in vitro).

[0375] Phen0203 higG1 antibody is a human IgG1l mAb
with no engineering in the heavy chain constant region. Simi-
lar to MEDI9447, it also selectively binds to and inhibits
production of immunosuppressive adenosine by the ecto-
nucleotidase activity of human CD73. However, Phen0203
lacks cross-reactivity against mouse CD73.

[0376] In an assay for AMP-mediated T-cell suppression,
primary human CD4* T cells depleted of CD25* cells were
isolated from the content of leukocyte cones and used as
effector cells; each cone was processed separately. Briefly,
the content from a leukocyte cone was diluted in PBS, then
layered over Ficoll-Paque Plus (GE Healthcare, Chalfont St
Giles, UK) and centrifuged at 400xg for 40 minutes with
brakes turned off. Peripheral blood mononuclear cells
(PBMC) were then isolated from the interface and washed
with PBS by centrifugation at 200xg for 10 minutes. Super-
natant was discarded and cells were suspended in PBS. Viable
cells were determined, then pelleted at 350xg for 5 minutes
and suspended in Robosep buffer (Stem Cell, Grenoble,

were isolated from PBMCs by negative selection using the
EasySep human CD4" T cell enrichment kit (Stem Cell,
Grenoble, France) and the RoboSep (Stem Cell, Grenoble,
France). Purified CD4" T cells were pelleted and resuspended
at 1.5x107 per mL in Robosep buffer. Dynabeads CD25 (a
component of Dynabeads Regulatory CD4*CD25* T cell kit;
Life Technologies, Paisley, UK) were added at 200 puL. per
1.5x107 cells and incubated for 25 minutes at 4° C. with
continuous mixing. Cells were then placed into a DynaMag-
15 magnet (Life Technologies, Paisley, UK) for 1 minute and
the supernatant containing the CD4*CD25~ effector cells
were transferred into a new tube.

[0377] Isolated effector cells were labeled with CFSE
probe (3 uM) using the CellTrace CFSE cell proliferation kit
(Life Technologies, Paisley, UK) at a cell density of 1x10°
cells per mL in PBS containing 0.1% BSA with an incubation
period of 15 minutes at 37° C. Cells were washed twice with
warm X-Vivo 15 media and suspended at 5x10° cells per mL
in the same media. Labeled effector cells were activated for 1
hour at 37° C. by adding 25 pl. of anti-CD3 and anti-CD28
coated microbeads (Dynabeads human T-activator CD3/
CD28; Life Technologies, Paisley, UK) per 1x10° cells and
60 IU/mL of rhIL-2. Thereafter, activated CD4+CD25-cells
(approximately 50,000 in 100 pl.) were added to wells of
sterile round-bottom 96-well plates. Serial dilutions of the
following reagents were performed in X-Vivo 15 media
(Longza, Slough, UK): the test article Phen0203 higG1; R347
control antibody; APCP as a positive control; and SCH58261
a selective antagonist for adenosine receptor A2A. Phen0203
hlgG1 was received as a ready-to-use formulation (MedIm-
mune, Gaithersburg, Md.) and was diluted in phosphate-buff-
ered saline (PBS). R347 was received as a ready-to-use for-
mulation (MedImmune, Gaithersburg, Md.) and was diluted
in PBS.
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[0378] To the cells in the plate, 50 pl. of diluted reagents
were added followed by 50 ulL of X-Vivo 15 (Lonza, Slough,
UK) containing 400 uM or 800 uM of AMP (Sigma-Aldrich,
Gillingham, UK). The following control wells were also
included: activated CFSE-labeled CD4*CD25™ cells with no
AMP (activated control); CFSE-labeled CD4*CD25™ cells
with AMP but no test/control articles (untreated control); and
un-activated (resting control) CFSE-labeled CD4*CD25~
cells with no AMP. Cells in the assay were gently pelleted by
centrifugation, at 100xg for 2 minutes, and placed ina 37° C.
humidified tissue culture incubator with 5% CO, for 72
hours.

[0379] After 72 hours of incubation, cells were pelleted by
centrifugation at 380 g for 4 minutes, washed once with 100
uL of FACS buffer (eBioscience, Hatfield, UK) and finally
suspended in 100 pL. of PBS containing 3.7% of formalde-
hyde for flow cytometry analysis ona BD FACSCanto II (BD
Biosciences, Oxford, UK). Resting CFSE*CD4*CD25™ cells
with no AMP well was used to identify cells that have under-
gone cellular division (divided cells).

[0380] CD73 was found to be expressed on a subset of
CD4* T cells. In the presence of extracellular AMP, CD73* T
cells have the potential to enable paracrine/autocrine path-
ways which involves the metabolism of AMP to adenosine by
CD73, followed by the activation of the adenosine receptors
and the subsequent regulation of T cell function. This CD73/
adenosine pathway was modeled in vitro by using purified
CD4*CD25 primary human T cells activated by TCR-sig-
naling and rhIl.-2. T-cell proliferation was suppressed in the
presence of 100 or 200 uM of extracellular AMP.

[0381] The in vitro capacity for an anti-CD73 antibody
(Phen0203 hlgG1) to inhibit AMP-mediated T cell suppres-
sion was evaluated. Addition of Phen0203 hlgG1, in the pres-
ence of AMP, increased T cell proliferation in a concentra-
tion-dependent manner (FIG. 9). In contrast, R347 isotype
control antibody had no effect. Without intending to be bound
by theory, this indicates that the binding of an anti-CD73
antibody to CD73 was able to block or decrease the genera-
tion of adenosine and the subsequent inhibitory effect on T
cell function via adenosine receptor signaling.

[0382] APCP and SCH58261 are known small molecule
inhibitors of CD73 (Hausler et al., Cancer Immunol Immu-
nother. 2011 60(10):1405-18) and adenosine receptor A2A
(Marcoli et al., Neuropharmacology 2003 45(2):201-10),
respectively. The addition of these molecules also resulted in
the increase of T-cell proliferation in the presence of AMP
(FIGS. 9 and 10). Without intending to be bound by theory,
this indicates a role for CD73, adenosine and adenosine
receptor A2A signaling in mediating T-cell suppression in
this in vitro primary human cell assay system.

[0383] Phen0203 higG1, an anti-human CD73 antibody,
was capable of inhibiting AMP-mediated suppression of
CD4*CD25" T cell proliferation in vitro, in a concentration
dependent-manner. The data provide a scientific rationale for
an anti-CD73 antibody approach targeting the immunosup-
pressive effects of the AMP/CD73/adenosine pathway.

Example 13

A Combination of Anti-CD73 Antibody and
Adenosine Receptor Inhibitor Had Synergistic
Effects on TNF-Alpha Secretion

[0384] Studies have shown that molecular inhibition of
CD73 and its production of adenosine using anti-CD73 anti-
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bodies can inhibit tumor formation, growth, and metastasis.
Adenosine receptor A2A is hypothesized to play a role in
negatively regulating immune cells. Thus, the antitumor
effect of anti-CD73 antibody, MEDI9447 (mIgG1), could be
increased by administering it in combination with an adenos-
ine receptor inhibitor (A2ARi) was examined.

[0385] The release of immune activating cytokines IFNy
and TNFa was evaluated in human mixed leukocyte cultures
with anti-CD73 monoclonal antibody alone and in combina-
tion with an adenosine receptor inhibitor (A2ARi). The levels
of IFNy and TNFa in supernatants were detected by ELISA.
Human peripheral blood lymphocytes were set up in a mixed
leukocyte reaction for 72 hours and stimulated with anti-
CD?73 alone, A2 AR inhibitor alone or both agents. Peripheral
blood mononuclear cells from pairwise combinations of 8
donors were incubated for 72 hours in the presence of 1 uM
anti-CD73  antibody MEDI9447 and 1 pM A2ARi
SCH58261, either alone or in combination. After incubation,
supernatant levels of Interferon gamma (IFNy) and Tumor
Necrosis Factor Alpha (INFa) were measured using a
Mesoscale ELISA plate. The levels of IFNy and TNFa
observed after incubation with each compound were plotted
as duplicate fold-control values using levels from incubation
with an isotype control antibody as a negative control.
[0386] The anti-CD73 antibody MEDI9447 (mlIgG1) and
adenosine receptor inhibitor (A2AR1i) were capable of induc-
ing these cytokines to different extents in human cells, as
varying levels of IFNy and TNFa were detected in the super-
natants (FIGS. 11 and 12). Anti-CD73 antibody, MEDI9447
(mIgG1), when combined with an adenosine receptor inhibi-
tor (A2AR1), demonstrated enhanced TNFa levels in the in
vitro human mixed lymphocyte stimulation assay across all
donor pairs tested (FIG. 12). Indeed, administration of the
combination of MEDI9447 and SCH58261 showed a syner-
gistic effect on TNFa secretion in the human mixed lympho-
cyte stimulation assay in all donor pairs.

Example 15

Methods and Assays Used

[0387] The following assays and methods were used to
perform the preceding examples.

Assay 1: Direct ELISA

[0388] 384-well ELISA plates were coated with about 1.5
ng/well recombinant CD73 protein, blocked with 1% BSA/
0.1% Tween20/PBS and incubating with antibody samples
for 90 minutes at room temperature. This was followed by
incubation with goat-anti-Iglambda-horseradish peroxidase
(HRP) conjugate for 30 min at room temperature. HRP activ-
ity was detected with tetra methyl benzidine (TMB) substrate
and the reaction was stopped with 1 M HCI. Plates were read
at 450 nm.

Assay 2: Capture ELISA

[0389] 384-well ELISA plates were coated with about 3
ng/well sheep-anti-human Fd antibody (for screening anti-
bodies in Fab format), blocked with 1% BSA/0.1% Tween20/
PBS and incubating with samples for 90 minutes at room
temperature. Biotinylated CD73 protein was then added for 1
h at room temperature. This was followed by incubation with
streptavidin-horseradish peroxidase (HRP) conjugate for 30
min at room temperature. HRP activity was detected with
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tetra methyl benzidine (TMB) substrate and the reaction was
stopped with 1 M HCI. Plates were read at 450 nm.
[0390] About 50 ng/well biotinylated recombinan CD73
was used to screen clones with single amino acid mutations.
For the screening of clones from the combinatorial library, 10
ng/well biotinylated recombinant CD73 were used.

Assay 3: Flow Cytometry Binding Assay

[0391] All flow cytometry experiments were run at 4 C and
reagents were prepared in PBS/1% FBS buffer. 10,000 cells
were incubated with test antibody in 50 ul. volume for 4
hours. Cells were washed twice and incubated in 50 ulL goat
anti-human IgGFc-AlexaFluor647 conjugate for 15 minutes.
Cells were washed, resuspended in buffer supplemented with
Dapi, and analyzed on a flow cytometer. Dead cells, identified
by high Dapi staining, were excluded from the analysis. For
the determination of KD values, a plot of the median fluores-
cence intensity as a function of test antibody concentration
was fitted nonlinearly using a one site binding isotherm
model.

Assay 4: Generation of the Antibody Library with Single
Amino Acid Changes

[0392] Site-directed mutagenesis of the CDR codons of
CD730010 or CD730002 was performed using a
QuikChange Lightning Multi Site-Directed Mutagenesis Kit
(Agilent) and primers. Each codon was mutagenized with a
primer which replaced the wild-type codon with codon NNS.
Mutagenized VH and VL genes were cloned into a Fab vector
for bacterial expression. E. coli strain BL21(DE3) was trans-
formed with the antibody library, individual colonies were
picked and cultured in Magic Media (Invitrogen) for 24 hours
atroom temperature to produce bacterial Fab fragments. Bac-
terial supernatant was prepared and used to screen the anti-
body library in ELISA binding assays.

Assay 5: Generation of the Antibody Library with Combina-
torial Amino Acid Changes

SEQUENCE LISTING
CD730002 VL
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[0393] CD730010GL9Y VH and VL genes were cloned into
a vector for bacterial Fab expression. Site-directed mutagen-
esis of the CDR codons of CD730010GL9 was performed
using either QuikChange Lightning Multi Site-Directed
Mutagenesis Kit (Agilent) or overlapping PCR and degener-
ate primers. The degenerate primers were designed to encode
selected amino acid changes as well as the parental amino
acid at the same position. . coli strain BL21(DE3) was
transformed with the Fab library, individual colonies were
cultured in Magic Media (Invitrogen) for 24 hours at room
temperature to produce bacterial Fab fragments. Bacterial
supernatants were used to screen the antibody library in
ELISA binding assays.

Assay 6: FabZAP Assay

[0394] 1,000 cells/well were cultured in 96 well plates in
RPMI/10% FBS. Serial dilutions of anti-CD73 antibodies
starting at 5 nM were mixed with FabZAP reagent (Advanced
Targeting Systems, San Diego Calif.) and added to the cells.
After 3 days incubation at 37 C, the cell proliferation was
measured using the CellTiter-Glo assay (Promega, Madison
Wis.).

[0395] The preceding description of the specific aspects
will so fully reveal the general nature of the invention that
others can, by applying knowledge within the skill of the art,
readily modify and/or adapt for various applications such
specific aspects, without undue experimentation, without
departing from the general concept of the present invention.
Therefore, such adaptations and modifications are intended to
be within the meaning and range of equivalents of the dis-
closed aspects, based on the teaching and guidance presented
herein. It is to be understood that the phraseology or termi-
nology herein is for the purpose of description and not of
limitation, such that the terminology or phraseology of the
present specification is to be interpreted by the skilled artisan
in light of the teachings and guidance.

>SEQ ID NO: 1

QSVLTQPPSVSVSPGQTATI TCSGDKVGDKYASWYQQKPGQSPVLVIYEDTKRPSRIPERFS

GSNSGNTATLTISGTQALDEADYFCQAWDTSFWVFGGGTKLTVL

CD730002 VH

>SEQ ID NO: 2

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA

DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDKGYYWYMDVWGQGTMVTVSS

CD730010 VL

>SEQ ID NO: 3

LPVLTQPPSVSGTPGQRVTISCSGSLSNIGRNPVNWYKQVPGTAPKLLIYLNNQRPSGVPDRF

SGSKSGTSASLAISGLQSEDEADYYCATWDDSLNGWLFGGGTKLTVL

CD730010 VH

>SEQ ID NO: 4

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA

DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARLGYSTIDYWGRGTLVTVSS

CD730011 VL

>SEQ ID NO: 5

NEFMLTQPHSVSESPGKTVTISCTRSSGSIASKYVOWYQQRPGSSPMAVIYKDNQRSSGVPDR

FSGSIDSSSNSASLTISGLKPEDEADYYCQSYDASNYYVFGTGTKVTVL
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-continued
CD730011 VH
>SEQ ID NO: 6
EVOLLESGGGLVQPGGSLRLS CAASGFTFS SYAMSWVRQAPGKGLEWVSAT SGSGGSTYYA
DSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARRGHGLYFDLWGQGTTVIVSS
€D730021 VL
>SEQ ID NO: 7
QSVLTQPPSASGTPGORVT ISCSGSRPNIGGNTVNWYQQLPGAAPKLLI YSNSQRPSGVPDRF
SGSKYGTSASLAISGLQSDDEADYYCGTWDDSLNGPVFGRGTKLTVL
€D730021 VH
>SEQ ID NO: 8
QVQLQESGPGLVRPSETLSLTCTVSGGSISSSSYYWAWVRQSPGKGLEWIGNI YYRGSTYYN
PSLKSRVTMSVDMSKHQFSLKLS SLNAADTAVYYCASLYSGTYVFDYWGRGTLVTVSS
CD730042 VL
>SEQ ID NO: 9
QSVLTQPASVSGSPGOS ITISCAGTSSDVGGYNYVSWYQQHPGKAPKLMI YEGSKRPSGVSN
RFSGSKSGNTASLTISGLQAEDEADYYCSSYTTRSTRVFGGGTKLTVL
CD730042 VH
>SEQ ID NO: 10
GVQLVQSGGGLVQPGGES LRLS CAASGF TFS SYGMHWVRQAPGKGLEWVAVI SYDGS IKYY
ADSVKGRFTISRDDSKNALYLQMNSLRAEDTAVYYCSTLSGSYGYFDYWGRGTLVTVSS
CD730046 VL
>SEQ ID NO: 11
QSVLTQPPSASGTPGORVTISCSGS SSNIGSNTVSWYQHLPGTAPQLLI YTNNHRPSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCAAWDDSLSGYVFGTGTKVTVL
CD730046 VH
>SEQ ID NO: 12
QVQLVQSGGGVVQPGRS LRLS CAASGF TFS SYGMHWVRQAPGKGLEWVAVI SYDGS IKYY
ADSVKGRFTISRDNSKNSLFLQMNSLRDDDTATYYCARGHLLRIGDIFYYSLDVWGQGTLY
TVSS
CD730047 VL
>SEQ ID NO: 13
QSVLTQPPSASGAPGORVTISCSGS SSNIGSNTVNWYQRLPGAAPQLLI YNNDQRPSGIPDRF
SGSKSGTSGSLVISGLQSEDEADYYCAAWDDSLSGNVFGTGTKVTVL
CD730047 VH
>SEQ ID NO: 14
EVQLVQSGGGVVQPGRSLRLS CAASGF TFS SYGMHWVRQAPGKGLEWVAVISYDGS IKYY
ADSVKGRFAI SRDNAKNTLYLQMNSLRREDTAMY YCASGLTGVAGALGVWGRGTLVTVS
S
CD730058 VL
>SEQ ID NO: 15
QSVLTQPPSVSVSPGQTAT ITCSGDRLRNEFVSWYQQRPGQSPVVVIYQDI YRPSGIPDRFSG
SKSGNTATLTISGPQTVDEADYYCQAWDSNTVVFGGGTKLTVL
CD730058 VH
>SEQ ID NO: 16
QLOLOESGSGLVKPSQTLSLICAVSGGS ITSGGNAWNWIRQSPGAGLEWIGYIFSNGATYYN
PSLESRVTISADTSKNQFSLTLTSVTAADTAVYYCARGDFWTGKGVFDPWGQGTLVTVSS
10.3AA HC
>SEQ ID NO: 17
EVOLLESGGGLVQPGGSLRLS CAASGFTFS SYAY SWVRQAPGKGLEWVSAT SGSGGRTYYA
DSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLGYGRVDEWGRGTLVTVSSASTK

GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS
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-continued
SVVTVPSSSLGTQTYICNVNHKP SNTKVDKRVEPKS CDKTHTCPPCPAPEFEGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHODWLNGKEYKCKVSNKALPAS IEKTI SKAKGOPREPQVY TLPPSREEMTKNQVSLTC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK
10.3Nt_HC

>SEQ ID NO: 18
GAGGTGCAGCTGTTGGAGT CTGGEGGAGGCTTGGTACAGCCTGGEEGET CCCTGAGAC
TCTCCTGTGCAGCCTCTGGATTCACCT TTAGCAGCTATGCCTATAGCTGGGTCCGCCAGE
CTCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTAT TAGTGGTAGTGGTGGTAGAACATA
CTACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAACACG
CTGTATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTGTATTACTGTGCGAG
ATTAGGGTATGGGCGGGTGGACGAGTGGGGCAGGGGAACCCTGGTCACCGTCTCGAGT
GCGTCGACCAAGGGCCCATCCGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGE
GGGCACAGCGGCCCTEGGC TGCCTGGTCAAGGAC TACTTCCCCGAACCGGTGACGGTGT
CcTGGAACTCAGGCGCT CTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCT
CAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGC TTGEGCACCCAG
ACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTG
AGCCCAAATCTTGTGACAAAACT CACACATgCCCacCGTGCCCAGCACCTGAATTCGAGS
GGGGACCGTCAGTCTTCCTCTTCCCCCCARRACC CaaGgACACCCTCATGATC TCCCGGAC
CCCTGAGGTCACATGCGTGGTGGTGGACGTGAGC CACGAAGACCCTGAGGTCAAGTTC
AACTGGTACGTGGACGGCGTGGAGETGCATAATGCCAAGACAAAGCCGCGGGAGGAGT
AGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTG
AATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCTCCATCGAGA
AAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTCTACACCCTGCCCCCA
TCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCARAGGCTTCT
ATCCCAGCGACATCGCCGTGGAGTGEGAGAGCAATGGGCAGCCGGAGAACAACTACAA
GACCACGCCTCCCGTGCTGGACTCCGACGECTCCTTCTTCCTC TATAGCAAGC TCACCGT
GGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTC TCATGCTCCGTGATGCATGAGGCT
CTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA
10.3A7 LC

>SEQ ID NO: 19
QSVLTQPPSASGTPGORVT ISCSGSLSNIGRNPVNWYQQLPGTAPKLLI YLDNLRLSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSHPGWTFGGGTKLTVLGQPKAAPSVTLEFPP
SSEELQANKATLVCLISDFYPGAVTVAWKADS SPVKAGVETTTPSKQSNNKYAASSYLSLT
PEQWKSHRSYSCQVTHEGS TVEKTVAPTECS
10.3Nt-LC

>SEQ ID NO: 20
CAGTCTGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGECAGAGGGTCACCAT
CTCTTGTTCTGGAAGCCTCTCCAACATCGGAAGGAATCCTGTTAACTGGTATCAGCAGC

TCCCAGGGACGGCCCCCAAACTCCTCATCTATCTTGATAATCTACGGCTAAGTGGGGTC

CCTGACCGATTCTCTGGCTCCAAGTCTGGAACCTCAGCCTCCCTGGCCATCAGTGGGCT
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-continued

CCAGTCTGAGGATGAGGCTGATTAT TACTGTGCAACATGGCATGACAGCCACCCCGRET
GGACGTTCGECECAGGGACCAAGCTGACCETCCTAGGT CAGCCCARGGCGGCGCCCTC
GGTCACTCTGTTCCCGCCCTCCTCTGAGGAGC TTCARGCCAACAAGGCCACACTGETGT
GTCTCATAAGTGACTTCTACCCGGGAGCCETCACAGTGGCCTGGAAGGCAGATAGCAG
CCCCGTCAAGGCGECAGTGGAGACCACCACACCCTCCARACAAAGCAACAACAAGTAC
GCGGCCAGCAGCTACCTGAGC CTGACGCCTGAGCAGTGCAAGT CCCACAGARGCTACA
GCTGCCAGGTCACGCATGARGCCAGCACCETGGAGAAGACAGTGGCCCCTACAGAATG
TTCA
10.3AA VH

>SEQ ID NO: 21
EVQLLESGGGLVQPGGSLRLS CAASGFTFSSYAY SWVRQAPGKGLEWVSAT SGSGGRTYYA
DSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLGYGRVDEWGRGTLVTVSS
10.3Nt_VH

>SEQ ID NO: 22
GAGCGTGCAGCTGTTGRAGTCTGGGGEAGEC TTGGTACAGCCTGGGGECTCCCTGAGAC
TCTCCTGTGCAGCCTCTGGATTCACCTTTAGCAGCTATGCCTATAGCTGGGTCCGCCAGE
CTCCAGGCAAGGGGCTGGAGTGECTCTCAGCTAT TAGTGGTAGTGGTGGTAGAACATA
CTACGCAGACTCCGTGAAGGGCCGETTCACCATC TCCAGAGACAATTCCAAGAACACE
CTGTATCTGCAAATGAACAGCCTGAGAGCCGAGCACACGECCATGTATTACTGTGCGAG
ATTAGGGTATGGGCEEETGCACGAGTGECECAGEGEAACCCTEGT CACCGTCTCGAGT
10.3AA VL

>SEQ ID NO: 23
QSVLTQPPSASGTPGQRVTISCSGSLSNIGRNPVNWYQQLPGTAPKLLIYLDNLRLSGVPDRF
SESKSGTSASLAISCLQSEDEADYYCATWDDSHPGWTFGGGTKLTVL
10.3Nt-VL

>SEQ ID NO: 24
CAGTCTGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAGEAT CACCAT
CTCTTGTTCTGGAAGCCTCTCCAACATCGGAAGCAATCCTGTTAACTGGTATCAGCAGE
TCCCAGGGACGECCCCCARAACTCCTCATCTATCT TGATAATCTACGGCTAAGTGGGETC
CCTGACCGATTCTCTGGCTCCAAGTCTGGAACCTCAGCCTCCCTGGCCATCAGTGGECT
CCAGTCTGAGGATGAGGCTGATTAT TACTGTGCAACATGGCATGACAGCCACCCCGRET
GGACGTTCGECGGAGGGACCARGCTGACCETCCTA
CD7300010 parent FW1-VL

>SEQ ID NO: 25
LPVLTQPPSVSGTPGQRVTISC
CD7300010 GL FW1-VL

>SEQ ID NO: 26
QSVLTQPPSASGTPGQRVTISC
CD7300010 parent FW2-VL

>SEQ ID NO: 27
WYKQVPGTAPKLLIY
CD7300010 GL FW2-VL

>SEQ ID NO: 28
WYQQLPGTAPKLLIY
CD7300010 parent/GL FW3-VL

>SEQ ID NO: 29
GVPDRFSGSKSGTSASLAISGLQSEDEADYYC
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-continued
CD7300010 parent/GL FW4-VL (also CD370002 and 2C5)
FGGGTKLTVL
CD7300010 parent/GL FW1-VH (also CD370002 and 2C5)
EVOLLESGGGLVQPGGSLRLSCAASGFTFS
CD7300010 parent/GL FW2-VH (also CD370002 and 2C5)
WVRQAPGKGLEWVS
CD7300010 parent/GL FW3-VH (also CD370002 and 2C5)
RFTISRDNSKNTLYLQOMNSLRAEDTAVYYCAR
CD7300010 parent/GL FW4-VH
WGRGTLVTVSS
CD7300010 CDRL-VH (also CD370002 and 2C5)
SYAMS
10.3 CDRL-VH
SYAYS
CDR2-VH (also CD370002)
AISGSGGSTYYADSVKG
CDR2-VH
LIWGSWGS TYYADSVKG
CDR2-VH
AISGSGGRTYYADSVKG
CDR2-VH
AISGSWGRTYYADSVKG
CDR3-VH
LGYSTIDY
CDR3-VH
LGYSTIDK
CDR3-VH
LGYSTIDM
CDR3-VH
LGYSTIDL
CDR3-VH
LGYGRVDE
CDRL-VL
SGSLSNIGRNPVN
CDRL-VL
SGSLSNIGRNEVN
CDRL-VL

SGSLSNIGRNDVN

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

>SEQ

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

iD

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48
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CDR2-VL

>SEQ ID NO: 49
LNNQRPS
CDR2-VL

>SEQ ID NO: 50
LDNLRLG
CDR2-VL

>SEQ ID NO: 51
LDNLRLS
CDR2-VL

>SEQ ID NO: 52
LNNQRLG
CDR3-VL

>SEQ ID NO: 53
ATWDDS LNGHL
CDR3-VL

>SEQ ID NO: 54
ATWDDS LKGHL
CDR3-VL

>SEQ ID NO: 55
ATWDDSLIGHL
CDR3-VL

>SEQ ID NO: 56
ATWDDSHPGWT

CD730010-VL
>SEQ ID NO: 57
LPVLTQPPSVSGTPGORVTISCSGSLSNIGRNPVNWYKQVPGTAPKLLIYLNNQRPSGVPDRF

SGSKSGTSASLAISGLQSEDEADYYCATWDDSLNGWLFGGGTKLTVL
CD730010GL9-VL

>SEQ ID NO: 58
QSVLTQPPSASGTPGQRVTISCSGSLSNIGRNPVNWYQQLPGTAPKLLIYLNNQRPSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSLNGWLFGGGTKLTVL
P32E-VL

>SEQ ID NO: 59
QSVLTQPPSASGTPGQRVTISCSGSLSNIGRNEVNWYQQLPGTAPKLLIYLNNQRPSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSLNGWLFGGGTKLTVL
C1l-VL

>SEQ ID NO: 60
QSVLTQPPSASGTPGQRVTISCSGSLSNIGRNEVNWYQQLPGTAPKLLIYLNNQRPSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSLKGWLFGGGTKLTVL
C2-VL

>SEQ ID NO: 61
QSVLTQPPSASGTPGQRVTISCSGSLSNIGRNPVNWYQQLPGTAPKLLIYLDNLRLGGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSLKGWLFGGGTKLTVL
D3-VL

>SEQ ID NO: 62
QSVLTQPPSASGTPGQRVTISCSGSLSNIGRNPVNWYQQLPGTAPKLLIYLDNLRLSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSLIGWLFGGGTKLTVL
G10-VL

>SEQ ID NO: 63
QSVLTQPPSASGTPGQRVTISCSGSLSNIGRNDVNWYQQLPGTAPKLLIYLNNQRLGGVPDR

FSGSKSGTSASLAISGLQSEDEADYYCATWDDSLKGWLFGGGTKLTVL
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HPT-VL
>SEQ ID NO: 64
QSVLTQPPSASGTPGQRVTISCSGSLSNIGRNPVNWYQQLPGTAPKLLIYLNNQRPSGVPDRF

SGSKSGTSASLAISGLQSEDEADYYCATWDDSHPGWTFGGGTKLTVL
GRVE-VL

>SEQ ID NO: 65
QSVLTQPPSASGTPGORVTISCSGSLSNIGRNPVNWYQQLPGTAPKLLIYLNNQRPSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSLNGWLFGGGTKLTVL
73combol (Cl + GRVE + HPT)-VL

>SEQ ID NO: 66
QSVLTQPPSASGTPGORVTISCSGSLSNIGRNEVNWYQQLPGTAPKLLIYLNNQRPSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSHPGWTFGGGTKLTVL
73combo2 (C2 + GRVE + HPT)-VL

>SEQ ID NO: 67
QSVLTQPPSASGTPGORVTISCSGSLSNIGRNPVNWYQQLPGTAPKLLIYLDNLRLGGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSHPGWTFGGGTKLTVL
73combo3 (D3 + GRVE + HPT)-VL [10.3]

>SEQ ID NO: 68
QSVLTQPPSASGTPGORVTISCSGSLSNIGRNPVNWYQQLPGTAPKLLIYLDNLRLSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSHPGWTFGGGTKLTVL
73combo5 (G10 + GRVE + HPT) -VL

>SEQ ID NO: 69
QSVLTQPPSASGTPGORVTISCSGSLSNIGRNDVNWYQQLPGTAPKLLI YLNNQRLGGVPDR
FSGSKSGTSASLAISGLQSEDEADYYCATWDDSHPGWTFGGGTKLTVL
73comboé (GRVE + HPT) -VL

>SEQ ID NO: 70
QSVLTQPPSASGTPGORVTISCSGSLSNIGRNPVNWYQQLPGTAPKLLIYLNNQRPSGVPDRF
SGSKSGTSASLAISGLQSEDEADYYCATWDDSHPGWTFGGGTKLTVL
CD730010-VH

>SEQ ID NO: 71
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARLGYSTIDYWGRGTLVTVSS
CD730010GL9-VH

>SEQ ID NO: 72
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARLGYSTIDYWGRGTLVTVSS
P32E-VH

>SEQ ID NO: 73
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARLGYSTIDYWGRGTLVTVSS
Cl-VH

>SEQ ID NO: 74
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAYSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARLGYSTIDKWGRGTLVTVSS
C2-VH

>SEQ ID NO: 75
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAYSWVRQAPGKGLEWVSLIWGSWGSTYY
ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARLGYSTIDMWGRGTLVTVSS
D3-VH

>SEQ ID NO: 76
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAYSWVRQAPGKGLEWVSAISGSGGRTYYA

DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARLGYSTIDLWGRGTLVTVSS
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G10-VH
>SEQ ID NO: 77
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAY SWVRQAPGKGLEWVSAISGSWGRTYY

ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARLGYSTIDLWGRGTLVTVSS
HPT-VH

>SEQ ID NO: 78
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARLGYSTIDYWGRGTLVTVSS
GRVE-VH

>SEQ ID NO: 79
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARLGYGRVDEWGRGTLVTVSS
73combol (Cl + GRVE + HPT)-VH

>SEQ ID NO: 80
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAYSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARLGYGRVDEWGRGTLVTVSS
73combo2 (C2 + GRVE + HPT)-VH

>SEQ ID NO: 81
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAYSWVRQAPGKGLEWVSLIWGSWGSTYY
ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARLGYGRVDEWGRGTLVTVSS
73combo3 (D3 + GRVE + HPT)-VH [10.3]

>SEQ ID NO: 82
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAYSWVRQAPGKGLEWVSAISGSGGRTYYA
DSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARLGYGRVDEWGRGTLVTVSS
73combo5 (G10 + GRVE + HPT) -VH

>SEQ ID NO: 83
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAYSWVRQAPGKGLEWVSAISGSWGRTYY
ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARLGYGRVDEWGRGTLVTVSS
73comboé (GRVE + HPT) -VH

>SEQ ID NO: 84
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARLGYGRVDEWGRGTLVTVSS

CD730002VH
>SEQ ID NO: 85
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA

DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDKGYYWYMDVWGQGTMVTVSS
CD730002VL

>SEQ ID NO: 86
QSVLTQPPSVSVSPGQTATITCSGDKVGDKYASWYQQKPGQSPVLVIYEDTKRPSRIPERFS
GSNSGNTATLTISGTQALDEADYFCQAWDTSFWVFGGGTKLTVL
2C5VH

>SEQ ID NO: 87
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKRRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDKGYYWYMDVWGQGTMVTVSS
2C5VL

>SEQ ID NO: 88
QSVLTQPPSVSVSPGQTASITCSGDKVGDKYASWYQQKPGQSPVLVIYEDTKRLSGIPERFS
GSNSGNTATLTISGTQAMDEADYYCQAWDTSFWVFGGGTKLTVL
CD730002 parent/2C5 FW4-VH

>SEQ ID NO: 89
WGQGTMVTVSS
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CD730002 parent FW1-VL

>SEQ ID
QSVLTQPPSVSVSPGQTATITC
CD7300002 2C5 FW1-VL

>SEQ ID
QSVLTQPPSVSVSPGQTASITC
CD730002 parent/2C5 FW2-VL

>SEQ ID
WYQQKPGQSPVLVIY
CD730002 parent FW3-VL

>SEQ ID
RIPERFSGSNSGNTATLTISGTQALDEADYFC
CD730002/2C5 FW3-VL

>SEQ ID
GIPERFSGSNSGNTATLTISGTQAMDEADYYC
CD730002/2C5 CDR2-VH

>SEQ ID
ATSGSGGSTYYADSVKR
CD730002 parent/2C5 CDR3-VH

>SEQ ID
DKGY YWYMDV
CD730002 parent/2C5 CDR1-VL

>SEQ ID
SGDKVGDKYAS
CD730002 parent CDR2-VL

>SEQ ID
EDTKRPS
CD730002 2C5 CDR2-VL

>SEQ ID
EDTKRLS
CD730002 parent/2C5 CDR3-VL

>SEQ ID
QAWDTSFWV
Phen0203-VH

>SEQ ID

EVQLVQSGGGVVQPGRS LRLS CAAS GFRFSDF AMHWVRQAPGKGLEWVAGI SYDGGNKY
YADSVKGRETISRDNSNNTLYLOMNSLRAEDTAVYYCAKDHGY SGYYGHLDYWGRGTLY
TVSS
Phen0203-VL

>SEQ ID
QSVVTQPPSASGTPGORVTISCSGS SSNIGSNTVNWYQQLPGTAPKLLI YSNNQRPSGVPDRE
SGSKSGTSASLAISCGLQSEDEADYYCAAWDDS LNGRVEGTGTKLTVL
CD730004-VH

>SEQ ID
EVQLLESGGGLVQPGGSLRLS CAASGF TFS SYAMSWVRQAPGKGLEWVSAT SGSGGSTYYA
DSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDRPNYYGASGSYYKQGGDHWGQ
GTMVTVSS
CD730004-VL

>SEQ ID
NFMLTQPHSVSESPGQTVTISCTRSSGSIASKYVOWYQKRPGSSPTTVI YEDTQRPSGVPDRE
SGSIDISSNSASLTISGLRTEDEADYYCQS YDSTNWVEGGGTKVTVL
CD730008-VH

>SEQ ID
EVQLLETGGGLVQPGGSLRLS CAASGF TFS SYAMSWVRQAPGKGLEWVSAT SGSGGSTYYA

DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGNYGNLDHWGKGTLVTVSS

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

May 12, 2016



US 2016/0129108 Al May 12, 2016
49

-continued

CD730008-VL
>SEQ ID NO: 106
QSVLTQPPSVSVSPGQTASITCSGDKVGDKYASWYQQKPGQSPVLVIYQDRKRPSGIPERFS

GSNSGNTATLTISGTQPMDEADYYCQAWDS SHWVFGGGTKLTVL
CD730068-VH

>SEQ ID NO: 107
EVQLLESGGGLVQPGGSLRLSCAASGF TFSNY IMGWVRQAPGKGLEWVSSISSSGGATIYA
DSVKGRFTISRDNSKNTLYLOMNSLRAEDMAVYYCAKDHLGGHGMDVWGQGTTVTVSS
CD730068-VL

>SEQ ID NO: 108
DIQMTQSPSSLSASVGDRVTITCRASQDISNYLAWFQQKPGKAPKSLIFAASSLESGVPSKES
GSGSGTDFTLTISSLOPEDSATYYCQQYNSYPLTFGGGTKVEIK
CD730069-VH

>SEQ ID NO: 109
EVQLLESGGGLVQPGGSLRLSCAASGF TFSEYQMGWVRQAPGKGLEWVSYIRSSGGQTIYA
DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRTYSSGWHIDYWGQGTLVTVSS
CD730069-VL

>SEQ ID NO: 110
DIQMTQSPDSLSASVGDRVTITCRASQSISRYLNWYQQKPGKAPKLLIYGASSLOSGVPSRES
GSGSGTDFSLTISSLOLEDFATYYCQQSYRTPLTFGGGTKVEIQ
Clone 2 SGMY-VH

>SEQ ID NO: 111
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDKGYYWYMDVWGQGTMVTVSS
Clone 2 SGMY-VL

>SEQ ID NO: 112
QSVLTQPPSVSVSPGQTASITCSGDKVGDKYASWYQQKPGQSPVLVIYEDTKRPSGIPERFS
GSNSGNTATLTISGTQAMDEADYYCQAWDTSFWVFGGGTKLTVL
CDRH1 Y32V-VH

>SEQ ID NO: 113
EVQLLESGGGLVQPGGSLRLSCAASGF TFSSVAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDKGYYWYMDVWGQGTMVTVSS
CDRH1 M34R-VH

>SEQ ID NO: 114
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYARSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDKGYYWYMDVWGQGTMVTVSS
CDRH2 T57P-VH

>SEQ ID NO: 115
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSPYYA
DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDKGYYWYMDVWGQGTMVTVSS
CDRH2 A60G-VH

>SEQ ID NO: 116
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYG
DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDKGYYWYMDVWGQGTMVTVSS
CDRH2 G65R-VH

>SEQ ID NO: 117
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTYYA
DSVKRRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDKGYYWYMDVWGQGTMVTVSS
CDRL2 T52S-VL

>SEQ ID NO: 118
QSVLTQPPSVSVSPGQTASITCSGDKVGDKYASWYQQKPGQSPVLVIYEDSKRPSGIPERFSG

SNSGNTATLTISGTQAMDEADYYCQAWDTSFWVFGGGTKLTVLL
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CDRL2 R54Y-VL
>SEQ ID NO: 119
QSVLTQPPSVSVSPGQTASITCSGDKVGDKYASWYQQKPGQSPVLVIYEDTKYPSGIPERFS

GSNSGNTATLTISGTQAMDEADYYCQAWDT SFWVFGGGTKLTVLVL

CDRL2 P55H-VL
>SEQ ID NO: 120
QSVLTQPPSVSVSPGQTASITCSGDKVGDKYASWYQQKPGQSVLVIYEDTKRHSGIPERFSG

SNSGNTATLTISGTQAMDEADYYCQAWDTSFWVFGGGTKLTVLVL

CDRL2 P55L-VL
>SEQ ID NO: 121
QSVLTQPPSVSVSPGQTASITCSGDKVGDKYASWYQQKPGQSPVLVIYEDTKRLSGIPERFS

GSNRGNTATLTISGTQAMDEADYYCQAWDT SFWVFGGGTKLTVLVL

2SGMY FW3-VL
>SEQ ID NO: 122
GIPERFSGSNRGNTATLTISGTQAMDEADYYC

CDRH1 Y32V CDR1-VH
>SEQ ID NO: 123
SVAMS

CDRH1 M34R CDR1-VH
>SEQ ID NO: 124
SYARS

CDRH2 T57P CDR2-VH
>SEQ ID NO: 125
ATISGSGGSPYYADSVKG

CDRH2 A60G CDR2-VH
>SEQ ID NO: 126
ATISGSGGSTYYGDSVKG

CDRL2 T52S CDR2-VL
>SEQ ID NO: 127
EDSKRPS

CDRL2 R54H CDR2-VL
>SEQ ID NO: 128
EDTKYPS

CDRL2 P55H CDR2-VL
>SEQ ID NO: 129
EDTKRLS

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 148

<210> SEQ ID NO 1

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 1

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Thr Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala
20 25 30

Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45
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Glu As
50

Asn Se
65

Asp Gl

Phe G1

<210>
<211>
<212>
<213>
<220>
<223>
<400>

Glu Va
1

Ser Le

Ala Me

Ser Al

Lys Gl
65

Leu G1

Ala Ar

Thr Me

<210>
<211>
<212>
<213>
<220>
<223>
<400>

Leu Pr
1

Arg Va

Pro Va

Ile Ty

Gly Se

65

Ser Gl

p Thr Lys Arg Pro Ser Arg Ile Pro
55

r Gly Asn Thr Ala Thr Leu Thr Ile
70

u Ala Asp Tyr Phe Cys Gln Ala Trp
85 90

y Gly Gly Thr Lys Leu Thr Val Leu
100 105

SEQ ID NO 2

LENGTH: 119

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 2

1l Gln Leu Leu Glu Ser Gly Gly Gly
5 10

u Arg Leu Ser Cys Ala Ala Ser Gly
20 25

t Ser Trp Val Arg Gln Ala Pro Gly
35 40

a Ile Ser Gly Ser Gly Gly Ser Thr

y Arg Phe Thr Ile Ser Arg Asp Asn
70

n Met Asn Ser Leu Arg Ala Glu Asp
85 90

g Asp Lys Gly Tyr Tyr Trp Tyr Met
100 105

t Val Thr Val Ser Ser
115

SEQ ID NO 3

LENGTH: 110

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 3

o Val Leu Thr Gln Pro Pro Ser Val
5 10

1l Thr Ile Ser Cys Ser Gly Ser Leu
20 25

1l Asn Trp Tyr Lys Gln Val Pro Gly
35 40

r Leu Asn Asn Gln Arg Pro Ser Gly
55

r Lys Ser Gly Thr Ser Ala Ser Leu
70

u Asp Glu Ala Asp Tyr Tyr Cys Ala
85 90

Glu Arg Phe Ser Gly
60

Ser Gly Thr Gln Ala
75

Asp Thr Ser Phe Trp
95

Artificial Sequence:

Leu Val Gln Pro Gly
15

Phe Thr Phe Ser Ser
30

Lys Gly Leu Glu Trp
45

Tyr Tyr Ala Asp Ser
60

Ser Lys Asn Thr Leu
75

Thr Ala Val Tyr Tyr
95

Asp Val Trp Gly Gln
110

Artificial Sequence:

Ser Gly Thr Pro Gly
15

Ser Asn Ile Gly Arg
30

Thr Ala Pro Lys Leu
45

Val Pro Asp Arg Phe
60

Ala Ile Ser Gly Leu
75

Thr Trp Asp Asp Ser
95

Ser
Leu
80

Val

Synthetic

Gly

Tyr

Val

Val

Tyr

80

Cys

Gly

Synthetic

Gln

Asn

Leu

Ser

Gln

80

Leu
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Asn Gly Trp Leu Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 4

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 4

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Ser Thr Ile Asp Tyr Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 5

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 5

Asn Phe Met Leu Thr Gln Pro His Ser Val Ser Glu Ser Pro Gly Lys
1 5 10 15

Thr Val Thr Ile Ser Cys Thr Arg Ser Ser Gly Ser Ile Ala Ser Lys
20 25 30

Tyr Val Gln Trp Tyr Gln Gln Arg Pro Gly Ser Ser Pro Met Ala Val
35 40 45

Ile Tyr Lys Asp Asn Gln Arg Ser Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Ile Asp Ser Ser Ser Asn Ser Ala Ser Leu Thr Ile Ser Gly
65 70 75 80

Leu Lys Pro Glu Asp Glu Ala Asp Tyr Tyr Cys Gln Ser Tyr Asp Ala
85 90 95

Ser Asn Tyr Tyr Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu
100 105 110

<210> SEQ ID NO 6

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION:

polypeptide

<400> SEQUENCE:

Glu Val Gln Leu

1

Ser

Ala

Ser

Lys

65

Leu

Ala

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Met

Ala

50

Gly

Gln

Arg

Val

Arg

Ser

35

Ile

Arg

Met

Arg

Thr
115

Leu

20

Trp

Ser

Phe

Asn

Gly

100

Val

PRT

6

Leu

5

Ser

Val

Gly

Thr

Ser

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

110

polypeptide

<400> SEQUENCE:

Gln
1
Arg
Thr
Ile
Gly
65

Ser

Asn

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ser Val Leu

Val

Val

Tyr

50

Ser

Asp

Gly

Thr

Asn

35

Ser

Lys

Asp

Pro

Ile

Trp

Asn

Tyr

Glu

Val

100

PRT

7

Thr

5

Ser

Tyr

Ser

Gly

Ala

85

Phe

SEQ ID NO 8
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

120

polypeptide

SEQUENCE :

8

Glu

Cys

Arg

Ser

Ile

70

Leu

Gly

Ser

Gln

Cys

Gln

Gln

Thr

70

Asp

Gly

Description of

Ser

Ala

Gln

Gly

55

Ser

Arg

Leu

Pro

Ser

Gln

Arg

55

Ser

Tyr

Arg

Gly

Ala

Ala

40

Gly

Arg

Ala

Tyr

Pro

Gly

Leu

40

Pro

Ala

Tyr

Gly

Gly

Ser

25

Pro

Ser

Asp

Glu

Phe
105

Ser

Ser

25

Pro

Ser

Ser

Cys

Thr
105

Gly

10

Gly

Gly

Thr

Asn

Asp

Asp

Ala

10

Arg

Gly

Gly

Leu

Gly

Lys

Artificial Sequence:

Leu

Phe

Lys

Tyr

Ser

75

Thr

Leu

Artificial Sequence:

Ser

Pro

Ala

Val

Ala

75

Thr

Leu

Val

Thr

Gly

Tyr

60

Lys

Ala

Trp

Gly

Asn

Ala

Pro

60

Ile

Trp

Thr

Gln

Phe

Leu

45

Ala

Asn

Val

Gly

Thr

Ile

Pro

45

Asp

Ser

Asp

Val

Pro

Ser

30

Glu

Asp

Thr

Tyr

Gln
110

Pro

Gly

Lys

Arg

Gly

Asp

Leu
110

Gly

15

Ser

Trp

Ser

Leu

Tyr

95

Gly

Gly

15

Gly

Leu

Phe

Leu

Ser
95

Synthetic

Gly

Tyr

Val

Val

Tyr

80

Cys

Thr

Synthetic

Gln

Asn

Leu

Ser

Gln

80

Leu

Synthetic

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Glu

1

5

10

15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Gly Ser Ile Ser Ser Ser
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20 25 30

Ser Tyr Tyr Trp Ala Trp Val Arg Gln Ser Pro Gly Lys Gly Leu Glu
35 40 45

Trp Ile Gly Asn Ile Tyr Tyr Arg Gly Ser Thr Tyr Tyr Asn Pro Ser
50 55 60

Leu Lys Ser Arg Val Thr Met Ser Val Asp Met Ser Lys His Gln Phe
65 70 75 80

Ser Leu Lys Leu Ser Ser Leu Asn Ala Ala Asp Thr Ala Val Tyr Tyr
85 90 95

Cys Ala Ser Leu Tyr Ser Gly Thr Tyr Val Phe Asp Tyr Trp Gly Arg
100 105 110

Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 9

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 9

Gln Ser Val Leu Thr Gln Pro Ala Ser Val Ser Gly Ser Pro Gly Gln
1 5 10 15

Ser Ile Thr Ile Ser Cys Ala Gly Thr Ser Ser Asp Val Gly Gly Tyr
20 25 30

Asn Tyr Val Ser Trp Tyr Gln Gln His Pro Gly Lys Ala Pro Lys Leu
35 40 45

Met Ile Tyr Glu Gly Ser Lys Arg Pro Ser Gly Val Ser Asn Arg Phe
50 55 60

Ser Gly Ser Lys Ser Gly Asn Thr Ala Ser Leu Thr Ile Ser Gly Leu

Gln Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Ser Ser Tyr Thr Thr Arg
85 90 95

Ser Thr Arg Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 10

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 10

Gly Val Gln Leu Val Gln Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Ser Tyr Asp Gly Ser Ile Lys Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Ala Leu Tyr
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65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ser Thr Leu Ser Gly Ser Tyr Gly Tyr Phe Asp Tyr Trp Gly Arg Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 11

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 11

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Ser Ser Asn Ile Gly Ser Asn
20 25 30

Thr Val Ser Trp Tyr Gln His Leu Pro Gly Thr Ala Pro Gln Leu Leu
35 40 45

Ile Tyr Thr Asn Asn His Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 90 95

Ser Gly Tyr Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu
100 105 110

<210> SEQ ID NO 12

<211> LENGTH: 125

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 12

Gln Val Gln Leu Val Gln Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Ser Tyr Asp Gly Ser Ile Lys Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Ser Leu Phe
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Asp Asp Asp Thr Ala Thr Tyr Tyr Cys
85 90 95

Ala Arg Gly His Leu Leu Arg Ile Gly Asp Ile Phe Tyr Tyr Ser Leu
100 105 110

Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
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-continued

115 120 125

<210> SEQ ID NO 13

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 13

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Ala Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Ser Ser Asn Ile Gly Ser Asn
20 25 30

Thr Val Asn Trp Tyr Gln Arg Leu Pro Gly Ala Ala Pro Gln Leu Leu
35 40 45

Ile Tyr Asn Asn Asp Gln Arg Pro Ser Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Gly Ser Leu Val Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 90 95

Ser Gly Asn Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu
100 105 110

<210> SEQ ID NO 14

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 14

Glu Val Gln Leu Val Gln Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Ser Tyr Asp Gly Ser Ile Lys Tyr Tyr Ala Asp Ser Val

Lys Gly Arg Phe Ala Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Arg Glu Asp Thr Ala Met Tyr Tyr Cys
85 90 95

Ala Ser Gly Leu Thr Gly Val Ala Gly Ala Leu Gly Val Trp Gly Arg
100 105 110

Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 15

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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polypeptide
<400> SEQUENCE: 15

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Thr Ile Thr Cys Ser Gly Asp Arg Leu Arg Asn Glu Phe Val
20 25 30

Ser Trp Tyr Gln Gln Arg Pro Gly Gln Ser Pro Val Val Val Ile Tyr
35 40 45

Gln Asp Ile Tyr Arg Pro Ser Gly Ile Pro Asp Arg Phe Ser Gly Ser
50 55 60

Lys Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Pro Gln Thr Val
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Ser Asn Thr Val Val
85 90 95

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105

<210> SEQ ID NO 16

<211> LENGTH: 122

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 16

Gln Leu Gln Leu Gln Glu Ser Gly Ser Gly Leu Val Lys Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Ile Cys Ala Val Ser Gly Gly Ser Ile Thr Ser Gly
20 25 30

Gly Asn Ala Trp Asn Trp Ile Arg Gln Ser Pro Gly Ala Gly Leu Glu
35 40 45

Trp Ile Gly Tyr Ile Phe Ser Asn Gly Ala Thr Tyr Tyr Asn Pro Ser

Leu Glu Ser Arg Val Thr Ile Ser Ala Asp Thr Ser Lys Asn Gln Phe
65 70 75 80

Ser Leu Thr Leu Thr Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr
85 90 95

Cys Ala Arg Gly Asp Phe Trp Thr Gly Lys Gly Val Phe Asp Pro Trp
100 105 110

Gly Gln Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 17

<211> LENGTH: 447

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 17

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30
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Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Arg Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
Ala Arg Leu Gly Tyr Gly Arg Val Asp Glu Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu
115 120 125

Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys
130 135 140

Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser
145 150 155 160

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser
165 170 175

Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser
180 185 190

Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn
195 200 205

Thr Lys Val Asp Lys Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His
210 215 220

Thr Cys Pro Pro Cys Pro Ala Pro Glu Phe Glu Gly Gly Pro Ser Val
225 230 235 240

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr
245 250 255

Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu
260 265 270

Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
275 280 285

Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser
290 295 300

Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305 310 315 320

Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Ser Ile Glu Lys Thr Ile
325 330 335

Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
340 345 350

Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
355 360 365

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
370 375 380

Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
385 390 395 400

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
405 410 415

Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
420 425 430
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His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

<210> SEQ ID NO 18

<211> LENGTH: 1341

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 18

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggtce cctgagactce 60
tcctgtgeag cctetggatt cacctttage agetatgect atagetgggt ccegecagget 120
ccagggaagg ggctggagtg ggtctcaget attagtggta gtggtggtag aacatactac 180
gcagactceg tgaagggceg gttcaccate tccagagaca attccaagaa cacgetgtat 240
ctgcaaatga acagectgag agccgaggac acggecgtgt attactgtge gagattaggg 300

tatgggcggyg tggacgagtyg gggcagggga accctggtea cegtetegag tgegtegace 360

aagggcccat cegtettece cctggeacce tectecaaga geacctetgg gggcacageg 420
geectggget gectggtcaa ggactactte cccgaaccgg tgacggtgte ctggaactca 480
ggcgctetga ccageggegt gcacacctte ceggetgtece tacagtecte aggactctac 540
tcectecagea gegtggtgac cgtgecectee agecagettgg gecacccagac ctacatctge 600
aacgtgaatc acaagcccag caacaccaag gtggacaaga gagttgagece caaatcttgt 660
gacaaaactc acacatgccc accgtgccca gcacctgaat tcgagggggyg accgtcagte 720
ttcectettee ccccaaaacce caaggacace ctcatgatet cecggaccce tgaggtcaca 780
tgcgtggtgyg tggacgtgag ccacgaagac cctgaggteca agttcaactg gtacgtggac 840
ggcgtggagg tgcataatge caagacaaag ccgcgggagg agcagtacaa cagcacgtac 900
cgtgtggtca gegtectecac cgtectgeac caggactgge tgaatggcaa ggagtacaag 960

tgcaaggtct ccaacaaage ccteccagece tccatcgaga aaaccatcte caaagccaaa 1020

gggcagecece gagaaccaca ggtctacacce ctgcccccat cecgggagga gatgaccaag 1080

aaccaggtca gcctgacctg cctggtcaaa ggcttctatce ccagcgacat cgccgtggag 1140

tgggagagca atgggcagcece ggagaacaac tacaagacca cgcectecegt getggactece 1200

gacggctect tettectcecta tagcaagetce accgtggaca agagcaggtg gcagcagggyg 1260

aacgtcttct catgctcegt gatgcatgag gctcectgcaca accactacac gcagaagagc 1320

ctcteectgt ctecgggtaa a

<210> SEQ ID NO 19

<211> LENGTH: 216

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

<400> SEQUENCE: 19

1341

Synthetic

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln

1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn

20 25 30
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Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asp Asn Leu Arg Leu Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser His
85 90 95

Pro Gly Trp Thr Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Gln
100 105 110

Pro Lys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Ser Glu Glu
115 120 125

Leu Gln Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp Phe Tyr
130 135 140

Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp Ser Ser Pro Val Lys
145 150 155 160

Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gln Ser Asn Asn Lys Tyr
165 170 175

Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gln Trp Lys Ser His
180 185 190

Arg Ser Tyr Ser Cys Gln Val Thr His Glu Gly Ser Thr Val Glu Lys
195 200 205

Thr Val Ala Pro Thr Glu Cys Ser
210 215

<210> SEQ ID NO 20

<211> LENGTH: 648

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 20

cagtctgtge tgactcagec acccteageg tetgggacee cegggeagag ggtcaccate 60
tcttgttetyg gaagectete caacatcgga aggaatectg ttaactggta tcagcagete 120
ccagggacgg cccccaaact cctcatctat cttgataate tacggetaag tggggtcect 180
gaccgattcet ctggctccaa gtctggaacce tcagectcee tggecatcag tgggetecag 240
tctgaggatg aggctgatta ttactgtgca acatgggatg acagccacce cgggtggacg 300
ttcggeggag ggaccaagcet gaccgtecta ggtcagecca aggeggegee cteggtcact 360
ctgttecege cctectetga ggagettcaa gecaacaagg ccacactggt gtgtctcata 420
agtgacttct acccgggage cgtgacagtg gectggaagg cagatagecag ccccgtcaag 480
gegggagtgg agaccaccac accctccaaa caaagcaaca acaagtacgce ggecageagce 540
tacctgagee tgacgectga gcagtggaag tcccacagaa getacagetg ccaggtcacg 600
catgaaggga gcaccgtgga gaagacagtg gcccctacag aatgttca 648

<210> SEQ ID NO 21

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 21

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Arg Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Leu Gly Tyr Gly Arg Val Asp Glu Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 22

<211> LENGTH: 351

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(351)

<400> SEQUENCE: 22

gag gtg cag ctg ttg gag tct ggg gga ggc ttg gta cag cct ggg ggg 48
Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15
tce ctg aga cte tee tgt gca gee tet gga tte ace ttt age age tat 96
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30
gee tat agce tgg gtc cge cag get cca ggg aag ggg ctg gag tgg gte 144
Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
tca gct att agt ggt agt ggt ggt aga aca tac tac gca gac tcc gtg 192
Ser Ala Ile Ser Gly Ser Gly Gly Arg Thr Tyr Tyr Ala Asp Ser Val
50 55 60
aag ggc c¢gg ttc acc atc tce aga gac aat tec aag aac acg ctg tat 240
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80
ctg caa atg aac agc ctg aga gec gag gac acg gcec gtg tat tac tgt 288
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
gcg aga tta ggg tat ggg cgg gtg gac gag tgg ggc agg gga acc ctg 336
Ala Arg Leu Gly Tyr Gly Arg Val Asp Glu Trp Gly Arg Gly Thr Leu
100 105 110
gtc acc gtc tecg agt 351

Val Thr Val Ser Ser
115
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<210> SEQ ID NO 23

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 23

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asp Asn Leu Arg Leu Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser His
85 90 95

Pro Gly Trp Thr Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 24

<211> LENGTH: 330

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(330)

<400> SEQUENCE: 24

cag tect gtg ctg act cag cca ccc tca geg tet ggg acce ccc ggg cag 48
Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

agg gtc acc atc tet tgt tet gga age cte tee aac atc gga agg aat 96
Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

cct gtt aac tgg tat cag cag ctc cca ggg acg gcc ccc aaa cte cte 144
Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

atc tat ctt gat aat cta cgg cta agt ggg gtc cct gac cga ttc tcect 192
Ile Tyr Leu Asp Asn Leu Arg Leu Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

gge tce aag tet gga acc tca gec tee ctg gece ate agt ggg cte cag 240
Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln

tct gag gat gag gct gat tat tac tgt gca aca tgg gat gac agc cac 288
Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser His
85 90 95

cce ggg tgg acg tte ggce gga ggg acc aag ctg acc gtc cta 330
Pro Gly Trp Thr Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 25
<211> LENGTH: 22
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 25

Leu Pro Val Leu Thr Gln Pro Pro Ser Val Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys
20

<210> SEQ ID NO 26

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 26

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys
20

<210> SEQ ID NO 27

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 27

Trp Tyr Lys Gln Val Pro Gly Thr Ala Pro Lys Leu Leu Ile Tyr
1 5 10 15

<210> SEQ ID NO 28

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 28

Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu Ile Tyr
1 5 10 15

<210> SEQ ID NO 29

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 29

Gly Val Pro Asp Arg Phe Ser Gly Ser Lys Ser Gly Thr Ser Ala Ser
1 5 10 15

Leu Ala Ile Ser Gly Leu Gln Ser Glu Asp Glu Ala Asp Tyr Tyr Cys
20 25 30
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<210> SEQ ID NO 30

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 30

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
1 5 10

<210> SEQ ID NO 31

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 31

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 30

<210> SEQ ID NO 32

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 32

Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val Ser
1 5 10

<210> SEQ ID NO 33

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 33

Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu Gln
1 5 10 15

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

<210> SEQ ID NO 34

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 34

Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser
1 5 10
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<210> SEQ ID NO 35

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 35

Ser Tyr Ala Met Ser
1 5

<210> SEQ ID NO 36

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 36

Ser Tyr Ala Tyr Ser
1 5

<210> SEQ ID NO 37

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 37

Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> SEQ ID NO 38

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 38

Leu Ile Trp Gly Ser Trp Gly Ser Thr Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> SEQ ID NO 39

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 39

Ala Ile Ser Gly Ser Gly Gly Arg Thr Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 40

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 40

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Ala Ile Ser Gly Ser Trp Gly Arg Thr Tyr Tyr Ala Asp Ser Val Lys

1 5 10 15

Gly

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 41

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 41
Leu Gly Tyr Ser Thr Ile Asp Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 42

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 42
Leu Gly Tyr Ser Thr Ile Asp Lys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 43

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide
<400> SEQUENCE: 43

Leu Gly Tyr Ser Thr Ile Asp Met
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 44

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide
<400> SEQUENCE: 44
Leu Gly Tyr Ser Thr Ile Asp Leu
1 5

<210> SEQ ID NO 45
<211> LENGTH: 8
<212> TYPE: PRT

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic

Synthetic

Synthetic
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 45

Leu Gly Tyr Gly Arg Val Asp Glu
1 5

<210> SEQ ID NO 46

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 46

Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn Pro Val Asn
1 5 10

<210> SEQ ID NO 47

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 47

Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn Glu Val Asn
1 5 10

<210> SEQ ID NO 48

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 48

Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn Asp Val Asn
1 5 10

<210> SEQ ID NO 49

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 49

Leu Asn Asn Gln Arg Pro Ser
1 5

<210> SEQ ID NO 50

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 50

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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Leu Asp Asn Leu Arg Leu Gly
1 5

<210> SEQ ID NO 51

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 51

Leu Asp Asn Leu Arg Leu Ser
1 5

<210> SEQ ID NO 52

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 52

Leu Asn Asn Gln Arg Leu Gly
1 5

<210> SEQ ID NO 53

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 53

Ala Thr Trp Asp Asp Ser Leu Asn Gly Trp Leu
1 5 10

<210> SEQ ID NO 54

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 54

Ala Thr Trp Asp Asp Ser Leu Lys Gly Trp Leu
1 5 10

<210> SEQ ID NO 55

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 55
Ala Thr Trp Asp Asp Ser Leu Ile Gly Trp Leu

1 5 10

<210> SEQ ID NO 56

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 56

Ala Thr Trp Asp Asp Ser His Pro Gly Trp Thr
1 5 10

<210> SEQ ID NO 57

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 57

Leu Pro Val Leu Thr Gln Pro Pro Ser Val Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Pro Val Asn Trp Tyr Lys Gln Val Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser Leu
85 90 95

Asn Gly Trp Leu Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 58

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 58

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser Leu
85 90 95

Asn Gly Trp Leu Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110
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<210> SEQ ID NO 59

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 59

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Glu Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser Leu
85 90 95

Asn Gly Trp Leu Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 60

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 60

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Glu Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser Leu
85 90 95

Lys Gly Trp Leu Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 61

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 61

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln



US 2016/0129108 Al May 12, 2016
71

-continued

1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asp Asn Leu Arg Leu Gly Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser Leu
85 90 95

Lys Gly Trp Leu Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 62

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 62

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asp Asn Leu Arg Leu Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser Leu
85 90 95

Ile Gly Trp Leu Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 63

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 63

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Asp Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Leu Gly Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
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65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser Leu
85 90 95

Lys Gly Trp Leu Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 64

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 64

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser His
85 90 95

Pro Gly Trp Thr Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 65

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 65

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser Leu
85 90 95

Asn Gly Trp Leu Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 66
<211> LENGTH: 110
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 66

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn

Glu Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser His
85 90 95

Pro Gly Trp Thr Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 67

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 67

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asp Asn Leu Arg Leu Gly Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser His
85 90 95

Pro Gly Trp Thr Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 68

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 68

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30
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Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asp Asn Leu Arg Leu Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser His
85 90 95

Pro Gly Trp Thr Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 69

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 69

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Asp Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Leu Gly Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser His
85 90 95

Pro Gly Trp Thr Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 70

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 70

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn
20 25 30

Pro Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Leu Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser His
85 90 95
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Pro Gly Trp Thr Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 71

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 71

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Ser Thr Ile Asp Tyr Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 72

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 72

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Ser Thr Ile Asp Tyr Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 73
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<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 73

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Ser Thr Ile Asp Tyr Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 74

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 74

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Ser Thr Ile Asp Lys Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 75

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
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77

-continued

<400> SEQUENCE: 75

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Leu Ile Trp Gly Ser Trp Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Ser Thr Ile Asp Met Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 76

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 76

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Arg Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Ser Thr Ile Asp Leu Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 77

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 77

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15
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-continued

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Trp Gly Arg Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Ser Thr Ile Asp Leu Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 78

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 78

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Ser Thr Ile Asp Tyr Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 79

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 79

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
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-continued

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Gly Arg Val Asp Glu Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 80

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 80

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Gly Arg Val Asp Glu Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 81

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 81

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Leu Ile Trp Gly Ser Trp Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80
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-continued

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Gly Arg Val Asp Glu Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 82

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 82

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Arg Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Gly Arg Val Asp Glu Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 83

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 83

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Tyr Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Trp Gly Arg Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Gly Arg Val Asp Glu Trp Gly Arg Gly Thr Leu
100 105 110
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Val Thr Val Ser Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115

SEQ ID NO 84

LENGTH: 117

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 84

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly

1

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly

20 25

Ala Met Ser Trp Val Arg Gln Ala Pro Gly

35 40

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr

50

55

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn

65

70

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp

85 90

Ala Arg Leu Gly Tyr Gly Arg Val Asp Glu

100 105

Val Thr Val Ser Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115

SEQ ID NO 85

LENGTH: 119

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 85

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly

1

5 10

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly

20 25

Ala Met Ser Trp Val Arg Gln Ala Pro Gly

35 40

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr

50

55

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn

65

70

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp

85 90

Ala Arg Asp Lys Gly Tyr Tyr Trp Tyr Met

100 105

Thr Met Val Thr Val Ser Ser

<210>
<211>

115

SEQ ID NO 86
LENGTH: 106

Artificial Sequence:

Leu

Phe

Lys

Tyr

Ser

75

Thr

Trp

Artificial Sequence:

Leu

Phe

Lys

Tyr

Ser
75

Thr

Asp

Val

Thr

Gly

Tyr

60

Lys

Ala

Gly

Val

Thr

Gly

Tyr

60

Lys

Ala

Val

Gln

Phe

Leu

45

Ala

Asn

Val

Arg

Gln

Phe

Leu

45

Ala

Asn

Val

Trp

Pro

Ser

30

Glu

Asp

Thr

Tyr

Gly
110

Pro

Ser

30

Glu

Asp

Thr

Tyr

Gly
110

Gly

15

Ser

Trp

Ser

Leu

Tyr

95

Thr

Gly

15

Ser

Trp

Ser

Leu

Tyr
95

Gln

Synthetic

Gly

Tyr

Val

Val

Tyr

80

Cys

Leu

Synthetic

Gly

Tyr

Val

Val

Tyr

80

Cys

Gly
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 86

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Thr Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala
20 25 30

Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45

Glu Asp Thr Lys Arg Pro Ser Arg Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Leu
65 70 75 80

Asp Glu Ala Asp Tyr Phe Cys Gln Ala Trp Asp Thr Ser Phe Trp Val
85 90 95

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105

<210> SEQ ID NO 87

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 87

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Arg Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Asp Lys Gly Tyr Tyr Trp Tyr Met Asp Val Trp Gly Gln Gly
100 105 110

Thr Met Val Thr Val Ser Ser
115

<210> SEQ ID NO 88

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 88

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln



US 2016/0129108 Al May 12, 2016
&3

-continued

1 5 10 15

Thr Ala Ser Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala
20 25 30

Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45

Glu Asp Thr Lys Arg Leu Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Met
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Thr Ser Phe Trp Val
85 90 95

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105

<210> SEQ ID NO 89

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 89

Trp Gly Gln Gly Thr Met Val Thr Val Ser Ser
1 5 10

<210> SEQ ID NO 90

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 90

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Thr Ile Thr Cys
20

<210> SEQ ID NO 91

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 91

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Ser Ile Thr Cys
20

<210> SEQ ID NO 92

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide
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<400> SEQUENCE: 92

Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
1 5 10 15

<210> SEQ ID NO 93

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 93

Arg Ile Pro Glu Arg Phe Ser Gly Ser Asn Ser Gly Asn Thr Ala Thr
1 5 10 15

Leu Thr Ile Ser Gly Thr Gln Ala Leu Asp Glu Ala Asp Tyr Phe Cys
20 25 30

<210> SEQ ID NO 94

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 94

Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn Ser Gly Asn Thr Ala Thr
1 5 10 15

Leu Thr Ile Ser Gly Thr Gln Ala Met Asp Glu Ala Asp Tyr Tyr Cys
20 25 30

<210> SEQ ID NO 95

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 95

Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Arg

<210> SEQ ID NO 96

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 96

Asp Lys Gly Tyr Tyr Trp Tyr Met Asp Val
1 5 10

<210> SEQ ID NO 97

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:



US 2016/0129108 Al
&5

-continued

May 12, 2016

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 97

Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala Ser
1 5 10

<210> SEQ ID NO 98

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 98

Glu Asp Thr Lys Arg Pro Ser
1 5

<210> SEQ ID NO 99

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 99

Glu Asp Thr Lys Arg Leu Ser
1 5

<210> SEQ ID NO 100

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 100

Gln Ala Trp Asp Thr Ser Phe Trp Val
1 5

<210> SEQ ID NO 101

<211> LENGTH: 122

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide
<400> SEQUENCE: 101

Glu Val Gln Leu Val Gln Ser Gly Gly Gly Val Val Gln Pro Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Arg Phe Ser Asp
20 25 30

Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp
35 40 45

Ala Gly Ile Ser Tyr Asp Gly Gly Asn Lys Tyr Tyr Ala Asp Ser
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Asn Asn Thr Leu
65 70 75

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Arg

Phe

Val

Val

Tyr
80
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Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Asp His Gly Tyr Ser Gly Tyr Tyr Gly His Leu Asp Tyr Trp
100 105 110

Gly Arg Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 102

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 102

Gln Ser Val Val Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Ser Ser Asn Ile Gly Ser Asn
20 25 30

Thr Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Ser Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 90 95

Asn Gly Arg Val Phe Gly Thr Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 103

<211> LENGTH: 128

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 103

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Asp Arg Pro Asn Tyr Tyr Gly Ala Ser Gly Ser Tyr Tyr Lys
100 105 110

Gln Gly Gly Asp His Trp Gly Gln Gly Thr Met Val Thr Val Ser Ser
115 120 125
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<210> SEQ ID NO 104
<211> LENGTH: 110
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of
polypeptide
<400> SEQUENCE: 104
Asn Phe Met Leu Thr Gln Pro His Ser Val
1 5 10
Thr Val Thr Ile Ser Cys Thr Arg Ser Ser
20 25
Tyr Val Gln Trp Tyr Gln Lys Arg Pro Gly
35 40
Ile Tyr Glu Asp Thr Gln Arg Pro Ser Gly
50 55
Gly Ser Ile Asp Ile Ser Ser Asn Ser Ala
65 70
Leu Arg Thr Glu Asp Glu Ala Asp Tyr Tyr
85 90
Thr Asn Trp Val Phe Gly Gly Gly Thr Lys
100 105
<210> SEQ ID NO 105
<211> LENGTH: 117
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of
polypeptide
<400> SEQUENCE: 105
Glu Val Gln Leu Leu Glu Thr Gly Gly Gly
1 5 10
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly
20 25
Ala Met Ser Trp Val Arg Gln Ala Pro Gly
35 40
Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr
50 55
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn
65 70
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
85 90
Ala Arg Gly Asn Tyr Gly Asn Leu Asp His
100 105
Val Thr Val Ser Ser
115
<210> SEQ ID NO 106
<211> LENGTH: 106
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>

polypeptide

Artificial Sequence:

Ser

Gly

Ser

Val

Ser

75

Cys

Val

Artificial Sequence:

Leu

Phe

Lys

Tyr

Ser

75

Thr

Trp

Glu

Ser

Ser

Pro

60

Leu

Gln

Thr

Val

Thr

Gly

Tyr

60

Lys

Ala

Gly

Ser

Ile

Pro

45

Asp

Thr

Ser

Val

Gln

Phe

Leu

45

Ala

Asn

Val

Lys

Pro

Ala

30

Thr

Arg

Ile

Tyr

Leu
110

Pro

Ser

30

Glu

Asp

Thr

Tyr

Gly
110

Gly

15

Ser

Thr

Phe

Ser

Asp
95

Gly

Ser

Trp

Ser

Leu

Tyr

95

Thr

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Gln

Lys

Val

Ser

Gly

80

Ser

Synthetic

Gly

Tyr

Val

Val

Tyr

80

Cys

Leu

Synthetic
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<400> SEQUENCE: 106
Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15
Thr Ala Ser Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala
20 25 30
Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45
Gln Asp Arg Lys Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60
Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Pro Met
65 70 75 80
Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Ser Ser His Trp Val
85 90 95
Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105
<210> SEQ ID NO 107
<211> LENGTH: 119
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 107
Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr
20 25 30
Ile Met Gly Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Ser Ser Ile Ser Ser Ser Gly Gly Ala Thr Ile Tyr Ala Asp Ser Val
50 55 60
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Met Ala Val Tyr Tyr Cys
85 90 95
Ala Lys Asp His Leu Gly Gly His Gly Met Asp Val Trp Gly Gln Gly
100 105 110
Thr Thr Val Thr Val Ser Ser
115
<210> SEQ ID NO 108
<211> LENGTH: 107
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 108
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30
Leu Ala Trp Phe Gln Gln Lys Pro Gly Lys Ala Pro Lys Ser Leu Ile

May 12, 2016
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35 40

Phe Ala Ala Ser Ser Leu Glu Ser Gly Val

50

55

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr

65

70

Glu Asp Ser Ala Thr Tyr Tyr Cys Gln Gln

85 90

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 109

LENGTH: 120

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 109

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly

1

5 10

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly

20 25

Gln Met Gly Trp Val Arg Gln Ala Pro Gly

35 40

Ser Tyr Ile Arg Ser Ser Gly Gly Gln Thr

50

55

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn

65

70

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp

85 90

Ala Arg Arg Thr Tyr Ser Ser Gly Trp His

100 105

Gly Thr Leu Val Thr Val Ser Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115 120

SEQ ID NO 110

LENGTH: 107

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 110

Asp Ile Gln Met Thr Gln Ser Pro Asp Ser

1

5 10

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser

20 25

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys

35 40

Tyr Gly Ala Ser Ser Leu Gln Ser Gly Val

50

55

Ser Gly Ser Gly Thr Asp Phe Ser Leu Thr

65

70

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln

45

Pro Ser Lys Phe Ser Gly

Ile
75

60

Ser Ser Leu Gln Pro

80

Tyr Asn Ser Tyr Pro Leu

Lys

Artificial Sequence:

Leu

Phe

Lys

Ile

Ser

75

Thr

Ile

Artificial Sequence:

Leu

Gln

Ala

Pro

Ile

75

Ser

Val

Thr

Gly

Tyr

60

Lys

Ala

Asp

Ser

Ser

Pro

Ser

60

Ser

Tyr

Gln

Phe

Leu

45

Ala

Asn

Val

Tyr

Ala

Ile

Lys

45

Arg

Ser

Arg

Pro

Ser

30

Glu

Asp

Thr

Tyr

Trp
110

Ser

Ser

30

Leu

Phe

Leu

Thr

95

Gly

15

Glu

Trp

Ser

Leu

Tyr

95

Gly

Val

15

Arg

Leu

Ser

Gln

Pro

Synthetic

Gly

Tyr

Val

Val

Tyr

80

Cys

Gln

Synthetic

Gly

Tyr

Ile

Gly

Leu

80

Leu
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85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Gln
100 105

<210> SEQ ID NO 111

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 111

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Asp Lys Gly Tyr Tyr Trp Tyr Met Asp Val Trp Gly Gln Gly
100 105 110

Thr Met Val Thr Val Ser Ser
115

<210> SEQ ID NO 112

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 112

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Ser Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala
Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45

Glu Asp Thr Lys Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Met
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Thr Ser Phe Trp Val
85 90 95

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105

<210> SEQ ID NO 113
<211> LENGTH: 119
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 113

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Val
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Lys Gly Tyr Tyr Trp Tyr Met Asp Val Trp Gly Gln Gly
100 105 110

Thr Met Val Thr Val Ser Ser
115

<210> SEQ ID NO 114

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 114

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Arg Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Lys Gly Tyr Tyr Trp Tyr Met Asp Val Trp Gly Gln Gly
100 105 110

Thr Met Val Thr Val Ser Ser
115

<210> SEQ ID NO 115

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 115
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Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Pro Tyr Tyr Ala Asp Ser Val

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Lys Gly Tyr Tyr Trp Tyr Met Asp Val Trp Gly Gln Gly
100 105 110

Thr Met Val Thr Val Ser Ser
115

<210> SEQ ID NO 116

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 116

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Gly Asp Ser Val

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Lys Gly Tyr Tyr Trp Tyr Met Asp Val Trp Gly Gln Gly
100 105 110

Thr Met Val Thr Val Ser Ser
115

<210> SEQ ID NO 117

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 117

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30
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Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Arg Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Asp Lys Gly Tyr Tyr Trp Tyr Met Asp Val Trp Gly Gln Gly
100 105 110

Thr Met Val Thr Val Ser Ser
115

<210> SEQ ID NO 118

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 118

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Ser Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala

Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45

Glu Asp Ser Lys Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Met
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Thr Ser Phe Trp Val
85 90 95

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Leu
100 105

<210> SEQ ID NO 119

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 119

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Ser Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala
20 25 30

Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45

Glu Asp Thr Lys Tyr Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Met
65 70 75 80
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Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Thr Ser Phe Trp Val
85 90 95

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Val Leu
100 105

<210> SEQ ID NO 120

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 120

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Ser Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala

Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Val Leu Val Ile Tyr Glu
35 40 45

Asp Thr Lys Arg His Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn
50 55 60

Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Met Asp
65 70 75 80

Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Thr Ser Phe Trp Val Phe
85 90 95

Gly Gly Gly Thr Lys Leu Thr Val Leu Val Leu
100 105

<210> SEQ ID NO 121

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 121

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Ser Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala
20 25 30

Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45

Glu Asp Thr Lys Arg Leu Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Arg Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Met
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Thr Ser Phe Trp Val
85 90 95

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Val Leu
100 105

<210> SEQ ID NO 122

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 122

Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn Arg Gly Asn Thr Ala Thr
1 5 10 15

Leu Thr Ile Ser Gly Thr Gln Ala Met Asp Glu Ala Asp Tyr Tyr Cys
20 25 30

<210> SEQ ID NO 123

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 123

Ser Val Ala Met Ser
1 5

<210> SEQ ID NO 124

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 124

Ser Tyr Ala Arg Ser
1 5

<210> SEQ ID NO 125

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 125

Ala Ile Ser Gly Ser Gly Gly Ser Pro Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> SEQ ID NO 126

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 126

Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Gly Asp Ser Val Lys
1 5 10 15

Gly
<210> SEQ ID NO 127

<211> LENGTH: 7
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 127

Glu Asp Ser Lys Arg Pro Ser
1 5

<210> SEQ ID NO 128

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 128

Glu Asp Thr Lys Tyr Pro Ser
1 5

<210> SEQ ID NO 129

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 129
Glu Asp Thr Lys Arg Leu Ser

1 5

<210> SEQ ID NO 130

<211> LENGTH: 574

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 130

Met Cys Pro Arg Ala Ala Arg Ala Pro Ala Thr Leu Leu Leu Ala
1 5 10 15

Gly Ala Val Leu Trp Pro Ala Ala Gly Ala Trp Glu Leu Thr Ile
20 25 30

His Thr Asn Asp Val His Ser Arg Leu Glu Gln Thr Ser Glu Asp
35 40 45

Ser Lys Cys Val Asn Ala Ser Arg Cys Met Gly Gly Val Ala Arg
50 55 60

Phe Thr Lys Val Gln Gln Ile Arg Arg Ala Glu Pro Asn Val Leu
65 70 75

Leu Asp Ala Gly Asp Gln Tyr Gln Gly Thr Ile Trp Phe Thr Val
85 90 95

Lys Gly Ala Glu Val Ala His Phe Met Asn Ala Leu Arg Tyr Asp
100 105 110

Met Ala Leu Gly Asn His Glu Phe Asp Asn Gly Val Glu Gly Leu
115 120 125

Glu Pro Leu Leu Lys Glu Ala Lys Phe Pro Ile Leu Ser Ala Asn
130 135 140

Lys Ala Lys Gly Pro Leu Ala Ser Gln Ile Ser Gly Leu Tyr Leu
145 150 155

Synthetic

Synthetic

Synthetic

Leu

Leu

Ser

Leu

Leu

80

Tyr

Ala

Ile

Ile

Pro
160



US 2016/0129108 Al May 12, 2016
97

-continued

Tyr Lys Val Leu Pro Val Gly Asp Glu Val Val Gly Ile Val Gly Tyr
165 170 175

Thr Ser Lys Glu Thr Pro Phe Leu Ser Asn Pro Gly Thr Asn Leu Val
180 185 190

Phe Glu Asp Glu Ile Thr Ala Leu Gln Pro Glu Val Asp Lys Leu Lys
195 200 205

Thr Leu Asn Val Asn Lys Ile Ile Ala Leu Gly His Ser Gly Phe Glu
210 215 220

Met Asp Lys Leu Ile Ala Gln Lys Val Arg Gly Val Asp Val Val Val
225 230 235 240

Gly Gly His Ser Asn Thr Phe Leu Tyr Thr Gly Asn Pro Pro Ser Lys
245 250 255

Glu Val Pro Ala Gly Lys Tyr Pro Phe Ile Val Thr Ser Asp Asp Gly
260 265 270

Arg Lys Val Pro Val Val Gln Ala Tyr Ala Phe Gly Lys Tyr Leu Gly
275 280 285

Tyr Leu Lys Ile Glu Phe Asp Glu Arg Gly Asn Val Ile Ser Ser His
290 295 300

Gly Asn Pro Ile Leu Leu Asn Ser Ser Ile Pro Glu Asp Pro Ser Ile
305 310 315 320

Lys Ala Asp Ile Asn Lys Trp Arg Ile Lys Leu Asp Asn Tyr Ser Thr
325 330 335

Gln Glu Leu Gly Lys Thr Ile Val Tyr Leu Asp Gly Ser Ser Gln Ser
340 345 350

Cys Arg Phe Arg Glu Cys Asn Met Gly Asn Leu Ile Cys Asp Ala Met
355 360 365

Ile Asn Asn Asn Leu Arg His Thr Asp Glu Met Phe Trp Asn His Val
370 375 380

Ser Met Cys Ile Leu Asn Gly Gly Gly Ile Arg Ser Pro Ile Asp Glu
385 390 395 400

Arg Asn Asn Gly Thr Ile Thr Trp Glu Asn Leu Ala Ala Val Leu Pro
405 410 415

Phe Gly Gly Thr Phe Asp Leu Val Gln Leu Lys Gly Ser Thr Leu Lys
420 425 430

Lys Ala Phe Glu His Ser Val His Arg Tyr Gly Gln Ser Thr Gly Glu
435 440 445

Phe Leu Gln Val Gly Gly Ile His Val Val Tyr Asp Leu Ser Arg Lys
450 455 460

Pro Gly Asp Arg Val Val Lys Leu Asp Val Leu Cys Thr Lys Cys Arg
465 470 475 480

Val Pro Ser Tyr Asp Pro Leu Lys Met Asp Glu Val Tyr Lys Val Ile
485 490 495

Leu Pro Asn Phe Leu Ala Asn Gly Gly Asp Gly Phe Gln Met Ile Lys
500 505 510

Asp Glu Leu Leu Arg His Asp Ser Gly Asp Gln Asp Ile Asn Val Val
515 520 525

Ser Thr Tyr Ile Ser Lys Met Lys Val Ile Tyr Pro Ala Val Glu Gly
530 535 540

Arg Ile Lys Phe Ser Thr Gly Ser His Cys His Gly Ser Phe Ser Leu
545 550 555 560

Ile Phe Leu Ser Leu Trp Ala Val Ile Phe Val Leu Tyr Gln
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565 570

<210> SEQ ID NO 131

<211> LENGTH: 411

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 131

Met Pro Ile Met Gly Ser Ser Val Tyr Ile Thr Val Glu Leu Ala
1 5 10 15

Ala Val Leu Ala Ile Leu Gly Asn Val Leu Val Cys Trp Ala Val
20 25 30

Leu Asn Ser Asn Leu Gln Asn Val Thr Asn Tyr Phe Val Val Ser
35 40 45

Ala Ala Ala Asp Ile Ala Val Gly Val Leu Ala Ile Pro Phe Ala
50 55 60

Thr Ile Thr Gly Phe Cys Ala Ala Cys His Gly Cys Leu Phe Ile
65 70 75

Cys Phe Val Leu Val Leu Thr Gln Ser Ser Ile Phe Ser Leu Leu
85 90 95

Ile Ala Ile Asp Arg Tyr Ile Ala Ile Arg Ile Pro Leu Arg Tyr
100 105 110

Gly Leu Val Thr Gly Thr Arg Ala Lys Gly Ile Ile Ala Ile Cys
115 120 125

Val Leu Ser Phe Ala Ile Gly Leu Thr Pro Met Leu Gly Trp Asn
130 135 140

Cys Gly Gln Pro Lys Glu Gly Lys Asn His Ser Gln Gly Cys Gly
145 150 155

Gly Gln Val Ala Cys Leu Phe Glu Asp Val Val Pro Met Asn Tyr
165 170 175

Val Tyr Phe Asn Phe Phe Ala Cys Val Leu Val Pro Leu Leu Leu
180 185 190

Leu Gly Val Tyr Leu Arg Ile Phe Leu Ala Ala Arg Arg Gln Leu
195 200 205

Gln Met Glu Ser Gln Pro Leu Pro Gly Glu Arg Ala Arg Ser Thr
210 215 220

Gln Lys Glu Val His Ala Ala Lys Ser Leu Ala Ile Ile Val Gly
225 230 235

Phe Ala Leu Cys Trp Leu Pro Leu His Ile Ile Asn Cys Phe Thr
245 250 255

Phe Cys Pro Asp Cys Ser His Ala Pro Leu Trp Leu Met Tyr Leu
260 265 270

Ile Val Leu Ser His Thr Asn Ser Val Val Asn Pro Phe Ile Tyr
275 280 285

Tyr Arg Ile Arg Glu Phe Arg Gln Thr Phe Arg Lys Ile Ile Arg
290 295 300

His Val Leu Arg Gln Gln Glu Pro Phe Lys Ala Ala Gly Thr Ser
305 310 315

Arg Val Leu Ala Ala His Gly Ser Asp Gly Glu Gln Val Ser Leu
325 330 335

Leu Asn Gly His Pro Pro Gly Val Trp Ala Asn Gly Ser Ala Pro
340 345 350

Ile

Trp

Leu

Ile

Ala

80

Ala

Asn

Trp

Asn

Glu

160

Met

Met

Lys

Leu

Leu

240

Phe

Ala

Ala

Ser

Ala
320

Arg

His
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Pro Glu Arg Arg Pro Asn Gly Tyr Ala Leu Gly Leu Val Ser Gly Gly
355 360 365

Ser Ala Gln Glu Ser Gln Gly Asn Thr Gly Leu Pro Asp Val Glu Leu
370 375 380

Leu Ser His Glu Leu Lys Gly Val Cys Pro Glu Pro Pro Gly Leu Asp
385 390 395 400

Asp Pro Leu Ala Gln Asp Gly Ala Gly Val Ser
405 410

<210> SEQ ID NO 132

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: Pro, Glu or Asp

<400> SEQUENCE: 132

Ser Gly Ser Leu Ser Asn Ile Gly Arg Asn Xaa Val Asn
1 5 10

<210> SEQ ID NO 133

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Asn or Asp

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Gln or Leu

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Leu or Pro

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Gly or Ser

<400> SEQUENCE: 133

Leu Xaa Asn Xaa Arg Xaa Xaa
1 5

<210> SEQ ID NO 134

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Leu or His

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Lys, Pro, Ile or Asn
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<220>
<221>
<222>
<223>

<400>

-continued
FEATURE:
NAME/KEY: MOD_RES
LOCATION: (11)..(11)

OTHER INFORMATION: Leu or Thr

SEQUENCE: 134

Ala Thr Trp Asp Asp Ser Xaa Xaa Gly Trp Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

5 10

SEQ ID NO 135

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

peptide

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (4)..(4)

OTHER INFORMATION: Met or Tyr

SEQUENCE: 135

Ser Tyr Ala Xaa Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

Xaa Ile Xaa Gly Ser Xaa Gly Xaa

1

Gly

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

5

SEQ ID NO 136

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
peptide

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: Leu or Ala
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (3)..(3)

OTHER INFORMATION: Trp or Ser
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (6)..(6)

OTHER INFORMATION: Trp or Gly
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (8)..(8)

OTHER INFORMATION: Ser or Arg

SEQUENCE: 136

5 10 15

SEQ ID NO 137

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
peptide

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (4)..(4)

OTHER INFORMATION: Gly or Ser
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (5)..(5)

OTHER INFORMATION: Arg or Thr

Thr Tyr Tyr Ala Asp Ser Val Lys
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

-continued

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (6)..(6)

OTHER INFORMATION: Val or Ile

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (8)..(8)

OTHER INFORMATION: Tyr, Lys, Met, Leu or Glu

SEQUENCE: 137

Leu Gly Tyr Xaa Xaa Xaa Asp Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

5

SEQ ID NO 138
LENGTH: 110

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
polypeptide

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (1)..(22)

OTHER INFORMATION: This region may encompass
'LPVLTQPPSVSGTPGQRVTISC' or 'QSVLTQPPSASGTPGQRVTISC'
FEATURE:

NAME/KEY: MOD_RES

Synthetic

LOCATION: (1)..(1)

OTHER INFORMATION: Leu or Gln
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (2)..(2)

OTHER INFORMATION: Pro or Ser
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (10)..(10)

OTHER INFORMATION: Val or Ala
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (33)..(33)

OTHER INFORMATION: Pro, Glu or Asp
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (36)..(50)

OTHER INFORMATION: This region may encompass 'WYKQVPGTAPKLLIY' or
'WYQQLPGTAPKLLIY'

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (38)..(38)

OTHER INFORMATION: Lys or Gln
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (40)..(40)

OTHER INFORMATION: Val or Leu
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (52)..(52)

OTHER INFORMATION: Asn or Asp
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (54)..(54)

OTHER INFORMATION: Gln or Leu
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (56)..(56)

OTHER INFORMATION: Leu or Pro
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (57)..(57)

OTHER INFORMATION: Gly or Ser
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (96)..(96)

OTHER INFORMATION: Leu or His



US 2016/0129108 Al
102

-continued

May 12, 2016

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (97)..(97)

<223> OTHER INFORMATION: Lys, Pro, Ile or Asn
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (100)..(100)

<223> OTHER INFORMATION: Leu or Thr

<400> SEQUENCE: 138

Xaa Xaa Val Leu Thr Gln Pro Pro Ser Xaa Ser Gly Thr Pro Gly
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Leu Ser Asn Ile Gly Arg
20 25 30

Xaa Val Asn Trp Tyr Xaa Gln Xaa Pro Gly Thr Ala Pro Lys Leu
35 40 45

Ile Tyr Leu Xaa Asn Xaa Arg Xaa Xaa Gly Val Pro Asp Arg Phe
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu
65 70 75

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser
85 90 95

Xaa Gly Trp Xaa Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 139

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (34)..(34)

<223> OTHER INFORMATION: Met or Tyr

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (50)..(50)

<223> OTHER INFORMATION: Leu or Ala

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (52)..(52)

<223> OTHER INFORMATION: Trp or Ser

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (55)..(55)

<223> OTHER INFORMATION: Trp or Gly

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (57)..(57)

<223> OTHER INFORMATION: Ser or Arg

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (102)..(102)

<223> OTHER INFORMATION: Gly or Ser

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (103)..(103)

<223> OTHER INFORMATION: Arg or Thr

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (104)..(104)

<223> OTHER INFORMATION: Val or Ile

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (106) .. (106)

<223> OTHER INFORMATION: Tyr, Lys, Met, Leu or Glu

Gln

Asn

Leu

Ser

Gln

80

Xaa

Synthetic
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<400> SEQUENCE: 139

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Xaa Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Xaa Ile Xaa Gly Ser Xaa Gly Xaa Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Gly Tyr Xaa Xaa Xaa Asp Xaa Trp Gly Arg Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 140

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Ser or Thr

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Arg or Tyr

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: His, Pro or Leu

<400> SEQUENCE: 140

Glu Asp Xaa Lys Xaa Xaa Ser
1 5

<210> SEQ ID NO 141

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Tyr or Val

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Met or Arg

<400> SEQUENCE: 141

Ser Xaa Ala Xaa Ser
1 5
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<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

Ala Ile Ser Gly Ser Gly Gly Ser

1

Xaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 142

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
peptide

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (9)..(9)

OTHER INFORMATION: Thr or Pro
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (12)..(12)

OTHER INFORMATION: Ala or Gly
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (17)..(17)

OTHER INFORMATION: Gly or Arg

SEQUENCE: 142

5 10 15

SEQ ID NO 143

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

peptide

SEQUENCE: 143

Asp Lys Gly Tyr Tyr Trp Tyr Met

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

5

SEQ ID NO 144
LENGTH: 106

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
polypeptide

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (1)..(22)

OTHER INFORMATION: This region may encompass
'QSVLTQPPSVSVSPGQTATITC' or 'QSVLTQPPSVSVSPGQTASITC'
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (19)..(19)

OTHER INFORMATION: Thr or Ser
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (51)..(51)

OTHER INFORMATION: Pro or Leu
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (53)..(53)

OTHER INFORMATION: Arg or Tyr
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (54)..(54)

OTHER INFORMATION: His, Pro or Leu
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (56)..(56)

OTHER INFORMATION: Arg or Gly
FEATURE:

NAME/KEY: MOD_RES

Xaa Tyr Tyr Xaa Asp Ser Val Lys
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<222> LOCATION: (66)..(66)

<223> OTHER INFORMATION: Ser or Arg

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (80)..(80)

<223> OTHER INFORMATION: Leu or Met

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (86)..(86)

<223> OTHER INFORMATION: Phe or Tyr

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (56)..(87)

<223> OTHER INFORMATION: This region may encompass
'RIPERFSGSNSGNTATLTISGTQALDEADYFC, '
'GIPERFSGSNSGNTATLTISGTQAMDEADYYC' or
'GIPERFSGSNRGNTATLTISGTQAMDEADYYC'

<400> SEQUENCE: 144

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Xaa Ile Thr Cys Ser Gly Asp Lys Val Gly Asp Lys Tyr Ala
20 25 30

Ser Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr
35 40 45

Glu Asp Xaa Lys Xaa Xaa Ser Xaa Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Xaa Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Xaa
65 70 75 80

Asp Glu Ala Asp Tyr Xaa Cys Gln Ala Trp Asp Thr Ser Phe Trp Val
85 90 95

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105

<210> SEQ ID NO 145

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (32)..(32)

<223> OTHER INFORMATION: Tyr or Val

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (34)..(34)

<223> OTHER INFORMATION: Met or Arg

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (58)..(58)

<223> OTHER INFORMATION: Thr or Pro

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (61)..(61)

<223> OTHER INFORMATION: Ala or Gly

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (66)..(66)

<223> OTHER INFORMATION: Gly or Arg

<400> SEQUENCE: 145

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Xaa
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20 25 30

Ala Xaa Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Xaa Tyr Tyr Xaa Asp Ser Val
50 55 60

Lys Xaa Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Lys Gly Tyr Tyr Trp Tyr Met Trp Gly Gln Gly Thr Met
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 146

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
6xHis tag

<400> SEQUENCE: 146

His His His His His His
1 5

<210> SEQ ID NO 147

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 147

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Tyr Trp Tyr Phe Asp Leu Trp Gly Arg Gly Thr Leu Val Thr
100 105 110

Val Ser Ser
115

<210> SEQ ID NO 148

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 148

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15
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Val Thr Ile

20

Ser Ser Ser Asn

25

Arg Ser Cys Ser Gly

Thr Val Gln Gln Thr Ala Pro

45

Leu Pro

40

Asn
35

Trp Tyr Gly

Ile Gln Val Pro

60

Tyr Ser Asn Asn Pro Ser

50

Arg Gly Asp

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ile Ser

Glu Glu Ala

85

Ala
90

Ser Asp Asp Tyr Tyr Cys Trp Asp

Val Val Phe Gly Thr Thr Val

100

Gly Gly Leu Leu

105

Lys

Ile Gly Ser

30

Lys

Arg

Gly

Asp

Asn

Leu Leu

Phe Ser

Leu Gln

Ser Leu

95

What is claimed is:

1. A method of inhibiting tumor growth in a subject com-
prising administering an anti-CD73 antibody, or an antigen-
binding fragment thereof, and an A2A receptor inhibitor for
inhibiting tumor growth to the subject.

2. A method of increasing an anti-tumor immune response
comprising administering an anti-CD73 antibody, or an anti-
gen-binding fragment thereof, and an A2 A receptor inhibitor
to a subject in need thereof.

3. A method of treating a tumor in a subject comprising
administering an anti-CD73 antibody, or an antigen-binding
fragment thereof, and an A2 A receptor inhibitor for treating a
tumor to a subject.

4. The method any one of claims 1-3, wherein the anti-
CD73 antibody is MEDI9447 or an antigen-binding fragment
thereof.

5. The method of any one of claims 1-3, wherein the anti-
CD73 antibody is Phen0203 hlgG1 or an antigen-binding
fragment thereof.

6. The method of any one of claims 1-3, wherein the A2A
receptor inhibitor is SCH58261.

7. The method of any one of claims 1-3, wherein the anti-
CD73 antibody is MEDI9447 or an antigen-binding fragment
thereof and the A2A receptor inhibitor is SCH58261.

8. The method of any one of claims 1-3, wherein the anti-
CD73 antibody is Phen0203 hlgG1 or an antigen-binding
fragment thereof and the A2A receptor inhibitor is
SCH58261.

9. The method of any one of claims 1-3, wherein the anti-
CD?73 antibody or antigen-binding fragment thereof and the
adenosine receptor inhibitor (A2ARi) are administered con-
currently.

10. The method of any one of claims 1-3, wherein the
anti-CD73 antibody or antigen-binding fragment thereof is
administered prior to the adenosine receptor inhibitor
(A2ARi).

11. The method of any one of claims 1-3, wherein the
adenosine receptor inhibitor (A2AR1) is administered priorto
the anti-CD73 antibody or antigen-binding fragment thereof.

12. The method of any one of claims 1-3, wherein the tumor
is a breast cancer, hormonally mediated breast cancer, triple
negative breast cancer, colon carcinoma, colorectal cancer,
lung cancer, melanoma, non-small cell carcinoma, lym-
phoma, Hodgkin’s and non-Hodgkin’s lymphoma, Burkitt’s
lymphoma, and sarcoma.

13. The method of any one of claims 1-3, wherein said
method results in an increase in overall survival as compared
to the administration of any one of the anti-CD73 antibody or
the A2A receptor inhibitor alone.

14. The method of any one of claims 1-3, wherein the said
method induces or increases a tumor-specific immune
response.

15. The method of any one of claims 1-3, wherein the said
method reduces the immunosuppressive effects of a AMP/
CD73/adenosine pathway.

16. The method of any one of claims 1-3, wherein the said
method reduces metastasis or reduces the propensity of the
tumor to metastasize relative to the administration of either
the anti-CD73 antibody or the adenosine receptor inhibitor
(A2ARi) alone.

17. The method of any one of claims 1-3, wherein the said
method reduces the number of metastases within the subject.

18. The method of any one of claims 1-3, wherein the
subject is a human patient.

19. The method of any one of claims 1-3, wherein the tumor
is a CD73 overexpres sing tumor.

20. The method of any one of claims 1-3, wherein the
cancer has a prometastatic phenotype.

21. A kit for increasing anti-tumor activity, the kit compris-
ing an anti-CD73 antibody or antigen-binding fragment
thereof and an A2A receptor inhibitor.

22. The kit of claim 21, wherein the anti-CD73 antibody is
MEDI9447 or an antigen-binding fragment thereof.

23. The kit of claim 21, wherein the anti-CD73 antibody is
Phen0203 hlgG1 or an antigen-binding fragment thereof.

24. The kit of claim 21, wherein the A2 A receptor inhibitor
is SCH58261.

25. The kit of claim 21, wherein the anti-CD73 antibody is
MEDI9447 or an antigen-binding fragment thereof and the
A2A receptor inhibitor is SCH58261.

26. The kit of claim 21, wherein the anti-CD73 antibody is
Phen0203 higG1 or an antigen-binding fragment thereof and
the A2A receptor inhibitor is SCH58261.

27. A pharmaceutical formulation comprising an effective
amount an anti-CD73 antibody or antigen-binding fragment
thereof and an A2A receptor inhibitor.

28. The pharmaceutical formulation of claim 27, wherein
the anti-CD73 antibody is MEDI9447 or an antigen-binding
fragment thereof.
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29. The pharmaceutical formulation of claim 27, wherein
the anti-CD73 antibody is Phen0203 hlgG1 or an antigen-
binding fragment thereof.

30. The pharmaceutical formulation of claim 27, wherein
the A2A receptor inhibitor is SCH58261.

31. The pharmaceutical formulation of claim 27, wherein
the anti-CD73 antibody is MEDI9447 or an antigen-binding
fragment thereof and the A2A receptor inhibitor is
SCH58261.

32. The pharmaceutical formulation of claim 27, wherein
the anti-CD73 antibody is Phen0203 hlgG1 or an antigen-
binding fragment thereof and the A2A receptor inhibitor is
SCH58261.



