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DESCRIPTION

Field

[0001] The present invention relates to antibodies, e.g., full length antibodies that bind PD-1. The invention
further relates to compositions comprising antibodies to PD-1, and anti-PD-1 antibodies for use in methods
of treating cancer.

Background

[0002] PD-1 is a 50-55 kDa type | transmembrane receptor that was originally identified in a T cell line
undergoing activation-induced apoptosis. PD-1 is expressed on T cells, B cells, and macrophages. The
ligands for PD-1 are the B7 family members PD-L1 (B7-H1) and PD-L2 (B7-DC).

[0003] PD-1 is a member of the immunoglobulin (Ig) superfamily that contains a single Ig V-like domain in
its extracellular region. The PD-1 cytoplasmic domain contains two tyrosines, with the most membrane-
proximal tyrosine (VAYEEL in mouse PD-1) located within an ITIM (immuno-receptor tyrosine-based
inhibitory motif). The presence of an ITIM on PD-1 indicates that this molecule functions to attenuate
antigen receptor signaling by recruitment of cytoplasmic phosphatases. Human and murine PD-1 proteins
share about 60% amino acid identity with conservation of four potential N-glycosylation sites, and residues
that define the Ig-V domain. The ITIM in the cytoplasmic region and the ITIM-like motif surrounding the
carboxy-terminal tyrosine are also conserved between human and murine orthologues.

[0004] Cancer immunotherapy has traditionally involved complicated methods using cells and
individualized and time-consuming preparations. Recently, monoclonal antibody-based cancer
immunotherapy based on the interruption of suppressive signals that are delivered to the adaptive immune
system has shown promise in the clinic within the setting of off-the-shelf systemic immunotherapy.
However, there is a continuing need in the art to obtain safer and more effective treatments for cancer.

[0005] WO2014/179664 discloses an isolated immunoglobulin heavy chain polypeptide and an isolated
immunoglobulin light chain polypeptide that binds to a PD-1 protein.

Summary

[0006] Antibodies that selectively interact with PD-1 are provided. It is demonstrated that certain anti-PD-1
antibodies are effective in vivo to prevent and/or treat cancer. Advantageously, the anti-PD-1 antibodies
provided herein bind human, cynomolgous monkey, and mouse PD-1. Also advantageously, the anti-PD-1
antibodies provided herein are effective in vivo to stimulate T cell proliferation.

[0007] Isclated antagonist antibodies that specifically bind to PD-1 and prevent or reduce the biological
effect of PD-1 are provided herein. In some embodiments, the antagonist antibody can be, for example, a
human, humanized, or chimeric antibody. The invention disclosed herein is directed to antibodies that bind
to PD-1.

[0008] In one aspect, the invention provides an isolated antagonist antibody which specifically binds to PD-
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1, wherein the antibody comprises a heavy chain variable region (VH) comprising a VH complementarity
determining region one (CDR1) comprising the amino acid sequence of SEQ ID NO: 13, 14, or 15, a VH
CDR2 comprising the amino acid sequence of SEQ ID NO: 16, 17, 24, 25, 27, 28, 35, or 36, a VH CDR3
comprising the amino acid sequence shown in SEQ ID NO: 18, 23, 26, or 37; and a light chain variable
region (VL) comprising a VL CDR1 comprising the amino acid sequence shown in SEQ |ID NO:10, 22, 30,
or 32, a VL CDR2 comprising the amino acid sequence shown in SEQ ID NO: 11, 20, or 33 and a VL CDR3
comprising the amino acid sequence shown in SEQ ID NO: 12, 21, 31, or 34.

[0009] In some embodiments, the VH region comprises the amino acid sequence shown in SEQ ID NO: 3,
4, 5, or 6 and/or the VL region comprises the amino acid sequence shown in SEQ ID NO: 2, 7, 8, or 9. In
some embodiments, the antibody comprises a light chain comprising the sequence shown in SEQ |ID NO:
39 and/or a heavy chain comprising the sequence shown in SEQ ID NO: 29 or 38. In some embodiments,
the antibody comprises a VH region produced by the expression vector with ATCC Accession No. PTA-
121183. In some embodiments, the antibody comprises a VL region produced by the expression vector
with ATCC Accession No. PTA-121182.

[0010] In some embodiments, the antibody can be a human antibody, a humanized antibody, or a chimeric
antibody. In some embodiments, the antibody is a monoclonal antibody.

[0011] In some embodiments, the antibody comprises a constant region. In some embodiments, the
antibody is of the human IgG4, 19Gy, 1gGopa, 19Gs, 19G4, 19G4ap. 19G4ac, 1G4 S228P, IgGyap S228P, and
1gG4ac S228P subclass. In some embodiments, the antibody is of the 1gG4 isotype and comprises a
stabilized hinge, e.g., S228P.

[0012] In another aspect, the disclosure provides an isolated antibody which specifically binds to PD-1 and
competes with and/or binds to the same PD-1 epitope as the antibodies as described herein.

[0013] In some embodiments, an anti-PD-1 antibody provided herein promotes IFNy and/or TNF secretion
from T cells.

[0014] In some embodiments, an anti-PD-1 antibody provided herein promotes proliferation of T cells.
[0015] In some embodiments, an anti-PD-1 antibody provided herein inhibits tumor growth.
[0016] In some embodiments, an anti-PD-1 antibody provided herein binds human PD-1 and mouse PD-1.

[0017] In another aspect, the invention provides a pharmaceutical composition comprising a therapeutically
effective amount of a PD-1 antibody as described herein and a pharmaceutically acceptable carrier.

[0018] In another aspect, the disclosure provides an isolated polynucleotide comprising a nucleotide
sequence encoding a PD-1 antibody as described herein. In another aspect, the invention provides a
vector comprising the polynucleotide.

[0019] In another aspect, the disclosure provides an isolated host cell that recombinantly produces a PD-1
antibody as described herein.

[0020] In another aspect, the invention provides a method of producing an anti-PD-1 antagonist antibody,
the method comprising: culturing a cell line that recombinantly produces the antibody as described herein
under conditions wherein the antibody is produced; and recovering the antibody.
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[0021] In another aspect, the disclosure provides a method of producing an anti-PD-1 antagonist antibody,
the method comprising: culturing a cell line comprising nucleic acid encoding an antibody comprising a
heavy chain comprising the amino acid sequence shown in SEQ ID NO: 29 or 38 and a light chain
comprising the amino acid sequence shown in SEQ ID NO: 39 under conditions wherein the antibody is
produced; and recovering the antibody.

[0022] In some aspects of the disclosure, the heavy and light chains are encoded on separate vectors. In
other aspects, heavy and light chains are encoded on the same vector.

[0023] In another aspect, the invention provides the anti-PD1 antibody or pharmaceutical composition for
use in a method for treating cancer in a subject in need thereof. In some embodiments, the cancer is
selected from the group consisting of gastric cancer, sarcoma, lymphoma, leukemia, head and neck
cancer, thymic cancer, epithelial cancer, salivary cancer, liver cancer, stomach cancer, thyroid cancer, lung
cancer, ovarian cancer, breast cancer, prostate cancer, esophageal cancer, pancreatic cancer, glioma,
leukemia, multiple myeloma, renal cell carcinoma, bladder cancer, cervical cancer, choriocarcinoma, colon
cancer, oral cancer, skin cancer, and melanoma. In some embodiments, the subject is a previously treated
adult patient with locally advanced or metastatic melanoma, squamous cell head and neck cancer
(SCHNC), ovarian carcinoma, sarcoma, or relapsed or refractory classic Hodgkin's Lymphoma (cHL). In
some embodiments, the cancer can be a platinum resistant and/or platinum refractory cancer, such as, for
example, platinum resistant and/or refractory ovarian cancer, platinum resistant and/or /refractory breast
cancer, or platinum resistant and/or refractory lung cancer. In some embodiments, an anti-PD-1 antibody is
administered at a dosage of about 0.5 mg/kg, about 1.0 mg/kg, about 3.0 mg/kg, or about 10 mg/kg. In
some embodiments, the anti-PD-1 antibody is administered once every 7, 14, 21, or 28 days. In some
embodiments, the anti-PD-1 antibody is administered intravenously or subcutaneously.

[0024] In another aspect, the disclosure provides a method of inhibiting tumor growth or progression in a
subject who has a tumor, comprising administering to the subject an effective amount of the pharmaceutical
composition as described herein.

[0025] In another aspect, the disclosure provides a method of inhibiting or preventing metastasis of cancer
cells in a subject, comprising administering to the subject in need thereof an effective amount of the
pharmaceutical composition as described herein.

[0026] In another aspect, the disclosure provides a method of inducing tumor regression in a subject who
has a PD-1 expressing tumor, comprising administering to the subject an effective amount of the
pharmaceutical composition as described herein.

[0027] In some aspects, the antibody herein can be administered parenterally in a subject. In some
embodiments, the subject is a human.

[0028] In some embodiments, the method can further comprise administering an effective amount of a
second therapeutic agent. In some aspects, the second therapeutic agent is, for example, crizotinib,
palbociclib, an anti-CTLA4 antibody, an anti-4-1BB antibody, or a second PD-1 antibody.

[0029] Also disclosed is the use of any of the anti-PD-1 antagonist antibodies provided herein in the
manufacture of a medicament for the treatment of cancer or for inhibiting tumor growth or progression in a
subject in need thereof. In some embodiments, the anti-PD-1 antagonist antibody reduces weight gain in
the subject.

[0030] Also disclosed are anti-PD-1 antagonist antibodies for use in the treatment of a cancer or for
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inhibiting tumor growth or progression in a subject in need thereof. In some embodiments, the cancer is, for
example without limitation, gastric cancer, sarcoma, lymphoma, Hodgkin's lymphoma, leukemia, head and
neck cancer, thymic cancer, epithelial cancer, salivary cancer, liver cancer, stomach cancer, thyroid cancer,
lung cancer (including, for example, non-small-cell lung carcinoma), ovarian cancer, breast cancer,
prostate cancer, esophageal cancer, pancreatic cancer, glioma, leukemia, multiple myeloma, renal cell
carcinoma, bladder cancer, cervical cancer, choriocarcinoma, colon cancer, oral cancer, skin cancer, and
melanoma.

[0031] In another aspect, the present disclosure provides a method for enhancing the immunogenicity or
therapeutic effect of a vaccine for the treatment of a cancer in a mammal, particularly a human, which
method comprises administering to the mammal receiving the vaccine an effective amount of anti-PD-1
antagonist antibody provided by the present disclosure.

[0032] In another aspect, the present disclosure provides a method for treating a cancer in a mammal,
particularly a human, which method comprises administering to the mammal (1) an effective amount of a
vaccine capable of eliciting an immune response against cells of the cancer and (2) an effective amount of
an anti-PD-1 antagonist antibody provided by the present disclosure.

Brief Description of the Figures/Drawings

[0033]

Figure 1A depicts a graph summarizing body weight of mice treated with anti-PD-1 antagonist antibody.
Figure 1B depicts a graph summarizing body weight of mice treated with anti-PD-1 antagonist antibody.
Figure 1C depicts a graph summarizing body weight of mice treated with anti-PD-1 antagonist antibody.
Figure 1D depicts a graph summarizing body weight of mice treated with anti-PD-1 antagonist antibody.
Figure 1E depicts a graph summarizing body weight of mice treated with anti-PD-1 antagonist antibody.

Figure 2A depicts a graph summarizing EC50 for anti-PD-1 antibody binding to primary human activated T
cells.

Figure 2B depicts a graph summarizing EC50 for anti-PD-1 antibody binding to primary cyno activated T
cells.

Figure 3 depicts a bar graph summarizing proliferation of cultured activated CD4 T cells treated as follows
(a) no antibody; (b) isotype control; (c) EH12.1; (d) C1; (e) C2; (f) C3; (g) mAb1; (h) mAbX; (i) mAb4; (j)
mAbS5; (k) mAb6; (I) mAb7; (m) mAb9; (n) mAb10; (o) mAb11; (p) mAb14; () mAb15; (r) mAb16.

Figure 4 depicts a bar graph summarizing proliferation of cultured activated CD8 T cells treated as follows
(a) no antibody; (b) isotype control; (c) EH12.1; (d) C1; (e) C2; (f) C3; (g) mAb1; (h) mAbX; (i) mAb4; (j)
mAbS5; (k) mAb6; (I) mAb7; (m) mAb9; (n) mAb10; (o) mAb11; (p) mAb14; () mAb15; (r) mAb16.

Detailed Description
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[0034] Disclosed herein are antibodies that specifically bind to PD-1. Methods of making anti-PD-1
antibodies, compositions comprising these antibodies, and methods of using these antibodies as a
medicament are provided. Anti-PD-1 antibodies can be used to inhibit tumor progression, and can be used
in the prevention and/or treatment of cancer and/or other diseases.

General Techniques

[0035] The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of molecular biology (including recombinant techniques), microbiology, cell biology, biochemistry
and immunology, which are within the skill of the art. Such techniques are explained fully in the literature,
such as, Molecular Cloning: A Laboratory Manual, second edition (Sambrook et al., 1989) Cold Spring
Harbor Press; Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Methods in Molecular Biology, Humana
Press; Cell Biology: A Laboratory Notebook (J.E. Cellis, ed., 1998) Academic Press; Animal Cell Culture
(R.I. Freshney, ed., 1987); Introduction to Cell and Tissue Culture (J.P. Mather and P.E. Roberts, 1998)
Plenum Press; Cell and Tissue Culture: Laboratory Procedures (A. Doyle, J.B. Griffiths, and D.G. Newell,
eds., 1993-1998) J. Wiley and Sons; Methods in Enzymology (Academic Press, Inc.); Handbook of
Experimental Immunology (D.M. Weir and C.C. Blackwell, eds.); Gene Transfer Vectors for Mammalian
Cells (J.M. Miller and M.P. Calos, eds., 1987); Current Protocols in Molecular Biology (F.M. Ausubel et al.,
eds., 1987); PCR: The Polymerase Chain Reaction, (Mullis et al., eds., 1994); Current Protocols in
Immunology (J.E. Coligan et al., eds., 1991); Short Protocols in Molecular Biology (Wiley and Sons, 1999);
Immunobiology (C.A. Janeway and P. Travers, 1997); Antibodies (P. Finch, 1997); Antibodies: a practical
approach (D. Catty., ed., IRL Press, 1988-1989); Monoclonal antibodies: a practical approach (P. Shepherd
and C. Dean, eds., Oxford University Press, 2000); Using antibodies: a laboratory manual (E. Harlow and
D. Lane (Cold Spring Harbor Laboratory Press, 1999); The Antibodies (M. Zanetti and J.D. Capra, eds.,
Harwood Academic Publishers, 1995).

Definitions

[0036] The following terms, unless otherwise indicated, shall be understood to have the following
meanings: the term "isoclated molecule” as referring to a molecule (where the molecule is, for example, a
polypeptide, a polynucleotide, or an antibody) that by virtue of its origin or source of derivation (1) is not
associated with naturally associated components that accompany it in its native state, (2) is substantially
free of other molecules from the same source, e.g., species, cell from which it is expressed, library, etc., (3)
is expressed by a cell from a different species, or (4) does not occur in nature. Thus, a molecule that is
chemically synthesized, or expressed in a cellular system different from the system from which it naturally
originates, will be "isolated" from its naturally associated components. A molecule also may be rendered
substantially free of naturally associated components by isolation, using purification techniques well known
in the art. Molecule purity or homogeneity may be assayed by a number of means well known in the art.
For example, the purity of a polypeptide sample may be assayed using polyacrylamide gel electrophoresis
and staining of the gel to visualize the polypeptide using techniques well known in the art. For certain
purposes, higher resolution may be provided by using HPLC or other means well known in the art for
purification.

[0037] An "antibody" is an immunoglobulin molecule capable of specific binding to a target, such as a
carbohydrate, polynucleotide, lipid, polypeptide, etc., through at least one antigen recognition site, located
in the variable region of the immunoglobulin molecule. As used herein, the term encompasses not only
intact polyclonal or monoclonal antibodies, but also, unless otherwise specified, any antigen binding portion
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thereof that competes with the intact antibody for specific binding, fusion proteins comprising an antigen
binding portion, and any other modified configuration of the immunoglobulin molecule that comprises an
antigen recognition site. Antigen binding portions include, for example, Fab, Fab', F(ab"), Fd, Fv, domain

antibodies (dAbs, e.g., shark and camelid antibodies), fragments including complementarity determining
regions (CDRs), single chain variable fragment antibodies (scFv), maxibodies, minibodies, intrabodies,
diabodies, triabodies, tetrabodies, v-NAR and bis-scFv, and polypeptides that contain at least a portion of
an immunoglobulin that is sufficient to confer specific antigen binding to the polypeptide. An antibody
includes an antibody of any class, such as IgG, IgA, or IgM (or sub-class thereof), and the antibody need
not be of any particular class. Depending on the antibody amino acid sequence of the constant region of its
heavy chains, immunoglobulins can be assigned to different classes. There are five major classes of
immunoglobulins: IgA, 1gD, IgE, 1gG, and IgM, and several of these may be further divided into subclasses
(isotypes), e.g., 1gG1, 1gG,, 1gG3, 1gGy4, IgA1 and IgAy. The heavy-chain constant regions that correspond to
the different classes of immunoglobulins are called alpha, delta, epsilon, gamma, and mu, respectively. The
subunit structures and three-dimensional configurations of different classes of immunoglobulins are well
known.

[0038] 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 combination. As known in the art, the variable
regions of the heavy and light chains each consist of four framework regions (FRs) connected by three
complementarity determining regions (CDRs) also known as hypervariable regions, and contribute to the
formation of the antigen binding site of antibodies. If variants of a subject variable region are desired,
particularly with substitution in amino acid residues outside of a CDR region (i.e., in the framework region),
appropriate amino acid substitution, preferably, conservative amino acid substitution, can be identified by
comparing the subject variable region to the variable regions of other antibodies which contain CDR1 and
CDR2 sequences in the same canonincal class as the subject variable region (Chothia and Lesk, J Mol Biol
196(4): 901-917, 1987).

[0039] In certain embodiments, definitive delineation of a CDR and identification of residues comprising the
binding site of an antibody is accomplished by solving the structure of the antibody and/or solving the
structure of the antibody-ligand complex. In certain embodiments, that can be accomplished by any of a
variety of techniques known to those skilled in the art, such as X-ray crystallography. In certain
embodiments, various methods of analysis can be employed to identify or approximate the CDR regions. In
certain embodiments, various methods of analysis can be employed to identify or approximate the CDR
regions. Examples of such methods include, but are not limited to, the Kabat definition, the Chothia
definition, the AbM definition, the contact definition, and the conformational definition.

[0040] The Kabat definition is a standard for numbering the residues in an antibody and is typically used to
identify CDR regions. See, e.g., Johnson & Wu, 2000, Nucleic Acids Res., 28: 214-8. The Chothia definition
is similar to the Kabat definition, but the Chothia definition takes into account positions of certain structural
loop regions. See, e.g., Chothia et al.,, 1986, J. Mol. Biol., 196: 901-17; Chothia et al., 1989, Nature, 342:
877-83. The AbM definition uses an integrated suite of computer programs produced by Oxford Molecular
Group that model antibody structure. See, e.g., Martin et al., 1989, Proc Natl Acad Sci (USA), 86:9268-
9272; "AbM™ A Computer Program for Modeling Variable Regions of Antibodies," Oxford, UK; Oxford
Molecular, Ltd. The AbM definition models the tertiary structure of an antibody from primary sequence
using a combination of knowledge databases and ab initio methods, such as those described by Samudrala
et al.,, 1999, "Ab Initio Protein Structure Prediction Using a Combined Hierarchical Approach,” in
PROTEINS, Structure, Function and Genetics Suppl., 3:194-198. The contact definition is based on an
analysis of the available complex crystal structures. See, e.g., MacCallum et al., 1996, J. Mol. Biol., 5:732-
45, In another approach, referred to herein as the "conformational definition" of CDRs, the positions of the
CDRs may be identified as the residues that make enthalpic contributions to antigen binding. See, e.g.,
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Makabe et al., 2008, Journal of Biological Chemistry, 283:1156-1166. Still other CDR boundary definitions
may not strictly follow one of the above approaches, but will nonetheless overlap with at least a portion of
the Kabat CDRs, although they may be shortened or lengthened in light of prediction or experimental
findings that particular residues or groups of residues do not significantly impact antigen binding. As used
herein, a CDR may refer to CDRs defined by any approach known in the art, including combinations of
approaches. The methods used herein may utilize CDRs defined according to any of these approaches.
For any given embodiment containing more than one CDR, the CDRs may be defined in accordance with
any of Kabat, Chothia, extended, AbM, contact, and/or conformational definitions.

[0041] As known in the art, a "constant region” of an antibody refers to the constant region of the antibody
light chain or the constant region of the antibody heavy chain, either alone or in combination.

[0042] As used herein, "monoclonal antibody" refers to an antibody obtained from a population of
substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are identical
except for possible naturally-occurring mutations that may be present in minor amounts. Monoclonal
antibodies are highly specific, being directed against a single antigenic site. Furthermore, in contrast to
polyclonal antibody preparations, which typically include different antibodies directed against different
determinants (epitopes), each monoclonal antibody is directed against a single determinant on the antigen.
The modifier "monoclonal” indicates the character of the antibody as being obtained from a substantially
homogeneous population of antibodies, and is not to be construed as requiring production of the antibody
by any particular method. For example, the monoclonal antibodies to be used in accordance with the
present invention may be made by the hybridoma method first described by Kohler and Milstein, 1975,
Nature 256:495, or may be made by recombinant DNA methods such as described in U.S. Pat. No.
4,816,567. The monoclonal antibodies may also be isolated from phage libraries generated using the
techniques described in McCafferty et al.,, 1990, Nature 348:552-554, for example. As used herein,
"humanized" antibody refers to forms of non-human (e.g. murine) antibodies that are chimeric
immunoglobulins, immunoglobulin chains, or fragments thereof (such as Fv, Fab, Fab', F(ab")> or other

antigen-binding subsequences of antibodies) that contain minimal sequence derived from non-human
immunoglobulin. Preferably, humanized antibodies are human immunoglobulins (recipient antibody) in
which residues from a CDR of the recipient are replaced by residues from a CDR of a non-human species
(donor antibody) such as mouse, rat, or rabbit having the desired specificity, affinity, and capacity.. The
humanized antibody may comprise residues that are found neither in the recipient antibody nor in the
imported CDR or framework sequences, but are included to further refine and optimize antibody
performance.

[0043] A "human antibody" is one which possesses an amino acid sequence which corresponds to that of
an antibody produced by a human and/or has been made using any of the techniques for making human
antibodies as disclosed herein. This definition of a human antibody specifically excludes a humanized
antibody comprising non-human antigen binding residues.

[0044] The term “"chimeric antibody" is intended to refer to antibodies in which the variable region
sequences are derived from one species and the constant region sequences are derived from another
species, such as an antibody in which the variable region sequences are derived from a mouse antibody
and the constant region sequences are derived from a human antibody.

[0045] The term "epitope"” refers to that portion of a molecule capable of being recognized by and bound
by an antibody at one or more of the antibody's antigen-binding regions. Epitopes often consist of a surface
grouping of molecules such as amino acids or sugar side chains and have specific three-dimensional
structural characteristics as well as specific charge characteristics. In some embodiments, the epitope can
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be a protein epitope. Protein epitopes can be linear or conformational. In a linear epitope, all of the points
of interaction between the protein and the interacting molecule (such as an antibody) occur linearly along
the primary amino acid sequence of the protein. A "nonlinear epitope" or "conformational epitope"
comprises noncontiguous polypeptides (or amino acids) within the antigenic protein to which an antibody
specific to the epitope binds. The term "antigenic epitope" as used herein, is defined as a portion of an
antigen to which an antibody can specifically bind as determined by any method well known in the art, for
example, by conventional immunoassays. Once a desired epitope on an antigen is determined, it is
possible to generate antibodies to that epitope, e.g., using the techniques described in the present
specification. Alternatively, during the discovery process, the generation and characterization of antibodies
may elucidate information about desirable epitopes. From this information, it is then possible to
competitively screen antibodies for binding to the same epitope. An approach to achieve this is to conduct
competition and cross-competition studies to find antibodies that compete or cross-compete with one
another for binding to PD-1, e.g., the antibodies compete for binding to the antigen.

[0046] As used herein, the term "PD-1" refers to any form of PD-1 and variants thereof that retain at least
part of the activity of PD-1. Unless indicated differently, such as by specific reference to human PD-1, PD-1
includes all mammalian species of native sequence PD-1, e.g., human, canine, feline, equine, and bovine.
One exemplary human PD-1 is found as Uniprot Accession Number Q15116 (SEQ ID NO: 1).

[0047] The term "agonist" refers to a substance which promotes (i.e., induces, causes, enhances, or
increases) the biological activity or effect of another molecule. The term agonist encompasses substances
which bind receptor, such as an antibody, and substances which promote receptor function without binding
thereto (e.g., by activating an associated protein).

[0048] The term "antagonist" or "inhibitor" refers to a substance that prevents, blocks, inhibits, neutralizes,
or reduces a biological activity or effect of another molecule, such as a receptor.

[0049] The term "antagonist antibody" refers to an antibody that binds to a target and prevents or reduces
the biological effect of that target. In some embodiments, the term can denote an antibody that prevents
the target, e.g., PD-1, to which it is bound from performing a biological function.

[0050] As used herein, an "anti-PD-1 antagonist antibody" refers to an antibody that is able to inhibit PD-1
biological activity and/or downstream events(s) mediated by PD-1. Anti-PD-1 antagonist antibodies
encompass antibodies that block, antagonize, suppress or reduce (o any degree including significantly)
PD-1 bioclogical activity, including downstream events mediated by PD-1, such PD-L1 binding and
downstream signaling, PD-L2 binding and downstream signaling, inhibition of T cell proliferation, inhibition
of T cell activation, inhibition of IFN secretion, inhibition of IL-2 secretion, inhibition of TNF secretion,
induction of IL-10, and inhibition of anti-tumor immune responses. For purposes of the present invention, it
will be explicitly understood that the term "anti-PD-1 antagonist antibody" (interchangeably termed
"antagonist PD-1 antibody", "antagonist anti-PD-1 antibody" or "PD-1 antagonist antibody") encompasses
all the previously identified terms, titles, and functional states and characteristics whereby PD-1 itself, a PD-
1 biological activity, or the consequences of the biological activity, are substantially nullified, decreased, or
neutralized in any meaningful degree. In some embodiments, an anti-PD-1 antagonist antibody binds PD-1
and upregulates an anti-tumor immune response. Examples of anti-PD-1 antagonist antibodies are
provided herein.

[0051] The terms "polypeptide”, "oligopeptide”, "peptide" and "protein” are used interchangeably herein to
refer to chains of amino acids of any length. The chain may be linear or branched, it may comprise
modified amino acids, and/or may be interrupted by non-amino acids. The terms also encompass an amino
acid chain that has been modified naturally or by intervention; for example, disulfide bond formation,
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glycosylation, lipidation, acetylation, phosphorylation, or any other manipulation or modification, such as
conjugation with a labeling component. 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 the polypeptides can occur as single
chains or associated chains.

[0052] As known in the art, "polynucleotide," or "nucleic acid," as used interchangeably herein, refer to
chains 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 chain by DNA or RNA polymerase. A polynucleotide may
comprise modified nucleotides, such as methylated nucleotides and their analogs. If present, modification
to the nucleotide structure may be imparted before or after assembly of the chain. The sequence of
nucleotides may be interrupted by non-nucleotide components. A polynucleotide may be further modified
after polymerization, such as by conjugation with a labeling component. Other types of modifications
include, for example, "caps", substitution of one or more of the naturally occurring nucleotides with an
analog, internucleotide modifications such as, for example, those with uncharged linkages (e.g., methyl
phosphonates, phosphotriesters, phosphoamidates, carbamates, etc.) and with charged linkages (e.g.,
phosphorothioates, phosphorodithioates, etc.), those containing pendant moieties, such as, for example,
proteins (e.g., nucleases, toxins, antibodies, signal peptides, poly-L-lysine, etc.), those with intercalators
(e.g., acridine, psoralen, etc.), those containing chelators (e.g., metals, radioactive metals, boron, oxidative
metals, etc.), those containing alkylators, those with modified linkages (e.g., alpha anomeric nucleic acids,
etc.), as well as unmodified forms of the polynucleotide(s). Further, any of the hydroxyl groups ordinarily
present in the sugars may be replaced, for example, by phosphonate groups, phosphate groups, protected
by standard protecting groups, or activated to prepare additional linkages to additional nucleotides, or may
be conjugated to solid supports. The 5' and 3' terminal OH can be phosphorylated or substituted with
amines or organic capping group moieties of from 1 to 20 carbon atoms. Other hydroxyls may also be
derivatized to standard protecting groups. Polynucleotides can also contain analogous forms of ribose or
deoxyribose sugars that are generally known in the art, including, for example, 2'-O-methyl-, 2'-O-allyl, 2'-
fluoro- or 2'-azido-ribose, carbocyclic sugar analogs, alpha- or beta-anomeric sugars, epimeric sugars such
as arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic analogs and
abasic nucleoside analogs such as methyl riboside. One or more phosphodiester linkages may be replaced
by alternative linking groups. These alternative linking groups include, but are not limited to, embodiments
wherein phosphate is replaced by P(O)S("thioate"), P(S)S ("dithioate"), (O)NR, ("amidate"), P(O)R,
P(O)OR', CO or CH, ("formacetal”), in which each R or R' is independently H or substituted or
unsubstituted alkyl (1-20 C) optionally containing an ether (-O-) linkage, aryl, alkenyl, cycloalkyl,
cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be identical. The preceding description
applies to all polynucleotides referred to herein, including RNA and DNA.

[0053] As used herein, an antibody "interacts with" PD-1 when the equilibrium dissociation constant is
equal to or less than 20 nM, preferably less than about 6 nM, more preferably less than about 1 nM, most
preferably less than about 0.2 nM, as measured by the methods disclosed herein in Example 7.

[0054] An antibody that "preferentially binds" or "specifically binds" (used interchangeably herein) to an
epitope is a term well understood in the art, and methods to determine such specific or preferential binding
are also well known in the art. A molecule is said to exhibit "specific binding" or "preferential binding" if it
reacts or associates more frequently, more rapidly, with greater duration and/or with greater affinity with a
particular cell or substance than it does with alternative cells or substances. An antibody "specifically binds"
or "preferentially binds" to a target if it binds with greater affinity, avidity, more readily, and/or with greater
duration than it binds to other substances. For example, an antibody that specifically or preferentially binds
to a PD-1 epitope is an antibody that binds this epitope with greater affinity, avidity, more readily, and/or
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with greater duration than it binds to other PD-1 epitopes or non-PD-1 epitopes. It is also understood by
reading this definition that, for example, an antibody (or moiety or epitope) that specifically or preferentially
binds to a first target may or may not specifically or preferentially bind to a second target. As such, "specific
binding" or "preferential binding" does not necessarily require (although it can include) exclusive binding.
Generally, but not necessarily, reference to binding means preferential binding.

[0055] As used herein, "substantially pure" refers to material which is at least 50% pure (i.e., free from
contaminants), more preferably, at least 90% pure, more preferably, at least 95% pure, yet more preferably,
at least 98% pure, and most preferably, at least 99% pure.

[0056] A "host cell" includes an individual cell or cell culture that can be or has been a recipient for
vector(s) for incorporation of polynucleotide inserts. Host cells include progeny of a single host cell, and the
progeny may not necessarily be completely identical (in morphology or in genomic DNA complement) to the
original parent cell due to natural, accidental, or deliberate mutation. A host cell includes cells transfected in
vivo with a polynucleotide(s) of this invention.

[0057] As known in the art, the term "Fc region” is used to define a C-terminal region of an immunoglobulin
heavy chain. The "Fc region" may be a native sequence Fc region or a variant Fc region. Although the
boundaries of the Fc region of an immunoglobulin heavy chain might vary, the human IgG heavy chain Fc
region is usually defined to stretch from an amino acid residue at position Cys226, or from Pro230, to the
carboxyl-terminus thereof. The numbering of the residues in the Fc region is that of the EU index as in
Kabat. Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service,
National Institutes of Health, Bethesda, Md., 1991. The Fc region of an immunoglobulin generally
comprises two constant domains, CH2 and CH3. As is known in the art, an Fc region can be present in
dimer or monomeric form.

[0058] As used in the art, "Fc receptor” and "FcR" describe a receptor that binds to the Fc region of an
antibody. The preferred FcR is a native sequence human FcR. Moreover, a preferred FcR is one which
binds an IgG antibody (a gamma receptor) and includes receptors of the FcyRI, FcyRIl, and FcyRIll
subclasses, including allelic variants and alternatively spliced forms of these receptors. FcyRIl receptors
include FcyRIIA (an "activating receptor"”) and FcyRIIB (an "inhibiting receptor”), which have similar amino
acid sequences that differ primarily in the cytoplasmic domains thereof. FcRs are reviewed in Ravetch and
Kinet, 1991, Ann. Rev. Immunol., 9:457-92; Capel et al., 1994, Immunomethods, 4:25-34; and de Haas et
al.,, 1995, J. Lab. Clin. Med., 126:330-41. "FcR" also includes the neonatal receptor, FcRn, which is
responsible for the transfer of maternal IgGs to the fetus (Guyer et al., 1976, J. Immunol., 117:587; and
Kim et al., 1994, J. Immunol., 24:249).

[0059] The term "compete”, as used herein with regard to an antibody, means that a first antibody, or an
antigen-binding portion thereof, binds to an epitope in a manner sufficiently similar to the binding of a
second antibody, or an antigen-binding portion thereof, such that the result of binding of the first antibody
with its cognate epitope is detectably decreased in the presence of the second antibody compared to the
binding of the first antibody in the absence of the second antibody. The alternative, where the binding of the
second antibody to its epitope is also detectably decreased in the presence of the first antibody, can, but
need not be the case. That is, a first antibody can inhibit the binding of a second antibody to its epitope
without that second antibody inhibiting the binding of the first antibody to its respective epitope. However,
where each antibody detectably inhibits the binding of the other antibody with its cognate epitope or ligand,
whether to the same, greater, or lesser extent, the antibodies are said to "cross-compete" with each other
for binding of their respective epitope(s). Both competing and cross-competing antibodies are
encompassed by the present invention. Regardless of the mechanism by which such competition or cross-
competition occurs (e.g., steric hindrance, conformational change, or binding to a common epitope, or
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portion thereof), the skilled artisan would appreciate, based upon the teachings provided herein, that such
competing and/or cross-competing antibodies are encompassed and can be useful for the methods
disclosed herein.

[0060] A "functional Fc region" possesses at least one effector function of a native sequence Fc region.
Exemplary "effector functions" include C1q binding; complement dependent cytotoxicity; Fc receptor
binding; antibody-dependent cell-mediated cytotoxicity; phagocytosis; down-regulation of cell surface
receptors (e.g. B cell receptor), etc. Such effector functions generally require the Fc region to be combined
with a binding domain (e.g. an antibody variable domain) and can be assessed using various assays known
in the art for evaluating such antibody effector functions.

[0061] A "native sequence Fc region" comprises an amino acid sequence identical to the amino acid
sequence of an Fc region found in nature. A "variant Fc region"” comprises an amino acid sequence which
differs from that of a native sequence Fc region by virtue of at least one amino acid modification, yet retains
at least one effector function of the native sequence Fc region. Preferably, the variant Fc region has at
least one amino acid substitution compared to a native sequence Fc region or to the Fc region of a parent
polypeptide, e.g. from about one to about ten amino acid substitutions, and preferably, from about one to
about five amino acid substitutions in a native sequence Fc region or in the Fc region of the parent
polypeptide. The variant Fc region herein will preferably possess at least about 80% sequence identity with
a native sequence Fc region and/or with an Fc region of a parent polypeptide, and most preferably, at least
about 90% sequence identity therewith, more preferably, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, at least about 99% sequence identity therewith.

[0062] As used herein, "treatment” is an approach for obtaining beneficial or desired clinical results. For
purposes of this invention, beneficial or desired clinical results include, but are not limited to, one or more of
the following: reducing the proliferation of (or destroying) neoplastic or cancerous cells, inhibiting
metastasis of neoplastic cells, shrinking or decreasing the size of a tumor, remission of cancer, decreasing
symptoms resulting from cancer, increasing the quality of life of those suffering from cancer, decreasing the
dose of other medications required to treat cancer, delaying the progression of cancer, curing a cancer,
and/or prolong survival of patients having cancer.

[0063] "Ameliorating” means a lessening or improvement of one or more symptoms as compared to not
administering an anti-PD-1 antagonist antibody. "Ameliorating" also includes shortening or reduction in
duration of a symptom.

[0064] As used herein, an "effective dosage" or "effective amount” of drug, compound, or pharmaceutical
composition is an amount sufficient to effect any one or more beneficial or desired results. In more specific
aspects, an effective amount prevents, alleviates or ameliorates symptoms of disease, and/or prolongs the
survival of the subject being treated. For prophylactic use, beneficial or desired results include eliminating
or reducing the risk, lessening the severity, or delaying the outset of the disease, including biochemical,
histological and/or behavioral symptoms of the disease, its complications and intermediate pathological
phenotypes presenting during development of the disease. For therapeutic use, beneficial or desired
results include clinical results such as reducing one or more symptoms of a disease such as, for example,
cancer including, for example without limitation, gastric cancer, sarcoma, lymphoma, Hodgkin's lymphoma,
leukemia, head and neck cancer, squamous cell head and neck cancer, thymic cancer, epithelial cancer,
salivary cancer, liver cancer, stomach cancer, thyroid cancer, lung cancer, ovarian cancer, breast cancer,
prostate cancer, esophageal cancer, pancreatic cancer, glioma, leukemia, multiple myeloma, renal cell
carcinoma, bladder cancer, cervical cancer, choriocarcinoma, colon cancer, oral cancer, skin cancer, and
melanoma, decreasing the dose of other medications required to treat the disease, enhancing the effect of
another medication, and/or delaying the progression of the cancer in patients. An effective dosage can be
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administered in one or more administrations. For purposes of this invention, an effective dosage of drug,
compound, or pharmaceutical composition is an amount sufficient to accomplish prophylactic or therapeutic
treatment either directly or indirectly. As is understood in the clinical context, an effective dosage of a drug,
compound, or pharmaceutical composition may or may not be achieved in conjunction with another drug,
compound, or pharmaceutical composition. Thus, an "effective dosage" may be considered in the context
of administering one or more therapeutic agents, and a single agent may be considered to be given in an
effective amount if, in conjunction with one or more other agents, a desirable result may be or is achieved.

[0065] An "individual" or a "subject" is a mammal, more preferably, a human. Mammals also include, but
are not limited to, farm animals (e.g., cows, pigs, horses, chickens, etc.), sport animals, pets, primates,
horses, dogs, cats, mice and rats.

[0066] As used herein, "vector” means a construct, which is capable of delivering, and, preferably,
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.

[0067] As used herein, "expression control sequence" means a nucleic acid sequence that directs
transcription of a nucleic acid. An expression control sequence can be a promoter, such as a constitutive or
an inducible promoter, or an enhancer. The expression control sequence is operably linked to the nucleic
acid sequence to be transcribed.

[0068] As used herein, "pharmaceutically acceptable carrier" or "pharmaceutical acceptable excipient”
includes any material which, when combined with an active ingredient, allows the ingredient to retain
biological activity and is non-reactive with the subject's immune system. Examples include, but are not
limited to, any of the standard pharmaceutical carriers such as a phosphate buffered saline solution, water,
emulsions such as oil/water emulsion, and various types of wetting agents. Preferred diluents for aerosol or
parenteral administration are phosphate buffered saline (PBS) or normal (0.9%) saline. Compositions
comprising such carriers are formulated by well known conventional methods (see, for example,
Remington's Pharmaceutical Sciences, 18th edition, A. Gennaro, ed., Mack Publishing Co., Easton, PA,
1990; and Remington, The Science and Practice of Pharmacy 20th Ed. Mack Publishing, 2000).

[0069] The term "kq,", as used herein, refers to the rate constant for association of an antibody to an
antigen. Specifically, the rate constants (kyn and kqg) and equilibrium dissociation constants are measured

using full-length antibodies and/or Fab antibody fragments (i.e. univalent) and PD-1.

[0070] The term "kof ", @s used herein, refers to the rate constant for dissociation of an antibody from the

antibody/antigen complex.

[0071] The term "Kp", as used herein, refers to the equilibrium dissociation constant of an antibody-antigen

interaction.

[0072] Reference to "about" a value or parameter herein includes (and describes) embodiments that are
directed to that value or parameter per se. For example, description referring to "about X" includes
description of "X." Numeric ranges are inclusive of the numbers defining the range.

[0073] The term "immune-effector-cell enhancer" or "I[EC enhancer" refers to a substance capable of
increasing or enhancing the number, quality, or function of one or more types of immune effector cells of a
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mammal. Examples of immune effector cells include cytolytic CD8 T cells, CD4 T cells, NK cells, and B
cells.

[0074] The term "immune modulator” refers to a substance capable of altering (e.g., inhibiting, decreasing,
increasing, enhancing, or stimulating) the immune response (as defined herein) or the working of any
component of the innate, humoral or cellular immune system of a host mammal. Thus, the term "immune
modulator" encompasses the "immune-effector-cell enhancer" as defined herein and the "immune-
suppressive-cell inhibitor" as defined herein, as well as substance that affects other components of the
immune system of a mammal.

[0075] The term "immune response” refers to any detectable response to a particular substance (such as
an antigen or immunogen) by the immune system of a host mammal, such as innate immune responses
(e.g., activation of Toll receptor signaling cascade), cell-mediated immune responses (e.g., responses
mediated by T cells, such as antigen-specific T cells, and non-specific cells of the immune system), and
humoral immune responses (e.g., responses mediated by B cells, such as generation and secretion of
antibodies into the plasma, lymph, and/or tissue fluids).

[0076] The term "immunogenic" refers to the ability of a substance to cause, elicit, stimulate, or induce an
immune response, or to improve, enhance, increase or prolong a pre-existing immune response, against a
particular antigen, whether alone or when linked to a carrier, in the presence or absence of an adjuvant.

[0077] The term "immune-suppressive-cell inhibitor" or "ISC inhibitor" refers to a substance capable of
reducing or suppressing the number or function of immune suppressive cells of a mammal. Examples of
immune suppressive cells include regulatory T cells ("T regs"), myeloid-derived suppressor cells, and
tumor-associated macrophages.

[0078] The term ‘“intradermal administration," or "administered intradermally," in the context of
administering a substance to a mammal including a human, refers to the delivery of the substance into the
dermis layer of the skin of the mammal. The skin of a mammal is composed of an epidermis layer, a dermis
layer, and a subcutaneous layer. The epidermis is the outer layer of the skin. The dermis, which is the
middle layer of the skin, contains nerve endings, sweat glands and oil (sebaceous) glands, hair follicles,
and blood vessels. The subcutaneous layer is made up of fat and connective tissue that houses larger
blood vessels and nerves. In contrast in intradermal administration, "subcutaneous administration” refers to
the administration of a substance into the subcutaneous layer and "topical administration" refers to the
administration of a substance onto the surface of the skin.

[0079] The term "neoplastic disorder” refers to a condition in which cells proliferate at an abnormally high
and uncontrolled rate, the rate exceeding and uncoordinated with that of the surrounding normal tissues. It
usually results in a solid lesion or lump known as "tumor.” This term encompasses benign and malignant
neoplastic disorders. The term "malignant neoplastic disorder”, which is used interchangeably with the term
"cancer" in the present disclosure, refers to a neoplastic disorder characterized by the ability of the tumor
cells to spread to other locations in the body (known as "metastasis"). The term "benign neoplastic
disorder" refers to a neoplastic disorder in which the tumor cells lack the ability to metastasize.

[0080] The term "preventing" or "prevent" refers to (a) keeping a disorder from occurring or (b) delaying
the onset of a disorder or onset of symptoms of a disorder.

[0081] The term "tumor-associated antigen” or "TAA" refers to an antigen which is specifically expressed by
tumor cells or expressed at a higher frequency or density by tumor cells than by non-tumor cells of the
same tissue type. Tumor-associated antigens may be antigens not normally expressed by the host; they
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may be mutated, truncated, misfolded, or otherwise abnormal manifestations of molecules normally
expressed by the host; they may be identical to molecules normally expressed but expressed at abnormally
high levels; or they may be expressed in a context or milieu that is abnormal. Tumor-associated antigens
may be, for example, proteins or protein fragments, complex carbohydrates, gangliosides, haptens, nucleic
acids, or any combination of these or other biological molecules.

[0082] The term "vaccine" refers to an immunogenic composition for administration to a mammal for
eliciting an immune response against a particular antigen in the mammal. A vaccine typically contains an
agent (known as "antigen" or "immunogen") that resembles, or is derived from, the target of the immune
response, such as a disease-causing micro-organism or tumor cells. A vaccine intended for the treatment
of a tumor, such as a cancer, typically contains an antigen that is derived from a TAA found on the target
tumor and is able to elicit immunogenicity against the TAA on the target tumor.

[0083] The term "vaccine-based immunotherapy regimen" refers to a therapeutic regimen in which a
vaccine is administered in combination with one or more immune modulators. The vaccine and the immune
modulators may be administered together in a single formulation or administered separately

[0084] It is understood that wherever embodiments are described herein with the language "comprising,"”
otherwise analogous embodiments described in terms of "consisting of* and/or "consisting essentially of"
are also provided.

[0085] Where aspects or embodiments of the invention are described in terms of a Markush group or other
grouping of alternatives, the present invention encompasses not only the entire group listed as a whole, but
each member of the group individually and all possible subgroups of the main group, but also the main
group absent one or more of the group members. The present invention also envisages the explicit
exclusion of one or more of any of the group members in the claimed invention.

[0086] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. In case of conflict,
the present specification, including definitions, will control. Throughout this specification and claims, the
word "comprise," or variations such as "comprises" or "comprising" will be understood to imply the inclusion
of a stated integer or group of integers but not the exclusion of any other integer or group of integers.
Unless otherwise required by context, singular terms shall include pluralities and plural terms shall include
the singular. Any example(s) following the term "e.g." or "for example" is not meant to be exhaustive or
limiting.

Anti-PD-1 antagonist antibodies

[0087] Provided herein are anti-PD-1 antagonist antibodies that block, suppress or reduce (including
significantly reduces) PD-1 biological activity, including downstream events mediated by PD-1. An anti-PD-1
antagonist antibody should exhibit any one or more of the following characteristics: (a) bind to PD-1 and
block downstream signaling events; (b) block PD-L1 binding to PD-1; (c) upregulate a T cell-mediated
immune response; (d) stimulate IFNy secretion; (e) stimulate TNF secretion; (f) increase T cell proliferation,;
and (g) reduce inhibitory signal transduction through PD-1.

[0088] For purposes of this disclosure, the antibody preferably reacts with PD-1 in a manner that inhibits
PD-1 signaling function. In some embodiments, the anti-PD-1 antagonist antibody specifically binds primate
PD-1.
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[0089] The antibodies useful in the present disclosure can encompass monoclonal antibodies, polyclonal
antibodies, antibody fragments (e.g., Fab, Fab', F(ab"),, Fv, Fc, etc.), chimeric antibodies, bispecific
antibodies, heteroconjugate antibodies, single chain (ScFv), mutants thereof, fusion proteins comprising an
antibody portion (e.g., a domain antibody), humanized antibodies, and any other modified configuration of
the immunoglobulin molecule that comprises an antigen recognition site of the required specificity, including
glycosylation variants of antibodies, amino acid sequence variants of antibodies, and covalently modified
antibodies. The antibodies may be murine, rat, human, or any other origin (including chimeric or
humanized antibodies). In some embodiments, the anti-PD-1 antagonist antibody is a monoclonal antibody.
In some embodiments, the antibody is a human or humanized antibody.

[0090] The anti-PD-1 antagonist antibodies may be made by any method known in the art. General
techniques for production of human and mouse antibodies are known in the art and/or are described
herein.

[0091] Anti-PD-1 antagonist antibodies can be identified or characterized using methods known in the art,
whereby reduction, amelioration, or neutralization of PD-1 biological activity is detected and/or measured.
In some embodiments, an anti-PD-1 antagonist antibody is identified by incubating a candidate agent with
PD-1 and monitoring binding and/or attendant reduction or neutralization of a biological activity of PD-1.
The binding assay may be performed with, e.g., purified PD-1 polypeptide(s), or with cells naturally
expressing (e.g., various strains), or transfected to express, PD-1 polypeptide(s). In one embodiment, the
binding assay is a competitive binding assay, where the ability of a candidate antibody to compete with a
known anti-PD-1 antagonist antibody for PD-1 binding is evaluated. The assay may be performed in
various formats, including the ELISA format. In some embodiments, an anti-PD-1 antagonist antibody is
identified by incubating a candidate antibody with PD-1 and monitoring binding.

[0092] Following initial identification, the activity of a candidate anti-PD-1 antagonist antibody can be further
confirmed and refined by bioassays, known to test the targeted biological activities. In some embodiments,
an in vitro cell assay is used to further characterize a candidate anti-PD-1 antagonist antibody. For
example, a candidate antibody is incubated with primary human T cells, and PD-L1 is added, and IFNy
secretion is monitored. Alternatively, bioassays can be used to screen candidates directly.

[0093] The anti-PD-1 antagonist antibodies of the disclosure exhibit one or more of the following
characteristics: (a) bind to PD-1 and block downstream signaling events; (b) block PD-L1 binding to PD-1;
(c) upregulate a T cell-mediated immune response; (d) stimulate IFNy secretion; (e) stimulate TNF
secretion; (f) increase T cell proliferation; (g) reduce inhibitory signal transduction through PD-1; and (h)
block PD-L2 binding to PD-1. Preferably, anti-PD-1 antibodies have two or more of these features. More
preferably, the antibodies have three or more of the features. More preferably, the antibodies have four or
more of the features. More preferably, the antibodies have five or more of the features. More preferably,
the antibodies have six or more of the features. More preferably, the antibodies have seven or more of the
features. Most preferably, the antibodies have all eight characteristics.

[0094] Anti-PD-1 antagonist antibodies may be characterized using methods well known in the art. For
example, one method is to identify the epitope to which it binds, or "epitope mapping.” There are many
methods known in the art for mapping and characterizing the location of epitopes on proteins, including
solving the crystal structure of an antibody-antigen complex, competition assays, gene fragment expression
assays, and synthetic peptide-based assays, as described, for example, in Chapter 11 of Harlow and Lane,
Using Antibodies, a Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New
York, 1999. In an additional example, epitope mapping can be used to determine the sequence to which an
anti-PD-1 antagonist antibody binds. Epitope mapping is commercially available from various sources, for
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example, Pepscan Systems (Edelhertweg 15, 8219 PH Lelystad, The Netherlands). The epitope can be a
linear epitope, i.e., contained in a single stretch of amino acids, or a conformational epitope formed by a
three-dimensional interaction of amino acids that may not necessarily be contained in a single stretch.
Peptides of varying lengths (e.g., at least 4-6 amino acids long) can be isclated or synthesized (e.g.,
recombinantly) and used for binding assays with an anti-PD-1 antagonist antibody. In another example, the
epitope to which the anti-PD-1 antagonist antibody binds can be determined in a systematic screening by
using overlapping peptides derived from the PD-1 sequence and determining binding by the anti-PD-1
antagonist antibody. According to the gene fragment expression assays, the open reading frame encoding
PD-1 is fragmented either randomly or by specific genetic constructions and the reactivity of the expressed
fragments of PD-1 with the antibody to be tested is determined. The gene fragments may, for example, be
produced by PCR and then transcribed and translated into protein in vitro, in the presence of radioactive
amino acids. The binding of the antibody to the radioactively labeled PD-1 fragments is then determined by
immunoprecipitation and gel electrophoresis. Certain epitopes can also be identified by using large libraries
of random peptide sequences displayed on the surface of phage particles (phage libraries) or yeast (yeast
display). Alternatively, a defined library of overlapping peptide fragments can be tested for binding to the
test antibody in simple binding assays. In an additional example, mutagenesis of an antigen, domain
swapping experiments and alanine scanning mutagenesis can be performed to identify residues required,
sufficient, and/or necessary for epitope binding. For example, alanine scanning mutagenesis experiments
can be performed using a mutant PD-1 in which various residues of the PD-1 polypeptide have been
replaced with alanine. By assessing binding of the antibody to the mutant PD-1, the importance of the
particular PD-1 residues to antibody binding can be assessed.

[0095] Yet another method which can be used to characterize an anti-PD-1 antagonist antibody is to use
competition assays with other antibodies known to bind to the same antigen, i.e., various fragments of PD-
1, to determine if the anti-PD-1 antagonist antibody binds to the same epitope as other antibodies.
Competition assays are well known to those of skill in the art, including in an ELISA format.

[0096] The binding affinity (Kp) of an anti-PD-1 antagonist antibody to PD-1 can be about 0.001 to about

200 nM. In some embodiments, the binding affinity is any of about 200 nM, about 100 nM, about 50 nM,
about 10 nM, about 1 nM, about 500 pM, about 100 pM, about 60 pM, about 50 pM, about 20 pM, about
15 pM, about 10 pM, about 5 pM, about 2 pM, or about 1 pM. In some embodiments, the binding affinity is
less than any of about 250 nM, about 200 nM, about 100 nM, about 50 nM, about 10 nM, about 1 nM,
about 500 pM, about 100 pM, about 50 pM, about 20 pM, about 10 pM, about 5 pM, or about 2 pM.

[0097] Accordingly, the disclosure provides any of the following, or compositions (including pharmaceutical
compositions) comprising an antibody having a partial light chain sequence and a partial heavy chain
sequence as found in Table 1, or variants thereof. In Table 1, the underlined sequences are CDR
sequences. In Table 1, the Kp indicates affinity for human PD-1 as measured using surface plasmon
resonance at 25°C, unless indicated otherwise.

Table 1: Variable Regions Sequences of Anti-PD-1 antagonist Antibodies
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mAb Light Chain Heavy Chain KD (nM)

mAb1 64.24
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSLTNYN
STRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLLTGTF
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS (SEQ ID
(SEQ ID NO: 2) NO: 3)

mAb2 2.22
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSLTNYN
SYRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLLTGTF
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS (SEQ ID
(SEQID NO: 7) NO: 3)

mAb3 1.43
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNFE CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSLTNYN
SYRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLLTGTF
NDYFYPHTFGGGTKVEIK AYWGQGTLVTVSS (SEQ ID
(SEQ ID NO: 8) NO: 3)

mAb4 89 (at 37°
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKYVS C)
TINCKSSQSLWDSTNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSLTNYN
STRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLLTGTF
NDYEYPLTFGGGTKVEIK AYWGQGTLVTVSS (SEQ ID
(SEQ ID NC: 9) NO: 3)

mAb5 12.82
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSLTNYN
STRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLSTGTF
NDYFYPLTFGGGTKVEIK AYWGQGTLVTYSS
(SEQ ID NO: 2) (SEQ ID NO: 4)
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mAb Light Chain Heavy Chain KD (nM)

mMAbB 1.16
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSLTNYN
SYRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLSTGTFE
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS
(SEQ ID NO: 7) (SEQ ID NO: 4)

mAb7 0.73
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSLTNYN
SYRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLSTGTFE
NDYFYPHTFGGGTKVEIK AYWGQGTLVTVSS
(SEQ ID NO: 8) (SEQ ID NO: 4)

mAb8 17.35
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSTNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSLTNYN
STRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLSTGTF
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS
(SEQ ID NO: 9) (SEQ ID NO: 4)

mAb9 13.54
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSITNYNE
STRESGVPDRFSGSGSGT KEKNRVTMTRDTSTSTVYMEL
DFTLTISSLQAEDVAVYYCQ SSLRSEDTAVYYCARLTTGTE
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS (SEQ ID
(SEQ ID NO: 2) NO: 5)

mAb10 0.98
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSITNYNE
SYRESGVPDRFSGSGSGT KFKNRVTMTRDTSTSTVYMEL
DFTLTISSLQAEDVAVYYCQ SSLRSEDTAVYYCARLTTGTF
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS (SEQ ID
(SEQ ID NO: 7) NO: 5)
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mAb Light Chain Heavy Chain KD (nM)

mAb11 0.93
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSITNYNE
SYRESGVPDRFSGSGSGT KEKNRVTMTRDTSTSTVYMEL
DFTLTISSLQAEDVAVYYCQ SSLRSEDTAVYYCARLTTGTF
NDYFYPHTFGGGTKVEIK AYWGQGTLVTVSS (SEQ ID
(SEQ ID NO: 8) NO: 5)

mAb12 17.27
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSTNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIYPGSSITNYNE
STRESGVPDRFSGSGSGT KFKNRVTMTRDTSTSTVYMEL
DFTLTISSLQAEDVAVYYCQ SSLRSEDTAVYYCARLTTGTF
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS (SEQ ID
(SEQ ID NO: 9) NO: 5)

mAb13 5.87
DIVMTQSPDSILLAVSLGERA QVQALVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIWPGSSLTNYN
STRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLLTGTE
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS
(SEQ ID NO: 2) (SEQ ID NO: 6)

mAb14 0.6
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIWPGSSLTNYN
SYRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLLTGTF
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS
(SEQ ID NO: 7) (SEQ ID NO: 6)

mAb15 0.49
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSGNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIWPGSSLTNYN
SYRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLLTGTE
NDYFYPHTFGGGTKVEIK AYWGQGTLVTVSS
(SEQ ID NO: 8) (SEQ ID NO: 8)
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mAb Light Chain Heavy Chain KD (nM)

mAb16 7.51
DIVMTQSPDSLAVSLGERA QVQLVQSGAEVKKPGASVKVS
TINCKSSQSLWDSTNQKNF CKASGYTFTSYWINWVRQAP
LTWYQQKPGQPPKLLIYWT GQGLEWMGNIWPGSSLTNYN
STRESGVPDRFSGSGSGT EKFKNRVTMTRDTSTSTVYME
DFTLTISSLQAEDVAVYYCQ LSSLRSEDTAVYYCARLLTGTF
NDYFYPLTFGGGTKVEIK AYWGQGTLVTVSS
(SEQ ID NO: 9) (SEQ ID NC: 6)

[0098] The disclosure also provides CDR portions of antibodies to PD-1. Determination of CDR regions is
well within the skill of the art. It is understood that in some embodiments, CDRs can be a combination of the
Kabat and Chothia CDR (also termed "combined CDRs" or "extended CDRs"). In another approach,
referred to herein as the "conformational definition” of CDRs, the positions of the CDRs may be identified
as the residues that make enthalpic contributions to antigen binding. See, e.g., Makabe et al., 2008,
Journal of Biological Chemistry, 283:1156-1166. In general, "conformational CDRs" include the residue
positions in the Kabat CDRs and Vernier zones which are constrained in order to maintain proper loop
structure for the antibody to bind a specific antigen. Determination of conformational CDRs is well within the
skill of the art. In some embodiments, the CDRs are the Kabat CDRs. In other embodiments, the CDRs are
the Chothia CDRs. In other embodiments, the CDRs are the extended, AbM, conformational, or contact
CDRs. In other words, in embodiments with more than one CDR, the CDRs may be any of Kabat, Chothia,
extended, AbM, conformational, contact CDRs or combinations thereof.

[0099] In some embodiments, the antibody comprises three CDRs of any one of the heavy chain variable
regions shown in Table 1. In some embodiments, the antibody comprises three CDRs of any one of the
light chain variable regions shown in Table 1. In some embodiments, the antibody comprises three CDRs of
any one of the heavy chain variable regions shown in Table 1, and three CDRs of any one of the light chain
variable regions shown in Table 1.

[0100] Table 2 provides examples of CDR sequences of anti-PD-1 antagonist antibodies provided herein.
Table 2. Anti-PD-1 antagonist antibodies (mAbs) and their antigen-binding CDR sequences according to
Kabat (underlined) and Chothia (bold)

mAb CDR1 CDR2 CDR3
mAb1 L WTSTRES (SEQ ID NO: 11) {QNDYFYPL
KSSQSLWDSGNQKN T(SEQID
ELT (SEQ ID NO: 10) NO: 12)
GYTFTSYWIN (SEQ ID NOs: LLTGTFAY
13 (whole), 14 and 15) NIYPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NOs: 16 and 18)
17)
mAb2 WTSYRES (SEQ ID NO: 20) {QNDYFYPL
KSSQSLWDSGNQKN T (SEQID
ELT (SEQ ID NO: 10) NO: 12)
GYTFTSYWIN (SEQ ID NOs: LLTGTFAY
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mAb CDR1 CDR2 CDR3
13 (whole), 14 and 15) NIYPGSSLTNYNEKFK (SEQTD NO:
N (SEQ ID NOs: 16 and 18)
i
mAb3 WTSYRES (SEQ ID NO: 20) {QNDYFYPHT
KSSQSLWDSGNQKN (SEQ ID NO:
FLT (SEQID NO: 10) 21)
GYTFTSYWIN (SEQ ID NOs: LLTGTFAY
13 (whole), 14 and 15) NIYPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NOs: 16 and 18)
17)
mAb4 WTSTRES (SEQ ID NO: 11) {QNDYFYPL
KSSQSLWDSTNQKNF T (SEQID
LT (SEQ ID NO: 22) NO: 12)
GYTFTSYWIN (SEQ ID NOs: LLTGTFAY
13 (whole), 14 and 15) NIYPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NOs: 16 and 18)
17)
mAb5 WTSTRES (SEQ ID NO: 11) {QNDYFYPL
KSSQSLWDSGNQKN T (SEQID
ELT (SEQ ID NO: 10) NO: 12)
GYTFTSYWIN (SEQ ID NOs: LSTGTFAY
13 (whole), 14 and 15) NIYPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NOs: 16 and 23)
17)
mAbG6 WTSYRES (SEQ ID NO: 20) {QNDYFYPL
KSSQSLWDSGNQKN T (SEQID
FLT (SEQ ID NO: 10) NO: 12)
GYTFTSYWIN (SEQ ID NOs: LSTGTEAY
13 (whole), 14 and 15) NIYPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NOs: 16 and 23)
17)
mAb7 WTSYRES (SEQ ID NO: 20) {QNDYFYPHT
KSSQSLWDSGNQKN (SEQ ID NO:
ELT (SEQ ID NO: 10) 21)
GYTFTSYWIN (SEQ ID NOs: LSTGTEAY
13 (whole), 14 and 15) NIYPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NOs: 16 and 23)

1)
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mAb CDR1 CDR2 CDR3
mAb8 WTSTRES (SEQ ID NO: 11) {QNDYFYPL
KSSQSLWDSTNQKNF T (SEQID
LT (SEQ ID NO: 22) NO: 12)
GYTFTSYWIN (SEQ ID NOs: LSTGTFAY
13 (whole), 14 and 15) NIYPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NOs: 16 and 23)
17)
mAb9 WTSTRES(SEQ ID NO: 11) QNDYFYPL
KSSQSLWDSGNQKN T(SEQID
ELT (SEQ ID NO: 10) NO: 12)
GYTFTSYWIN (SEQ ID NOs: NIYPGSSITNYNEKFKN (SEQ {LTTGTFAY
13 (whole), 14 and 15) ID NO: 24 and 25) (SEQ ID NO:
26)
mAb10 WTSYRES (SEQ ID NO: 20) QNDYFYPLT
KSSQSLWDSGNQKN (SEQ ID NO:
FLT (SEQ ID NO: 10) 12)
GYTFTSYWIN (SEQ ID NOs: NIYPGSSITNYNEKFKN (SEQ {LTTGTFAY
13 (whole), 14 and 15) ID NO: 24 and 25) (SEQ ID NO:
26)
mAb11 WTSYRES (SEQ ID NO: 20) {QNDYFYPHT
KSSQSLWDSGNQKN (SEQ ID NO:
ELT (SEQ ID NO: 10) 21)
GYTFTSYWIN (SEQ ID NOs: NIYPGSSITNYNEKFKN (SEQ JLTTGTFAY
13 (whole), 14 and 15) ID NO: 24 and 25) (SEQ ID NO:
26)
mAb12 WTSTRES (SEQ ID NO: 11) {QNDYFYPL
KSSQSLWDSTNQKNF T (SEQID
LT (SEQ ID NO: 22) NO: 12)
GYTFTSYWIN (SEQ ID NOs: NIYPGSSITNYNEKFKN (SEQ jLTTGTFAY
13 (whole), 14 and 15) ID NO: 24 and 25) (SEQ ID NO:
26)
mAb13 WTSTRES (SEQ ID NO: 11) NDYFYPLT
KSSQSLWDSGNQKN (SEQ ID NO:
FLT (SEQ ID NO: 10) 12)
GYTFTSYWIN (SEQ ID NOs: LLTGTFAY
13 (whole), 14 and 15) NIWPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NO: 27 and 18)
28)
mAb14 WTSYRES (SEQ ID NO: 20) {QNDYFYPL
KSSQSLWDSGNQKN T (SEQID
FLT (SEQ ID NO: 10) NO: 12)
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mAb CDR1 CDR2 CDR3
GYTFTSYWIN (SEQ ID NOs: LLTGTFAY
13 (whole), 14 and 15) NIWPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NO: 27 and 18)
28)
mAb15 WTSYRES (SEQ ID NO: 20) (QNDYFYPHT
KSSQSLWDSGNQKN (SEQ ID NO:
ELT (SEQ D NO: 10) 21)
GYTFTSYWIN (SEQ ID NOs: LLTGTFAY
13 (whole), 14 and 15) NIWPGSSLTNYNEKFK (SEQ ID NO:
N (SEQ ID NO: 27 and 18)
28)
mAb16 WTSTRES (SEQ ID NO: 11) {QNDYFYPLT
KSSQSLWDSTNQKNE (SEQ ID NO:
LT (SEQ ID NO: 22) 12)
H {GYTFTSYWIN (SEQ ID NOs: LLTGTFAY
13 (whole), 14 and 15) NIWPGSSLTNYNEKFK (SEQ ID NO:
N (SEQID NO: 27 and 18)
28)

[0101] In some embodiments, the antibody comprises three light chain CDRs and three heavy chain CDRs

from Table 2.

[0102] An alignment of light chain CDRs from anti-PD-1 antibodies is provided in Table 3. Variable residues
are shown in bold. Consensus light chain CDR sequences are provided in the last row of Table 3.
Table 3. Alignment of anti-PD-1 light chain CDRs

mAb VL CDR1 SEQ VL CDR2 i{SEQ VL CDR3 SEQ
ID ID ID
NO: NO: NO:
1,5, 9, 10 WTSTRES {11 QNDYFYPLT 12
13 KSSQSLWDSGNQK
NFLT
2,6, 10 WTSYRES {20 QNDYFYPLT 12
10, 14 { KSSQSLWDSGNQK
NFLT
3,7, 10 WTSYRES {20 QNDYFYPHT 21
11, 15 { KSSQSLWDSGNQK
NFLT
4,8, 22 WTSTRES {11 QNDYFYPLT 12
12,16 KSSQSLWDSTNQK
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mAb VL CDR1 SEQ VL CDR2 ;SEQ VL CDR3 SEQ
ID ID ID
NO: NO: NO:
NFLT
17 30 WTSTRES {11 QNDYSYPLT 31
KSSQSLLDSGNQK
NFLT

32 WTSX4RE {33 QNDY X4YP XoT, {34
KSSQSLX:DSXNQ S, wherein wherein X4 is F or

KNFLT, wherein X is XqisTorY S,and XpisLorH
Worl,and XyisGorT

[0103] An alignment of heavy chain CDRs from anti-PD-1 antibodies is provided in Table 4. Variable
residues are shown in bold. Consensus heavy chain CDR sequences are provided in the last row of Table
4,

Table 4. Alignment of anti-PD-1 heavy chain CDRs

mAb VH CDR1 {SEQ VH CDR2 SEQ VH CDR3 {SEQ
ID ID ID
NO: NO: NO:
1-4 GYTFTSYWIN}{13 NIYPGSSLTNYNEKFKN 17 LLTGTFAY {18
5-8 GYTFTSYWIN}{13 NIYPGSSLTNYNEKFKN 17 LSTGTFAY {23
9-12 {GYTFTSYWIN{13 NIYPGSSITNYNEKFKN 25 LTTGTFAY {26
13-16 {GYTFTSYWIN}{13 NIWPGSSLTNYNEKFKN 28 LLTGTFAY {18
17 GYTFTSYWIN}{13 NIYPGSSSTNYNEKFKN 35 LLTGTFAY {18
GYTFTSYWIN}{13 NIX{PGSSX,;TNYNEKFKN, 36 LX4TGTFAY , {37
wherein X4 is Y or W, and X, is L, wherein X4 is
[,orS LorS

[0104] In some embodiments, the antibody comprises three light chain CDRs from Table 3 and three heavy
chain CDRs from Table 4.

[0105] In some embodiments, the antibody comprises the full-length heavy chain, with or without the C-
terminal lysine, and/or the full-length light chain of anti-PD-1 antagonist antibody mAb7 or mAb15. The

amino acid sequence of mAb7 full-length heavy chain (SEQ ID NO: 29) is shown below:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWINVWRQAPGQGLEWMGNIYPGSS

LTNYNEKFKNRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARLSTGTFAYWGQGTLV
TVSSASTKGPSVFPLAPCSRSTSESTAALGCLYKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAK

TKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKYSNKGLPSSIEKTISKAKGQPREP
QVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK (SEQ ID NO: 29)
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[0106] The amino acid sequence of mAb7 fulllength heavy chain without the C-terminal lysine (SEQ ID

NO: 38) is shown below:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWINWVRQAPGQGLEWMGNIYPGSS

LTNYNEKFKNRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARLSTGTFAYWGQGTLV
TVSSASTKGPSVFPLAPCSRSTSESTAALGCLYKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREP
QVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLG (SEQ ID NO:38)

[0107] The amino acid sequence of mAb7 full-length light chain (SEQ ID NO: 39) is shown below:
DIVMTQSPDSLAVSLGERATINCKSSQSLWDSGNQKNFLTWYQQKPGQPPKLLIYWT

SYRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQNDYFYPHTFGGGTKVEIKRG
TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC  (SEQ 1D
NO: 39)

[0108] The disclosure also provides methods of generating, selecting, and making anti-PD-1 antagonist
antibodies. The antibodies of this invention can be made by procedures known in the art. In some
embodiments, antibodies may be made recombinantly and expressed using any method known in the art.

[0109] In some embodiments, antibodies may be prepared and selected by phage display technology. See,
for example, U.S. Patent Nos. 5,565,332; 5,580,717; 5,733,743; and 6,265,150; and Winter et al., Annu.
Rev. Immunol. 12:433-455, 1994, Alternatively, the phage display technology (McCafferty et al., Nature
348:552-553, 1990) can be used to produce human antibodies and antibody fragments in vitro, from
immunoglobulin variable (V) domain gene repertoires from unimmunized donors. According to this
technique, antibody V domain genes are cloned in-frame into either a major or minor coat protein gene of a
filamentous bacteriophage, such as M13 or fd, and displayed as functional antibody fragments on the
surface of the phage particle. Because the filamentous particle contains a single-stranded DNA copy of the
phage genome, selections based on the functional properties of the antibody also result in selection of the
gene encoding the antibody exhibiting those properties. Thus, the phage mimics some of the properties of
the B cell. Phage display can be performed in a variety of formats; for review see, e.g., Johnson, Kevin S.
and Chiswell, David J., Current Opinion in Structural Biology 3:564-571, 1993. Several sources of \V-gene
segments can be used for phage display. Clackson et al., Nature 352:624-628, 1991, isolated a diverse
array of anti-oxazolone antibodies from a small random combinatorial library of V genes derived from the
spleens of immunized mice. A repertoire of V genes from human donors can be constructed and antibodies
to a diverse array of antigens (including self-antigens) can be isclated essentially following the techniques
described by Mark et al., J. Mol. Biol. 222:581-597, 1991, or Griffith et al., EMBO J. 12;725-734, 1993. In a
natural immune response, antibody genes accumulate mutations at a high rate (somatic hypermutation).
Some of the changes introduced will confer higher affinity, and B cells displaying high-affinity surface
immunoglobulin are preferentially replicated and differentiated during subsequent antigen challenge. This
natural process can be mimicked by employing the technique known as "chain shuffling." (Marks et al.,
Bio/Technol. 10:779-783, 1992). In this method, the affinity of "primary" human antibodies obtained by
phage display can be improved by sequentially replacing the heavy and light chain V region genes with
repertoires of naturally occurring variants (repertoires) of V domain genes obtained from unimmunized
donors. This technique allows the production of antibodies and antibody fragments with affinities in the pM-
nM range. A strategy for making very large phage antibody repertoires (also known as "the mother-of-all
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libraries”) has been described by Waterhouse et al., Nucl. Acids Res. 21:2265-2266, 1993. Gene shuffling
can also be used to derive human antibodies from rodent antibodies, where the human antibody has
similar affinities and specificities to the starting rodent antibody. According to this method, which is also
referred to as "epitope imprinting”, the heavy or light chain V domain gene of rodent antibodies obtained by
phage display technique is replaced with a repertoire of human V domain genes, creating rodent-human
chimeras. Selection on antigen results in isolation of human variable regions capable of restoring a
functional antigen-binding site, i.e., the epitope governs (imprints) the choice of partner. When the process
is repeated in order to replace the remaining rodent V domain, a human antibody is obtained (see PCT
Publication No. WO 93/06213). Unlike traditional humanization of rodent antibodies by CDR grafting, this
technique provides completely human antibodies, which have no framework or CDR residues of rodent
origin.

[0110] In some embodiments, antibodies may be made using hybridoma technology. It is contemplated
that any mammalia subject including humans or antibody producing cells therefrom can be manipulated to
serve as the basis for production of mammalian, including human, hybridoma cell lines. The route and
schedule of immunization of the host animal are generally in keeping with established and conventional
techniques for antibody stimulation and production, as further described herein. Typically, the host animal is
inoculated intraperitoneally, intramuscularly, orally, subcutaneously, intraplantar, and/or intradermally with
an amount of immunogen, including as described herein.

[0111] Hybridomas can be prepared from the lymphocytes and immortalized myeloma cells using the
general somatic cell hybridization technique of Kohler, B. and Milstein, C., 1975, Nature 256:495-497 or as
modified by Buck, D. W,, et al., In Vitro, 18:377-381, 1982. Available myeloma lines, including but not
limited to X63-Ag8.653 and those from the Salk Institute, Cell Distribution Center, San Diego, Calif., USA,
may be used in the hybridization. Generally, the technique involves fusing myeloma cells and lymphoid cells
using a fusogen such as polyethylene glycol, or by electrical means well known to those skilled in the art.
After the fusion, the cells are separated from the fusion medium and grown in a selective growth medium,
such as hypoxanthine-aminopterin-thymidine (HAT) medium, to eliminate unhybridized parent cells. Any of
the media described herein, supplemented with or without serum, can be used for culturing hybridomas
that secrete monoclonal antibodies. As another alternative to the cell fusion technique, EBV immortalized B
cells may be used to produce the PD-1 monoclonal antibodies of the subject invention. The hybridomas or
other immortalized B-cells are expanded and subcloned, if desired, and supernatants are assayed for anti-
immunogen activity by conventional immunoassay procedures (e.g., radiocimmunoassay, enzyme
immunoassay, or fluorescence immunoassay).

[0112] Hybridomas that may be used as source of antibodies encompass all derivatives, progeny cells of
the parent hybridomas that produce monoclonal antibodies specific for PD-1, or a portion thereof.

[0113] Hybridomas that produce such antibodies may be grown in vitro or in vivo using known procedures.
The monoclonal antibodies may be isoclated from the culture media or body fluids, by conventional
immunoglobulin purification procedures such as ammonium sulfate precipitation, gel electrophoresis,
dialysis, chromatography, and ultrafiltration, if desired. Undesired activity, if present, can be removed, for
example, by running the preparation over adsorbents made of the immunogen attached to a solid phase
and eluting or releasing the desired antibodies off the immunogen. Immunization of a host animal with a
PD-1 polypeptide, or a fragment containing the target amino acid sequence conjugated to a protein that is
immunogenic in the species to be immunized, e.g., keyhole limpet hemocyanin, serum albumin, bovine
thyroglobulin, or soybean {trypsin inhibitor using a bifunctional or derivatizing agent, for example,
maleimidobenzoyl sulfosuccinimide ester (conjugation through cysteine residues), N-hydroxysuccinimide

(through lysine residues), glutaraldehyde, succinic anhydride, SOClI,, or RIN=C=NR, where R and R! are
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different alkyl groups, can yield a population of antibodies (e.g., monoclonal antibodies).

[0114] If desired, the anti-PD-1 antagonist antibody (monoclonal or polyclonal) of interest may be
sequenced and the polynucleotide sequence may then be cloned into a vector for expression or
propagation. The sequence encoding the antibody of interest may be maintained in vector in a host cell
and the host cell can then be expanded and frozen for future use. Production of recombinant monoclonal
antibodies in cell culture can be carried out through cloning of antibody genes from B cells by means known
in the art. See, e.g. Tiller et al., 2008, J. Immunol. Methods 329, 112; US Patent No. 7,314,622.

[0115] In some embodiments, the polynucleotide sequence may be used for genetic manipulation to
"humanize" the antibody or to improve the affinity, or other characteristics of the antibody. Antibodies may
also be customized for use, for example, in dogs, cats, primate, equines and bovines.

[0116] In some embodiments, fully human antibodies may be obtained by using commercially available
mice that have been engineered to express specific human immunoglobulin proteins. Transgenic animals
that are designed to produce a more desirable (e.g., fully human antibodies) or more robust immune
response may also be used for generation of humanized or human antibodies. Examples of such

technology are Xenomouse ™ from Abgenix, Inc. (Fremont, CA) and HuMAb-Mouse® and TC Mouse ™ from
Medarex, Inc. (Princeton, NJ).

[0117] Antibodies may be made recombinantly by first isolating the antibodies and antibody producing cells
from host animals, obtaining the gene sequence, and using the gene sequence to express the antibody
recombinantly in host cells (e.g., CHO cells). Another method which may be employed is to express the
antibody sequence in plants (e.g., tobacco) or transgenic milk. Methods for expressing antibodies
recombinantly in plants or milk have been disclosed. See, for example, Peeters, et al. Vaccine 19:2756,
2001; Lonberg, N. and D. Huszar Int. Rev. Immunol 13:65, 1995; and Pollock, et al., J Immunol Methods
231:147, 1999. Methods for making derivatives of antibodies, e.g., domain, single chain, etc. are known in
the art.

[0118] Immunoassays and flow cytometry sorting techniques such as fluorescence activated cell sorting
(FACS) can also be employed to isolate antibodies that are specific for PD-1.

[0119] DNA encoding the monoclonal antibodies is readily isolated and sequenced using conventional
procedures (e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding
the heavy and light chains of the monoclonal antibodies). The hybridoma cells serve as a preferred source
of such DNA. Once isolated, the DNA may be placed into expression vectors (such as expression vectors
disclosed in PCT Publication No. WO 87/04462), which are then 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, to obtain the synthesis of monoclonal antibodies in the recombinant host
cells. See, e.g., PCT Publication No. WO 87/04462. The DNA also may be modified, for example, by
substituting the coding sequence for human heavy and light chain constant domains in place of the
homologous murine sequences, Morrison et al., Proc. Nat. Acad. Sci. 81:6851, 1984, or by covalently
joining to the immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin
polypeptide. In that manner, "chimeric" or "hybrid" antibodies are prepared that have the binding specificity
of a PD-1 monoclonal antibody herein.

[0120] Antibody fragments can be produced by proteolytic or other degradation of the antibodies, by
recombinant methods (i.e., single or fusion polypeptides) as described above or by chemical synthesis.
Polypeptides of the antibodies, especially shorter polypeptides up to about 50 amino acids, are
conveniently made by chemical synthesis. Methods of chemical synthesis are known in the art and are
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commercially available. For example, an antibody could be produced by an automated polypeptide
synthesizer employing the solid phase method. See also, U.S. Patent Nos. 5,807,715; 4,816,567; and
6,331,415,

[0121] In some embodiments, a polynucleotide comprises a sequence encoding the heavy chain and/or
the light chain variable regions of antibody mAb1, mAb2, mAb3, mAb4, mAb5, mAb6, mAb7, mAb8, mAb9,
mAb10, mAb11, mAb12, mAb13, mAb14, mAb15, or mAb16. The sequence encoding the antibody of
interest may be maintained in a vector in a host cell and the host cell can then be expanded and frozen for
future use. Vectors (including expression vectors) and host cells are further described herein.

[0122] The disclosure includes affinity matured embodiments. For example, affinity matured antibodies can
be produced by procedures known in the art (Marks et al., 1992, Bio/Technology, 10:779-783; Barbas et
al., 1994, Proc Nat. Acad. Sci, USA 91:3809-3813; Schier et al., 1995, Gene, 169:147-155; Yelton et al.,
1995, J. Immunol., 155:1994-2004; Jackson et al., 1995, J. Immunol., 154(7):3310-9; Hawkins et al., 1992,
J. Mol. Biol., 226:889-896; and PCT Publication No. WO2004/058184).

[0123] The following methods may be used for adjusting the affinity of an antibody and for characterizing a
CDR. One way of characterizing a CDR of an antibody and/or altering (such as improving) the binding
affinity of a polypeptide, such as an antibody, termed "library scanning mutagenesis". Generally, library
scanning mutagenesis works as follows. One or more amino acid positions in the CDR are replaced with
two or more (such as 3,4, 5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20) amino acids using art
recognized methods. This generates small libraries of clones (in some embodiments, one for every amino
acid position that is analyzed), each with a complexity of two or more members (if two or more amino acids
are substituted at every position). Generally, the library also includes a clone comprising the native
(unsubstituted) amino acid. A small number of clones, e.g., about 20-80 clones (depending on the
complexity of the library), from each library are screened for binding affinity to the target polypeptide (or
other binding target), and candidates with increased, the same, decreased, or no binding are identified.
Methods for determining binding affinity are well-known in the art. Binding affinity may be determined using,

for example, Biacore ™ surface plasmon resonance analysis, which detects differences in binding affinity of

about 2-fold or greater, Kinexa® Biosensor, scintillation proximity assays, ELISA, ORIGEN® immunoassay,
fluorescence quenching, fluorescence transfer, and/or yeast display. Binding affinity may also be screened

using a suitable bioassay. Biacore™ is particularly useful when the starting antibody already binds with a
relatively high affinity, for example a Kp of about 10 nM or lower.

[0124] In some embodiments, every amino acid position in a CDR is replaced (in some embodiments, one
at a time) with all 20 natural amino acids using art recognized mutagenesis methods (some of which are
described herein). This generates small libraries of clones (in some embodiments, one for every amino
acid position that is analyzed), each with a complexity of 20 members (if all 20 amino acids are substituted
at every position).

[0125] In some embodiments, the library to be screened comprises substitutions in two or more positions,
which may be in the same CDR or in two or more CDRs. Thus, the library may comprise substitutions in
two or more positions in one CDR. The library may comprise substitution in two or more positions in two or
more CDRs. The library may comprise substitution in 3, 4, 5, or more positions, said positions found in two,
three, four, five or six CDRs. The substitution may be prepared using low redundancy codons. See, e.g.,
Table 2 of Balint et al., 1993, Gene 137(1):109-18.

[0126] The CDR may be heavy chain variable region (VH) CDR3 and/or light chain variable region (VL)
CDR3. The CDR may be one or more of VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL CDR2, and/or VL



DK/EP 3230319 T3

CDR3. The CDR may be a Kabat CDR, a Chothia CDR, an extended CDR, an AbM CDR, a contact CDR, or
a conformational CDR.

[0127] Candidates with improved binding may be sequenced, thereby identifying a CDR substitution mutant
which results in improved affinity (also termed an "improved" substitution). Candidates that bind may also
be sequenced, thereby identifying a CDR substitution which retains binding.

[0128] Multiple rounds of screening may be conducted. For example, candidates (each comprising an
amino acid substitution at one or more position of one or more CDR) with improved binding are also useful
for the design of a second library containing at least the original and substituted amino acid at each
improved CDR position (i.e., amino acid position in the CDR at which a substitution mutant showed
improved binding). Preparation, and screening or selection of this library is discussed further below.

[0129] Library scanning mutagenesis also provides a means for characterizing a CDR, in so far as the
frequency of clones with improved binding, the same binding, decreased binding or no binding also provide
information relating to the importance of each amino acid position for the stability of the antibody-antigen
complex. For example, if a position of the CDR retains binding when changed to all 20 amino acids, that
position is identified as a position that is unlikely to be required for antigen binding. Conversely, if a position
of CDR retains binding in only a small percentage of substitutions, that position is identified as a position
that is important to CDR function. Thus, the library scanning mutagenesis methods generate information
regarding positions in the CDRs that can be changed to many different amino acids (including all 20 amino
acids), and positions in the CDRs which cannot be changed or which can only be changed to a few amino
acids.

[0130] Candidates with improved affinity may be combined in a second library, which includes the improved
amino acid, the original amino acid at that position, and may further include additional substitutions at that
position, depending on the complexity of the library that is desired, or permitted using the desired screening
or selection method. In addition, if desired, adjacent amino acid position can be randomized to at least two
or more amino acids. Randomization of adjacent amino acids may permit additional conformational
flexibility in the mutant CDR, which may in turn, permit or facilitate the introduction of a larger number of
improving mutations. The library may also comprise substitution at positions that did not show improved
affinity in the first round of screening.

[0131] The second library is screened or selected for library members with improved and/or altered binding

affinity using any method known in the art, including screening using Kinexa " biosensor analysis, and
selection using any method known in the art for selection, including phage display, yeast display, and
ribosome display.

[0132] To express the anti-PD-1 antibodies of the present disclosure, DNA fragments encoding VH and VL
regions can first be obtained using any of the methods described above. Various modifications, e.g.
mutations, deletions, and/or additions can also be introduced into the DNA sequences using standard
methods known to those of skill in the art. For example, mutagenesis can be carried out using standard
methods, such as PCR-mediated mutagenesis, in which the mutated nucleotides are incorporated into the
PCR primers such that the PCR product contains the desired mutations or site-directed mutagenesis.

[0133] The disclosure encompasses modifications to the variable regions shown in Table 1 and the CDRs
shown in Tables 2, 3 or 4. For example, the invention includes antibodies comprising functionally equivalent
variable regions and CDRs which do not significantly affect their properties as well as variants which have
enhanced or decreased activity and/or affinity. For example, the amino acid sequence may be mutated to
obtain an antibody with the desired binding affinity to PD-1. Modification of polypeptides is routine practice
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in the art and need not be described in detail herein. Examples of modified polypeptides include
polypeptides with conservative substitutions of amino acid residues, one or more deletions or additions of
amino acids which do not significantly deleteriously change the functional activity, or which mature
(enhance) the affinity of the polypeptide for its ligand, or use of chemical analogs.

[0134] Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging in length
from one residue to polypeptides containing a hundred or more residues, as well as intrasequence
insertions of single or multiple amino acid residues. Examples of terminal insertions include an antibody
with an N-terminal methionyl residue or the antibody fused to an epitope tag. Other insertional variants of
the antibody molecule include the fusion to the N- or C-terminus of the antibody of an enzyme or a
polypeptide which increases the half-life of the antibody in the blood circulation.

[0135] Substitution variants have at least one amino acid residue in the antibody molecule removed and a
different residue inserted in its place. The sites of greatest interest for substitutional mutagenesis include
the hypervariable regions, but framework alterations are also contemplated. Conservative substitutions are
shown in Table 5 under the heading of "conservative substitutions.” If such substitutions result in a change
in biological activity, then more substantial changes, denominated "exemplary substitutions" in Table 5, or
as further described below in reference to amino acid classes, may be introduced and the products
screened.

Table 5: Amino Acid Substitutions

Original Residue Conservative Substitutions Exemplary Substitutions

Ala (A) Val Val; Leu; lle

Arg (R) Lys Lys; Gln; Asn

Asn (N) Gin Gln; His; Asp, Lys; Arg

Asp (D) Glu Glu; Asn

Cys (C) Ser Ser; Ala

GIn (Q) Asn Asn; Glu

Glu (E) Asp Asp; GIn

Gly (G) Ala Ala

His (H) Arg Asn; Gin; Lys; Arg

lle () Leu Leu; Val; Met; Ala; Phe; Norleucine
Leu (L) lle Norleucine; lle; Val; Met; Ala; Phe
Lys (K) Arg Arg; GiIn; Asn

Met (M) Leu Leu; Phe; lle

Phe (F) Tyr Leu; Val; lle; Ala; Tyr

Pro (P) Ala Ala

Ser (S) Thr Thr

Thr (T) Ser Ser

Trp (W) Tyr Tyr; Phe

Tyr (Y) Phe Trp; Phe; Thr; Ser

Val (V) Leu lle; Leu; Met; Phe; Ala; Norleucine

[0136] Substantial modifications in the biological properties of the antibody are accomplished by selecting
substitutions that differ significantly in their effect on maintaining (a) the structure of the polypeptide
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backbone in the area of the substitution, for example, as a B-sheet or helical conformation, (b) the charge
or hydrophobicity of the molecule at the target site, or (c) the bulk of the side chain. Naturally occurring
residues are divided into groups based on common side-chain properties:

. (1) Non-polar: Norleucine, Met, Ala, Val, Leu, lle;

. (2) Polar without charge: Cys, Ser, Thr, Asn, GIn;

. (3) Acidic (negatively charged): Asp, Glu;

. (4) Basic (positively charged): Lys, Arg;

. (5) Residues that influence chain orientation: Gly, Pro; and
. (6) Aromatic: Trp, Tyr, Phe, His.

o A WOWN -

[0137] Non-conservative substitutions are made by exchanging a member of one of these classes for
another class.

[0138] One type of substitution, for example, that may be made is to change one or more cysteines in the
antibody, which may be chemically reactive, to another residue, such as, without limitation, alanine or
serine. For example, there can be a substitution of a non-canonical cysteine. The substitution can be made
in a CDR or framework region of a variable domain or in the constant region of an antibody. In some
embodiments, the cysteine is canonical. Any cysteine residue not involved in maintaining the proper
conformation of the antibody also may be substituted, generally with serine, to improve the oxidative
stability of the molecule and prevent aberrant cross-linking. Conversely, cysteine bond(s) may be added to
the antibody to improve its stability, particularly where the antibody is an antibody fragment such as an Fv
fragment.

[0139] The antibodies may also be modified, e.g. in the variable domains of the heavy and/or light chains,
e.g., to alter a binding property of the antibody. Changes in the variable region can alter binding affinity
and/or specificity. In some embodiments, no more than one to five conservative amino acid substitutions
are made within a CDR domain. In other embodiments, no more than one to three conservative amino acid
substitutions are made within a CDR domain. For example, a mutation may be made in one or more of the
CDR regions to increase or decrease the Kp of the antibody for PD-1, to increase or decrease kg, or to

alter the binding specificity of the antibody. Techniques in site-directed mutagenesis are well-known in the
art. See, e.g., Sambrook et al. and Ausubel et al., supra.

[0140] A modification or mutation may also be made in a framework region or constant region to increase
the half-life of an anti-PD-1 antibody. See, e.g.,, PCT Publication No. WO 00/09560. A mutation in a
framework region or constant region can also be made to alter the immunogenicity of the antibody, to
provide a site for covalent or noncovalent binding to another molecule, or to alter such properties as
complement fixation, FcR binding and antibody-dependent cell-mediated cytotoxicity. In some
embodiments, no more than one to five conservative amino acid substitutions are made within the
framework region or constant region. In other embodiments, no more than one to three conservative amino
acid substitutions are made within the framework region or constant region. According to the disclosure, a
single antibody may have mutations in any one or more of the CDRs or framework regions of the variable
domain or in the constant region.

[0141] Modifications also include glycosylated and nonglycosylated polypeptides, as well as polypeptides
with other post-translational modifications, such as, for example, glycosylation with different sugars,
acetylation, and phosphorylation. Antibodies are glycosylated at conserved positions in their constant
regions (Jefferis and Lund, 1997, Chem. Immunol. 65:111-128; Wright and Morrison, 1997, TibTECH
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15.26-32). The oligosaccharide side chains of the immunoglobulins affect the protein's function (Boyd et al.,
1996, Mol. Immunol. 32:1311-1318; Wittwe and Howard, 1990, Biochem. 29:4175-4180) and the
intramolecular interaction between portions of the glycoprotein, which can affect the conformation and
presented three-dimensional surface of the glycoprotein (Jefferis and Lund, supra; Wyss and \Wagner,
1996, Current Opin. Biotech. 7:409-416). Oligosaccharides may also serve to target a given glycoprotein to
certain molecules based upon specific recognition structures. Glycosylation of antibodies has also been
reported to affect antibody-dependent cellular cytotoxicity (ADCC). In particular, antibodies produced by
CHO cells with tetracycline-regulated expression of $(1,4)-N-acetylglucosaminyltransferase Il (GnTlIIl), a
glycosyltransferase catalyzing formation of bisecting GIcNAc, was reported to have improved ADCC activity
(Umana et al., 1999, Nature Biotech. 17:176-180).

[0142] Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers to the attachment
of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide sequences
asparagine-X-serine, asparagine-X-threonine, and asparagine-X-cysteine, where X is any amino acid
except proline, are the recognition sequences for enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of these tripeptide sequences in a polypeptide creates
a potential glycosylation site. O-linked glycosylation refers to the attachment of one of the sugars N-
acetylgalactosamine, galactose, or xylose to a hydroxyamino acid, most commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylysine may also be used.

[0143] Addition of glycosylation sites to the antibody is conveniently accomplished by altering the amino
acid sequence such that it contains one or more of the above-described tripeptide sequences (for N-linked
glycosylation sites). The alteration may also be made by the addition of, or substitution by, one or more
serine or threonine residues to the sequence of the original antibody (for O-linked glycosylation sites).

[0144] The glycosylation pattern of antibodies may also be altered without altering the underlying
nucleotide sequence. Glycosylation largely depends on the host cell used to express the antibody. Since
the cell type used for expression of recombinant glycoproteins, e.g. antibodies, as potential therapeutics is
rarely the native cell, variations in the glycosylation pattern of the antibodies can be expected (see, e.g.
Hse et al., 1997, J. Biol. Chem. 272:9062-9070).

[0145] In addition to the choice of host cells, factors that affect glycosylation during recombinant production
of antibodies include growth mode, media formulation, culture density, oxygenation, pH, purification
schemes and the like. Various methods have been proposed to alter the glycosylation pattern achieved in a
particular host organism including introducing or overexpressing certain enzymes involved in
oligosaccharide production (U.S. Patent Nos. 5,047,335; 5,510,261 and 5,278,299). Glycosylation, or
certain types of glycosylation, can be enzymatically removed from the glycoprotein, for example, using
endoglycosidase H (Endo H), N-glycosidase F, endoglycosidase F1, endoglycosidase F2, endoglycosidase
F3. In addition, the recombinant host cell can be genetically engineered to be defective in processing
certain types of polysaccharides. These and similar techniques are well known in the art.

[0146] Other methods of modification include using coupling techniques known in the art, including, but not
limited to, enzymatic means, oxidative substitution and chelation. Modifications can be used, for example,
for attachment of labels for immunoassay. Modified polypeptides are made using established procedures in
the art and can be screened using standard assays known in the art, some of which are described below
and in the Examples.

[0147] In some embodiments, the Fc can be human IgG, or human IgG4. In some embodiments, the

antibody comprises a constant region of IgG4 comprising the following mutations (Armour et al., 2003,
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Molecular Immunology 40 585-593): E233F234L235 to P233V234A235 (1gGy4ac), in which the numbering is
with reference to wild type 19Gy4. In yet another embodiment, the Fc is human IgG4 E233F234L235 to
P233V234A235 with deletion G236 (IgG4ap). In some embodiments the Fc is any human 1gG4 Fc (1gGy,
1gG4ap Or 19Gyac) containing hinge stabilizing mutation S228 to P228 (Aalberse et al., 2002, Immunology
105, 9-19). In other embodiments, the Fc can be human IgG, containing the mutation A330P331 to
83308331 (IgG2opaz), in which the amino acid residues are numbered with reference to the wild type 1gG»>
sequence. Eur. J. Immunol., 1999, 29:2613-2624.

[0148] In some embodiments, the antibody comprises a modified constant region that has increased or
decreased binding affinity to a human Fc gamma receptor, is immunologically inert or partially inert, e.g.,
does not trigger complement mediated lysis, does not stimulate antibody-dependent cell mediated
cytotoxicity (ADCC), or does not activate microglia; or has reduced activities (compared to the unmodified
antibody) in any one or more of the following: triggering complement mediated lysis, stimulating ADCC, or
activating microglia. Different modifications of the constant region may be used to achieve optimal level
and/or combination of effector functions. See, for example, Morgan et al., Immunology 86:319-324, 1995;
Lund et al., J. Immunology 157:4963-9 157:4963-4969, 1996; |dusogie et al., J. Immunology 164:4178-
4184, 2000; Tao et al., J. Immunology 143: 2595-2601, 1989; and Jefferis et al., Immunological Reviews
163:59-76, 1998. In some embodiments, the constant region is modified as described in Eur. J. Immunol.,
1999, 29:2613-2624; PCT Publication No. WO099/058572.

[0149] In some embodiments, an antibody constant region can be modified to avoid interaction with Fc
gamma receptor and the complement and immune systems. The techniques for preparation of such
antibodies are described in WO 99/58572. For example, the constant region may be engineered to more
resemble human constant regions to avoid immune response if the antibody is used in clinical trials and
treatments in humans. See, e.g., U.S. Pat. Nos. 5,997,867 and 5,866,692.

[0150] In still other embodiments, the constant region is aglycosylated for N-linked glycosylation. In some
embodiments, the constant region is aglycosylated for N-linked glycosylation by mutating the
oligosaccharide attachment residue and/or flanking residues that are part of the N-glycosylation recognition
sequence in the constant region. For example, N-glycosylation site N297 may be mutated to, e.g., A, Q, K
or H. See, Tao et al., J. Immunology 143: 2595-2601, 1989; and Jefferis et al., Immunological Reviews
163:59-76, 1998. In some embodiments, the constant region is aglycosylated for N-linked glycosylation.
The constant region may be aglycosylated for N-linked glycosylation enzymatically (such as removing
carbohydrate by enzyme PNGase), or by expression in a glycosylation deficient host cell.

[01561] Other antibody modifications include antibodies that have been modified as described in PCT
Publication No. WO 99/58572. These antibodies comprise, in addition to a binding domain directed at the
target molecule, an effector domain having an amino acid sequence substantially homologous to all or part
of a constant region of a human immunoglobulin heavy chain. These antibodies are capable of binding the
target molecule without triggering significant complement dependent lysis, or cell-mediated destruction of
the target. In some embodiments, the effector domain is capable of specifically binding FcRn and/or
FcyRIlb. These are typically based on chimeric domains derived from two or more human immunoglobulin
heavy chain CH2 domains. Antibodies modified in this manner are particularly suitable for use in chronic
antibody therapy, to avoid inflammatory and other adverse reactions to conventional antibody therapy.

[0152] In some embodiments, the antibody comprises a modified constant region that has increased
binding affinity for FcRn and/or an increased serum half-life as compared with the unmodified antibody.

[01563] In a process known as "germlining", certain amino acids in the VH and VL sequences can be
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mutated to match those found naturally in germline VH and VL sequences. In particular, the amino acid
sequences of the framework regions in the VH and VL sequences can be mutated to match the germline
sequences to reduce the risk of immunogenicity when the antibody is administered. Germline DNA
sequences for human VH and VL genes are known in the art (see e.g., the "Vbase" human germline
sequence database; see also Kabat, E. A, et al., 1991, Sequences of Proteins of Immunological Interest,
Fifth Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242; Tomlinson et
al.,, 1992, J. Mol. Biol. 227:776-798; and Cox et al., 1994, Eur. J. Immunol. 24:827-836).

[0154] Another type of amino acid substitution that may be made is to remove potential proteolytic sites in
the antibody. Such sites may occur in a CDR or framework region of a variable domain or in the constant
region of an antibody. Substitution of cysteine residues and removal of proteoclytic sites may decrease the
risk of heterogeneity in the antibody product and thus increase its homogeneity. Another type of amino acid
substitution is to eliminate asparagine-glycine pairs, which form potential deamidation sites, by altering one
or both of the residues. In another example, the C-terminal lysine of the heavy chain of an anti-PD-1
antibody of the invention can be cleaved. In various embodiments of the invention, the heavy and light
chains of the anti-PD-1 antibodies may optionally include a signal sequence.

[0155] Once DNA fragments encoding the VH and VL segments of the present invention are obtained,
these DNA fragments can be further manipulated by standard recombinant DNA techniques, for example to
convert the variable region genes to full-length antibody chain genes, to Fab fragment genes, or to a scFv
gene. In these manipulations, a VL- or VH-encoding DNA fragment is operatively linked to another DNA
fragment encoding another protein, such as an antibody constant region or a flexible linker. The term
"operatively linked", as used in this context, is intended to mean that the two DNA fragments are joined
such that the amino acid sequences encoded by the two DNA fragments remain in-frame.

[0156] The isolated DNA encoding the VH region can be converted to a full-length heavy chain gene by
operatively linking the VH-encoding DNA to another DNA molecule encoding heavy chain constant regions
(CH1, CH2 and CH3). The sequences of human heavy chain constant region genes are known in the art
(see e.g., Kabat, E. A, et al., 1991, Sequences of Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publication No. 91-3242) and DNA fragments
encompassing these regions can be obtained by standard PCR amplification. The heavy chain constant
region can be an 1gGq, 19Gy, 1gG3, 1gGy4, IgA, IgE, IgM or IgD constant region, but most preferably is an
lgG4 or 1gG, constant region. The IgG constant region sequence can be any of the various alleles or

allotypes known to occur among different individuals, such as Gm(1), Gm(2), Gm(3), and Gm(17). These
allotypes represent naturally occurring amino acid substitution in the IgG1 constant regions. For a Fab
fragment heavy chain gene, the VH-encoding DNA can be operatively linked to another DNA molecule
encoding only the heavy chain CH1 constant region. The CH1 heavy chain constant region may be derived
from any of the heavy chain genes.

[0157] The isolated DNA encoding the VL region can be converted to a full-length light chain gene (as well
as a Fab light chain gene) by operatively linking the VL-encoding DNA to another DNA molecule encoding
the light chain constant region, CL. The sequences of human light chain constant region genes are known
in the art (see e.g., Kabat, E. A, et al., 1991, Sequences of Proteins of Immunological Interest, Fifth
Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242) and DNA fragments
encompassing these regions can be obtained by standard PCR amplification. The light chain constant
region can be a kappa or lambda constant region. The kappa constant region may be any of the various
alleles known to occur among different individuals, such as Inv(1), Inv(2), and Inv(3). The lambda constant
region may be derived from any of the three lambda genes.

[0158] To create a scFv gene, the VH- and VL-encoding DNA fragments are operatively linked to another
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fragment encoding a flexible linker such that the VH and VL sequences can be expressed as a contiguous
single-chain protein, with the VL and VH regions joined by the flexible linker (See e.g., Bird et al., 1988,
Science 242:423-426; Huston et al.,, 1988, Proc. Natl. Acad. Sci. USA 85:5879-5883; McCafferty et al.,
1990, Nature 348:552-554. An example of a linking peptide is (GGGGS)3 (SEQ ID NO: 19), which bridges

approximately 3.5 nm between the carboxy terminus of one variable region and the amino terminus of the
other variable region. Linkers of other sequences have been designed and used (Bird et al., 1988, supra).
Linkers can in turn be modified for additional functions, such as attachment of drugs or attachment to solid
supports. The single chain antibody may be monovalent, if only a single VH and VL are used, bivalent, if
two VH and VL are used, or polyvalent, if more than two VH and VL are used. Bispecific or polyvalent
antibodies may be generated that bind specifically to PD-1 and to another molecule. The single chain
variants can be produced either recombinantly or synthetically. For synthetic production of scFv, an
automated synthesizer can be used. For recombinant production of scFv, a suitable plasmid containing
polynucleotide that encodes the scFv can be introduced into a suitable host cell, either eukaryotic, such as
yeast, plant, insect or mammalian cells, or prokaryotic, such as E. coli. Polynucleotides encoding the scFv
of interest can be made by routine manipulations such as ligation of polynucleotides. The resultant scFv
can be isolated using standard protein purification techniques known in the art.

[0159] Other forms of single chain antibodies, such as diabodies, are also encompassed. Diabodies are
bivalent, bispecific antibodies in which VH and VL are expressed on a single polypeptide chain, but using a
linker that is too short to allow for pairing between the two domains on the same chain, thereby forcing the
domains to pair with complementary domains of another chain and creating two antigen binding sites (see
e.g., Holliger, P, et al., 1993, Proc. Natl. Acad Sci. USA 90.6444-6448 ; Poljak, R. J., et al., 1994, Structure
2:1121-1123).

[0160] Heteroconjugate antibodies, comprising two covalently joined antibodies, are also within the scope
of the invention. Such antibodies have been used to target immune system cells to unwanted cells (U.S.
Patent No. 4,676,980), and for treatment of HIV infection (PCT Publication Nos. WO 91/00360 and WO
92/200373; EP 03089). Heteroconjugate antibodies may be made using any convenient cross-linking
methods. Suitable cross-linking agents and techniques are well known in the art, and are described in U.S.
Patent No. 4,676,980.

[0161] Chimeric or hybrid antibodies also may be prepared in vitro using known methods of synthetic
protein chemistry, including those involving cross-linking agents. For example, immunotoxins may be
constructed using a disulfide exchange reaction or by forming a thioether bond. Examples of suitable
reagents for this purpose include iminothiclate and methyl-4-mercaptobutyrimidate.

[0162] The disclosure also encompasses fusion proteins comprising one or more fragments or regions
from the antibodies disclosed herein. In some embodiments, a fusion antibody may be made that
comprises all or a portion of an anti-PD-1 antibody of the invention linked to another polypeptide. In another
embodiment, only the variable domains of the anti-PD-1 antibody are linked to the polypeptide. In another
embodiment, the VH domain of an anti-PD-1 antibody is linked to a first polypeptide, while the VL domain of
an anti-PD-1 antibody is linked to a second polypeptide that associates with the first polypeptide in a
manner such that the VH and VL domains can interact with one another to form an antigen binding site. In
another preferred embodiment, the VH domain is separated from the VL domain by a linker such that the
VH and VL domains can interact with one another. The VH-linker- VL antibody is then linked to the
polypeptide of interest. In addition, fusion antibodies can be created in which two (or more) single-chain
antibodies are linked to one another. This is useful if one wants to create a divalent or polyvalent antibody
on a single polypeptide chain, or if one wants to create a bispecific antibody.
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[0163] In some embodiments, a fusion polypeptide is provided that comprises at least 10 contiguous amino
acids of the variable light chain region shown in SEQ ID NO: 2, 7, 8, or 9 and/or at least 10 amino acids of
the variable heavy chain region shown in SEQ ID NO: 3, 4, 5, or 6 . In other embodiments, a fusion
polypeptide is provided that comprises at least about 10, at least about 15, at least about 20, at least about
25, or at least about 30 contiguous amino acids of the variable light chain region and/or at least about 10,
at least about 15, at least about 20, at least about 25, or at least about 30 contiguous amino acids of the
variable heavy chain region. In another embodiment, the fusion polypeptide comprises a light chain
variable region and/or a heavy chain variable region, as shown in any of the sequence pairs selected from
among SEQIDNOs:2and 3,7and 3,8and 3,89and 3,2and 4,7 and4,8and 4,9 and 4,2 and 5,7
and 5, 8 and 5, 9 and 5, 2 and 6, 7 and 6, 8 and 6, and 9 and 6. In another embodiment, the fusion
polypeptide comprises one or more CDR(s). In still other embodiments, the fusion polypeptide comprises
VH CDRS3 and/or VL CDR3. For purposes of this invention, a fusion protein contains one or more antibodies
and another amino acid sequence to which it is not attached in the native molecule, for example, a
heterologous sequence or a homologous sequence from another region. Exemplary heterologous
sequences include, but are not limited to a "tag" such as a FLAG tag or a 6His tag. Tags are well known in
the art.

[0164] A fusion polypeptide can be created by methods known in the art, for example, synthetically or
recombinantly. Typically, the fusion proteins of this invention are made by preparing and expressing a
polynucleotide encoding them using recombinant methods described herein, although they may also be
prepared by other means known in the art, including, for example, chemical synthesis.

[0165] In other embodiments, other modified antibodies may be prepared using anti-PD-1 antibody
encoding nucleic acid molecules. For instance, "Kappa bodies" (lll et al., 1997, Protein Eng. 10:949-57),
"Minibodies" (Martin et al.,, 1994, EMBO J. 13:5303-9), "Diabodies" (Holliger et al., supra), or "Janusins"
(Traunecker et al., 1991, EMBO J. 10:3655-3659 and Traunecker et al., 1992, Int. J. Cancer (Suppl.) 7:51-
52) may be prepared using standard molecular biological techniques following the teachings of the
specification.

[0166] For example, bispecific antibodies, monoclonal antibodies that have binding specificities for at least
two different antigens, can be prepared using the antibodies disclosed herein. Methods for making
bispecific antibodies are known in the art (see, e.g., Suresh et al., 1986, Methods in Enzymology 121:210).
For example, bispecific antibodies or antigen-binding fragments can be produced by fusion of hybridomas
or linking of Fab' fragments. See, e.g., Songsivilai & Lachmann, 1990, Clin. Exp. Immunol. 79:315-321,
Kostelny et al., 1992, J. Immunol. 148:1547-1553. Traditionally, the recombinant production of bispecific
antibodies was based on the coexpression of two immunoglobulin heavy chain-light chain pairs, with the
two heavy chains having different specificities (Millstein and Cuello, 1983, Nature 305, 537-539). In
addition, bispecific antibodies may be formed as "diabodies" or "Janusins." In some embodiments, the
bispecific antibody binds to two different epitopes of PD-1. In some embodiments, the modified antibodies
described above are prepared using one or more of the variable domains or CDR regions from an anti-PD-
1 antibody provided herein.

[0167] According to one approach to making bispecific antibodies, antibody variable domains with the
desired binding specificities (antibody-antigen combining sites) are fused to immunoglobulin constant
region sequences. The fusion preferably is with an immunoglobulin heavy chain constant region,
comprising at least part of the hinge, CH2 and CH3 regions. It is preferred to have the first heavy chain
constant region (CH1), containing the site necessary for light chain binding, present in at least one of the
fusions. DNAs encoding the immunoglobulin heavy chain fusions and, if desired, the immunoglobulin light
chain, are inserted into separate expression vectors, and are cotransfected into a suitable host organism.
This provides for great flexibility in adjusting the mutual proportions of the three polypeptide fragments in
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embodiments when unequal ratios of the three polypeptide chains used in the construction provide the
optimum vyields. It is, however, possible to insert the coding sequences for two or all three polypeptide
chains in one expression vector when the expression of at least two polypeptide chains in equal ratios
results in high yields or when the ratios are of no particular significance.

[0168] In one approach, the bispecific antibodies are composed of a hybrid immunoglobulin heavy chain
with a first binding specificity in one arm, and a hybrid immunoglobulin heavy chain-light chain pair
(providing a second binding specificity) in the other arm. This asymmetric structure, with an immunoglobulin
light chain in only one half of the bispecific molecule, facilitates the separation of the desired bispecific
compound from unwanted immunoglobulin chain combinations. This approach is described in PCT
Publication No. WO 94/04690.

[0169] This disclosure also provides compositions comprising antibodies conjugated (for example, linked)
to an agent that facilitate coupling to a solid support (such as biotin or avidin). For simplicity, reference will
be made generally to antibodies with the understanding that these methods apply to any of the PD-1
binding and/or antagonist embodiments described herein. Conjugation generally refers to linking these
components as described herein. The linking (which is generally fixing these components in proximate
association at least for administration) can be achieved in any number of ways. For example, a direct
reaction between an agent and an antibody is possible when each possesses a substituent capable of
reacting with the other. For example, a nucleophilic group, such as an amino or sulfhydryl group, on one
may be capable of reacting with a carbonyl-containing group, such as an anhydride or an acid halide, or
with an alkyl group containing a good leaving group (e.g., a halide) on the other.

[0170] The antibodies can be bound to many different carriers. Carriers can be active and/or inert.
Examples of well-known carriers include polypropylene, polystyrene, polyethylene, dextran, nylon,
amylases, glass, natural and modified celluloses, polyacrylamides, agaroses and magnetite. The nature of
the carrier can be either soluble or inscluble for purposes of the invention. Those skilled in the art will know
of other suitable carriers for binding antibodies, or will be able to ascertain such, using routine
experimentation. In some embodiments, the carrier comprises a moiety that targets the lung, heart, or
heart valve.

[0171] An antibody or polypeptide of this disclosure may be linked to a labeling agent such as a fluorescent
molecule, a radioactive molecule or any others labels known in the art. Labels are known in the art which
generally provide (either directly or indirectly) a signal.

Polynucleotides. vectors. and host cells

[0172] The disclosure also provides polynucleotides encoding any of the antibodies, including antibody
fragments and modified antibodies described herein, such as, e.g., antibodies having impaired effector
function. In another aspect, the disclosure provides a method of making any of the polynucleotides
described herein. Polynucleotides can be made and expressed by procedures known in the art.
Accordingly, the disclosure provides polynucleotides or compositions, including pharmaceutical
compositions, comprising polynucleotides, encoding any of the following: the antibodies mAb1, mAb2,
mAb3, mAb4, mAb5, mAb6, mAb7, mAb8, mAb9, mAb10, mAb11, mAb12, mAb13, mAb14, mAb15,
mAb16, and mAb17 or any fragment or part thereof having the ability to antagonize PD-1.

[0173] Polynucleotides complementary to any such sequences are also encompassed by the present
disclosure. Polynucleotides may be single-stranded (coding or antisense) or double-stranded, and may be
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DNA (genomic, cDNA or synthetic) or RNA molecules. RNA molecules include HnRNA molecules, which
contain introns and correspond to a DNA molecule in a one-to-one manner, and mRNA molecules, which
do not contain introns. Additional coding or non-coding sequences may, but need not, be present within a
polynucleotide of the present invention, and a polynucleotide may, but need not, be linked to other
molecules and/or support materials.

[0174] Polynucleotides may comprise a native sequence (i.e., an endogenous sequence that encodes an
antibody or a fragment thereof) or may comprise a variant of such a sequence. Polynucleotide variants
contain one or more substitutions, additions, deletions and/or insertions such that the immunoreactivity of
the encoded polypeptide is not diminished, relative to a native immunoreactive molecule. The effect on the
immunoreactivity of the encoded polypeptide may generally be assessed as described herein. Variants
preferably exhibit at least about 70% identity, more preferably, at least about 80% identity, yet more
preferably, at least about 90% identity, and most preferably, at least about 95% identity to a polynucleotide
sequence that encodes a native antibody or a fragment thereof.

[0175] Two polynucleotide or polypeptide sequences are said to be "identical" if the sequence of
nucleotides or amino acids in the two sequences is the same when aligned for maximum correspondence
as described below. Comparisons between two sequences are typically performed by comparing the
sequences over a comparison window to identify and compare local regions of sequence similarity. A
"comparison window" as used herein, refers to a segment of at least about 20 contiguous positions, usually
30 to about 75, or 40 to about 50, in which a sequence may be compared to a reference sequence of the
same number of contiguous positions after the two sequences are optimally aligned.

[0176] Optimal alignment of sequences for comparison may be conducted using the MegAIign® program in

the Lasergene® suite of bioinformatics software (DNASTAR®, Inc., Madison, WI), using default parameters.
This program embodies several alignment schemes described in the following references: Dayhoff, M.O.,
1978, A model of evolutionary change in proteins - Matrices for detecting distant relationships. In Dayhoff,
M.O. (ed.) Atlas of Protein Sequence and Structure, National Biomedical Research Foundation,
Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J., 1990, Unified Approach to Alignment and
Phylogenes pp. 626-645 Methods in Enzymology vol. 183, Academic Press, Inc., San Diego, CA; Higgins,
D.G. and Sharp, PM., 1989, CABIOS 5:151-153; Myers, EW. and Muller W., 1988, CABIOS 4:11-17;
Robinson, E.D., 1971, Comb. Theor. 11:105; Santou, N., Nes, M., 1987, Mol. Biol. Evol. 4:406-425; Sneath,
P.HA. and Sokal, R.R., 1973, Numerical Taxonomy the Principles and Practice of Numerical Taxonomy,
Freeman Press, San Francisco, CA; Wilbur, W.J. and Lipman, D.J., 1983, Proc. Natl. Acad. Sci. USA
80.726-730.

[0177] Preferably, the "percentage of sequence identity" is determined by comparing two optimally aligned
sequences over a window of comparison of at least 20 positions, wherein the portion of the polynucleotide
or polypeptide sequence in the comparison window may comprise additions or deletions (i.e., gaps) of 20
percent or less, usually 5 to 15 percent, or 10 to 12 percent, as compared to the reference sequences
(which does not comprise additions or deletions) for optimal alignment of the two sequences. The
percentage is calculated by determining the number of positions at which the identical nucleic acid bases or
amino acid residue 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 reference sequence (i.e. the window
size) and multiplying the results by 100 to yield the percentage of sequence identity.

[0178] Variants may also, or alternatively, be substantially homologous to a native gene, or a portion or
complement thereof. Such polynucleotide variants are capable of hybridizing under moderately stringent
conditions to a naturally occurring DNA sequence encoding a native antibody (or a complementary
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sequence).

[0179] Suitable "moderately stringent conditions" include prewashing in a solution of 5 X SSC, 0.5% SDS,
1.0 mM EDTA (pH 8.0); hybridizing at 50°C-65°C, 5 X SSC, overnight; followed by washing twice at 65°C
for 20 minutes with each of 2X, 0.5X and 0.2X SSC containing 0.1 % SDS.

[0180] As used herein, "highly stringent conditions" or "high stringency conditions" are those that. (1)
employ low ionic strength and high temperature for washing, for example 0.015 M sodium chloride/0.0015
M sodium citrate/0.1% sodium dodecyl sulfate at 50°C; (2) employ during hybridization a denaturing agent,
such as formamide, for example, 50% (v/v) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM
sodium citrate at 42°C; or (3) employ 50% formamide, 5 x SSC (0.75 M NacCl, 0.075 M sodium citrate), 50
mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt's solution, sonicated salmon
sperm DNA (50 pg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC
(sodium chloride/sodium citrate) and 50% formamide at 55°C, followed by a high-stringency wash
consisting of 0.1 x SSC containing EDTA at 55°C. The skilled artisan will recognize how to adjust the
temperature, ionic strength, etc. as necessary to accommodate factors such as probe length and the like.

[0181] It will be appreciated by those of ordinary skill in the art that, as a result of the degeneracy of the
genetic code, there are many nucleotide sequences that encode a polypeptide as described herein. Some
of these polynucleotides bear minimal homology to the nucleotide sequence of any native gene.
Nonetheless, polynucleotides that vary due to differences in codon usage are specifically contemplated by
the present disclosure. Further, alleles of the genes comprising the polynucleotide sequences provided
herein are within the scope of the present disclosure. Alleles are endogenous genes that are altered as a
result of one or more mutations, such as deletions, additions and/or substitutions of nucleotides. The
resulting mRNA and protein may, but need not, have an altered structure or function. Alleles may be
identified using standard techniques (such as hybridization, amplification and/or database sequence
comparison).

[0182] The polynucleotides of this disclosure can be obtained using chemical synthesis, recombinant
methods, or PCR. Methods of chemical polynucleotide synthesis are well known in the art and need not be
described in detail herein. One of skill in the art can use the sequences provided herein and a commercial
DNA synthesizer to produce a desired DNA sequence.

[0183] For preparing polynucleotides using recombinant methods, a polynucleotide comprising a desired
sequence can be inserted into a suitable vector, and the vector in turn can be introduced into a suitable
host cell for replication and amplification, as further discussed herein. Polynucleotides may be inserted into
host cells by any means known in the art. Cells are transformed by introducing an exogenous
polynucleotide by direct uptake, endocytosis, transfection, F-mating or electroporation. Once introduced,
the exogenous polynucleotide can be maintained within the cell as a non-integrated vector (such as a
plasmid) or integrated into the host cell genome. The polynucleotide so amplified can be isolated from the
host cell by methods well known within the art. See, e.g., Sambrook et al., 1989.

[0184] Alternatively, PCR allows reproduction of DNA sequences. PCR technology is well known in the art
and is described in U.S. Patent Nos. 4,683,195, 4,800,159, 4,754,065 and 4,683,202, as well as PCR: The
Polymerase Chain Reaction, Mullis et al. eds., Birkauswer Press, Boston, 1994.

[0185] RNA can be obtained by using the isolated DNA in an appropriate vector and inserting it into a
suitable host cell. When the cell replicates and the DNA is transcribed into RNA, the RNA can then be
isolated using methods well known to those of skill in the art, as set forth in Sambrook et al., 1989, supra,
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for example.

[0186] Suitable cloning vectors may be constructed according to standard techniques, or may be selected
from a large number of cloning vectors available in the art. While the cloning vector selected may vary
according to the host cell intended to be used, useful cloning vectors will generally have the ability to self-
replicate, may possess a single target for a particular restriction endonuclease, and/or may carry genes for
a marker that can be used in selecting clones containing the vector. Suitable examples include plasmids
and bacterial viruses, e.g., pUC18, pUC19, Bluescript (e.g., pBS SK+) and its derivatives, mp18, mp19,
pBR322, pMB9, ColE1, pCR1, RP4, phage DNAs, and shuttle vectors such as pSA3 and pAT28. These and
many other cloning vectors are available from commercial vendors such as BioRad, Strategene, and
Invitrogen.

[0187] Expression vectors are further provided. Expression vectors generally are replicable polynucleotide
constructs that contain a polynucleotide according to the invention. It is implied that an expression vector
must be replicable in the host cells either as episomes or as an integral part of the chromosomal DNA.
Suitable expression vectors include but are not limited to plasmids, viral vectors, including adenoviruses,
adeno-associated viruses, retroviruses, cosmids, and expression vector(s) disclosed in PCT Publication No.
WO 87/04462. Vector components may generally include, but are not limited to, one or more of the
following: a signal sequence; an origin of replication; one or more marker genes, suitable transcriptional
controlling elements (such as promoters, enhancers and terminator). For expression (i.e., translation), one
or more translational controlling elements are also usually required, such as ribosome binding sites,
translation initiation sites, and stop codons.

[0188] The vectors containing the polynucleotides of interest can be introduced into the host cell by any of
a number of appropriate means, including electroporation, transfection employing calcium chloride,
rubidium chloride, calcium phosphate, DEAE-dextran, or other substances; microprojectile bombardment;
lipofection; and infection (e.g., where the vector is an infectious agent such as vaccinia virus). The choice of
introducing vectors or polynucleotides will often depend on features of the host cell.

[0189] The disclosure also provides host cells comprising any of the polynucleotides described herein. Any
host cells capable of over-expressing heterologous DNAs can be used for the purpose of isolating the
genes encoding the antibody, polypeptide or protein of interest. Non-limiting examples of mammalian host
cells include but not limited to COS, HelLa, and CHO cells. See also PCT Publication No. WO 87/04462.
Suitable non-mammalian host cells include prokaryotes (such as E. coli or B. subtfillis) and yeast (such as S.
cerevisae, S. pombe; or K lactis). Preferably, the host cells express the cDNAs at a level of about 5 fold
higher, more preferably, 10 fold higher, even more preferably, 20 fold higher than that of the corresponding
endogenous antibody or protein of interest, if present, in the host cells. Screening the host cells for a
specific binding to PD-1 or a PD-1 domain is effected by an immunoassay or FACS. A cell overexpressing
the antibody or protein of interest can be identified.

[0190] An expression vector can be used to direct expression of an anti-PD-1 antagonist antibody. One
skilled in the art is familiar with administration of expression vectors to obtain expression of an exogenous
protein in vivo. See, e.g., U.S. Patent Nos. 6,436,908; 6,413,942; and 6,376,471. Administration of
expression vectors includes local or systemic administration, including injection, oral administration, particle
gun or catheterized administration, and topical administration. In another embodiment, the expression
vector is administered directly to the sympathetic trunk or ganglion, or into a coronary artery, atrium,
ventrical, or pericardium.

[0191] Targeted delivery of therapeutic compositions containing an expression vector, or subgenomic
polynucleotides can also be used. Receptor-mediated DNA delivery techniques are described in, for
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example, Findeis et al., Trends Biotechnol., 1993, 11:202; Chiou et al., Gene Therapeutics: Methods And
Applications Of Direct Gene Transfer, J.A. WoIff, ed., 1994; Wu et al., J. Biol. Chem., 1988, 263:621; Wu et
al., J. Biol. Chem., 1994, 269:542; Zenke et al., Proc. Natl. Acad. Sci. USA, 1990, 87:3655; Wu et al., J.
Biol. Chem., 1991, 266:338. Therapeutic compositions containing a polynucleotide are administered in a
range of about 100 ng to about 200 mg of DNA for local administration in a gene therapy protocol.
Concentration ranges of about 500 ng to about 50 mg, about 1 pg to about 2 mg, about 5 pg to about 500
Mg, and about 20 pg to about 100 ug of DNA can also be used during a gene therapy protocol. The
therapeutic polynucleotides and polypeptides can be delivered using gene delivery vehicles. The gene
delivery vehicle can be of viral or non-viral origin (see generally, Jolly, Cancer Gene Therapy, 1994, 1:51;
Kimura, Human Gene Therapy, 1994, 5:845; Connelly, Human Gene Therapy, 1995, 1:185; and Kaplitt,
Nature Genetics, 1994, 6:148). Expression of such coding sequences can be induced using endogenous
mammalian or heterologous promoters. Expression of the coding sequence can be either constitutive or
regulated.

[0192] Viral-based vectors for delivery of a desired polynucleotide and expression in a desired cell are well
known in the art. Exemplary viral-based vehicles include, but are not limited to, recombinant retroviruses
(see, e.g., PCT Publication Nos. WO 90/07936; WO 94/03622; WO 93/25698; WO 93/25234; WO
93/11230; WO 93/10218; WO 91/02805; U.S. Patent Nos. 5, 219,740 and 4,777,127, GB Patent No.
2,200,651; and EP Patent No. 0 345 242), alphavirus-based vectors (e.g., Sindbis virus vectors, Semliki
forest virus (ATCC VR-67; ATCC VR-1247), Ross River virus (ATCC VR-373; ATCC VR-1246) and
Venezuelan equine encephalitis virus (ATCC VR-923; ATCC VR-1250; ATCC VR 1249; ATCC VR-532)),
and adeno-associated virus (AAV) vectors (see, e.g., PCT Publication Nos. WO 94/12649, WO 93/03769;
WO 93/19191; WO 94/28938; WO 95/11984 and WO 95/00655). Administration of DNA linked to killed
adenovirus as described in Curiel, Hum. Gene Ther., 1992, 3:147 can also be employed.

[0193] Non-viral delivery vehicles and methods can also be employed, including, but not limited to,
polycationic condensed DNA linked or unlinked to killed adenovirus alone (see, e.g., Curiel, Hum. Gene
Ther., 1992, 3:147); ligand-linked DNA (see, e.g., Wu, J. Biol. Chem., 1989, 264.:16985); eukaryotic cell
delivery vehicles cells (see, e.g., U.S. Patent No. 5,814,482; PCT Publication Nos. WO 95/07994; WO
96/17072; WO 95/30763; and WO 97/42338) and nucleic charge neutralization or fusion with cell
membranes. Naked DNA can also be employed. Exemplary naked DNA introduction methods are
described in PCT Publication No. WO 920/11092 and U.S. Patent No. 5,580,859. Liposomes that can act as
gene delivery vehicles are described in U.S. Patent No. 5,422,120; PCT Publication Nos. WO 95/13796;
WO 94/23697; WO 91/14445; and EP 0524968. Additional approaches are described in Philip, Mol. Cell
Biol., 1994, 14:2411, and in Woffendin, Proc. Natl. Acad. Sci., 1994, 91:1581.

Compositions

[0194] The disclosure also provides pharmaceutical compositions comprising an effective amount of an
anti-PD-1 antibody described herein. Examples of such compositions, as well as how to formulate, are also
described herein. In some embodiments, the composition comprises one or more PD-1 antibodies. In other
embodiments, the anti-PD-1 antibody recognizes PD-1. In other embodiments, the anti-PD-1 antibody is a
human antibody. In other embodiments, the anti-PD-1 antibody is a humanized antibody. In some
embodiments, the anti-PD-1 antibody comprises a constant region that is capable of triggering a desired
immune response, such as antibody-mediated lysis or ADCC. In other embodiments, the anti-PD-1
antibody comprises a constant region that does not trigger an unwanted or undesirable immune response,
such as antibody-mediated lysis or ADCC. In other embodiments, the anti-PD-1 antibody comprises one or
more CDR(s) of the antibody (such as one, two, three, four, five, or, in some embodiments, all six CDRs).
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[0195] It is understood that the compositions can comprise more than one anti-PD-1 antibody (e.g., a
mixture of PD-1 antibodies that recognize different epitopes of PD-1). Other exemplary compositions
comprise more than one anti-PD-1 antibody that recognize the same epitope(s), or different species of anti-
PD-1 antibodies that bind to different epitopes of PD-1. In some embodiments, the compositions comprise
a mixture of anti-PD-1 antibodies that recognize different variants of PD-1.

[0196] The composition used in the present disclosure can further comprise pharmaceutically acceptable
carriers, excipients, or stabilizers (Remington: The Science and practice of Pharmacy 20th Ed., 2000,
Lippincott Williams and Wilkins, Ed. K. E. Hoover), in the form of lyophilized formulations or aqueous
solutions. Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations, and may comprise buffers such as phosphate, citrate, and other organic acids; antioxidants
including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl ammonium
chloride; hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl
alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol;
and m-cresol); low molecular weight (less than about 10 residues) polypeptides; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such
as glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrans; chelating agents such as EDTA; sugars such as
sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g.

Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene
glycol (PEG). Pharmaceutically acceptable excipients are further described herein.

[0197] The anti-PD-1 antibody and compositions thereof can also be used in conjunction with, or
administered separately, simultaneously, or sequentially with other agents that serve to enhance and/or
complement the effectiveness of the agents.

[0198] The disclosure also provides compositions, including pharmaceutical compositions, comprising any
of the polynucleotides of the invention. In some embodiments, the composition comprises an expression
vector comprising a polynucleotide encoding the antibody as described herein. In other embodiment, the
composition comprises an expression vector comprising a polynucleotide encoding any of the antibodies
described herein.

Methods for preventing or treating conditions mediated by PD-1

[0199] The antibodies and the antibody conjugates of the present disclosure are useful in various
applications including, but are not limited to, therapeutic treatment methods and diagnostic treatment
methods.

[0200] In one aspect, the disclosure provides a method for treating a cancer. In some embodiments, the
method of treating a cancer in a subject comprises administering to the subject in need thereof an effective
amount of a composition (e.g., pharmaceutical composition) comprising any of the PD-1 antibodies as
described herein. As used herein, cancers include, but are not limited to bladder cancer, breast cancer,
cervical cancer, choriocarcinoma, colon cancer, esophageal cancer, gastric cancer, glioblastoma, glioma,
brain tumor, head and neck cancer, kidney cancer, lung cancer, oral cancer, ovarian cancer, pancreatic
cancer, prostate cancer, liver cancer, uterine cancer, bone cancer, leukemia, lymphoma, sacrcoma, blood
cancer, thyroid cancer, thymic cancer, eye cancer, and skin cancer. In some embodiments, provided is a
method of inhibiting tumor growth or progression in a subject, comprising administering to the subject in
need thereof an effective amount of a composition comprising the PD-1 antibodies or the PD-1 antibody



DK/EP 3230319 T3

conjugates as described herein. In some embodiments, the tumor is a PD-L1 expressing tumor. In other
embodiments, the tumor does not express PD-L1. In other embodiments, provided is a method of inhibiting
metastasis of cancer cells in a subject, comprising administering to the subject in need thereof an effective
amount of a composition comprising any of the PD-1 antibodies as described herein. In other
embodiments, provided is a method of inducing regression of a tumor in a subject, comprising
administering to the subject in need thereof an effective amount of a composition comprising any of the PD-
1 antibodies as described herein.

[0201] In another aspect, provided is a method of detecting, diagnosing, and/or monitoring a cancer. For
example, the PD-1 antibodies as described herein can be labeled with a detectable moiety such as an
imaging agent and an enzyme-substrate label. The antibodies as described herein can also be used for in
vivo diagnostic assays, such as in vivo imaging (e.g., PET or SPECT), or a staining reagent.

[0202] In some embodiments, the methods described herein further comprise a step of treating a subject
with an additional form of therapy. In some embodiments, the additional form of therapy is an additional
anti-cancer therapy including, but not limited to, chemotherapy, radiation, surgery, hormone therapy, and/or
additional immunotherapy.

[0203] With respect to all methods described herein, reference to anti-PD-1 antagonist antibodies also
includes compositions comprising one or more additional agents. These compositions may further
comprise suitable excipients, such as pharmaceutically acceptable excipients including buffers, which are
well known in the art. The present invention can be used alone or in combination with other methods of
treatment.

[0204] The anti-PD-1 antagonist antibody can be administered to a subject via any suitable route. It should
be apparent to a person skilled in the art that the examples described herein are not intended to be limiting
but to be illustrative of the techniques available. Accordingly, in some embodiments, the anti-PD-1
antagonist antibody is administered to a subject in accord with known methods, such as intravenous
administration, e.g., as a bolus or by continuous infusion over a period of time, by intramuscular,
intraperitoneal, intracerebrospinal, transdermal, subcutaneous, intra-articular, sublingually, intrasynovial,
via insufflation, intrathecal, oral, inhalation or topical routes. Administration can be systemic, e.qg.,
intravenous administration, or localized. Commercially available nebulizers for liquid formulations, including
jet nebulizers and ultrasonic nebulizers are useful for administration. Liquid formulations can be directly
nebulized and lyophilized powder can be nebulized after reconstitution. Alternatively, anti-PD-1 antagonist
antibody can be aerosolized using a fluorocarbon formulation and a metered dose inhaler, or inhaled as a
lyophilized and milled powder.

[0205] In some embodiments, an anti-PD-1 antagonist antibody is administered via site-specific or targeted
local delivery techniques. Examples of site-specific or targeted local delivery techniques include various
implantable depot sources of the anti-PD-1 antagonist antibody or local delivery catheters, such as infusion
catheters, indwelling catheters, or needle catheters, synthetic grafts, adventitial wraps, shunts and stents or
other implantable devices, site specific carriers, direct injection, or direct application. See, e.g., PCT
Publication No. WO 00/53211 and U.S. Patent No. 5,981,568.

[0206] Various formulations of an anti-PD-1 antagonist antibody may be used for administration. In some
embodiments, the anti-PD-1 antagonist antibody may be administered neat. In some embodiments, anti-
PD-1 antagonist antibody and a pharmaceutically acceptable excipient may be in various formulations.
Pharmaceutically acceptable excipients are known in the art, and are relatively inert substances that
facilitate administration of a pharmacologically effective substance. For example, an excipient can give form
or consistency, or act as a diluent. Suitable excipients include but are not limited to stabilizing agents,
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wetting and emulsifying agents, salts for varying osmolarity, encapsulating agents, buffers, and skin
penetration enhancers. Excipients as well as formulations for parenteral and nonparenteral drug delivery
are set forth in Remington, The Science and Practice of Pharmacy 20th Ed. Mack Publishing, 2000.

[0207] In some embodiments, these agents are formulated for administration by injection (e.g.,
intraperitoneally, intravenously, subcutaneously, intramuscularly, etc.). Accordingly, these agents can be
combined with pharmaceutically acceptable vehicles such as saline, Ringer's solution, dextrose solution,
and the like. The particular dosage regimen, i.e., dose, timing and repetition, will depend on the particular
individual and that individual's medical history.

[0208] An anti-PD-1 antagonist antibody can be administered using any suitable method, including by
injection (e.qg., intraperitoneally, intravenously, subcutaneously, intramuscularly, etc.). Anti-PD-1 antibodies
can also be administered topically or via inhalation, as described herein. Generally, for administration of
anti-PD-1 antibodies, an initial candidate dosage can be about 2 mg/kg. For the purpose of the present
invention, a typical daily dosage might range from about any of 3 pg/kg to 30 pg/kg to 300 pg/kg to 3
mg/kg, to 30 mg/kg, to 100 mg/kg or more, depending on the factors mentioned above. For example,
dosage of about 1 mg/kg, about 2.5 mg/kg, about 5 mg/kg, about 10 mg/kg, and about 25 mg/kg may be
used. For repeated administrations over several days or longer, depending on the condition, the treatment
is sustained until a desired suppression of symptoms occurs or until sufficient therapeutic levels are
achieved, for example, to reduce symptoms associated with cancer. The progress of this therapy is easily
monitored by conventional techniques and assays. The dosing regimen (including the anti-PD-1 antagonist
antibody used) can vary over time.

[0209] For the purpose of the present disclosure, the appropriate dosage of an anti-PD-1 antagonist
antibody will depend on the anti-PD-1 antagonist antibody (or compositions thereof) employed, the type
and severity of symptoms to be treated, whether the agent is administered for preventive or therapeutic
purposes, previous therapy, the patient's clinical history and response to the agent, the patient's clearance
rate for the administered agent, and the discretion of the attending physician. Typically the clinician will
administer an anti-PD-1 antagonist antibody until a dosage is reached that achieves the desired result.
Dose and/or frequency can vary over course of treatment. Empirical considerations, such as the half-life,
generally will contribute to the determination of the dosage. For example, antibodies that are compatible
with the human immune system, such as humanized antibodies or fully human antibodies, may be used to
prolong half-life of the antibody and to prevent the antibody being attacked by the host's immune system.
Frequency of administration may be determined and adjusted over the course of therapy, and is generally,
but not necessarily, based on treatment and/or suppression and/or amelioration and/or delay of symptoms.
Alternatively, sustained continuous release formulations of anti-PD-1 antagonist antibodies may be
appropriate. Various formulations and devices for achieving sustained release are known in the art.

[0210] In one embodiment, dosages for an antagonist antibody may be determined empirically in
individuals who have been given one or more administration(s) of an antagonist antibody. Individuals are
given incremental dosages of an anti-PD-1 antagonist antibody. To assess efficacy, an indicator of the
disease can be followed.

[0211] Administration of an anti-PD-1 antagonist antibody in accordance with the method in the present
disclosure can be continuous or intermittent, depending, for example, upon the recipient's physiological
condition, whether the purpose of the administration is therapeutic or prophylactic, and other factors known
to skilled practitioners. The administration of an anti-PD-1 antagonist antibody may be essentially
continuous over a preselected period of time or may be in a series of spaced doses.

[0212] In some embodiments, more than one anti-PD-1 antagonist antibody may be present. At least one,
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at least two, at least three, at least four, at least five different, or more antagonist antibodies can be
present. Generally, those anti-PD-1 antagonist antibodies may have complementary activities that do not
adversely affect each other. An anti-PD-1 antagonist antibody can also be used in conjunction with other
antibodies and/or other therapies. An anti-PD-1 antagonist antibody can also be used in conjunction with
other agents that serve to enhance and/or complement the effectiveness of the agents.

[0213] In some embodiments, the anti-PD-1 antagonist antibody may be administered in combination with
the administration of one or more additional therapeutic agents. These include, but are not limited to, the
administration of a chemotherapeutic agent, a vaccine, a CAR-T cell-based therapy, radiotherapy, a
cytokine therapy, a vaccine, an anti-PD-1 bispecific antibody, an inhibitor of other immunosuppressive
pathways, an inhibitors of angiogenesis, a T cell activator, an inhibitor of a metabolic pathway, an mTOR
inhitor, an inhibitor of an adenosine pathway, a tyrosine kinase inhibitor including but not limited to inlyta,
ALK inhibitors and sunitinib, a BRAF inhibitor, an epigenetic modifier, an inhibitors or depletor of Treg cells
and/or of myeloid-derived suppressor cells, a JAK inhibitor, a STAT inhibitor, a cyclin-dependent kinase
inhibitor, a biotherapeutic agent (including but not limited to antibodies to VEGF, VEGFR, EGFR, Her2/neu,
other growth factor receptors, CD20, CD40, CD-40L, CTLA-4, OX-40, 4-1BB, and ICOS), an immunogenic
agent (for example, attenuated cancerous cells, tumor antigens, antigen presenting cells such as dendritic
cells pulsed with tumor derived antigen or nucleic acids, immune stimulating cytokines (for example, IL-2,
IFNa2, GM-CSF), and cells transfected with genes encoding immune stimulating cytokines such as but not
limited to GM-CSF). Examples of chemotherapeutic agents include alkylating agents such as thiotepa and
cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturedopa, and uredopa; ethylenimines and methylamelamines including
altretamine, triethylenemelamine, trietylenephosphoramide, triethylenethiophosphoramide and
trimethylolomelamine; acetogenins (especially bullatacin and bullatacinone); a camptothecin (including the
synthetic analogue topotecan); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and
bizelesin synthetic analogues); cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin;
duocarmycin (including the synthetic analogues, KW-2189 and CBI-TMI); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, ranimustine; antibiotics such as the enediyne antibiotics
(e.g. calicheamicin, especially calicheamicin gamma1l and calicheamicin phill, see, e.g., Agnew, Chem.
Intl. Ed. Engl., 33:183-186 (1994); dynemicin, including dynemicin A; bisphosphonates, such as clodronate;
an esperamicin; as well as neocarzinostatin chromophore and related chromoprotein enediyne antibiotic
chromomophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin,
carabicin, caminomycin, carzinophilin, chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-
oxo-L-norleucine, doxorubicin (including morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-
pyrrolino-doxorubicin, and deoxydoxorubicin), pegylated liposomal doxorubicin, epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic acid, nogalamycin, olivomycins,
peplomycin, potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic acid
analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine,
6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-
azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecolcine; diaziquone; elformithine; elliptinium acetate; an epothilone; etoglucid; gallium
nitrate; hydroxyurea; lentinan; lonidamine; maytansinoids such as maytansine and ansamitocins;
mitoguazone; mitoxantrone; mopidamol; nitracrine; pentostatin; phenamet; pirarubicin; losoxantrone;
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podophyllinic acid; 2-ethylhydrazide; procarbazine; razoxane; rhizoxin; sizofuran; spirogermanium;
tenuazonic acid; triaziquone; 2, 2' 2"-trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin
A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol;
pipcbroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g. paclitaxel and
doxetaxel; chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs such
as cisplatin and carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide; mitoxantrone; vincristine;
vinorelbine; novantrone; teniposide; edatrexate; daunomycin; aminopterin; xeloda; ibandronate; CPT-11;
topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO); retinoids such as retinoic acid,
capecitabine; and pharmaceutically acceptable salts, acids or derivatives of any of the above. Also included
are anti-hormonal agents that act to regulate or inhibit hormone action on tumors such as anti-estrogens
and selective estrogen receptor modulators (SERMSs), including, for example, tamoxifen, raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY117018, onapristone, and toremifene (Fareston);
aromatase inhibitors that inhibit the enzyme aromatase, which regulates estrogen production in the adrenal
glands, such as, for example, 4(5)-imidazoles, aminoglutethimide, megestrol acetate, exemestane,
formestane, fadrozole, vorozole, letrozole, and anastrozole; and anti-androgens such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin; and pharmaceutically acceptable salts, acids or
derivatives of any of the above.

[0214] In some embodiments, an anti-PD-1 antagonist antibody is used in conjunction with one or more
other therapeutic agents targeting an immune checkpoint modulator, such as, for example without
limitation, an agent targeting PD-1, PD-L1, CTLA-4, LAG-3, B7-H3, B7-H4, B7-DC (PD-L2), B7-H5, B7-H6,
B7-H8, B7-H2, B7-1, B7-2, ICOS, ICOS-L, TIGIT, CD2, CD47, CD80, CD86, CD48, CD58, CD226, CD155,
CD112, LAIR1, 2B4, BTLA, CD160, TIM1, TIM-3, TIM4, VISTA (PD-H1), OX40, OX40L, GITR, GITRL ,
CD70, CD27 , 4-1BB, 4-BBL, DR3, TL1A, CD40, CD40L, CD30, CD30L, LIGHT, HVEM, SLAM (SLAMF1,
CD150), SLAMF2 (CD48), SLAMF3 (CD229), SLAMF4 (2B4, CD244), SLAMF5 (CD84), SLAMF6 (NTB-A),
SLAMCF7 (CS1), SLAMF8 (BLAME), SLAMF9 (CD2F), CD28, CEACAM1(CD66a ), CEACAM3, CEACAM4,
CEACAMS, CEACAM6, CEACAM7, CEACAMS8, CEACAM1-3AS CEACAM3C2, CEACAM1-15, PSG1-11,
CEACAM1-4C1, CEACAM1-4S, CEACAM1-4L, IDO, TDO, CCR2, CD39-CD73-adenosine pathway (A2AR),
BTKs, TIKs, CXCR2, CCR4, CCR8, CCR5, VEGF pathway, CSF-1, or an innate immune response
modulator. In some embodiments, an anti-PD-1 antagonist antibody is used in conjunction with, for
example, an anti-PD-L1 antagonist antibody such, as for example, BMS-936559 (MDX-1105) and
MPDL3280A; an anti-PD-1 antagonist antibody such as for example, nivolumab, pembrolizumab, and
pidilizumab; an anti-CTLA-4 antagonist antibody such as for example ipilimumab; an anti-LAG-3 antagonist
antibody such as BMS-986016 and IMP701; an anti-TIM-3 antagonist antibody; an anti-B7-H3 antagonist
antibody such as for example MGA271; an-anti-VISTA antagonist antibody; an anti-TIGIT antagonist
antibody; an anti-CD28 antagonist antibody; an anti-CD80 antibody; an anti-CD86 antibody; an-anti-B7-H4
antagonist antibody; an anti-ICOS agonist antibody; an anti-CD28 agonist antibody; an innate immune
response modulator (e.g., TLRs, KIR, NKG2A), and an IDO inhibitor. In some embodiments, an anti-PD-1
antagonist antibody is used in conjunction with a 4-1BB (CD137) agonist such as, for example, PF-
05082566 or BMS-663513. In some embodiments, an anti-PD-1 antagonist antibody is used in conjunction
with an OX40 agonist such as, for example, an anti-OX-40 agonist antibody. In some embodiments, an
anti-PD-1 antagonist antibody is used in conjunction with a GITR agonist such as, for example, an-anti-
GITR agonist antibody such as, for example without limitation, TRX518. In some embodiments, an anti-PD-
1 antagonist antibody is used in conjunction with an IDO inhibitor. In some embodiments, an anti-PD-1
antagonist antibody is used in conjunction with a cytokine therapy such as, for example without limitation,
IL-15, CSF-1, MCSF-1, etc.

[0215] In some embodiments, an anti-PD-1 antagonist antibody is used in conjunction with one or more
other therapeutic antibodies, such as, for example without limitation, an antibody targeting CD19, CD22,
CD40, CD52, or CCR4.
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[0216] In some embodiments, the anti-PD-1 antibody therapy may precede or follow the other agent
treatment by intervals ranging from minutes to weeks. In embodiments where the other agents and/or a
proteins or polynucleotides are administered separately, one would generally ensure that a significant
period of time did not expire between each delivery, such that the agent and the composition of the present
invention would still be able to exert an advantageously combined effect on the subject. In such instances,
it is contemplated that one may administer both modalities within about 12-24 h of each other and, more
preferably, within about 6-12 h of each other. In some situations, it may be desirable to extend the time
period for administration significantly, however, where several days (2, 3, 4, 5, 6 or 7) to several weeks (1,
2,3,4,5 6,7 or 8) lapse between the respective administrations.

[0217] In some embodiments, an anti-PD-1 antagonist antibody composition comprises a second agent
selected from crizotinib, palbociclib, gemcitabine, cyclophosphamide, fluorouracil, FOLFOX, folinic acid,
oxaliplatin, axitinib, sunitinib malate, tofacitinib, bevacizumab, rituximab, and traztuzumab.

[0218] In some embodiments, an anti-PD-1 antibody composition is combined with a treatment regimen
further comprising a traditional therapy selected from the group consisting of: surgery, radiation therapy,
chemotherapy, targeted therapy, immunotherapy, hormonal therapy, angiogenesis inhibition and palliative
care.

Use of the PD-1 antibodies in vaccine-based immunotherapy regimens for cancer

[0219] In some particular embodiments, the present disclosure provides a method for enhancing the
immunogenicity or therapeutic effect of a vaccine for the treatment of a cancer in a mammal, particularly a
human, which method comprises administering to the mammal receiving the vaccine an effective amount of
anti-PD-1 antagonist antibody provided by the present disclosure. In some other particular embodiments,
the present disclosure provides a method for treating a cancer in a mammal, particularly a human, which
method comprises administering to the mammal (1) an effective amount of a vaccine capable of eliciting an
immune response against cells of the cancer and (2) an effective amount of an anti-PD-1 antagonist
antibody provided by the present disclosure. The method of treating a neoplastic disorder in a mammal and
the method of enhancing the immunogenicity or therapeutic effect of a vaccine for the treatment of a
neoplastic disorder in a mammal described herein above are collectively referred to as "vaccine-based
immunotherapy regimens for cancer” (or "VBIR for cancer").

[0220] In the VBIR for cancer, the vaccine may be in any form or formulations, such as (i) cell-based
vaccines, (ii) subunit vaccines, (iii) protein-based vaccines, (iv) peptide-based vaccines, or (v) nucleic acid-
based vaccines (such as DNA-based vaccines, RNA-based vaccines, plasmid-based vaccines, or viral
vector-based vaccines).

[0221] The VBIR for cancer provided by the present disclosure may be applicable for any type of cancers.
Examples of specific cancers include: small-cell lung cancer, non-small cell lung cancer, glioma, gastric
cancer, gastrointestinal cancer, renal cancer, ovarian cancer, liver cancer, colorectal cancer, endometrial
cancer, kidney cancer, prostate cancer, thyroid cancer, neuroblastoma, pancreatic cancer, glioblastoma
multiforme, cervical cancer, bladder cancer, breast cancer, and head and neck cancer.

[0222] Vaccines intended for treating cancers typically contain an antigen (in the form of a peptide, protein,
cell component, whole cell, or a nucleic acid molecule encoding a peptide-based antigen) that is capable of
eliciting an immune response against a particular TAA expressed on or by cells of the target tumor. Many
TAAs are known in the art. Examples of known TAAs include: PSA, PSCA, and PSMA for prostate cancer;
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CEA, MUC-1, Ep-CAM, 5T4, hCG-b, K-ras, and TERT for colorectal cancer; CEA, Muc-1, p53, mesothelin,
Survivin, and NY-ESO-1 for ovarian cancer; Muc-1, 5T4, WT-1, TERT, CEA, EGF-R and MAGE-A3 for non-
small cell lung cancer; 5T4 for renal cell carcinoma; and Muc-1, mesothelin, K-Ras, Annexin A2, TERT, and
CEA for pancreatic cancer. In some particular embodiments, the vaccine used in the VBIR for cancer
provided by the present disclosure is selected from the group consisting of:

1. (1) a vaccine capable of eliciting an immune response against a TAA selected from PSA, PSCA,
PSMA, CEA, MUC-1, TERT, mesothelin, EGF-R, or MAGE-A3;

2. (2) a vaccine containing a peptide antigen derived from a TAA selected from PSA, PSCA, PSMA,
CEA, MUC-1, TERT, mesothelin, EGF-R, or MAGE-A3; and

3. (3) a vaccine containing a nucleic acid molecule that encodes a peptide antigen, wherein the peptide
antigen is derived from a TAA selected from PSA, PSCA, PSMA, CEA, MUC-1, TERT, mesothelin,
EGF-R, or MAGE-AS.

[0223] In still other particular embodiments, the vaccine contains a nucleic acid molecule that encodes one
or more immunogenic polypeptides derived from PSA, one or more immunogenic polypeptides derived
from PSCA, or one or more immunogenic polypeptides derived from PSMA.

[0224] In a specific embodiment, the nucleic acid molecule is selected from the group consisting of;

1. (1) a nucleic acid molecule encoding an immunogenic polypeptide derived from the human PSMA of
SEQ ID NO:42;

2. (2) a nucleic acid molecule encoding an immunogenic polypeptide comprising amino acids 15-750 of
SEQ ID NO:42;

3. (3) a nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO: 43, or a degenerate
variant thereof;

4. (4) a nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO: 44, or a degenerate
variant thereof;

5. (5) a nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO: 45, or a degenerate
variant thereof;

6. (6) a nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO: 46, or a degenerate
variant thereof;

7. (7) a nucleic acid molecule encoding an immunogenic polypeptide derived from the human PSA of
SEQ ID NO:47;

8. (8) a nucleic acid molecule encoding an immunogenic polypeptide comprising amino acids 25-261 of
SEQ ID NO:47;

9. (9) a nucleic acid molecule encoding an immunogenic polypeptide derived from the human PSCA of
SEQ ID NO:48;

10. (10) a nucleic acid molecule encoding (i) an immunogenic polypeptide derived from the human
PSMA of SEQ ID NO:42, (ii) ) an immunogenic polypeptide derived from the human PSA of SEQ ID
NO:47, and (iii) an immunogenic polypeptide derived from the human PSCA of SEQ ID NO:48; and

11. (11) a nucleic acid molecule encoding (i) an immunogenic polypeptide comprising amino acids 15-
750 of SEQ ID NO:42, (i) an immunogenic polypeptide comprising amino acids 25-261 of SEQ ID
NO:47, and (iii) an immunogenic polypeptide of SEQ ID NO:48.

[0225] The nucleic acid molecules that encode one or more immunogenic polypeptides derived from
prostate-associated antigens may be in the form of plasmids or vectors. An example of such a plasmid is
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the nucleic acid construct of SEQ ID NO:46 (also referred to as Plasmid 458). The nucleotide sequence of
a vector that expresses an immunogenic polypeptide derived from human PSMA is set forth in SEQ ID
NO:44 (also referred to as vector AAC68W). The nucleotide sequence of a vector that expresses an
immunogenic polypeptide derived from human PSMA, an immunogenic polypeptide derived from human
PSA, and an immunogenic polypeptide derived from human PSCA is set forth in SEQ ID NO:45 and a
vector human PSMA (vector AAC68W-734). Various immunogenic polypeptides derived from human PSMA,
PSA, and PSCA, nucleic acid constructs (including plasmids and vectors) encoding such immunogenic
polypeptides, and methods for preparing the immunogenic polypeptides and nucleic acid constructs,
including Plasmid 458, and vector AAC68W and AdJC68W-734, are disclosed in Internationals Application
Publications WO2013/164754 and WO 2015/063647.

[0226] In one aspect, the invention provides an isolated antagonist antibody which specifically binds to PD-
1, wherein the antibody comprises a heavy chain variable region (VH) comprising a VH complementarity
determining region one (CDR1), VH CDR2, and VH CDR3 of the VH having an amino acid sequence
selected group the group consisting of SEQ ID NO: 3, SEQ ID NO: 4; SEQ ID NO: 5; and SEQ ID NO: 6;
and a light chain variable region (VL) comprising a VL CDR1, VL CDR2, and VL CDR3 of the VL having an
amino acid sequence selected from the group consisting of SEQ ID NO: 2; SEQ ID NO:7; SEQ ID NO: 8;
and SEQ ID NO: 9.

[0227] Any anti-PD-1 antagonist antibodies disclosed in the present disclosure may be used in the VBIR for
cancer. In some embodiments, the anti-PD-1 antagonist antibody comprises a VH region and/or a VL
region, wherein the VH region comprises the amino acid sequence shown in SEQ ID NO: 3,4, 5, 0r6,0ra
variant with one or several conservative amino acid substitutions in residues that are not within a CDR, and
wherein the VL region comprises the amino acid sequence shown in SEQ ID NO: 2, 7, 8, or 9, or a variant
thereof with one or several amino acid substitutions in amino acids that are not within a CDR. In some
embodiments, the antibody comprises a light chain comprising the sequence shown in SEQ ID NO: 39
and/or a heavy chain comprising the sequence shown in SEQ ID NO: 29 or 38. In some particular
embodiments, the antibody comprises a VH region produced by the expression vector with ATCC
Accession No. PTA-121183. In some embodiments, the antibody comprises a VL region produced by the
expression vector with ATCC Accession No. PTA-121182.

[0228] The VBIR for cancer provided by the present disclosure may further comprise one or more other
immune modulators (in addition to the PD-1 antagonist antibody provided by the present disclosure). The
other immune modulators may be an immune-effector-cell enhancer ("IEC enhancer") or an immune-
suppressive-cell inhibitor ("ISC inhibitor"). The additional IEC enhancer or additional ISC inhibitor may be
used alone in combination with the VBIR for cancer. The additional IEC enhancer and additional 1SC
inhibitor may also be used together in combination with the VBIR for cancer.

[0229] Examples of classes of ISC inhibitors include protein kinase inhibitors, cyclooxygenase-2 (COX-2)
inhibitors, phosphodiesterase type 5 (PDES5) inhibitors, and DNA crosslinkers. Examples of COX-2 inhibitors
include celecoxib and rofecoxib. Examples of PDES inhibitors include avanafil, lodenafil, mirodenafil,
sildenafil, tadalafil, vardenafil, udenafil, and zaprinast. An example of DNA crosslinkers is
cyclophosphamide. The term "protein kinase inhibitor" refers to any substance that acts as a selective or
non-selective inhibitor of a protein kinase. Examples of specific protein kinase inhibitors suitable for use in
the VBIR for cancer include Lapatinib, AZD 2171, ET180CH 3, Indirubin-3'-oxime, NSC-154020, PD
169316, Quercetin, Roscovitine, Triciribine, ZD 1839, 5-lodotubercidin, Adaphostin, Aloisine,
Alsterpaullone, Aminogenistein, API-2, Apigenin, Arctigenin, ARRY-334543, Axitinib (AG-013736), AY-
22989, AZD 2171, Bisindolylmaleimide IX, CCI-779, Chelerythrine, DMPQ, DRB, Edelfosine, ENMD-
981693, Erbstatin analog, Erlotinib, Fasudil, Gefitinib (ZD1839), H-7, H-8, H-89, HA-100, HA-1004, HA-
1077, HA-1100, Hydroxyfasudil, Kenpaullone, KN-62, KY12420, LFM-A13, Luteolin, LY294002, LY-294002,
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Mallotoxin, ML-9, MLN608, NSC-226080, NSC-231634, NSC-664704, NSC-680410, NU6102, Olomoucine,
Oxindole |, PD 153035, PD 98059, Phloridzin, Piceatannol, Picropodophyllin, PKI, PP1, PP2,
PTK787/ZK222584, PTK787/ZK-222584, Purvalanol A, Rapamune, Rapamycin, Ro 31-8220, Rottlerin,
SB202190, SB203580, Sirolimus, SL327, SP600125, Staurosporine, STI-571, SU1498, SU4312, SU5416,
SU5416 (Semaxanib), SU6656, SU6668, syk inhibitor, TBB, TCN, Tyrphostin AG 1024, Tyrphostin AG 490,
Tyrphostin AG 825, Tyrphostin AG 957, U0126, W-7, Wortmannin, Y-27632, Zactima (ZD6474), ZM
252868. gefitinib (Iressa.RTM.), sunitinib malate (SUTENT, SU11248), erlotinib (TARCEVA; OSI-1774),
lapatinib (GW572016; GW2016), canertinib (Cl 1033), semaxinib (SU5416), vatalanib (PTK787/ZK222584),
sorafenib (BAY 43-9006), imatinib (Gleevec.RTM.; STI571), dasatinib (BMS-354825), leflunomide (SU101),
vandetanib (ZACTIMA; ZD6474), and nilotinib.

[0230] In some particular embodiments, the tyrosine kinase inhibitor is sunitinib malate Sorafenib tosylate,
or Axitinib. Sunitinib malate, which is marketed by Pfizer Inc. under the trade name SUTENT, is described
chemically as butanedioic acid, hydroxy-, (2S)-, compound with N-[2-(diethylamino)ethyl]-5-[(Z)-(5-fluoro-
1,2-dihydro-2-0x0-3H-indol-3-ylidine)methyl]-2,4-dimethyl- 1 H-pyrrole-3-carboxamide (1:1). The compound,
its synthesis, and particular polymorphs are described in U.S. Pat. No. 6,573,293. Sunitinib malate has
been approved in the U.S. for the treatment of gastrointestinal stromal tumor, advanced renal cell
carcinoma, and progressive, well-differentiated pancreatic neuroendocrine tumors in patients with
unresectable locally advanced or metastatic disease. The recommended dose of sunitinib malate for
gastrointestinal stromal tumor (GIST) and advanced renal cell carcinoma (RCC) for humans is 50 mg taken
orally once daily, on a schedule of 4 weeks on treatment followed by 2 weeks off (Schedule 4/2). The
recommended dose of sunitinib malate for pancreatic neuroendocrine tumors is 37.5 mg taken orally once
daily. In the VBIR for cancer, sunitinib malate may be administered orally in a single dose or multiple doses.
Typically, sunitinib malate is delivered for two, three, four or more consecutive weekly doses followed by an
"off" period of about 1 or 2 weeks, or more where no sunitinib malate is delivered. In one embodiment, the
doses are delivered for about 4 weeks, with 2 weeks off. The effective amount of sunitinib malate
administered orally to a human is typically below 40 mg per person per day, such as 37.5, 31.25, 25, 18.75,
12.5, or 6.25 mg per person per day. In some embodiments, sunitinib malate is administered orally in the
range of 1 - 25 mg per person per day. In some other embodiments, sunitinib malate is administered orally
in the range of 6.25, 12.5, or 18.75 mg per person per dose. Other dosage regimens and variations are
foreseeable, and will be determined through physician guidance.

[0231] Sorafenib tosylate, which is marketed under the trade name NEXAVAR, has the chemical name is 4-
(4-{3-[4-Chloro-3-(trifluoromethyl) phenyllureido}phenoxy)-N-methylpyrid-ine-2-carboxamide. It is approved
in the U.S. for the treatment of primary kidney cancer (advanced renal cell carcinoma) and advanced
primary liver cancer (hepatocellular carcinoma). The recommended daily dose is 400 mg taken orally twice
daily. In the VBIR for cancer provided by the present disclosure, the effective amount of sorafenib tosylate
administered orally is typically below 400 mg per person per day. In some embodiments, the effective
amount of sorafenib tosylate administered orally is in the range of 10 - 300 mg per person per day. In some
other embodiments, the effective amount of sorafenib tosylate administered orally is between 10 - 200 mg
per person per day, such as 10, 20, 60, 80, 100, 120, 140, 160, 180, or 200 mg per person per day.

[0232] Axitinib, which is marketed under the trade name INLYTA, has the chemical name is (N-Methyl-2-[3-
((E)-2-pyridin-2-yl-vinyl)-1 H-indazol-6-ylsulfanyl]-benzamide. It is approved for the treatment of advanced
renal cell carcinoma after failure of one prior systemic therapy. The starting dose is 5 mg orally twice daily.
Dose adjustments can be made based on individual safety and tolerability. In the VBIR for cancer provided
by the present disclosure, the effective amount of axitinib administered orally is typically below 5 mg twice
daily. In some other embodiments, the effective amount of axitinib administered orally is between 1-5 mg
twice daily. In some other embodiments, the effective amount of axitinib administered orally is between 1, 2,
3, 4, or 5 mg twice daily.
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[0233] Examples of IEC enhancers that may be used in the VBIR for cancer provided by the present
disclosure include TNFR agonists, CTLA-4 antagonists, TLR agonists, other PD-1 antagonists (such as
BMS-936558 and anti-PD-1 antibody CT-011), programmed cell death protein 1 ligand 1 (PD-L1)
antagonists (such as BMS-936559), lymphocyte-activation gene 3 (LAG3) antagonists, and T cell
Immunoglobulin- and mucin-domain-containing molecule -3 (TIM-3) antagonists. Examples of TNFR
agonists include agonists of OX40, 4-1BB (such as BMS-663513), GITR (such as TRX518), and CD40.
Examples of specific CD40 agonists are described in details herein below.

[0234] In certain other embodiments, the additional immune modulator is an anti-CD40 agonist antibody.
The antibody can be a human, humanized or part-human chimeric anti-CD40 antibody. Examples of
specific anti-CD40 monoclonal antibodies include the G28-5, mAb89, EA-5 or S2C6 monoclonal antibody,
and CP870893. In a particular embodiment, the anti-CD40 agonist antibody is CP870893 or dacetuzumab
(SGN-40).

[0235] CP-870,893 is a fully human agonistic CD40 monoclonal antibody that has been investigated
clinically as an anti-tumor therapy. The structure and preparation of CP870,893 is disclosed in
W02003040170, in which antibody CP870,893 is identified as antibody "21.4.1". The amino acid
sequences of the heavy chain and light chain of CP-870,893 are set forth in SEQ ID NO: 46 and SEQ ID
NO: 48, respectively, as well as in Table 7, in WO2003040170. In clinical trials, CP870,893 was
administered by intravenous infusion at doses generally in the ranges of 0.05 - 0.25 mg/kg per infusion. In
the VBIR for cancer provided by the present disclosure, CP-870,893 may be administered intradermally,
subcutaneously, or topically. The effective amount of CP870893 to be administered in the regimen is
generally below 0.2 mg/kg, typically in the range of 0.01 mg - 0.15 mg/kg, or 0.05 - 0.1 mg/kg.

[0236] Dacetuzumab (also known as SGN-40 or huS2C6; CAS number 88-486-59-9) is another anti-CD40
agonist antibody that has been investigated in clinical trials for indolent lymphomas, diffuse large B cell
lymphomas and Multiple Myeloma. In the VBIR for cancer provided by the present disclosure,
dacetuzumab may be administered intradermally, subcutaneously, or topically. The effective amount of
dacetuzumab to be administered is generally below 16 mg/kg, typically in the range of 0.2 mg - 14 mg/kg,
or 0.5 -8 mg/kg, or 1 - 5 mg/kg.

[0237] In still other embodiments, the additional immune modulator is an anti CTLA-4 antagonist. Examples
of suitable anti-CTLA-4 antagonist include anti-CTLA-4 antibodies (such as human anti-CTLA-4 antibodies,
mouse anti-CTLA-4 antibodies, mammalian anti-CTLA-4 antibodies, humanized anti-CTLA-4 antibodies,
monoclonal anti-CTLA-4 antibodies, polyclonal anti-CTLA-4 antibodies, chimeric anti-CTLA-4 antibodies,
anti-CTLA-4 domain antibodies), and inhibitors of CTLA-4 that agonize the co-stimulatory pathway. In some
embodiments, the CTLA-4 inhibitor is Ipilimumab or Tremelimumab.

[0238] Ipilimumab (marketed as YERVOY; also known as MEX-010, MDX-101, or by its CAS Registry No.
477202-00-9) is disclosed as antibody 10Dl in PCT Publication No. WO 01/14424. Examples of
pharmaceutical composition comprising Ipilimumab are provided in PCT Publication No. WO 2007/67959.
Ipilimumab is approved in the U.S. for the treatment of unresectable or metastatic melanoma. In the
methods provided by the present invention, Ipilimumab may be administered intradermally or
subcutaneously. The effective amount of Ipilimumab administered locally is typically in the range of 5 - 200
mg/dose per person. In some embodiments, the effective amount of Ipilimumab is in the range of 10 - 150
mg/dose per person per dose. In some particular embodiments, the effective amount of Ipilimumab is
about 10, 25, 50, 75, 100, 125, 150, 175, or 200 mg/dose per person.

[0239] Tremelimumab (also known as CP-675,206) is a fully human IgG2 monoclonal antibody and has the
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CAS number 745013-59-6. Tremelimumab is disclosed as antibody 11.2.1 in U.S. Patent No: 6,682,736. In
the VBIR for cancer provided by the present invention, Tremelimumab may be administered intravenously,
intradermally, or subcutaneously. The effective amount of Tremelimumab administered intradermally or
subcutaneously is typically in the range of 5 - 200 mg/dose per person. In some embodiments, the effective
amount of Tremelimumab is in the range of 10 - 150 mg/dose per person per dose. In some particular
embodiments, the effective amount of Tremelimumab is about 10, 25, 50, 75, 100, 125, 150, 175, or 200
mg/dose per person.

[0240] In still other embodiments, the additional immune modulator is a Toll-like Receptor (TLR) agonist.
The term "toll-like receptor agonist” or "TLR agonist” refers to a compound that acts as an agonist of a toll-
like receptor (TLR). This includes agonists of TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLRS8, TLR9,
TLR10, and TLR11 or a combination thereof.

[0241] TLR agonists useful in the method of the present disclosure include both small organic molecules
and large biological molecules. Examples of small molecule TLR agonists include 4-amino-alpha, alpha,2-
trimethyl-IH-imidazo[4,5-c]qumolin-l-ethanol, N-(2-{2-[4-amino-2-(2-methoxyethyl)-IH-imidazo[4,5-
clquinolin-I-yllethoxy-}ethyl)-N-methylmorpholine-4-carboxamide, |~(2~amino-2-methylpropyl)-2-
(ethoxymethyl-)-IH-imidazo[4,5-c]quinclin-4-armnine,  N-[4-(4-amino-2-ethyl-IH-imidazo[4,5- c]quinolin-I-
ylbutyllmethanesulfonamide, N-[4-(4-amino-2-propyl-IH-imidazo[4,5-c]quinolin-I-yl) butylime-
thanesulfonamide, and imiquimod. Some TLR agonists particularly useful in the methods or regimen
provided by the present disclosure are discussed in review article: Folkert Steinhagen, et al.. TLR-based
immune adjuvants. Vaccine 29 (2011): 3341-3355. In some embodiments, the TLR agonists are TLR9
agonists, particularly CpG oligonucleotides (or CpG.ODN). A CpG oligonucleotide is a short nucleic acid
molecule containing a cytosine followed by a guanine linked by a phosphate bond in which the pyrimidine
ring of the cytosine is unmethylated. Examples of particular CpG oligonucleotides useful in the methods
provided by the present disclosure include:

5 TCGTCGTTTTGTCGTTTTGTCGTT3' (CpG 7909; SEQ ID NO:49);
5 TCGTCGTTTTTCGGTGCTTTTS3' (CpG 24555; SEQ ID NO:50); and

5 TCGTCGTTTTTCGGTCGTTTT3' (CpG 10103; SEQ ID NO:51).

[0242] CpG7909, a synthetic 24 mer single stranded, has been extensively investigated for the treatment of
cancer as a monotherapy and in combination with chemotherapeutic agents, as well as an adjuvant for
vaccines against cancer and infectious diseases. In the methods provided by the present disclosure,
CpG79209 may be administered by injection into the muscle or any other suitable methods. For use with a
nucleic acid-based vaccine, such as a DNA vaccine, a CpG may be co-formulated with the vaccine in a
single formulation and administered by intramuscular injection coupled with electroporation. The effective
amount of CpG7909 by intramuscular, intradermal, or subcutaneous administration is typically in the range
of 10 pg/dose -10 mg/dose. In some embodiments, the effective amount of CpG7909 is in the range of
0.05 mg - 14 mg/dose. In some particular embodiments, the effective amount of CpG7909 is about 0.05,
0.1, 0.2, 0.3, 0.4, 0.5, 05 1 mg/dose. Other CpG oligonucleotides, including CpG 24555 and CpG 10103,
may be administered in similar manner and dose levels.

[0243] In the VBIR for cancer, the anti-PD-1 antagonist, the vaccine, and the additional immune modulators
may be administered either simultaneously or sequentially. In some embodiments, a vaccine is
administered sequentially with respect to the anti-PD-1 antagonist antibody, but simultaneously (e.g., in a
mixture) with respect to one or more additional immune modulators. In cases where a nucleic acid vaccine
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is administered in combination with a CpG, the vaccine and CpG may be contained in a single formulation
and administered together by any suitable method. In some embodiments, the nucleic acid vaccine and
CpG in a co-formulation (mixture) is administered by intramuscular injection in combination with
electroporation.

Fomnulations

[0244] Therapeutic formulations of the anti-PD-1 antagonist antibody used in accordance with the present
disclosure are prepared for storage by mixing an antibody having the desired degree of purity with optional
pharmaceutically acceptable carriers, excipients or stabilizers (Remington, The Science and Practice of
Pharmacy 20th Ed. Mack Publishing, 2000), in the form of lyophilized formulations or aqueous solutions.
Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations
employed, and may comprise buffers such as phosphate, citrate, and other organic acids; salts such as
sodium chloride; antioxidants including ascorbic acid and methionine;, preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride,
benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens, such as methyl or propyl paraben,;
catechol; resorcinol, cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10
residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers
such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine, arginine, or
lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or dextrins;
chelating agents such as EDTA,; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming
counter-ions such as sodium; metal complexes (e.g. Zn-protein complexes); and/or non-ionic surfactants

such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

[0245] Liposomes containing the anti-PD-1 antagonist antibody are prepared by methods known in the art,
such as described in Epstein, et al., Proc. Natl. Acad. Sci. USA 82:3688 (1985); Hwang, et al., Proc. Natl
Acad. Sci. USA 77:4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545, Liposomes with enhanced
circulation time are disclosed in U.S. Patent No. 5,013,556. Particularly useful liposomes can be generated
by the reverse phase evaporation method with a lipid composition comprising phosphatidylcholine,
cholesterol and PEG-derivatized phosphatidylethanolamine (PEG-PE). Liposomes are extruded through
filters of defined pore size to yield liposomes with the desired diameter.

[0246] The active ingredients may also be entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose or gelatin-
microcapsules and poly-(methylmethacrylate) microcapsules, respectively, in colloidal drug delivery
systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington, The Science and
Practice of Pharmacy 20th Ed. Mack Publishing (2000).

[0247] Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations include semipermeable matrices of solid hydrophobic polymers containing the antibody, which
matrices are in the form of shaped articles, e.g. films, or microcapsules. Examples of sustained-release
matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and 7 ethyl-L-
glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as

the LUPRON DEPOT ™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and
leuprolide acetate), sucrose acetate isobutyrate, and poly-D-(-)-3-hydroxybutyric acid.
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[0248] The formulations to be used for in vivo administration must be sterile. This is readily accomplished
by, for example, filtration through sterile filtration membranes. Therapeutic anti-PD-1 antagonist antibody
compositions are generally placed into a container having a sterile access port, for example, an
intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle.

[0249] The compositions according to the present disclosure may be in unit dosage forms such as tablets,
pills, capsules, powders, granules, solutions or suspensions, or suppositories, for oral, parenteral or rectal
administration, or administration by inhalation or insufflation.

[0250] For preparing solid compositions such as tablets, the principal active ingredient is mixed with a
pharmaceutical carrier, e.g. conventional tableting ingredients such as corn starch, lactose, sucrose,
sorbitol, talc, stearic acid, magnesium stearate, dicalcium phosphate or gums, and other pharmaceutical
diluents, e.g. water, to form a solid preformulation composition containing a homogeneous mixture of a
compound of the present invention, or a non-toxic pharmaceutically acceptable salt thereof. When referring
to these preformulation compositions as homogeneous, it is meant that the active ingredient is dispersed
evenly throughout the composition so that the composition may be readily subdivided into equally effective
unit dosage forms such as tablets, pills and capsules. This solid preformulation composition is then
subdivided into unit dosage forms of the type described above containing from about 0.1 to about 500 mg
of the active ingredient of the present disclosure. The tablets or pills of the novel composition can be
coated or otherwise compounded to provide a dosage form affording the advantage of prolonged action.
For example, the tablet or pill can comprise an inner dosage and an outer dosage component, the latter
being in the form of an envelope over the former. The two components can be separated by an enteric
layer that serves to resist disintegration in the stomach and permits the inner component to pass intact into
the duodenum or to be delayed in release. A variety of materials can be used for such enteric layers or
coatings, such materials including a number of polymeric acids and mixtures of polymeric acids with such
materials as shellac, cetyl alcohol and cellulose acetate.

[0251] Suitable surface-active agents include, in particular, non-ionic agents, such as

polyoxyethylenesorbitans (e.g. Tween " 20, 40, 60, 80 or 85) and other sorbitans (e.g. Span'" 20, 40, 60,
80 or 85). Compositions with a surface-active agent will conveniently comprise between 0.05 and 5%
surface-active agent, and can be between 0.1 and 2.5%. It will be appreciated that other ingredients may
be added, for example mannitol or other pharmaceutically acceptable vehicles, if necessary.

[0252] Suitable emulsions may be prepared using commercially available fat emulsions, such as

Intralipid ™, Liposyn™", Infonutrol™, Lipofundin™ and Lipiphysan'". The active ingredient may be either
dissolved in a pre-mixed emulsion composition or alternatively it may be dissolved in an oil (e.g. soybean
oil, safflower oil, cottonseed oil, sesame oil, corn oil or almond oil) and an emulsion formed upon mixing
with a phospholipid (e.g. egg phospholipids, soybean phospholipids or soybean lecithin) and water. It will
be appreciated that other ingredients may be added, for example glycerol or glucose, to adjust the tonicity
of the emulsion. Suitable emulsions will typically contain up to 20% oil, for example, between 5 and 20%.
The fat emulsion can comprise fat droplets between 0.1 and 1.0 ym, particularly 0.1 and 0.5 ym, and have
a pH in the range of 5.5 to 8.0.

[0253] The emulsion compositions can be those prepared by mixing an anti-PD-1 antagonist antibody with

IntralipidTM or the components thereof (soybean oil, egg phospholipids, glycerol and water).

[0254] Compositions for inhalation or insufflation include solutions and suspensions in pharmaceutically
acceptable, aqueous or organic solvents, or mixtures thereof, and powders. The liquid or solid
compositions may contain suitable pharmaceutically acceptable excipients as set out above. In some
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embodiments, the compositions are administered by the oral or nasal respiratory route for local or systemic
effect. Compositions in preferably sterile pharmaceutically acceptable solvents may be nebulised by use of
gases. Nebulised solutions may be breathed directly from the nebulising device or the nebulising device
may be attached to a face mask, tent or intermittent positive pressure breathing machine. Solution,
suspension or powder compositions may be administered, preferably orally or nasally, from devices which
deliver the formulation in an appropriate manner.

Kits

[0255] The disclosure also provides kits comprising any or all of the antibodies described herein. Kits of the
disclosure include one or more containers comprising an anti-PD-1 antagonist antibody described herein
and instructions for use in accordance with any of the methods of the disclosure described herein.
Generally, these instructions comprise a description of administration of the anti-PD-1 antagonist antibody
for the above described therapeutic treatments. In some embodiments, kits are provided for producing a
single-dose administration unit. In certain embodiments, the kit can contain both a first container having a
dried protein and a second container having an aqueous formulation. In certain embodiments, kits
containing single and multi-chambered pre-filled syringes (e.g., liquid syringes and lyosyringes) are
included.

[0256] In some embodiments, the antibody is a human antibody. In some embodiments, the antibody is a
humanized antibody. In some embodiments, the antibody is a monoclonal antibody. The instructions
relating to the use of an anti-PD-1 antibody generally include information as to dosage, dosing schedule,
and route of administration for the intended treatment. The containers may be unit doses, bulk packages
(e.g., multi-dose packages) or sub-unit doses. Instructions supplied in the kits of the invention are typically
written instructions on a label or package insert (e.g., a paper sheet included in the kit), but machine-
readable instructions (e.q., instructions carried on a magnetic or optical storage disk) are also acceptable.

[0257] The kits of this disclosure are in suitable packaging. Suitable packaging includes, but is not limited
to, vials, bottles, jars, flexible packaging (e.g., sealed Mylar or plastic bags), and the like. Also contemplated
are packages for use in combination with a specific device, such as an inhaler, nasal administration device
(e.g., an atomizer) or an infusion device such as a minipump. A kit may have a sterile access port (for
example the container may be an intravenous solution bag or a vial having a stopper pierceable by a
hypodermic injection needle). The container may also have a sterile access port (for example the container
may be an intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection
needle). At least one active agent in the composition is an anti-PD-1 antibody. The container may further
comprise a second pharmaceutically active agent.

[0258] Kits may optionally provide additional components such as buffers and interpretive information.
Normally, the kit comprises a container and a label or package insert(s) on or associated with the container.

Biological Deposit

[0259] Representative materials of the present disclosure were deposited in the American Type Culture
Collection, 10801 University Boulevard, Manassas, Va. 20110-2209, USA, on April 29, 2014. Vector msb7-
LC having ATCC Accession No. PTA-121182 is a polynucleotide encoding the mAb7 light chain variable
region, and vector mab7-HC having ATCC Accession No. PTA-121183 is a polynucleotide encoding the
mAb7 heavy chain variable region. The deposits were made under the provisions of the Budapest Treaty
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on the International Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure and
Regulations thereunder (Budapest Treaty). This assures maintenance of a viable culture of the deposit for
30 years from the date of deposit. The deposit will be made available by ATCC under the terms of the
Budapest Treaty, and subject to an agreement between Pfizer, Inc. and ATCC, which assures permanent
and unrestricted availability of the progeny of the culture of the deposit to the public upon issuance of the
pertinent U.S. patent or upon laying open to the public of any U.S. or foreign patent application, whichever
comes first, and assures availability of the progeny to one determined by the U.S. Commissioner of Patents
and Trademarks to be entitled thereto according to 35 U.S.C. § 122 and the Commissioner's rules pursuant
thereto (including 37 C.F.R. § 1.14 with particular reference to 886 OG 638).

[0260] The assignee of the present application has agreed that if a culture of the materials on deposit
should die or be lost or destroyed when cultivated under suitable conditions, the materials will be promptly
replaced on notification with another of the same. Availability of the deposited material is not to be
construed as a license to practice the invention in contravention of the rights granted under the authority of
any government in accordance with its patent laws.

Examples

Example 1: Effect of anti-PD-1 antibody on iFN-y and TNF secretion

[0261] This example illustrates the effect of anti-PD-1 antibody on IFN-y and TNF secretion in a mixed
lymphocyte reaction (MLR) assay.

[0262] Primary human T cell isolated from whole blood (Stanford University blood bank) were activated by
allogeneic dendritic cells (DC) expressing high levels of PD-L1 and PD-L2, that were previously
differentiated using IL-4 and GM-CSF from CD14+ myeloid cells. In this study, the following antibodies were
used: isotype control (IgG4 kappa hinge stabilized), anti-PD-1 antogonist antibody C1, anti-PD-1 antagonist
antibody C2, anti-PD-1 antagonist antibody C3, EH12.1 (BD Biosciences mouse anti human anti-PD-1
antibody, mouse isotype IgG1 Kappa), mAb7-G4, mAb15-G4, mAb-AAA, mAb15-AAA (G4 = IgG4 hinge
stabilized; AAA = mutant IgG1 which does not bind FcyR). Antibodies were tested at the following
concentrations: 0, 0.1, 1, or 10 pg/ml).

[0263] For the MLR assay, cultures were incubated with test or control antibody in 96 well plates in
triplicates at ratios of 1:10 DC: T cells and incubated in humidified incubator at 37°C with 5% COs,.

Supernatants were harvested at day 5 and cytokines were measured using Cytometric Bead Array (CBA)
using Human Soluble Protein Flex Set System kit (BD Biosciences, cat #558265) according to the
manufacturer's protocol with the following human analytes: IFNy (BD Biosciences, cat #558269), TNF (BD
Biosciences, cat #558273). Briefly, 96 well filter plates (Millipore, cat #MSBVN1250) were washed with
Wash Buffer (BD Biosciences proprietary formula) and aspirated by vacuum manifold. Standards provided
by the kit and samples were diluted in Assay Diluent (BD Biosciences proprietary formula) and added to the
plates with Capture Beads (capture bead are beads coated with antibodies for a specific soluble protein
coated with a distinct fluorescence). Plates were mixed for 5 minutes at 500rpm using a plate shaker, and
incubated for 1 hour at room temperature. Detection Reagent (phycoerythrin (PE)-conjugated antibodies,
provided by the k) was added to the plates and plates were mixed for 5 minutes. Plates were incubated for
2 hours at room temperature. Then were with wash Buffer for 5 minutes, and samples were acquired on
the BD Fortessa platforms. Data were analyzed using FCAP Array v3 (BD). The results of the MLR assay
are shown in Tables 6A and B below. Table 6A shows IFNy levels (in pg/ml), and Table shows 6B TNF
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levels (in pg/ml). Data are presented as an average * S.E.M of biological triplicates. Samples are a
representative of one MLR experiment.
Table 6A: IFNy secretion

Antibody IFNy Levels (pg/ml)
Antibody Concentration (ug/ml)
0 0.1 1 10
Ave SE Ave SE Ave SE Ave SE
Isotype §1190.598§173.4735{3760 367.426213693.972{1033.879{3525.655{744.676
Control
EH12.1 §1190.598{173.4735{3443.495{749.905 }6196.637§576.9022{7111.465 {2619.065
QAAMS- 1190.598{173.4735{4728.295}2.035 8893.595§365.125 {7790.95 {1700.012
gfb?- 1190.598{173.4735{8567.203{2085.826{11876.86 {1259.78811794.82 {1827.243
mAb7- §1190.598{173.4735{10978.78}1006.925;10177.6831907.027{9048.097 {2022.583
AAA
mAb15- §1190.598173.4735{9068.905{1332.045}7083.987§2109.455{8644.313{1797.077
AAA
C1 1190.598173.4735{5891.74 }583.57 6992.53 3338.89 {7523.7 {1907.073
C2 1190.598{173.4735{3433.687 }52.36606;8121.3053§195.315 }4295.95 {3124.257
C3 1190.598{173.4735{9698.06 }529.47 311650.97 ;143.025 }8282.573}2332.477
Table 6B: TNF secretion
Anti- TNF Levels (pg/ml)
body Antibody Concentration (ug/ml)
0 0.1 1 10
Ave SE Ave SE Ave SE Ave SE
Isotype {371.3233{17.01197{407.4133{49.58195}486.716714.42418{501.17 {5.033334
Control
EH12.1 §371.3233§17.01197{571.1233{60.43963}667.0033§35.72991{799.30337.836955
QAAMS- 371.3233317.01197;743.1167 }56.75547{686.32 {45.63348798.8533§9.143657
gfb?- 371.3233§17.01197{730.47 {33.35488§793.05 {21.19019{930.623316.04937
mAb7- {371.3233§17.01197{795.1133}58.01784;773.32 332.32587{798.68 {17.37746
AAA
mAb15- §371.3233§17.01197{803.87 {34.20712}869.4867]43.04225{731.33 {37.8211
AAA
C1 371.3233317.01197 {641.5533 {58.65366 {809.1767 {55.78437 {656.6467 {36.03128
C2 371.32333417.01197 {724.9133 {35.53936 {769.6367 {22.06726 {772.5367 {49.44021
C3 371.32333§17.01197 {692.1067 {39.12236{642.25 {21.44117 {744.0067 {49.58307

[0264] Treatment of activated T cells with anti-PD-1 antagonist antibodies resulted in increased IFNy levels
compared to isotype control (Table 6A). For example, treatment with 0.1 pg/ml mAb15-G4 and mAb7-G4
resulted in an IFNy level of 4728.295 £ 2.035 pg/ml and 8567.203 + 2085.826 pg/ml, respectively.
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Treatment with 1 pg/ml mAb15-G4 and mAb7-G4 resulted in an IFNy level of 8893.595 + 365.125 pg/mli
and 11876.86 + 1259.788 pg/ml, respectively. Treatment with 10 pg/ml mAb15-G4 and mAb7-G4 resulted
in an IFNy level of 7790.95 £ 1700.012 pg/ml and 11794.82 + 1827.243 pg/ml, respectively. In contrast,
treatment with 0.1, 1, or 10 pg/ml isotype control resulted in IFNy levels of 3760 + 367.4262 pg/ml,
3693.972 + 1033.879 pg/ml, and 3525.655 + 744.676 pg/ml, respectively.

[0265] Treatment of activated T cells with anti-PD-1 antagonist antibodies resulted in increased TNF levels
compared to isotype control (Table 6B). For example, treatment with 0.1 yg/ml mAb15-G4 or mAb7-G4
resulted in a TNF level of 743.1167 + 56.75547 pg/ml and 730.47 + 33.35488 pg/ml, respectively.
Treatment with 1 ug/ml mAb15-G4 and mAb7-G4 resulted in a TNF level of 686.32 + 45.63348 pg/ml and
793.05 £ 21.19019 pg/ml, respectively. Treatment with 10 pg/ml mAb15-G4 or mAb7-G4 resulted in a TNF
level of 798.853 + 9.14366 pg/ml and 930.623 + 16.0494 pg/ml, respectively. In contrast, treatment with
0.1, 1, or 10 pg/ml isotype control resulted in TNF levels of 407.4133 £ 49.58195 pg/ml, 486.7167 + 4.4241
pa/ml, and 501.17 £ 5.033334 pg/ml, respectively.

[0266] These results demonstrate that anti-PD-1 antibodies mAb7 and mAb15 stimulate IFNy and TNF
secretion from T cells at least as well as or better than anti-PD-1 antibodies C1, C2, and C3.

[0267] A second MLR study was conducted to test the effect of lower antibody concentrations on T cell
activation. Primary human T cell isolated from whole blood were activated as described above. The
following antibodies were tested in the second study: mAb7 (G4), mAb15 (G4), C1 (G4), EH12.1, and G4
isotype control. Antibodies were tested at the following concentrations: 0.0001, 0.001, 0.01, 0.1, 1, and 10
pg/ml. The MLR assay was conducted as described above. Results are summarized in Tables 7A and 7B
below.

Table 7A: IFNy secretion

Antibody IFNy Levels (pg/ml)
Antibody Concentration (ug/ml)

0.0001 0.001 0.01 0.1 1 10
Isotype 558.9629 £} 753.3767 + 1074.37 1667.96 1867.96 £ 2501.293 +
Control 489.4828 291.6092 324.2031 144.7286 282.7461 220.1829
EH12.1 1703.907 +] 2284.153 +§ 4384.477 £ 4726.87+} 9914.06+§ 1511019 %

417.5669 408.1215 396.1451 1201.688 1188.064 1864.176
C1 1774.38 £} 2804.017 +§ 4148.123 £} 6883.113 +{ 9598.413 £] 10283.24 +

290.6059 598.5177 194.2466 1480.168 617.4762 1008.533
mADb7 2082.07 £ 3062.09+y 5067.823 +f 7082.667 +{ 11928.81 £§ 11862.13
(G4) 720.9931 370.2791 111.4903 1336.082 1457.723 800.586
mAb15 1678.27 +{ 1410.758 £§ 473449+ 5416 £j 9140.337 £§ 10992.13
(G4) 233.82 439.9474 322.2087 1054.075 1320.499 1008.533
Table 7B: TNF secretion
Antibody TNF Levels (pg/ml)

Antibody Concentration (ug/ml)

0.0001 0.001 0.01 0.1 1 10
Isotype 452.7133 +] 282.9287 +{ 310.9144 +; 358.948 +{ 338.1107 £ 331.008 £
Control 62.85 56.77266 21.7811 81.09122 46.88385 31.35559
EH121 752.87 £y 687.3733 £§ 859.0367 + 744 .98 +{ 978.7567 £ 1950.73

32.81303 29.09567 89.3586 131.3658 227.9979 155.2098
C1 446.98 £} 444.7867 +§ 465.0933 £ 104545 +; 997.6067 +§ 895.7267 +

26.89211 59.03216 65.75044 146.9018 79.17846 60.92022
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Antibody TNF Levels (pg/ml)
Antibody Concentration (ug/ml)

0.0001 0.001 0.01 0.1 1 10
mAb7 227.6 £y 394.4233 452.65 £} 1089.377 +; 1583.52+} 1419.88+¢
(G4) 50.63436 30.47005 30.64335 174.7824 267.2131 108.711
mAb15 494.7967 +{ 489.2333 t 593.34 + 811.16 1143.54 £ 1109.063 +
(G4) 48.18105 30.63302 65.87622 89.50238 136.3954 57.70232

[0268] Treatment of activated T cells with anti-PD-1 antagonist antibodies resulted in increased IFNy levels
compared to isotype control (Table 7A). In cultures without antibody, the IFNy level was 901.453 £ 216.472
pg/ml. In cultures given 0.0001, 0.001, 0.01, 0.1, 1, or 10 pyg/ml isotype control antibody, the IFNy levels
were 558.9629 %, 489.4828 pg/ml, 753.3767 + 291.6092 pg/ml, 1074.37 £ 324.2031 pg/ml, 1667.96 +
144.7286 pg/ml, 1867.96 + 282.7461 pg/ml, 2501.293 + 220.1829 pg/ml, respectively. In contrast, in
cultures treated with 0.0001, 0.001, 0.01, 0.1, 1, or 10 yg/ml mAb7 (G4), the IFNy levels were 2082.07 £
720.9931 pg/ml, 3062.09 + 370.2791 pg/ml, 5067.823 + 111.4903 pg/ml, 7082.667 + 1336.082 pg/ml,
11928.81 £ 1457.723 pg/ml, 11862.13 £ 800.586 pg/ml, respectively. In cultures treated with 0.0001, 0.001,
0.01, 0.1, 1, or 10 pyg/ml mAb15 (G4), the IFNy levels were 1678.27 + 233.82 pg/ml, 1410.758 + 439.9474
pg/ml, 4734.49 £ 322.2087 pg/ml, 5416 £ 1054.075 pg/ml, 9140.337 + 1320.499 pg/ml, and 10992.13 +
1008.533 pg/ml, respectively.

[0269] Treatment of activated T cells with anti-PD-1 antagonist antibodies resulted in increased TNF levels
compared to isotype control (Table 7B). In cultures without antibody, the TNF level was 365.523 + 84.6607
pg/ml. In cultures treated with 0.0001, 0.001, 0.01, 0.1, 1, or 10 ug/ml isotype control antibody, the TNF
levels were 452.7133 + 62.85 pg/ml, 282.9287 + 56.77266 pg/ml, 310.9144 + 21.7811 pg/ml, 358.948 +
81.09122 pg/ml, 338.1107 + 46.88385 pg/ml, and 331.008 + 31.35559 pg/ml, respectively. In contrast, in
cultures treated with 0.0001, 0.001, 0.01, 0.1, 1, or 10 pg/ml mAb7 (G4), the TNF levels were 227.6
50.63436 pg/ml, 394.4233 + 30.47005, 452.65 + 30.64335 pg/ml, 1089.377 + 174.7824 pg/ml, 1583.52
267.2131 pg/ml, and 1419.88 * 108.711 pg/ml, respectively. In cultures given 0.0001, 0.001, 0.01, 0.1, 1,
or 10 yg/ml mAb15 (G4), the TNF levels were 494.7967 + 48.1810 pg/ml, 489.2333 + 30.63302 pg/ml,
593.34 + 65.87622 pg/ml, 811.16 £ 89.50238 pg/ml, 1143.54 + 136.3954 pg/ml, and 1109.063 * 57.70232
pa/ml, respectively.

t
t

[0270] These results demonstrate that that anti-PD-1 antibodies mAb7 and mAb15 block PD-1 signaling
and promote IFNy and TNF secretion from primary human T cells.

Example 2: Effect of anti-PD-1 antibodies on T cell proliferation

[0271] This example illustrates the effect of anti-PD-1 antibodies on T cell proliferation.

[0272] In this study, T cell proliferation was measured in an MLR assay in which T cells were cultured in the
presence of anti-PD-1 antagonist or isotype control antibodies.

[0273] For the MLR, primary human T cell isolate from whole blood (obtained from Stanford University
blood bank) were activated by allogeneic dendritic cells (DC) expressing high levels of PD-L1 and PD-L2,
that were previously differentiated using IL-4 and GM-CSF from CD14+ myeloid cells. Two experiments
were conducted.
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[0274] In the first experiment, mAb7 (IgG4 kappa hinge stabilized), mAb15 (IgG4 kappa hinge stabilized),
C1, EH12.1 and isotype control were compared. In the second experiment, clones mAb7, mAb15, C2,
EH12.1 and isotype control were compared. In both experiments antibodies were added at the following
concentrations : 0, 0.0001; 0.001; 0.01; 0.1; 1 and 10 pg/ml.

[0275] For both experiments, cultures were incubated with antibody in 96 well plates in triplicates at ratios
of 1:10 DC:T cells and incubated in humidified incubator at 37°C with 5%C0O5,. On day 5, cultures were

pulsed for 18h with 1 pCi perwell of [3H]-thymidine before harvesting. Plates then harvested on DNA
specific filter papers (Perkin Elmer) using Harvester96 (Tomtec Life Sciences). The radiolabeled filters were

covered with beta scintillation liquid (Perkin Elmer) and read in Microbeta® counter plates (Perkin Elmer).
Thymidine incorporation were analyzed as counts per minute (CPM). Results are shown as mean of

triplicates + SEM.

Table 8A
Antibody Thymidine Incorporation (CPM)
concentration isotype EH12.1 mAb7 mAb15 c1
(ug/mli) control

0 183419.3+ {183419.3 ¢ 183419.3 £{183419.3 £ 183419.3 £
4049.932 4049.932 4049.932 34049.932 4049.932

0.0001 205190 + 2274123+ {226145+ §217278.7+ §211881.3+
7769.199 7769.199 9610.045 {24472.76 10119.4

0.001 197943 + 218722 + 235367.3+ §{193192 + 212198.3 £
13904.69 13904.69 15199.75 {11885.7 36451.79

0.01 175973.3 + §253913.3+ {265654.3 £j219167.3+ 232600 +
10177.52 10177.52 12087.89 §8928.691 26403.78

0.1 1924953 + §248270.7+ {264057.7 £§257924 + 278997.3
16825.35 16825.35 10339.94 13376.669 18441.4

1 210104.7 + 32101047+ {298696.7 £i276531 + 2761413
11484.23 11484.23 6164.177 §3855.779 18516.97

10 206281.7 + §294602.7+ (301293 + §286260.7 + {264223.7 +
16001.33 16001.33 6313.417 §11483.22 9809.792

Table 8B

Antibody Thymidine Incorporatin (CPM)
concentration isotype EH12.1 mAb7 mAb15 c2
(ng/ml) control

0 229959 + 229959 + 229959 + 229959 + 229959 +
5794.112 27771.7 27771.7 5794.112 27771.7

0.0001 299107 £ 258428.3 + 2804153+ 2411127+ {258069.7 +
3193 36794.25 14101.94 40486.56 23962.19

0.001 277197 272289 + 260183 + 233184 + 267117.7 £
17518 29320.04 24634.25 28899.06 16388.83

0.01 278072.3 + §324891.3+ {365625.3+ {317377 % 381936.3 +
32671.62 3396.229 30171.07 31915.29 31901.57

0.1 268939.7 + {342131.3+ {380054.3+ {360226.3+ {381110.7 ¢
12332.06 19839.88 9774.328 1802.69 16996.97

1 241164 + 388757.7+ {392256.7+ 421229+ 401219 £+
13776.81 15684.37 15341.19 27865.13 1816.754
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Antibody Thymidine Incorporatin (CPM)
concentration isotype EH12.1 mAb7 mAb15 c2
(ng/ml) control
10 231897.7 + 408098 + 372889.7 + {323441.3+ §3919253 ¢
25865.95 20237.34 14826.49 64476.55 46054.82

[0276] Treatment of activated T cells with anti-PD-1 antagonist antibodies at a concentration of 0.01 pg/mi
or greater resulted in significantly increased T cell proliferation compared to isotype control (Tables 8A and
8B).

[0277] For example, treatment with 0.01, 0.1, 1, or 10 yg/ml mAb7 resulted in thymidine incorporation rates
of 365625.3 + 30171.07 CPM, 380054.3 + 9774.328 CPM, 392256.7 + 15341.19 CPM, and 372889.7 +
14826.49 CPM, respectively (Table 8B). Treatment with 0.01, 0.1, 1, or 10 pg/ml mAb15-G4 and mAb7
resulted in thymidine incorporation rates of 317377 £ 31915.29 CPM, 360226.3 + 1802.69 CPM, 421229
27865.13 CPM, and 323441.3 + 64476.55 CPM, respectively (Table 8B). In contrast, treatment with 0.01,
0.1, 1, or 10 uyg/ml isotype control resulted in thymidine incorporation rates of 278072.3 + 32671.62 CPM,
268939.7 + 12332.06 CPM, 241164 £ 13776.81 CPM, and 231897.7 + 25865.95 CPM, respectively (Table
8B).

[0278] These results demonstrate that that anti-PD-1 antibodies mAb7 and mAb15 block PD-1 signaling
and promote proliferation of primary human T cells.

Example 3: Effect of anti-PD-1 antibodies in a mouse model of GvHD

[0279] This example illustrates the effect of anti-PD-1 antibodies on T cell proliferation and body weight
loss in a mouse model of graft versus host disease (GvHD).

[0280] NOD-scid-IL-2 receptor gamma chain null (NSG) mice were used in this study to test the effects of
anti-PD-1 antagonist antibodies on T cell proliferation in vivo. Because NSG mice lack T cells and B cells
and have impaired NK cells, high engraftment of human cells is readily achieved. When human PBMCs are
engrafted in these mice, human T cell proliferation occurs and induces GvHD. The GvHD involves the
myeloid compartment of the host as well as the human cells. Massive proliferation of human lymphocytes
can be seen in the blood at early stages followed by high infiltration of these cells into the mouse organs,
such as the liver, spleen, kidney, gut etc., resulting in body weight loss of the mice as well as skin lesions,
hunched back, and death. The severity of the models depends on the donor PBMCs, and may differ
between donors.

[0281] In this study, the following anti-PD-1 antagonist antibodies were used: mAb7 (human IgG4 hinge
stabilized or AAA), mAb15 (human IgG4 hinge stabilized), C1, C2, and C3. For the negative control, an
isotype control human IgG4 hinge stabilized antibody was used. Primary human PBMCs were isolated from

whole blood (Stanford University blood bank), using Ficoll gradient. 107 human PBMCs were injected into
NSG mice (females 8 weeks old, Jackson Laboratories). At day 0 mice were randomized based on body
weight and PBMCs were injected intravenously. For experiments 1-4, on day 2 and day 8 antibodies were
administered intraperitoneally at 10 mg/kg. For experiment 5, on day 2 and day 8, antibodies were
administered intraperitoneally at 1 mg/kg or 10 mg/kg. Table 9 summarizes the antibodies used in each
experiment.

Table 9: Antibodies Used in Experiments 1-5
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Experiment 1

Experiment 2

Experiment 3

Experiment 4

Experiment 5

isotype control

isotype control

isotype control

isotype control

isotype control

mAb7 mAb15 mAb15 mAb15 mAb7
mAb15 mAb7 mAb7 mAb7

MAb7-AAA C1 C3 C2

C1

[0282] Bodyweight was measured periodically. Results are summarized in Figures 1A-1E. Mice were bled
periodically to assess T cell proliferation. Treatment with anti-PD-1 antibody accelerated disease course as
measured by rate of body weight loss. Compared to control mice, mice treated with anti-PD-1 antagonist
antibody had more rapid body weight loss (Figures 1A-1E).

[0283] Proliferation of human T cells was measured by flow cytometry using CD45 as a marker (clone
HI30; BD Biosciences). Flow cytometry results are summarized below in Table 10. T cell proliferation was
higher in mice treated with anti-PD-1 antagonist antibody than in mice treated with isotype control. Higher
percentage CD45 indicates higher level of proliferation of the CD45 cells and therefore more severe GvHD.

[0284] In Experiment 1, the percentage of CD45 positive blood cells was 63.86% in control mice (Table 10).
In contrast, the percentage of CD45 positive blood cells in mice treated with anti-PD-1 antibody mAb7,

mAb15, C1, or mAb7-AA was 80.34%, 77.62%, 77.26% and 76.9%, respectively (Table 10).
Table 10: T cell proliferation as measured by presence of CD45, animals treated

Experiment 1: %CDA45 positive cells in blood at day 17
Antibodies (10 mg/ml)
control mAb7 mAb15 C1 mMADb7-AAA
51.5 72.4 70 87.6 66.6
52 76.8 69 82 81
74.7 82.5 85.8 64.7 71
65.3 84 93.3 80 85.883
75.8 86 70 72 80
Average {63.86 80.34 77.62 77.26 76.8966
SEM 5.892643719 {2.80258809 5.608074536 448826247 $3.937116896
Experiment 2: %CDA45 positive cells in blood at day 12
Antibodies
control mAb7 C1 mAb15
59 81 80 78.1
51 80.078 75 79.3
66 82.5 78 69.9
75 84 80 81.8
66 86 86 83.9
Average 63.4 82.7156 79.8 78.6
SEM 4480513 1.182785 2.012461 2.678152




DK/EP 3230319 T3

Experiment 3: %CDA45 positive cells in blood at day 12

Antibodies (10 mg/ml)

control mAb7 C3 mAb15
51.5 72.4 70 72
66 80 69 74.8
74.7 82.5 85.8 86.9
65.3 84 93.3 90.2
75.8 86 70 79.4
Average 66.66 80.98 77.62 80.66
SEM 4875269 2.63638 5.608075 3.880013
Experiment 4: %CDA45 positive cells in blood at day 12
Antibodies (10 mg/ml)
control mAb7 C2 mAb15
67 92.23 83.1 88.1
77.98 88.71 82.3 74.8
78 82.5 85.8 86.9
20 93 93.3 90.2
86.8 80.1 90 79.4
Average 79.956 87.308 86.9 83.88
SEM 4.495211 2.890314 2.336932 3.253729
Experiment 5: %CDA45 positive cells in blood at day 10
Antibodies
Control mAb7 (1 mg/kg) § mAb7 (10 mg/kg)
70 72.4 77
66 79 77
74.7 82.5 85.8
65.3 84 93.3
70 86 90
Average 69.2 80.78 84.62
SEM 1.887127 2.668895 3.723305

[0285] In summary, mice treated with anti-PD-1 antibody had more rapid body weight loss and increased T
cell proliferation compared to mice treated with isotype control. These results demonstrate that treatment

with anti-PD-1 antibody stimulates proliferation of human T cells in vivo.

Example 4: Binding of anti-PD-1 antibodies

[0286] This example illustrates anti-PD-1 antibody binding on activated human T cells and cynomolgus

monkey (cyno) T cells.
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[0287] Primary human T cells were isolated from PBMCs (Stanford University blood bank) using a human
PAN T cell isolation kit according to the manufacturer protocol (Miltenyi Biotec; 130-096-353). Cyno PBMCs
were purchased from (BioreclamationlVT), and PAN T cells were isolated using non- human primate PAN T
cell isolation kit according to the manufacturer protocol (Miltenyi Biotec; 130-091-993). Human T cells were

activated for 3 days with DYNABEADS™ human T-Activator CD3/CD28 for cell expansion and activation
(Life Technologies ; 11131D). Ratio of beads to cell used was 1:1 bead:T cell, respectively. Cyno T cells
were activated for 3 days using T Cell Activation/Expansion Kit, non-human primate according to the
manufacturer protocol (Miltenyi Biotec; 130-092-919). Ratio of beads to cells used was 1:1 bead: T cell;
respectively. After 3 days cultures were harvested beads were separated form activated T cell using
magnetic force. Cells were washed and incubated with FACS buffer (including 2% FBS ) and human Fc
Receptor binding inhibito ( Affymetrix eBioscience cat. no. 16-9161-73). For cyno cells were used Fc Block
reagent (BD Biosciences cat. no. 564765). Cells were incubated for 10 minutes at room temperature and

then were then stained with live dead color to exclude dead cells (LIVE/DEAD® Fixable Blue Dead Cell
Stain Kit, for UV excitation; catalog # A10346) for another 5 minutes. Anti PD-1 antibodies were added
(concentrations of anti-PD-1 clones were incubated on cell in 1:3 serial dilution ratios starting 10 ug/ml- 0

Hg/mil) 1x10° cells were used in each reaction in total of 100 ul and cells were incubated on ice for 30
minutes. Cells then washed with FACS buffer to remove access of primary antibodies and incubated with
anti human (AffiniPure F(ab"), Fragment Donkey Anti-Human IgG (H+L) secondary conjugated with
Allophycocyanin (APC) ; cat. no. 709-136-149). Cells were stained for 30 minutes on ice. Cells were
washed and kept on ice until read using BD LSRFortessa Cell Analyzer, (BD Biosciences, cat. no. 647465).

Data were analyzed using FlowJo™ software. Results are summarized in Figures 2A and 2B.

[0288] Figure 2A shows EC50 measured for anti-PD-1 antibody binding to human activated cells, and
Figure 2B shows EC50 measured for anti-PD-1 antibody binding to cyno activated cells. Anti-PD-1
antibodies mAb7 and C1 bind activated T cells with similar EC50 (Figures 2A and 2C).

Example 5: Inhibition of PD-L1 binding by anti-PD-1 antibody

[0289] This example illustrates inhibition of PD-1 ligand (PD-L1) binding by anti-PD-1 antibody.

[0290] Primary human T cells were isolated from PBMCs (Stanford University blood bank) using human
PAN T cell isolation kit according to the manufacturer protocol (Miltenyi Biotec; 130-096-353). Cynomolgus
Monkey PBMCs were purchased from (BioreclamationlVT), and PAN T cells were isolated using non-
human primate PAN T cell isolation kit according to the manufacturer protocol (Miltenyi Biotec; 130-091-

993). Human T cells were activated for 3 days with DYNABEADS ™ human T- Activator CD3/CD28 (for cell
expansion and activation, Life Technologies; 11131D). Ratio of beads to cell used was 1:1; respectively.
Cyno T cells were activated for 3 days using T Cell Activation/Expansion Kit, non-human primate according
to the manufacturer protocol (Miltenyi Biotec; 130-092-919). Ratio of beads to cells used was 1:1;
respectively. After 3 days cultures were harvested beads were separated form activated T cell using
magnetic force. Cells were washed and incubated with FACS buffer (including 2% FBS) and human Fc
Receptor binding inhibitor (Affymetrix eBioscience; cat. no. 16-9161-73). For cyno cells were used Fc Block
reagent (BD Biosciences; cat. no. 564765). Cells were incubated for 10 minutes at room temperature and

then were stained with live dead color to exclude dead cells (LIVE/DEAD® Fixable Blue Dead Cell Stain Kit,
for UV excitation; cat. no. A10346) for another 5 minutes. Human Recombinant PD-L1 Fc (R&D Systems,
cat. no. 156-B7) or buffer alone was incubated with cells at 10 ng/ml. Each ligand was incubated separately
and incubated on ice for 30 minutes. Cells then were washed and incubated with anti PD-1 antibodies
(concentrations of anti-PD-1 clones were incubated on cell in 1:3 serial dilution ratios starting at 1 uyg/ml - 0
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Hg/mil) 1x10° cells were used in each reaction in total of 100 ul and cells were incubated on ice for 30
minutes. Cells then washed with FACS buffer to remove access of primary antibodies and incubated with
anti-human kappa conjugated with Allophycocyanin (APC) (Life Technologies; cat. no. MH10515). Cells
were stained for 30 minutes on ice, then washed and kept on ice until read using BD LSRFortessa Cell

Analyzer, (BD Biosciences, cat. no. 647465). Data were analyzed using FlowJo™ software and Mean
fluoresce intensity (MFI) and geometrical means (Geo.M) of APC staining on live cells were calculated in

the FlowJo ™ software. After Geo mean calculation IC50 were calculated using in GraphPD Prism software.
Results are summarized in Tables 11 and 12 below.
Table 11: Anti-PD-1 blockade of PD-L1 binding to PD-1 on human T cells

Antibody concentration (ug/ml) Geo Mean

mAb7 C1
0.0083375 107 143
0.00416875 129 190
0.002084375 162 245
0.001042188 205 327
0.000521094 482 415
0.000260547 358 469
0.000130273 445 484
0.000065137 503 458
0.000032568 450 420

IC50 (pM) 0.001117 0.00224
Table 12: Anti-PD-1 blockade of PD-L1 binding to PD-1 on cyno T cells
Antibody concentration (ug/ml) Geo Mean

mADb7 C1
0.0083375 114 108
0.00416875 135 144
0.002084375 174 183
0.001042188 240 264
0.000521094 322 325
0.000260547 440 404
0.000130273 494 469
0.000065137 491 472
0.000032568 410 406

IC50 (pM) 0.00092 0.00108

[0291] These results demonstrate that anti-PD-1 antibodies mAb7 and C1 inhibit PD-L1 binding to human
and cyno T cells with similar IC50.

Example 6: Effect of anti-PD-1 antibody on T cell proliferation
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[0292] This example illustrates the effect of anti-PD-1 antibody on T cell proliferation. CD4 and CD8

(AliCells, LLC) were activated for 2 days with DYNABEADS™ human T-Activator CD3/CD28 (or cell
expansion and activation (Life Technologies; 11131D). Ratio of beads to cell used was 1:1; respectively to
induce PD-1. At day 2, cultures were harvested and beads were separated from activated T cell using
magnetic force. Cells then activated on PD-L1 expressing dendritic cells and cells were incubated with
different anti-PD-1 clones at 1 pg/ml in 96 well plates in triplicates at ratios of 1;10 DC: T cells and
incubated in humidified incubator at 37°C with 5% CO,. On day 3, cultures were pulsed for 18 h with 1 pCi

perwell of [3H]-thymidine before harvesting. Plates then harvested on DNA specific filter papers
(PerkinElmer) using Harvester96 (Tomtec Life Sciences). The radiclabeled filters were covered with beta

scintillation liquid (Perkin Elmer) and read in Microbeta® counter plates (Perkin Elmer). Thymidine
Incorporation were analyzed as counts per minute (CPM). Results are shown as mean of triplicates + SEM
in Figures 3 and 4.

Example 7: Kinetic and affinity determination of human. cynomolgus monkey and mouse PD-1

interacting with humanized anti-PD-1 antibodies

[0293] This example illustrates binding of anti-PD-1 antibodies to human, cyno, or mouse PD-1.

[0294] All interaction analysis was performed on label-free biosensors at 25°C unless stated otherwise.
Surface plasmon resonance biosensors (ProteOn-XPR™ from BioRad ", and Biacore 2000™ and Biacore

T200™ from GE Life Sciences) were used to study human and cynomolgus monkey PD-1 and a biolayer
interferometry biosensor (Octet-Red384, Fortebio/Pall Life Sciences) was used to study mouse PD-1.
ProteOn experiments were performed in PBS pH 7.4 + 0.01% Tween-20 (PBST) running buffer. Biacore
experiments were performed in 10 mM Hepes pH 7.4, 150 mM NacCl, 0.05% Tween-20 (HBST+) and Octet
experiments were performed in HBST+ with 1 g/l BSA. The ProteOn data were processed in the ProteOn
Manager software, the Biacore data were processed in Biaevaluation, and the Octet data were simply
aligned to zero in the control software. The SPR data were double-referenced (Myszka, 1999, J Mol
Recognit12(5):279-284) and fit globally to a simple Langmuir model to determine the equilibrium
dissociation constant, Kp, from the ratio of the kinetic rate constants (Kp = ky/ky).

Calibration-free concentration analysis (CFCA)

[0295] The active concentration of human PD-1 (hPD-1) monomer (Sino Biologicals, cat. no. 10377-HO8H)
for use as analyte in the kinetic experiments with immobilized IgGs was determined empirically using a

CFCA assay on a Biacore T200™ equipped with CM5 sensor chip. To prepare the surfaces for these
experiments, a high capacity (approximately 12,000 RU) of mAb15 higG4 (or in some experiments,
competitor antibody C2-hlgG1) was amine-coupled onto flow cell 2, leaving flow cell 1 blank (just "activated
and blocked", without any IgG) to provide a reference surface. The hPD-1 samples were injected at
nominal concentrations of 0.1, 1, and 10 ug/ml for 36 sec at both low (5 pl/min) and high (100 pl/min) flow
rates. Surfaces were regenerated with a cocktail of 2:1 v/v Pierce IgG elution buffer (pH 2.8):4 M NacCl.
Data were analyzed in the CFCA tool in the T200 software to derive an apparent activity value for the hPD-
1 analyte, which was used to correct its "nominal” protein concentration, as determined by absorbance at
280 nm with appropriate extinction coefficient, into an "active" protein concentration. Some lots were found
to be 32% active, while others were 100% active.
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Kinetic analysis of human PD-1 (hPD-1) binding to amine-coupled mAb7, mAb15, C1, C2, C3, and
C4, mAbs

[0296] A ProteOn-XPR36 equipped with GLC sensor chips (BioRadTM, Hercules, CA), was used to
determine the kinetics and affinity of hPD-1 monomer binding to a panel of amine-coupled anti-hPD-1
mAbs (mAb7, mAb15, C1, C2, C3, and C4) in PBST running buffer. The surfaces for these experiments
were prepared in three steps; (1) the ligand channels were minimally activated for two min using a freshly
prepared mixture of the activation reagents at final 0.8 mM EDC and 0.2 mM sulfo-NHS in water, (2) the
IgGs were coupled for three min at 15 pg/ml in 10 mM sodium acetate pH 4.5, and (3) excess reactive
esters were blocked for three min with 1 M ethanolamine HCI pH 8.5. Final levels of coupled IgG ranged
from 400 RU to 1157 RU. The hPD-1 monomer was injected in a one-shot kinetic mode (Bravman et al.,
2006, Anal Biochem 358(2):281-288) along the "analyte" channels as a threefold dilution series with top
"active" concentrations of 30, 44 or 36 nM, depending on the experiment. Association and dissociation
times were 3 min and 20 min, respectively and all analytes were injected in duplicate binding cycles.
Surfaces were regenerated with a cocktail of 2:1 v/v Pierce IgG elution buffer (pH 2.8):4 M NacCl.

Table 13: Kinetic analysis of hPD-1 monomer binding to amine-coupled lgGs

I9G ik, (1/Ms) x 10° kg (1/s) x 1074 Kp (pM) at 25°C
mAb7 IgG1 AAA  {4.97 <0.43* <86
mAb7 1gG4 4.53,4.45 <0.43* <94, <96 (N = 2)
mAb15 IgG1 AAA  {8.13 <0.43* <53
mAb15 IgG4 7.32 <0.43* <58
C4 higG1 5.57,4.84 5.25, 5.89 943, 1217 (N = 2)
C3 higG2 4.56 5.21 1143
C3 higG4 5.59 4.03 721
C2 higG2 4.88 6.07 1244
C2 higG4 5.84 4.33 741
C1 higG2 14.8 7.55 510
C1 11.1, 8.34 5.57,5.73 502, 687 (N = 2)

[0297] The interactions of hPD-1 monomer with mAb7 and mAb15 showed no visible decay in binding
response within the allowed dissociation phase, so an upper limit was placed on their kg and Kp values,

according to the "5% rule" (Katsamba et al, 2008, Anal Biochem 352(2):208-221) was applied to place an
upper limit on their kq and Kp values. N = 2 refers to two independent experiments on different chips.

Cross-reaction of mAb7 and mAb15 to cynomolgus monkey PD-1

[0298] The binding kinetics of recombinant purified Fab fragments (mAb7 and mAb15) to both hPD-1-hFc1
(R&D systems cat. no. 1086PD) and cynoPD-1-hFc1 (prepared inhouse) was determined using a Biacore

2000™ equipped with a CM4 sensor chip and HBST+ running buffer. An anti-hFc polyclonal antibody was
amine-coupled to the chip and used to capture approximately 90 RU hPD-1-hFc1 and 125 RU cynoPD-1-
hFc1 on flow cells 2 and 3, leaving flow cell 1 blank (naked anti-hFc capture surface) to provide a reference
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channel. Recombinant purified Fabs were injected for two min as analyte at 0, 10, and 100 nM over freshly
captured PD-1-hFc1 fusion proteins, allowing a 15-min dissociation time. Capture surfaces were
regenerated using 75 mM phosphoric acid and the mAb7 Fab samples were injected in duplicate binding
cycles. All Fab/PD-1 complexes were very stable, such that none of the interactions showed any visible
decay in their binding responses within the allowed dissociation time, so the "5% rule" (Katsamba et al,
2008) was applied to place an upper limit on their kq and Kp values.

Table 14: Affinity determination of mAb7 and mAb15 Fabs towards hPD-1-hFc1 and cynoPD-1-hFc1 fusion
proteins

Analyte on chip k, (1/Ms) x 10%  {*kq (1/s) x 105 {Kp (pM) at 25°C
mAb7 Fab hPD-1-hFc1 567 <5.7 <101

mAb7 Fab cynoPD-1-hFel  {5.26 <5.7 <108

mAb15 Fab hPD-1-hFc1 9.16 <5.7 <62

mAb15 Fab cynoPD-1-hFc1  {8.24 <5.7 <69

Temperature dependence of the hPD-1 binding affinity towards mAb15, mAb7, and C3

[0299] A Biacore T200 ™ equipped with CM4 sensor chip was used to determine the kinetics and affinities
of hPD-1 monomer binding to a panel of higG4 molecules (mAb15, mAb7, and C3) that were captured at
low levels via amine-coupled anti-hFc polyclonal antibody. The hilgG4 mAbs were captured at 10 pg/ml on
individual flow cells, leaving flow cell 1 blank to serve as a reference surface (naked capture surface). The
hPD-1 was injected at active concentrations of 0, 10, and 100 nM for three minutes allowing an 18-min
dissociation phase. The capture surfaces were regenerated with 75 mM phosphoric acid after each binding
cycle.

Table 15: Kinetic analysis of hPD-1 monomer binding as analyte to anti-hFc-captured hlgG4 molecules

hlgG4 on chip Temp (25°C) ka (1/Ms) kd (1/s) Kp (nM)
mAb15 25 3.49 x 10° 1.71 x 104 0.49
mAb15 37 6.94 x 10° 3.73 x 104 0.54
mAb7 25 2.37 x 105 1.73 x 104 0.73
mAb7 37 4.28 x 105 3.63 x 10 0.85
c3 25 214 x 105 225 x 103 10.5
c3 37 9.70 x 105 1.56 x 1072 16.1

Cross-reaction of mAb7 to mouse-PD-1

[0300] An Octet-Red384 equipped with streptavidin sensor tips was used to determine whether mouse PD-
1 binds to mAb7. An avidity-prone assay format was chosen to increase the detection sensitivity of the
assay. Sensors were coated with biotinylated anti-human kappa polyclonal and used to capture a panel of
hlgG4 anti-hPD-1 mAbs (mAb7, C1, C2, and C3) at 10 ug/ml; each mAb was captured on eight sensors. As
a positive control, eight streptavidin sensors were coated with biotinylated J43 (eBioSciences), an anti-
mouse PD-1 antibody. Each mAb-coated sensor was exposed to the following analytes; buffer, 1 pM
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binding sites mouse PD-1-hFc, 1 yM binding sites hPD-1-hFc (positive control) or 1 uM binding sites
hGHR-hFc (negative control). All recombinant Fc-fusion proteins were from R&D systems. Each
analyte/mAb interaction was therefore tested on duplicate sensors.

[0301] Anti-PD-1 antibodies C1, C2, and C3 did not bind mouse-PD-1-hFc1 (data not shown). Anti-PD-1
antibody mAb7 bound mouse-PD-1-hFc1 weakly (data not shown). All anti-PD-1 antibodies tested bound to
hPD-1-hFc. These results demonstrate that mAb7 is weakly cross-reactive with mouse PD-1whereas C1,
C2, and C3 are not cross-reactive with mouse PD-1.

Example 8: Treatment of cancer with anti-PD-1 antibodies

[0302] This is a prophetic example illustrating use of the anti-PD-1 antibodies of the present invention for
treating cancer.

[0303] Patients with histologically confirmed, previously untreated, measurable metastatic colorectal cancer
are selected for treatment with an anti-PD-1 antibody. Patients are assigned to one of two treatment
groups: chemotherapy plus placebo or chemotherapy plus mAb7. A dynamic randomization algorithm is
utilized to achieve balance overall and within each of the following categories: study center, baseline ECOG
performance status (0 vs. 21), site of primary disease (colon vs. rectum), and number of metastatic sites (1
vs. >1). The chemotherapy treatment is administered weekly for the first 6 weeks of each 8-week cycle.
Chemotherapy is continued until study completion (96 weeks) or disease progression. mAb7 5 mg/kg or
placebo is administered every 2 weeks. Patients in the mAb7 arm who have a confirmed complete
response or experienced unacceptable toxicity as a result of chemotherapy treatment are allowed to
discontinue chemotherapy and continue receiving mAb7 alone as first-line treatment. Only patients who are
randomized to the mAb7 group may receive mAb7 as a component of second-line treatment. After
completing the study, patients are followed for any subsequent treatment and survival every 4 months until
death, loss to follow-up, or termination of the study.

[0304] Patients will undergo an assessment of tumor status at baseline and at completion of every 8-week
cycle using appropriate radiographic techniques, typically spiral CT scanning. Tumor response, or
progression, will be determined by both the investigator and an independent radiology facility (IRF) utilizing
the Response Evaluation Criteria in Solid Tumors. Therasse et al. (2000). The IRF assessment will be
performed without knowledge of the treatment assignment or investigator assessment. In addition, patients
will complete the Functional Assessment of Cancer Therapy-Colorectal (FACT-C), Version 4, a validated
instrument for assessing quality of life (QOL) in colorectal cancer patients, at baseline and prior to each
treatment cycle until disease progression. Ward et al. (1999) Qual. Life Res. 8: 181-195.

[0305] Safety is assessed from reports of adverse events, laboratory test results, and vital sign
measurements. Adverse events and abnormal laboratory results are categorized using the National Cancer
Institute Common Toxicity Criteria (NCI-CTC), Version 2. Prespecified safety measures include four
adverse events of special interest (hypertension, proteinuria, thrombosis, and bleeding).

[0306] The primary outcome measure is duration of overall survival. Secondary outcome measures
include: progression-free survival, objective response rate (complete and partial), response duration, and
change in the FACT-C QOL score. Survival duration is defined as the time from randomization to death.
For patients alive at the time of analysis, duration of survival will be censored at the date of last contact.
Progression-free survival is defined as the time from randomization to the earlier of disease progression or
death on study, defined as death from any cause within 30 days of the last dose of study drug or
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chemotherapy. For patients alive without disease progression at the time of analysis, progression-free
survival will be censored at their last tumor assessment, or day 1 (the first day of study treatment) if no
postbaseline assessment was performed. In the analysis of objective response, patients without tumor
assessments are categorized as nonresponders. Disease progression and response analyses are based
on the IRF assessments. Change in quality of life is analyzed as time to deterioration in QOL (TDQ),
defined as the length of time from randomization to a the earliest of a = 3-point decrease from baseline in
colon-cancer specific FACT-C subscale score (CCS), disease progression, or death on study. TDQ will also
be determined for the TOI-C (sum of CCS, physical and functional well-being) and total FACT-C for
changes from baseline.

Example 9: Treatment of cancer with anti-PD-1 antibodies

[0307] This example illustrates use of the anti-PD-1 antibodies of the present invention for treating cancer.

[0308] The study in this example is a Phase 1, open-label, multi center, multiple-dose, dose escalation,
safety, PK, and PD study of anti-PD-1 monoclonal antibody mAb7 administered intravenously in previously
treated adult patients with locally advanced or metastatic melanoma, squamous cell head and neck cancer
(SCHNC), ovarian carcinoma, sarcoma, or relapsed or refractory classic Hodgkin's Lymphoma (cHL). The
study protocol is summarized below in Table 16.

Table 16

Arms Assigned Interventions

Arm 1: mAb7 0.5 mg/kg every 21 days Drug mAb7 IV every 21 days
Arm 1: mAb7 1.0 mg/kg every 21 days Drug mAb7 IV every 21 days
Arm 1: mAb7 3.0 mg/kg every 21 days Drug mAb7 IV every 21 days
Arm 1: mAb7 10 mg/kg every 21 days Drug mAb7 IV every 21 days

[0309] Inclusion Criteria: - Histological or cytological diagnosis of locally advanced or metastatic melanoma,
SCCHN, ovarian cancer, sarcoma, or relapsed or refractory cHL: -Patient should have received at least 1
and no more than 5 prior lines of therapy for recurrent or metastatic disease, including both standards of
care and investigational therapies. -At least one measurable lesion as defined by RECIST version 1.1, or
(for cHL) at least 1 fluordeoxyglucose positron emission tomography (FDG PET) avid (Deauville 4/5)
measurable lesion >1.5 cm as defined by Response Criteria for Malignant Lymphoma that has not
previously been irradiated. -For Part 1B expansion and all Part 2 cohorts: patient has consented to undergo
a pre treatment and on treatment biopsy. -Adequate Renal, Liver, bone marrow function Exclusion Criteria -
Active brain or leptomeningeal metastases. -Ocular melanoma -Active, known or suspected autoimmune
disease. Patients with vitiligo, type | diabetes mellitus, residual hypothyroidism due to autoimmune condition
only requiring hormone replacement, psoriasis not requiring systemic treatment, or conditions not expected
to recur in the absence of an external trigger are permitted to enroll. Diagnosis of prior immunodeficiency
or organ transplant requiring immunosuppressive therapy, -For Part 2: prior treatment with a PD 1 or PD L1
antibody. -History of Grade 23 immune mediated AE (including AST/ALT elevations that where considered
drug related and cytokine release syndrome) that was considered related to prior immune modulatory
therapy (eg, immune checkpoint inhibitors, co stimulatory agents, etc.) and required immunosuppressive
therapy.

[0310] The number of patients with ORR (Objective Response Rate) will be measured at baseline and
every six weeks until disease progression or unacceptable toxicity up to 24 months.
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Example 9: Antagonistic activity of anti-PD-1 antibodies in human and cynomolgus monkey
primary T cells

[0311] This example illustrates the activity of anti-PD-1 antibodies in human and cynomolgus monkey
primary T cells,

[0312] In this study, the antagonistic activities of anti-PD-1 monoclonal antibody mAb7 were examined in
vitro using a mixed lymphocyte reaction (MLR). Primary T cells were isolated from human and cynomolgus
monkey-peripheral blood mononuclear cells (PBMCs). Following mAb7 exposure, cell proliferation and
cytokine secretion were evaluated in vitro under different activation conditions using a MLR for human and
cynomolgus monkey and cytokine release assay using cynomolgus monkey-blood activated with
Staphylococcal enterofoxin B (SEB) super antigen.

Methods

Human T Lymphocytes

[0313] Human buffy coat was purchased from Stanford Blood Center (Stanford, CA), diluted with
phosphate buffered saline (PBS) and layered over Ficoll for the isolation of PBMCs. The hu-PBMCs were
washed 4 times with PBS and T lymphocytes were isolated using a human-specific Pan T-cell isolation kit
with negative selection as described in the manufacturer's protocol (Miltenyi Biotec, San Diego, CA).

Cynomolgus Monkey T Lymphocytes

[0314] Fresh cynomolgus monkey-PBMCs were purchased from Bioreclamation IVT (New York, NY) and
washed twice with PBS. T lymphocytes were isolated using a non-human primate specific for pan T-cell
isolation kit with negative selection as described in the manufacturer's protocol (Miltenyi Biotec, San Diego,
CA).

Generating Human Dendiritic Cells Expressing High Levels of PD-L1

[0315] Human buffy coat was purchased from Stanford Blood Center (Stanford, CA), diluted with PBS and
layered over Ficoll for the isolation of hu-PBMCs. The hu-PBMCs were washed 4 times with PBS and

cluster of differentiation 14 (CD14*) monocytes were isolated using a human specific CD14 cell isolation kit
with positive selection, as described in the manufacturer's protocol (Miltenyi Biotec, San Diego, CA). Cells

were then seeded at 5 x 10° cells/mL in complete Roswell Park Memorial Institute (RPMI) 1640 media
supplemented with 10% fetal bovine serum (FBS) for 7 days. Cultures were supplemented with
recombinant human (rh-) IL-4 (1000 U/mL) (R&D Systems, Minneapolis, MN) and with rh-granulocyte-
macrophage colony-stimulating factor (GMCSF) (rh-GMCSF) (500 U/mL) (R&D Systems, Minneapolis, MN)
at Days 0, 2 and 5. Immature DCs were harvested, washed, and counted on Day 7. A sample of each
preparation was tested for PD-L1 expression using r-phycoerythrin (RPE) labeled anti-hu-PD-L1

(eBioscience/Affymatrix, San Diego, CA) by flow cytometry using a LSRFortessa'" analyzer (BD
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Biosciences, San Jose, CA).

Generation of Cynomolgus Monkey Dendritic Cells Expressing High Levels of PD-L1

[0316] Fresh cynomolgus monkey-PBMCs were purchased from Bioreclamation IVT (New York, NY) and
washed twice with PBS. CD14+ monocytes were isolated using a non-human primate specific CD14 cell
isolation kit with positive selection as described in the manufacturer's protocol (Miltenyi Biotech, San Diego,

CA). Cells were then seeded as 5 x 10% cells/mL in complete RPMI 1640 media supplemented with 10%
FBS for 7 days. Cultures were supplemented with rhiL-4 (1000 U/mL) (R&D Systems, Minneapolis) and rh-
GMCSF (500 U/mL) (R&D Systems, Minneapolis, MN) at Days 0, 2, and 5. Immature DCs were harvested,
washed, and counted on Day 7. A sample of each preparation was tested for PD-L1 expression using RPE-

labeled anti-hu-PD-L1 (eBioscience/Affymatrix, San Diego, CA) by flow cytometry using a LSRFortessa™
analyzer (BD Biosciences, San Jose, CA).

Generation of JeKo-1-Luc-Green Fluorescent Protein Cell Clones Expressing High Levels of
Human PD-L1

[0317] The JeKo-1 cell line (a Mantle Cell Lymphoma) was purchased from American Type Culture
Collection (ATCC, Manassas, VA). The JeKo-1-luc-2A-GFP cell line was produced at Pfizer (South San
Francisco, CA) by a transduction process that used lentiviral particles expressing individually firefly
luciferase (luc2A) and green fluorescent protein (GFP) through a bicistronic system with a blasticidin

marker (AMSBIO, LVP323, 1 x 10E7 particles per 200 pL) according to the manufacturer's protocol. JeKo-1

cells were pelleted and diluted to 1 x 108 cells/mL in RPMI with 20% FBS medium. Lentiviral particles were
added to the diluted cells at a ratio of 50 pL virus per 0.5 mL cells. To generate a JeKo-1 cell line
expressing hu-PD-L1, hu-PD-L1 cDNA was custom synthesized and cloned into generic expression vector
(pcDNA3.1) by Life Technologies (San Diego, CA). A JeKo-1-Luc-GFP cell line stably expressing hu-PDL-1

was produced at Pfizer (South San Francisco, CA) by electroporation using the Amaxa® Nucleofector
system (Lonza, Walkersville, MD) and Kit V used according to the manufacturer's protocol (Lonza,
Walkersville, MD). Cells were then grown in the presence of 250 ug/mL hygromycin for 2 weeks and then

selected by cell sorting using BD FACSAria™ Il cell sorter (BD Biosciences, San Jose, CA). The sorting of
cells was conducted with the anti-hu-PD-L1 antibody clone MIH-1 (Affymetrix/eBioscience, San Diego, CA)
labeled directly with allophycocyanin (APC) label. Positive clones were expanded and tested for high PD-L1

expression using flow cytometry (LSRFortessaTM analyzer, BD Biosciences, San Jose, CA). Clones that
were generated from single sorted cells and contained high levels of PD-L1 expression were selected.

Generation of Antibodies

[0318] mAb7 was generated in CHO cells (Pharmaceutical Sciences, Pfizer Inc, Saint Louis, MO) using
Good Laboratory Practices (GLP) material (Lot No STL0005717) and provided in 20 mM histidine, 85
mg/mL sucrose, 0.2 mg/mL polysorbate-80, 0.05 mg/mL disodium EDTA, pH 5.5 buffer. Endotoxin was
measured as £0.01 EU/mg.

[0319] The control antibody used in all in vitro assays was an anti-bovine herpes virus cloned into an IgG4-
HG framework (the same framework as MAB7). The control antibody was generated at Pfizer (South San
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Francisco, CA), Lot No 4945, with 0.3 EU/mg endotoxin.

[0320] Two anti-hu-PD-1 antibodies were generated from sequences published in previous patents and
expressed in the 1gG4-HG framework resembling the one used for MAB7. The antibodies were generated
at Pfizer (South San Francisco, CA) and were designated as positive control 1 and positive control 2 (Lot
No 5053 and 4255, respectively). Endotoxin measured was <0.13 EU/mg and <0.056 EU/mg, respectively.

Human Assay Using Dendritic Cells Expressing High Levels of PD-L1

[0321] The protocol was adapted from Kruisbeek et al, 2004, with some modifications. Differentiated
primary hu-DCs were harvested on Day 7 and verified by flow cytometry for high levels of PD-L1
expression and co-stimulatory signals necessary for T-cell activation; markers included CD80 and CD86
(antibodies purchased from BD Bioscience, San Jose, CA). Cells were counted and irradiated at 3000
radiation units (rads) using a RS2000 x-ray machine (Radsource, Brentwood, TN) to prevent DCs from
secreting cytokines but functioning only as Ag presentation support to the T cells. Thus, the cutcome of the
assay was only induced by T cells. At Day 7, freshly isolated hu-T cells from allogenic donors were
harvested. T cells were plated with irradiated DCs at a ratio of 10:1 (optimal assay conditions were

determined as 2 x 10% T cells incubated with 2 x 104 DCs in 200 WL cultures) in the presence of different
concentrations of mAb7, negative and positive control antibodies, or media alone (to evaluate the baseline
reaction). All conditions were plated in 96-well flat bottom tissue culture treated plates (Fisher Scientific
Pittsburg, PA). Cells were cultured using serum free X-vivo15 media (Lonza, Walkersville, MD) to prevent
human serum variability between experiments. Cultures were incubated at 37°C with 5% CO2 for 5 days.
On Day 5, supernatants were collected and cytokine concentrations were measured using cytometric
beads array (CBA) (BD Biosciences, San Jose, CA) according to the manufacturer's protocol. Data were

acquired using flow cytometry (LSRFortessaTM analyzer, BD Biosceinces, San Jose, CA) and data analysis
was performed using BD FCAP Array Software Version 3.0 (BD Biosceinces, San Jose, CA). Proliferation
was measured in parallel cultures by adding 1 pCi of 3H methyl-titrated thymidine (Perkin Elmer, Waltham,
MA) to each well and further incubated for 16 to 18 hours. Cultures were then harvested on
deoxyribonucleic acid (DNA) incorporation filters (Perkin Elmer, Waltham, MA), and tritiated thymidine
incorporation provided an index of cell proliferation measured as counts per minutes (cpm) using the
MicroBeta2 Machine (Perkin Elmer, Waltham, MA).

Human Assay Using JeKo1-PD-L1 Expressing Cell Line

[0322] This assay was performed using a 5:1 ratio of T cells to JeKo-1-PD-L1 cell line was used since this
ratio provided a more ideal approach to capture cytokine secretion on Day 5. Thus, each well was

incubated with 2 x 10% T cells with 4 x 104 JeKo-1-PD-L1. On Day 5, supernatants were collected and
cytokine concentrations were measured using CBA (BD Biosciences, San Jose, CA) according to the
manufacturer's protocol. This cell line expresses a very modest amount of co-stimulatory molecules (CD80
and CD86), and thus, enhanced proliferation is very mild following antibody treatment. In contrast, cytokine
secretion, including IL-2, is robust, thereby allowing the measurement of cytokine secretion following mAb7
treatment and not T-cell proliferation.

Cynomolgus Monkey Assay Using Dendritic Cells Expressing High levels of PD-L1
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[0323] Differentiated DCs were harvested on Day 7 and verified by flow cytometry (using LSRFortessa'"
analyzer, BD Biosceinces, San Jose, CA) for high PD-L1 expression and co-stimulatory signals necessary
for T-cell activation; markers included CD80 and CD86 (antibodies from BD Bioscience, San Jose, CA).
Cells were counted and irradiated at 3000 rads using RS2000 X-ray machine (Radsource, Brentwood, TN).
Freshly-isolated cynomolgus monkey T cells from allogenic donors were harvested. T cells were plated with

irradiated DCs using a ratio of 10:1 T-cells to DCs (optimal assay when 2 x 105 T cells were incubated with

2 x 104 DCs in 200 uL culture) in the presence of different concentrations of mAb7, negative and positive
control antibodies, or media alone to evaluate the baseline reaction. All conditions were plated in 96-well
flat-bottom-tissue culture-treated plates (Fisher Scientific, Pittsburg, PA). Cells were cultured using serum
free X-vivo15 media (Lonza, Walkersville, MD) to prevent serum variability between experiments. Cultures
were incubated at 37°C with 5% CO2 for 5 days. On Day 5, supernatants were collected and cytokine
concentrations were measured using CBA (BD Biosciences, San Jose, CA) according to the manufacturer's

protocol. Data were acquired using flow cytometry (LSRFortessaTM analyzer, BD Biosceinces San Jose,
CA), and data analysis was performed using BD FCAP Array Software Version 3.0 (BD Biosciences, San
Jose, CA). At the same time and in similar cultures, 1 pCi of 3H methyl-titrated thymidine (Perkin Elmer,
Waltham, MA) was added to each well; cells were further cultured for 16 to 18 hours to measure
proliferation. Cultures were harvested on DNA incorporation filters Glass Printed filtermate A (Perkin Elmer,
Waltham, MA) and tritiated thymidine incorporation, providing an index of cell proliferation, was measured
as cpm using MicroBeta2 Machine (Perkin Elmer, Waltham, MA).

Cytokine Release From Cynomolgus Monkey Blood Induced by Superantigen Stimulation
(Staphylococcal Enterotoxin B)

[0324] Whole blood from cynomolgus monkey was collected; 225 L of blood were aliquoted into tissue-
culture treated 96 well plates (Fisher Scientific, Pittsburg, PA). Samples were incubated in duplicate at 37°C
in 5% CO2 in the presence of mAb7 or an isotype-matched negative control antibody at concentrations
ranging from 0.1 to 100 ug/mL. One hour after the antibody addition, samples were stimulated with 0.1
Hg/mL SEB (Toxic Technologies, Sarasota, FL) and cultures were incubated for 3 days. On Day 3, plasma
was harvested, pooled, and frozen at -80°C. Concentrations of IFN-y, IL-2, and TNF-a in thawed serum
samples were measured in duplicate according to the manufacturer's protocol using MSD immunoassay
plates (Meso Scale Diagnostics, Rockville, MD) and an MSD Reader (Model 1200) with MSD Discovery
Workbench software (Version 4.0.12). The means of the duplicates were reported.

Results

Antagonistic Activity of mAb7 on Human Primary T Cells

[0325] When primary human T cells were activated in MLR with allogenic hu-DCs expressing PD L1, mAb7
increased T-cell proliferation (measured by ftritiated thymidine incorporation) and T-cell activation
(measured by pro-inflammatory cytokine secretion) in a dose-dependent manner. Treatment of T-cells with
mAb7 (10 pg/mL) resulted in an increase in T-cell proliferation of up to 2.5-fold over treatment with a
negative control antibody (10 pg/mL). IFN-y and TNF-a levels were increased up to 8- and 5-fold,
respectively, when compared to negative control antibody. IFN-y increase was superior to the TNF-a
increase. IL-2 expression was not detected in these cultures. When primary human T cells were activated
in MLR, using the tumor cell line JeKo 1 PD-L1 as allogenic antigen presenting cells, mAb7 induced a dose-
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dependent increase of IFN-y (up to 2.5-fold), TNF-a (up to 2-fold), and IL-2 (up to 5-fold) secretion as
compared to negative control antibody. The effect of mADb7 in this assay resembled the data obtained with
both positive control antibodies. Increased T-cell proliferation was not observed under these conditions.
Cell proliferation was minimal with a weak signal provided by CD80 and CD86 in comparison to MLR
mediated by primary DCs. IL-10, IL-4, IL-17A and IL-6 were minimal to non-detected in all assays
described above.

Antagonistic Activity of mAb7 on Cynomolugs Monkey Primary T Cells

[0326] The binding affinity of mAb7, when in solution, to hu-PD-1 and cynomolgus monkey PD-1 were very
similar in the kinetic exclusion assay (KinExA) (KD = 23 and 28 pM for human and cynomolgus monkey PD-
1, respectively). The EC50 of mAb7 on cells expressing human PD-1 and cynomolgus monkey PD-1 was
also similar. In a MLR functional assay that used T cells and DCs isolated from different cynomolgus
monkeys, mAb7 induced T cell proliferation and activation in a dose dependent manner (measured by
tritiated thymidine incorporation). This effect was also observed with positive control (antibody 1 and
antibody 2) but not with the negative control antibody. mAb7 also enhanced cytokine secretion (ie, IFN-y
and TNF-q, up to 5-fold and 3-fold, compared to treatment with negative control antibody. IL-2 expression
was not detected in these cultures. In a different cytokine-release assay using cynomolgus monkey whole
blood stimulated with 0.1 pg/mL of SEB superantigen for 3 days, mAb7 (0.1-100 pg/mL) induced greater
IFN-y, IL-2, and TNF-a secretion when compared with the negative control antibody.

[0327] MLR studies were used to create an in vitro setting resembling tumor microenvironment where T
cells are activated and expressing high levels of PD-1 in the presence of allogeneic DCs or tumor cells
expressing PD-L1. PD-1/PD-L1 interaction inhibits further T-cell proliferation and cytokine release Addition
of anti-PD-1 antibodies in these MLRs restored T-cell activation and increased proliferation and cytokine
secretion, especially IFN-y, due to block of the PD-1/ PD-L1 axis.

[0328] mAb7 accelerated the proliferation and secretion of IFN-y, TNF-a, and IL-2 by human T cells when
cultured with allogenic cells expressing high levels of PD-L1 (DCs or JeKo 1 PD-L1 cell line). In contrast,
the negative control antibody, which proved similar to media alone, did not enhance these effects. Similarly,
mAb7 enhanced T cell proliferation, IFN-y and TNF-a secretion in the cynomolgus monkey-MLR system, as
well as enhanced cytokine release from cynomolgus monkey whole blood using super antigen SEB.

[0329] These results demonstrate that anti-PD-1 antibody mAb7 enhanced T-cell proliferation and pro-
inflammatory cytokine secretion including interferon-gamma (IFN-y), tumor necrosis factor alpha (TNF-q),
and interleukin (IL)-2. These activities were observed both in primary human and cynomolgus monkey T
cells.

Example 10: Effect of anti-PD-1 antibodies in graft versus host disease

[0330] This example illustrates the effect of anti-PD-1 antibodies on T-cell activation and expansion in vivo
using a xeno-aGvHD model in NSG mice transferred with hu-PBMCs.

[0331] In this study, the effect of anti-PD-1 antibody mAb7 on T-cell activation and expansion in vivo was
studied in a xeno acute graft versus host disease (aGvHD) model in non-obese diabetic (NOD), severe-

combined immunodeficiency (SCID), interleukin 2 receptor gamma null (IL2ry”””) (NSG) mice using hu-
peripheral blood mononuclear cells (PBMCs).
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[0332] Immunocompromised NSG female mice (5 per group) aged 8 to 10 weeks (formal name, NOD, Cg-

PrkdCscid||2rgim1Wil/szJ) were purchased from the Jackson Laboratory (Bar Harbor, ME). All animals were
housed in a pathogen free facility at Pfizer (South San Francisco, CA) in accordance with the Institutional
Animal Care and Use Committee (IACUC).

[0333] Human buffy coat was purchased from Stanford Blood Center (Standord, CA), diluted with
phosphate buffered saline (PBS) and layered over Ficoll for the isolation of PBMCs. The PBMCs were
washed 2 times with PBS. Red blood cells (RBCs) were lysed using ammonium-chloride-potassium (ACK)
lysing buffer as indicated in the manufacturer's protocol (Life Technologies; San Diego, CA). After the RBC

lysis, cells were washed once more and diluted in PBS at 5 x 107 cells per mL.

[0334] For induction of xeno-aGvHD, NSG mice were injected intravenously via tail vein with hu-PBMCs.

Each mouse received 1 x 107 cells in 200 uL of PBS. In all experiments, mice were weighed 3 times weekly
and monitored for the appearance of xeno-aGvHD-like symptoms including weight loss, hunched posture,
ruffled fur, reduced mobility, and in some cases, diarrhea. Mice were euthanized after loss of 20% body
weight or the loss of 1 g/day over 2 days; this time point was recorded as the survival time. mAb7, negative
control antibody, and positive control antibodies were generated as described above in Example 9.

[0335] NSG mice were treated with negative control antibodies, positive control antibodies, or mAb7, at
doses range between 0.1-10 milligrams per kilograms (mg/kg). Antibodies were administered to mice using
the appropriate vehicle on Day 2 and Day 8 post hu-PBMC transfer. The route of antibody administration
was intraperitoneal (ip).

[0336] Peripheral blood, spleens, and livers were harvested from mice transplanted with hu-PBMCs.
Single-cell suspensions from each organ were prepared as follows: Peripheral blood was collected and
RBCs were lysed using ACK-lysing buffer and washed with PBS. Spleens and livers were mechanically
homogenized using the back of a syringe plunger to macerate the cells through a 70 pM filter and washed
once with PBS. RBCs were lysed and cells were washed 2 more times and macerated again through the 70
UM filter. At this stage, spleen cells were ready. For isolating leukocytes from liver, single cell suspensions

were layered using Percoll gradient at 30% to 80% (Percoll® Plus, GE Healthcare Bio-Sciences, Pittsburgh,
PA) and subjected to highspeed centrifugation. Leucocytes were harvested from the intermediate layer and

washed twice with PBS. All single cell suspensions were counted and 1 x 108 cells from each sample were

used for fluorescence-activated cell sorting (FACS). For human cytokine secretion assays, mouse CD45*
cells were depleted using a mouse specific CD45 cell isolation kit by positive selection, as described in the
manufacturer's protocol (Miltenyi Biotec, San Diego, CA), to ensure that cytokine-secretion was from

human immune cells alone. Cells were counted, and 1 x 108 cells from each sample were used in the
assay.

[0337] Single cell suspensions from peripheral blood, spleens, and livers were obtained from xeno-aGvHD

mice. A total of 1 x 106 cells per sample were incubated for 30 minutes at 4°C under protection from light
with a mixture of appropriate fluorescently-labeled monoclonal antibodies in FACS buffer including 1 x PBS
containing 2% fetal bovine serum (FBS), then cells were washed with FACS buffer. For intracellular staining
of Kiel 67 protein (Ki67, to measure proliferating cells), the cells were fixed after surface staining using
Intracellular Fixation & Permeabilization Buffer Set (Affymetrix/eBioscience, San Diego, CA) according to
the manufacturer's protocol. Intracellular staining was performed for 30 minutes at 4°C in the dark. At the

end of staining, samples were washed and subjected to multicolor flow cytometry using BD LSR Fortessa™
cell analyzer (BD Biosciences, San Jose, CA). Data analyses were done using FlowJo software (FLOWJO
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LLC, Ashland, OR). Antibodies used in different combinations for recognition of the cell surface molecules
were: anti- hu-CD45 Pacific Blue (PB) or Amcyan, anti-mouse CD45-Brilliant Violet (BV)-711, anti- hu-CD3-
PerCPCy5.5, anti-hu-CD8 phycoerythrin-Cy7 (PE-Cy7) or BV-786, anti-hu-CD4-fluorescein isothiocyanate
(FITC) or BV-650, anti-hu-PD-1 (clone EH12.1) BV-786 or PE, anti-hu-PD-1 (clone MIH-4) PE or FITC, anti-
hu-Ki67 allophycocyanin (APC) (all antibodies from BD Biosciences, San Jose, CA), anti-hu-PD-L1 (PE-
Affymatrix-eBioscience, San Diego, CA) and blue fluorescent reactive dye for Live/Dead staining (Life
Technologies, Grand Island, NY).

[0338] Single cell suspensions of human CD45 enriched population from spleens and livers were obtained

from xeno-aGvHD mice (after mouse CD45 depletion). A total of 1 x 109 cells per sample was incubated in
flat bottom tissue culture treated 96-well plates (Fisher Scientific; Pittsburg, PA) in 200 yL X-vivo 15 media.
Cells were then left unstimulated or stimulated with phorbol myristate acetate (PMA) 10 ng/mL and
ionomycin (iono) 125 ng/mL, as the low stimulation condition or PMA 50 ng/mL and ionomycin 1 yg/mL as
the high stimulation condition (both obtained from Sigma-Aldrich, Saint Louis, MO). Cultures were
incubated for 8 hours at 37°C in 5% CO, to ensure maximal cytokine secretion. Supernatants were

collected and human cytokine concentrations were measured using cytometric beads array (CBA) specific
for human cytokines (BD Biosciences, San Jose, CA) according to the manufacturer's protocol. Data were

acquired using flow cytometry (LSRFortessaTM analyzer, BD Biosciences, San Jose, CA), and data analysis

was performed using FCAP ArrayTM Software Version 3.0 (BD Biosciences, San Jose, CA). Hu- IFN-y, hu-
TNF-a, and hu-IL-2 bead array kits were purchased from BD Biosciences (San Jose, CA), and it was
confirmed that they did not cross-react with mouse cytokines.

[0339] All analyses involved a comparison of means using the independent-sample t-test or 2-way ANOVA
using Graphpad Prism (Graphpad Software, San Diego, CA). Values of p <0.05 were considered
statistically significant. Engraftment data are depicted in figures as mean concentrations including the
standard error of the mean (sem).

[0340] Treatment of NSG immunocompromised mice with anti-PD-1 antibody mAb7 accelerated body
weight loss (Table 17) and induced other disease signs that are commonly seen in this model, such as
hunched posture, ruffled fur, decreased mobility, and in some cases, diarrhea. In this model, body weight
loss is expected to accelerate between Day 20 and Day 30 post transfer (see, e.g., Schroeder and
DiPersio, 2011). Because treatment with mAb7 and positive controls 1 and 2 accelerated xeno-aGvHD
symptoms, mice had to be euthanized at earlier time points and a survival curve could not be obtained;
therefore, body weight loss was the primary outcome measurement. In the first experiment, mice were
treated with 0.1, 1, and 10 mg/kg of mAb7 or negative control antibody at 10 mg/kg. In Table 17, body
weight loss was calculated by normalizing the body weight differences between the treated groups at Day
23 relative to Day 0. Values indicate an average of 5 mice per group + sem.

Table 17

Treatment Groups Body weight {Body weight Body weight # per Body weight
Day 0 Day 14 Day 23 group iloss

Negative control mAb: {20.68 £0.36 {22.00 £0.36 {20.88 +1.11 5 0%

10 mg/kg

mAb7: 10 m/kg 20.78 £0.36 {17.76 +£0.57 17.74 £ 0.86 15%

mAb7: 1 mg/kg 21.52+0.36 §{19.26 +0.35 17.7 £0.58 15%

mAb7: 0.1 mg/kg 205+0.78 §{19.78 +1.38 19.22 +1.95 7.95%

[0341] Mice were treated with the indicated antibodies on Day 2 and Day 8 post-hu-PBMC transfer. While
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body weight loss became apparent in the control group on Day 23, body weight loss and disease
progression were detected in individual mice from all anti-PD-1 antibody mAb7 treated groups starting Day
10-11 post hu-PBMCs transfer. In both the 1 mg/kg and 10 mg/kg treated groups body weight loss reached
significance between Days 14 to 23, when compared to the negative control treated group (p<0.0001). On
Day 23, a 15% weight loss was detected in the 1 mg/kg and 10 mg/kg treated groups and a 7.9% weight
loss was detected in the 0.1 mg/kg treated group (Table 17).

[0342] FACS analyses of peripheral blood, liver, and spleen demonstrated an increase in the percentage of
hu-CD45 positive cells and hu-CD3 positive T cells in the mAb7 treated group versus the control group.
Representative data from spleens also showed increase in hu-CD8 positive T-cell counts, and hu-CD4
positive T- cell counts (but to a lesser extent) in mAb7 versus the negative control antibody treatment
group. Similar increase was also noted in hu-T cell counts in the liver and blood. To assess whether the
increase in T cells was due to blockade of PD-1 through binding of mAb7 to human T cells, the T cells were
stained with a commercial antibody for PD-1 (clone EH12.1) that competes with binding of mAb7. mAb7-
treated lymphocytes from all organs (analyzed by FACS) showed no binding to EH12.1. To confirm that T
cells treated with mAb7 still express PD-1, T cells were stained with a different anti-hu-PD-1 clone (clone
MIH4) that partially competes with mAb7 for binding to T cells. Results showed that T cells treated with
mAb7 partially bound MIH4; thus, indicating that PD-1 was expressed on treated T cells and that PD-1
blockade by mAb7 was evident (data not shown, maintained in Pfizer internal records). No detectable
changes were observed for hu-PD-L1 expression in the spleen, on T cells (hu-CD3 positive), or on non-hu-
T cells (hu-CD3 negative). Ki67, a marker for lymphocyte proliferation, was elevated in hu-CD3 positive
cells from the PF-0681591-treated group versus the negative control treated group in the spleen middle
panel). Similar results were seen in the blood and liver.

[0343] To examine the effects of mAb7 on cytokine release during xeno-aGvHD, hu-CD45 positive cells
(from livers and spleens) were further isolated from mouse CD45 positive cells. These lymphocytes were
then treated with a mixture of PMA and ionomycin (in 2 concentrations: low versus high) or left untreated
for 8 hours at 37°C. Cytokine secretion was measured in the supernatants by CBA (Table 18). No
detectable cytokines were obtained without stimulation (Table 18). Following mAb7 treatment, hu-IFN-y,
hu-IL-2, and hu-TNF-a were elevated in human lymphocytes isolated from both mouse spleen and liver
compartments compared to the control groups. Under weak ex vivo stimulation conditions, mAb7 treated T
cells increased hu-IFN-y secretion to levels that were significantly higher than those of T cells isolated from
the negative control group (p<0.05). Under strong ex vivo stimulation conditions, all cytokines were induced
in all groups but further increased in mAb7 treated T cells compared to T cells isolated from negative
controls. Table 18 shows data collected from 5 different mice in each group. In Table 18, *p<0.05, **p<0.01
in unpaired t-test comparing mAb7 versus negative control group; aGvHD = Acute graft versus host
disease; Hu = Human; IFN-y = Interferon gamma; IL-2 = Interleukin-2; Ino = lonomycin; N = Number; ns =
Not significant; P = P value; PMA = Phorbol myristate acetate; TNFa = Tumor necrosis factor alpha; Xeno =

Xenogeneic.
Table 18
Organ-Hu Ex Vivo Stimulation Hu- Treatment In Vivo N Statistics
Lymphocyte Conditions Cytokine mAb7 101 neaati Unpaired t-
gative
Isolated (PMA/lono) (ng/mL) pg/mL mglkg control test
mAb 10
mg/kg
Liver Weak (10/125 ng/mL) 4141 + 163.9 *P<0 05
504 43.41
IFN-y
Spleen 2599.96 5039 + *P<0.01
+ 863.45 111.9
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Organ-Hu Ex Vivo Stimulation Hu- Treatment In Vivo N Statistics
Lymphocyte Conditions Cytokine mAb7 101 neaati Unpaired t-
gative
Isolated (PMA/lono) (ng/mL) pg/mL mglkg control test
mAb 10
mg/kg
Liver 783.1 ¢ 19.41 £ 5 ns
Lo 776.26 5.29
Spleen 1813.98 14.26 + 5 ns
+ 840.26 1.40
Liver 80.75+ §9.92+255{ 5 ns
60.45
TNF-a
Spleen 368.81+i{141+£251§ 5 ns
209.73
Liver Strong (50/1000 ng/mL) 3838.65 § 2931.26+ § 5 ns
+178.84 556.98
IFN-y
Spleen 3084.1+§ 25239+ {5 ns
204.1 141.2
Liver 7759.44 { 456526 + §{ 5 ns
Lo + 809.24 1240.8
Spleen 16735.57{ 13204.5+ § 5 ns
+ 1417 1834.3
Liver 1611.9+§ 758.1¢ 5 **D<0 01
150.82 188.2
TNF-a
Spleen 28426+ 23117+ {5 ns
2242 281.36
Liver None (0/0 ng/mL) 31+ 46+096 § 5 ns
1.25
IFN-y
Spleen 394+ 148611161 5 ns
0.97
Liver 39+ {466+041} 5 ns
0.14
IL-2
Spleen 323+ {439+£055{ 5 ns
0.77
Liver 01+ 03+£02 ;5 ns
TNF-a 0.09
Spleen 04+ 02703 {5 ns
0.15

[0344] These results demonstrate that treatment of xeno-aGvHD with anti-PD-1 antibody mAb7
accelerated xeno-aGvHD development in NSG mice, as measured by body weight loss, T-cell proliferation,
and increased cytokine secretion including interferon-gamma (IFN-y) and interleukin-2 (IL-2).

Example 11: Characterization of anti-PD-1 antibodies

[0345] This example illustrates binding affinity, specificity, and ligand blocking activity of anti-PD-1 antibody
mAb7 on cells expressing surface receptor PD-1.
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[0346] mAb7, negative control antibody, and positive control antibodies were generated as described
above in Example 9. Anti-hu-PD-1 antibody clone EH12.1, primary labeled with phycoerythrin (PE) or
Brilliant Violet (BV)-786 and isotype control antibodies labeled with the same dyes were purchased from BD
Biosciences (San Jose, CA). PE-labeled anti-mouse PD-1 clone J43 and anti-hamster |gG isotype control
antibody were purchased from Affymetrix’eBiosciense (San Diego, CA). Biotinylated hu-PD-L1 and
biotinylated hu-PD-L2 (CD273), were obtained from ACRO Biosystems (Newark, DE). Cynomolgus monkey

PD-L1 and PD-L2 were purchased from Creative BioMart® Recombinant Proteins (Shirley, NY), and both

were labeled in-house with Alexa Fluor® 647dye using an Alexa Fluor® 647 protein labeling kit
(LifeTechnologies, San Diego,CA) as instructed by the manufacturer's protocol. Cynomolgus monkey PD-
L1 and PD-L2 were tested for binding to the cynomolgus monkey PD-1 expressing cell line. Rat- and
mouse-PD-L1-Fc-Tags (Fc region of human IgG1 at the C-terminus) were purchased from Creative

BioMart® Recombinant Proteins (Shirley, NY). Detection of biotinylated PD-L1 and PD-L2 was achieved
using streptavidin PE or allophycocyanin (APC) (Affymetrix/eBiosciense, San Diego, CA). Detection of rat or
mouse-PD-L1 was achieved using APC labeled Fc gamma (Fcy) Fragment Specific donkey-anti-human
affiniPure F(ab")» IgG (Jackson ImmunoResearch Laboratories Inc, West Grove, PA).

Vectors for Transient Transfection

[0347] Hu-PD-1 expression plasmid (in pCMV6-Entry vector) was purchased from OriGene Technologies,
Inc (Rockville, MD), Catalog No RC210364/Accession No NM_005018.

[0348] Mouse-PD-1 expression plasmid (in pCMV6-Entry vector) was purchased from OriGene
Technologies, Inc (Rockville, MD), Catalog No MR227347/Accession No NM_008798. Cynomolgus
monkey-PD-1 was codon optimized and synthesized by Life Technologies (San Diego, CA), Lot No
1482149/Accession No EF443145. It was cloned into a proprietary Pfizer (San Francisco, CA)
cytomegalovirus (CMV)-based expression plasmid, in frame with a mouse kappa secretory signal sequence
which added a C-terminal FLAG tag to the C-terminus.

[0349] Rat-PD-1 deoxyribonucleic acid (DNA) was custom synthesized according to the sequence from
Accession No NM_001106927 and cloned into BamHI-Notl sites of expression vector pEF1V5-His from
LifeTechnologies (San Diego, CA), Lot No1598305.

PD-1 Expression Vectors for Stable Transfection

[0350] Hu-PD-1 DNA was custom synthesized according to the sequence from Accession No NM_005018
and cloned into BamHI-Notl sites of InVitroGen expression vector pEF1V5-His B; Lot No 513478.

[0351] Cynomolgus monkey-PD-1 DNA was custom synthesized according to the Accession No EF443145
and cloned into BamHI-Notl sites of InVitroGen expression vector pEF1V5-His B, Lot No 1482149.

[0352] Mouse-PD-1 DNA was custom synthesized according to the Accession No NM_008798 and cloned
into BamHI-Notl sites of InVitroGen expression vector pEF1V5-His B, Lot No 1513476.

[0353] All vectors were synthesized and cloned into InVitroGen expression vector pEF1V5-His B by Life
Technologies (San Diego, CA). All vectors contain the complete PD-1 sequence including extracellular
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domain, membrane domain, and cytosolic domain. All vectors encoded a V5-6His epitope tag at the C-
terminus of PD-1. The neomycin resistance gene was included in each vector for selection using G418
sulfate antibiotics.

Transient Transfection Using HEK-293T Cell Line

[0354] HEK-293T cells were purchased from American Type Culture Collection (ATCC®, Manassas, VA),
and cells were maintained in Dulbecco's Modified Eagle's medium (DMEM) (Corning CellGro, Manassas,
VA) supplemented with 10% fetal bovine serum (FBS) and 1 x Penicillin/Streptomycin (Pen/Strep) and
grown in 6% carbon dioxide (COy) at 37°C. One day prior to transfection, cells were trypsinized and plated

at 4 x 108 cells per T75 flask (Fisher Scientific, Pittsburg, PA). On the day of transfection, pre-warmed,
antibiotic-free growth media replaced the old media and cells were further incubated for 2 hours at 37° C in
6% CO2. Expression vector or empty vector (10 pg) was added to 1.5 mL OptiMEM media (Life
Technologies, San Diego, CA). Lipofectamine 2000 Reagent (20 pl) (Life Technologies, San Diego, CA)
was then added to another 1.5 ml OptiMEM. The plasmid OptiMEM and Lipofectamine OptiMEM tubes
were then mixed together and incubated at room temperature for 25 minutes. The OptiMEM mixture was
then added drop-wise to the appropriate culture flask, and the flask was left overnight at 37°C in 6% CO2.
The following day, the media was removed from the flask and replaced with complete growth media. Forty-
eight (48) hours following transfection, cells were harvested using the StemPro-Accutase (Life
Technologies, San Diego, CA), thereby, allowing cells to be gently removed from the culture surface without
affecting PD-1 surface expression. Cells were then subjected to antibody binding and fluorescence-
activated cell sorting (FACS) analyses.

Stable Transfection Using Jurkat Cell Line

[0355] The Jurkat cell line, (clone E6-1 -TIB-152™, ATCC®, Manassas, VA), was used to stably express hu-
and cynomolgus monkey-PD-1. Cell lines were generated using electroporation via Amaxa
necluotransfector system (Lonza, Walkersville, MD). Transfections were performed at Pfizer (San
Francisco, CA) using a Kit V as instructed by the manufacturer's protocol (Lonza, Walkersville, MD). Cells
were maintained in growth media Roswell Park Memorial Institute (RPMI)-1640 supplemented with 10%
FBS and 1 x L-glutamine (LifeTechnologies, San Diego, CA) at 37°C in 5% CO2 at a density between 0.3 to

1.0 x 108 cells/ml. For each of the vectors, 2 pg/mL was used to transfect 2 x 108 cells. After the
transfection, cells were grown in the presence of G418 Sulfate (600 ug/mL) for 2 weeks for selection and
maintenance of the stably-transfected cells. To prevent long term contamination, 1 x Pen/Strep was added
to the media. Single cell clones were selected by culturing the cells in a dilution of 1:200 (1 cell in 200 uL
complete media supplemented with G418 sulfate antibiotics). To select for clones expressing high hu- or
cynomolgus monkey-PD-1, PE-labeled-anti-hu-PD-1 clone EH12.1 was used in flow cytometry assays.

Samples were collected using BD LSRFortessa'" cell analyzer (BD Biosciences, San Jose, CA). Data
analyses and mean fluorescence intensity (MFI) were calculated using Flowjo software (FLOWJO LLC,
Ashland, OR). Cell lines with high MF| were chosen for assay development.

[0356] HEK-293T cells transfected with hu-, cynomologus monkey-, mouse- or rat-PD-1 vectors, or empty
vector were harvested at 48 hours post transfection. Prior to binding with mAb7, cells from each specific
transfection were tested with commercial antibodies or ligands to ensure that the appropriate PD-1 receptor
was highly expressed on the cell surface. For human and cynomolgus monkey, cross reactive commercial
anti-PD-1 antibody (clone EH12.1) was used. For mouse, a commercial anti-mouse-PD-1 antibody (clone
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J43) was used. For rat, a rat-PD-L1 ligand was used (since there was no commercial rat cross-reactive
anti-PD-1 antibody available). After appropriate PD-1 expression was confirmed, cells were counted, and 2

x 10° cells were incubated with hu-Fc Receptor Binding Inhibitor Functional Grade mixture (Fc-y receptor

block at 1 pg/1 x 109 cells, Affymetrix/eBiosciense, San Diego, CA) for 20 minutes and blue fluorescent
reactive dye, used for Live/Dead staining, was added to the mixture (Life Technologies, San Diego, CA).
Serial dilutions of mAb7 or negative control (1-0.00001 pg/mL) antibody were added to the cell mixtures
and then allowed to incubate on ice for 1 hour. Cells were then washed and APC-labeled-donkey-anti-
human-affiniPure F(ab")o Fragment IgG, Fcy Specific (1:100 dilution) (Jackson ImmunoResearch

Laboratories Inc, West Grove, PA) was added to the mixture, and cells were, thereafter, incubated on ice

for another 30 minutes. Data were acquired on the BD LSRFortessa " cell analyzer (BD Biosciences, San
Jose, CA), and analyzed using Flowjo software (FLOWJO LLC, Ashland, OR).

[0357] Stable Jurkat cell clones that were transfected with either the hu-, cynomolgus monkey-, or mouse-
PD-1 receptor were generated. PD-1 Cell clones chosen for these assays from each species expressed
similar amounts of PD-1 receptors (~400,000 receptors/cell; receptors were quantified previously during the
generation of these cell lines). After appropriate PD-1 expression was confirmed, cells were counted, and 2

x 105 cells were incubated with hu-Fc Receptor Binding Inhibitor Functional Grade (Fc-y receptor Block at 1

Hg/1 x 108 cells, Affymetrix/eBiosciense, San Diego, CA) for 20 minutes and blue fluorescent reactive dye,
used for Live/Dead staining, was added to the mixture (Life Technologies, San Diego, CA). Serial dilutions
(1:3) of mAb7, positive control 1, positive control 2, or negative control antibodies (using an IgG4
framework) were added to the cell mixture and then allowed to incubate on ice for 1 hour. Cells were then
washed and APC-labeled-donkey-anti-human-affiniPure F(ab')s Fragment |gG, Fcy Specific (1:100 dilution)

(Jackson ImmunoResearch Laboratories Inc, West Grove, PA) was added to the mixture and cells were

then allowed to incubate on ice for another 30 minutes. Data were acquired on the BD LSRFortessa " cell
analyzer (BD Biosciences, San Jose, CA). Analyses were done using Flowjo software (FLOWJO LLC,
Ashland, OR) and geometrical means were calculated. ECgg values were calculated using Graph Pad Prism

(Log agonistic versus response [binding]).

[0358] Activated T cells expressing high levels of PD-1 receptors were generated. Appropriate PD-1
expression was confirmed for the T cells, obtained from each species, using commercial reagents (anti-hu-
PD-1 clone EH12.1 for human and cynomolgus monkey, anti-mouse-PD-1 clone J43 for mouse-PD-1, and

rat-PD-L1 for rat-PD-1). Cells were counted and 1 x 108 cells were incubated with hu-Fc Receptor Binding

Inhibitor Functional Grade (Fc-y receptor Block at 1 pg/1 x 108 cells, Affymetrix/eBiosciense, San Diego |,
CA) for 20 minutes and blue fluorescent reactive dye, used for Live/Dead staining, was added to the
mixture (Life Technologies, San Diego, CA). Serial dilutions of mAb7 (dilution 1:3) were added to the cell
mixture and then allowed to incubate on ice for 1 hour. Cells were then washed before APC-labeled-
donkey-anti-human-affiniPure F(ab"), Fragment 1gG, Fcy specific secondary antibody (1:100 dilution)

(Jackson ImmunoResearch Laboratories Inc, West Grove, PA) was added, and cells were allowed to
incubate on ice for 30 minutes. Data were acquired on the BD LSRFortessa’" cell analyzer (BD

Biosciences, San Jose, CA). Data analyses were done using Flowjo software (FLOWJO LLC, Ashland, OR).
Geometrical means were counted and ECsp values were calculated using Pad Graph Prism (Log agonistic

versus response [binding]).

[0359] Stable Jurkat cell clones expressing high levels of hu-PD-1 were chosen for the assay. Twenty (20)
Hg/mL of either biotinylated-hu-PD-L1 or biotinylated-hu-PD-L2 saturated all PD-1 receptors on this cell line
(after previse binding titration assays). Therefore, this concentration was chosen as the optimal

concentration in our studies. Hu-PD-1 expressing Jurkat cells (2 x 105) were incubated with hu-Fc Receptor
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Binding Inhibitor Functional Grade (Fc-y receptor block at 1 ug/1 x 108 cells, Affymetrix/eBiosciense, San
Diego, CA) for 20 minutes, and blue fluorescent reactive dye, used for Live/Dead staining, was added to
the mixture as well (Life Technologies, San Diego, CA). Biotinylated-hu-PD-L1 or biotinylated-hu- PD-L2
were added to the cells at 20 pyg/mL, immediately followed by addition of serial dilutions of mAb7, positive
control 1, positive control 2, or negative control antibodies (all in IgG4 backbone and in 1:3 serial
dilutions).Cells were allowed to incubate on ice for 1 hour. Cells were then washed and PE Streptavidin
(1:100 dilution) (Affymetrix/eBiosciense, San Diego, CA) was added and the cells allowed to incubate on ice

for 30 minutes. Data were then acquired on the BD LSRFortessa™ cell analyzer (BD Biosciences, San
Jose, CA) and analyzed using Flowjo software (FLOWJO LLC, Ashland, OR) and geometrical means were
calculated. The IC50 values were calculated using Graph Pad Prism (Log inhibitor versus response
[binding]).

[0360] Jurkat cells were stably transfected with high levels of hu- or cynomolgus monkey-PD-1 receptors.
Cells expressing cynomolgus monkey-PD-1 receptors (~400,000 receptors/cell) were chosen for this assay.
Cynomolgus monkey-PD-L1 and PD-L2 binding was tested using these cells and results showed that 20
Hg/mL of either cynomolgus monkey-PD-L1 or PD-L2 was enough to saturate all PD-1 receptors based on
the geometrical mean tested for different concentrations (50 ng/mL-50 pg/mL) of these ligands when

bound to this cell line. Cynomolgus monkey-PD-1 expressing Jurkat cells (2 x 105) were incubated with hu-

Fc Receptor Binding Inhibitor Functional Grade (Fc-y receptor Block at 1 pg/1 x 108 cells,
Affymetrix/eBiosciense, San Diego, CA) for 20 minutes and blue fluorescent reactive dye, used for

Live/Dead staining, was added to the mixture (Life Technologies, San Diego, CA). Alexa-Fluor®- 647-

cynomolgus monkey PD-L1 or Alexa--Fluor®- 647-cynomolgus monkey PD-L2 were added to the cells at t
20 yg/mL immediately followed by different concentrations of mAb7, positive control 1, positive control 2, or
negative control antibodies (using the IgG4 backbone, in 1:3 serial dilution). Cells were then allowed to

M

incubate on ice for 1 hour. After washing, cells were acquired on the BD LSRFortessa " cell analyzer (BD
Biosciences, San Jose, CA). Data analyses were done using Flowjo software (FLOWJO LLC, Ashland, OR),
and geometrical means were calculated. IC50 values were calculated with Graph Pad Prism (Log inhibitor
versus response [binding]).

[0361] Human buffy coat, purchased from Stanford Blood Center (Stanford, CA), was diluted with PBS and
layered over Ficoll for the isolation of PBMCs. The PBMCs were washed 4 times with PBS. RBCs were
lysed using ACK lysing buffer as indicated in the manufacturer's protocol (Life Technologies, San Diego,

CA). After the RBC lysis, cells were washed once more and diluted in PBS at 5 x 107 cells per mL. Half of
the PBMCs were counted and frozen down in freezing media (90% FBS with 10% dimethyl sulfoxide
[DMSQ]) and the remaining cells were subjected to T-cell purification.

[0362] From the remaining PBMCs, T lymphocytes were isolated using a hu-specific Pan T-cell isolation kit
with negative selection as described in the manufacturer's protocol (Miltenyi Biotec, San Diego, CA).

[0363] For the ADCC assay, freshly-isolated T cells (target cells) were counted, and 1 x 108 T cells per mL
were cultured in serum free X-vivo 15 media (Lonza, Walkersville, MD) and stimulated using beads coated

with anti-CD3 and anti-CD28 (Dynabeads® Human T-Activator CD3/CD28 for T-Cell Expansion and
Activation (Life Technologies, San Diego, CA) and 100 U/mL of recombinant-human (rh)-IL-2 (R&D
Systems, Minneapolis, MN). Cultures were incubated at 37°C in 5% CO2 for 72 hours. When T-cell
activation reached the 48 hour time point, PBMCs (effector cells derived from the same donor) were

thawed, counted, and then stimulated with rh-IL-2 (50 U/mL to 5 x 108 cells/mL culture) for a total of 18 to
24 hours in complete RPMI-1640 media with 10% FBS. On the day of the assay, both cell types were
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counted and tested by flow cytometry to ensure appropriate activation. For T cells, expression of high PD-1
was examined and for PBMCs expression level of receptors CD16, CD32, and CD64 (Fc-gamma receptor-
[FeyR] Il [a and b], FcyRlla, FcyRI, respectively) that mediate ADCC was examined. Cells were plated in
5:1 effector to target ratio (as this was an optimal ratio) in flat-bottom 96-well tissue culture-treated plates
(Fisher Scientific, Pittsburg, PA) following the addition of antibodies: mAb7(IgG4 and IgG1 frameworks),
and positive control antibodies. All antibodies were tested at concentrations of 0.01 to 100 pg/mL (in 1:10
serial dilutions). Assay controls were added, including target cells alone, to evaluate maximal lysis, effector
cells alone, and effector to target at a 5:1 ratio with no addition of antibody. Assay plates were incubated at

37°C in 5% CO2 for 4 hours. Data were analyzed using CytoTox 96®Non-Radioactive Cytotoxicity Assay
(Promega US, Madison, WI) as instructed by the manufacturer's protocol. The assay quantitatively
measured lactate dehydrogenase (LDH), a stable cytosolic enzyme that is released upon cell lysis. Percent
(%) of cytotoxicity was measured as = 100 x (Experimental LDH Release [OD490])/Maximum LDH Release
[OD490]). Maximum LDH release was calculated when target cell alone (T cells) cells were lysed
chemically to obtain maximum killing.

[0364] The ability of mAb7 to bind to hu-, cynomolgus monkey-, mouse-, and rat-PD-1 was evaluated using
flow cytometry (FACS) cell-based binding assays that included transiently transfected HEK-293T cell line,
primary activated T cells, and Jurkat cells stably transfected with either hu-PD-1 or cynomolgus monkey-
and mouse-PD-1. mAb7 bound to both hu-PD-1 and cynomolgus monkey-PD-1 with high affinity and
showed similar EC5g values for the 2 species (the amino acid sequence for these isoforms are the most

similar of the species analyzed). The data are summarized in Tables 19, 20, and 21. Binding to mouse-PD-
1 was only achieved at a high concentration of mAb7 that is biologically irrelevant and could be due to the
affinity maturation process. No binding of mAb7 was detected for rat-PD-1 when using transfected cells or
activated primary T cells (Table 19).

Table 19: mAb7 Binding on Primary Naive and Activated T Cells by FACS

mAb7 (% Binding) Negative Control (% Binding)
Species Naive Activated Naive Activated
Human T cells 0.68+4.82 § 87.95+165 § 3.49+0.59 475+0.59
Cynomolgus Monkey T cells § 9.21 £0.89 { 84.35+0.75 | 5.385 + 0.38 467 +£0.47
Mouse T cells 463+062 { 4.14+1.87 0.93 +0.07 0.68 £0.10
Rat T cells 3.82+1.72 0.74 £0.05 0.82 +0.16 436 +0.34

Table 20: mAb7 Binding to Activated Primary T Cells Obtained Expressing PD-1 From Individual Human
and Cynomolgus Monkey (EC50)

Individual Human T Cells (pM) Cynomolgus Monkey T Cells
(PM)

Individual 1 459 73.61

Individual 2 56.11 97.07

Average £ sem 51.04 £5.07 85.34 £ 11.73

[0365] In Table 20, each number represents EC5q values for mAb7 binding to a different donor. The bottom
row represents the average £ sem. sem = Standard error mean.

Table 21: mAb7 Binding to Stably-Transfected Jurkat Cell Lines with Human PD-1 or Cynomolgus Monkey
PD-1 (EC50)
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mAb (IgG4) Repeat Number ; Jurkat/Human-PD-1 | Jurkat/Cynomolgus Monkey-
(PM) PD-1 (pM)
mAb7 1 62.84 181.3
2 66.61 263.8
*Average * sem 64.725 £ 1.89 222.55+41.3
Positive control 1 54.52 265.2
mAb 1 2 57.60 267.2
*Average + sem 56.01 £ 1.55 266.2 +£1.0
Positive control 1 181.6 380.4
mMAb 2 2 179.6 3759
*Average + sem 180.6+1.0 378.15+£2.5

[0366] In Table 21, each number represents ECgy values for mAb7 binding in a single experiment.

*indicates the average + sem. mAb (IgG4) = Mononclonal antibody with 1gG4 framework;, PD-1=
Programmed death-1; sem= Standard error mean.

[0367] mAb7 binding to both hu- and cynomolgus monkey-PD-1 was examined using different cell based
assay systems. In all systems the binding was found to be with high affinity and specificity in both species.
Using HEK-293T transiently-transfected cell lines that expressed either hu- or cynomolgus monkey-PD-1,
mAb7 showed similar binding patterns as indicated by MFI. Minimal to no binding was observed in the
parental cell line transfected with empty vector (vehicle).

[0368] EC5y values of mAb7 binding to activated hu- and cynomolgus monkey-primary T cells were

determined at 72 hours post activation, when PD-1 expression on cell surface and cell viability were optimal
(Table 19). EC5q values were calculated for 2 different donors of each species (Table 20). In both hu- and

cynomolgus monkey-activated T cells, low EC5g values were obtained and ECsg values were found to be

close between the 2 species, 51.04 £ 5.07 pM and 85.34 £ 11.73 pM, respectively (mean + standard error
mean [sem]). No binding was observed with the negative control antibody above the baseline values.

[0369] The Jurkat T cell line, which minimally expresses hu-PD-1 receptors, was used to generate stably-
transfected hu-PD-1, cynomolgus monkey-PD-1, and mouse-PD-1 cell lines. Cell lines were sub-cloned and
clones expressing high levels of hu-PD-1 and cynomolgus monkey-PD-1 receptors were selected
(~400,000 PD-1 receptors per cell was the highest expression obtained). In this system, mAb7 showed high
affinity for hu-PD-1 and cynomolgus monkey-PD-1 receptors. ECgg values for the two species were similar
to the primary activated T-cell data (Table 21); ECgp= 64.725 + 1.89 for hu-PD-1 and 222.55 + 41.3 for
cynomolgus monkey-PD-1. ECsqg values for cynomolgus monkey-PD-1 expressing cells were more variable
than human ECsq values between the 2 experimental runs. Data for the two species were similar to data
obtained with the positive control antibodies used in any given repeat (Table 21). Negative control antibody
did not exhibit binding above the baseline values in any of the experimental repeats.The ability of mAb7 to
block PD-L1 and PD-L2 ligands from interacting with the PD-1 receptor was examined in a PD-1-
transfected Jurkat Cell line (expressing either hu-PD-1 or cynomolgus monkey-PD-1). In this assay, cells
were incubated with labeled ligands at saturating concentrations following incubation with unlabeled mAb7
at different concentrations. As shown in Table 22, mAb7 inhibited PD-L1 and PD-L2 ligands from binding to
the PD-1 receptor in a dose-dependent manner. Positive control antibodies for PD-1 showed comparable
inhibition. The IC50 of mAb7 was comparable between hu- and cynomolgus monkey-PD-1 (880.15 %



DK/EP 3230319 T3

289.85 and 1058 = 355.4 for hu-PD-L1 and hu- PD-L2, respectively, and 942.9+ 110.1 and 839 % 89.5 for
cynomolgus monkey-PD-L1 and cynomolgus monkey-PD-L2, respectively). A summary of |IC50 values is
provided in Table 22. In Table 22, each number represents IC5q values for mAb7 in a single experiment;
*indicates the average * sem; i indicates the repeat number in parentheses; mAb IgG4=monoclonal
antibody with 1gG4 framework; PD-1=Programmed death-1; PD-L1 =Programmed death-ligand 1; PD-
L2=Programmed death-ligand 2; sem = Standard error mean.

Table 22: Inhibitory Concentrations (ICsg; pM) for Blockade of Human PD-1 or Cynomolgus Monkey-PD-1
Binding to PD-L1 and PD-L2 Using Stably-Transfected Jurkat Cell Line System

Human-PD-1/Jurkat Cynomolgus Monkey-PD-1/Jurkat
mAb (IgG4) PD-1/PD-L1 PD-1/PD-L2 PD-1/PD-L1 PD-1/PD-L2
Blockade Blockade Blockade Blockade
mAb7 (1)t 590.3 703.2 832.8 749.5
)% 1170 1414 1053 928.5
*Average + sem | 880.15 + 289.85 1058+355.4 942.9+110.1 839489.5
C1 (Mt 1022 1226 1286 1316
)% 629 811.1 861.8 1289
“Average + sem| 825.5+196.5 | 1081.55+207.45 | 1073.9 +212.1 1302.5+ 13.5
C2 (Nt 1715 1972 1809 1961
)% 1597 1560 1881 2111
*Average + sem| 1656 % 59 1766 + 206 1845 + 36 2036 + 75

[0370] mAb7 showed weak binding for the complement component 1, g subcomponent (C1q) and CD64.
C1qg and CD64 (for IgG4 framework) are considered to be potential surrogates for complement dependent
cytotoxicity (CDC) and ADCC, respectively. To further investigate the lack of ability of mAb7 to induce the
killing of T cells in vitro, an ADCC assay was performed with activated T cells (target cells) expressing high
levels of PD-1 receptors and PBMCs (effector cells) that expressed high levels of Fcy receptors. Cells were
selected from 2 healthy donors. mAb7 (in its original |gG4 framework) showed minimal ADCC activity in
both donors. The lack of ADCC activity was in accordance with the activity exhibited by anti PD-1 positive
control antibody in the IgG4 framework and both were similar to the negative control IgG4 antibody. When
the anti-PD-1 (mAb7 or positive control anti-PD-1 antibodies) were assessed in the human IgG1
framework, which is known to induce a stronger ADCC, anti-PD-1 induced ADCC up to 4-fold higher than
when the antibody is in the IgG4 framework. Maximum LDH release was calculated when target cells alone
(T cells) were chemically lysed to obtain maximum killing (kiling was estimated as 100% lysis for each
donor according the assay calculation). T cell lysis using the IgG1 framework corresponds to the level of
PD-1 on activated T cells (donor 1 PD-1 expression as well as lysis is higher than that of donor 2),
confirming the accuracy of the assay.

[0371] These results demonstrate that anti-PD-1 antibody mAb7 binds with high affinity to hu-and
cynomolgus monkey-PD-1 receptors expressed on cells with EC5q values ranging between 46 to 270 pM,

depending on the test system. mAb7 did not bind to cells expressing mouse-PD-1 or to rat-PD-1 in
physiological concentrations. mAb7 blocked PD-L1 and PD-L2 ligands from interacting with cell surface PD-
1 receptors; IC50 values ranged from 500 to 1000 pM indicating its high antagonistic function in blocking
PD-1 function induced via ligand binding. mAb7, in its IgG4 framework, triggered minimal to no antibody-
induced cytotoxicity which is consistent with IgG4 antibody properties.



DK/EP 3230319 T3

Example 12: Characterization of anti-PD-1 antibody mAb7 binding to PD-1, FcRn, FcyRs. and C1Q
using label-free biosensors and ELISA.

[0372] This example illustrates the in vitro binding affinities of mAb7 towards recombinant purified PD-1
from various species relevant to toxicology studies using SPR biosensors. The ability of the Fc region of
mAb7 to engage FCGRs and the FcRn was also tested by SPR to confirm that it exhibited properties
consistent with those of an isotype-matched control. By ELISA, mAb7 and an isotype-matched control were
assayed for binding to human C1q. The ability of mAb7 to block the binding interaction of PD-1 with its
ligands, PD-L1 and PD-L2, was also tested by label-free biosensors to support its mechanism of action.

[0373] All kinetic and affinity experiments were conducted at 25°C in phosphate buffered saline (PBS) +
0.01% Tween 20 running buffer, unless stated otherwise. Kinetic studies were performed on a SPR
ProteOn XPR36 biosensor equipped with NLC (neutravidin-coated) chips (BioRad, Hercules, CA). The
ProteOn was also used to determine the active concentrations of hu-PD-1 and cynomologus monkey-PD-1
analytes via titration against mAb7 as the reference standard. Concentrations of the protein analytes used
here refer to "active" or "nominal" values. The active concentration of human Fc gamma receptor (hu-
FCGR) I, human neonatal Fc receptor (hu-FcRn) (Lot No R3091), and cynomolgus monkey-neonatal Fc
receptor (cynomolgus monkey-FcRn) (Lot No JCR) were determined using calibration-free concentration
analysis (CFCA) experiments on a Biacore T200 equipped with CM5 sensor chips (GE Life Sciences,
Marlborough, MA). All other analytes were used at their nominal concentrations as determined by light
absorbance at A280 nm with an appropriate extinction coefficient. Solution affinities were determined at
room temperature (approximately 23°C) using a KinExA instrument 3000 or 3200 equipped with
autosampler (Sapidyne). Secondary detection antibodies were labeled with DyLight 650 (Pierce
Biotechnology, Grand Island, NY.) according to the manufacturer's instructions. Immunoglobulin G (IgG)

biotinylations were performed at an equimolar ratio of linker: IgG using EZ-Link™ Sulfo-NHS-LC-LC-Biotin
(Pierce Biotechnology Grand Island, NY) according to the manufacturer's instructions. Unless stated
otherwise, immobilized IgGs were regenerated with a "Pierce/salt" cocktail comprising a 2:1 v/v mixture of
Pierce IgG elution buffer (pH 2.8)/4 M sodium chloride (NaCl).

[0374] The binding interactions of hu-PD-1 and cynomolgus monkey-PD-1 (both His-tagged monomers)
towards mAb7 were determined in solution using the KinExA method in a running buffer of PBS + 0.01%
Tween 20 and a sample buffer of PBS + 0.01% Tween 20 + 1 @/l bovine serum albumin (BSA). Two
different assay formats were employed. In the first assay format, mAb7 was titrated into a constant
concentration of hu-PD-1 (nominal 200, 400, or 4000 pM) and samples were allowed to reach equilibrium.
Free hu-PD-1 was captured on polymethylmethacrylate (PMMA) beads that had been coated (by
adsorption) with anti-hu-PD-1 monoclonal antibody mAb7 (prepared in-house under non- Good Laboratory
Practices (GLP) conditions [Lot No R5432]). Bead-captured hu-PD-1 was then detected with 0.5 pg/mL
Dylight-labeled anti-His mAb (R&D Systems, Minneapolis, MN). In the second assay format, hu-PD-1 or
cynomolgus monkey-PD-1 were titrated into a constant concentration of mAb7 (20, 50, 100, or 500 pM)
and these mixtures were allowed to equilibrate. Free mAb7 was captured on PMMA beads that had been
adsorbed with a blocker anti-idiotypic mouse anti-mAb7 mAb 1699.1 H6 that binds specifically to free mAb7
but not PD-1-saturated mAb7. Bead-captured mAb7 was then detected with Dylight-labeled goat anti-hu-
IgG (H + L) (Jackson ImmunoResearch Inc, West Grove, PA). All titrations were prepared as a 12-
membered 2-fold dilution series varying the top nominal binding site concentration to fall within the range 1
nM to 10 nM, depending on the experiment. Samples were allowed to equilibrate for up to 48 hours and
injection volumes were adjusted per experiment to give a total signal that fell within the range 0.7 Vto 1.9
V. All samples were injected in duplicate cycles. The data from up to 4 independent experiments per
interaction were analyzed globally using the N-curve tool in the analysis software and fit to a simple
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bimolecular model where mAb7's concentration was used as the reference concentration. The global
analysis reports the best fit values (and 95% confidence interval) for the Kp and the apparent active binding

site concentration of PD-1.

[0375] The binding affinities of hu-PD-1 and cynomolgus monkey-PD-1 towards mAb7 in solution were
indistinguishable from one another when studied using a KinExA assay; the apparent equilibrium
dissociation constant (Kp) values at 23°C were determined to be 17 pM or 23 pM for hu-PD-1 (when

studied in opposing assay orientations) and 28 pM for cynomolgus monkey-PD-1; these three values were
statistically-indistinguishable from one another. These values were recapitulated by surface plasmon
resonance (SPR) biosensor measurements, which yielded Kp values of 42 pM for hu-PD-1 and 69 pM for

cynomolgus monkey-PD-1 at 25°C, and 109 pM for hu-PD-1 and 115 pM for cynomolgus monkey-PD-1 at
37°C. mAb7 bound mouse-PD-1 with a Kp value of 0.9 pM and no binding was detected towards rat-PD-1

when tested at 0.5 yM with SPR kinetic analysis. Label-free biosensors were used to demonstrate that
mAb7 blocks hu-PD-1 from binding to its natural ligands, human programmed death-ligand 1 (hu-PD-L1)
and human programmed death-ligand 2 (hu-PD-L2). SPR was further used to confirm that mAb7 bound a
range of fragment crystallizable (Fc) gamma receptors (FCGR) and the neonatal Fc receptor (FCRn) from
both human and cynomolgus monkey species with the same kinetics and specificity as an isotype-matched
control. By ELISA, mAb7 showed negligible binding to complement component 1, q subcomponent (C1q),
consistent with the behavior of an isotype-matched control. Overall, mAb7 binds both hu-PD-1 and
cynomolgus monkey-PD-1 with high binding affinity and specificity but has low affinity towards mouse-PD-1
and negligible binding towards rat-PD-1.

[0376] Table 23 summarizes the kinetic and affinity data obtained for the interaction analysis of mAb7 with
PD-1 from various species. mAb7 bound hu-PD-1 and cynomolgus monkey-PD-1 with statistically
indistinguishable apparent affinities when these interactions were measured in solution at 23°C using the
KinExA method; apparent Kp values were 17 pM and 23 pM for hu-PD-1 (when studied in two opposing
assay orientations) and 28 pM for cynomolgus monkey-PD-1. The KinExA values were corroborated by
kinetic measurements performed by SPR, which gave apparent Kp values at 25°C of 42 = 11 pM (n = 10)
for hu-PD-1 and 69 + 24 pM (n = 10) for cynomolgus monkey-PD-1. SPR measurements at 37°C showed
2-fold weaker affinities than those at 25°C; Kp values at 37°C were determined to be 109 + 8 pM (n = 15)
for hu-PD-1 and 115 £ 15 pM (n = 8) for cynomolgus monkey-PD-1. mAb7 bound mouse PD-1 with an
apparent Kp of 0.9 £ 0.1 pM (n = 5) when measured at 25°C by SPR, corresponding to a 20,000-fold
weaker affinity than that for hu-PD-1. No binding was detected for rat-PD-1 when tested at 0.5 uM at 25°C
by SPR, although the rat-PD-1 proteins were confirmed active via their clear binding to positive controls,
mouse-PD-L1 and mouse-PD-L2. The Kp values for the KinExA measurements represent the best fit and
95% confidence interval of a global analysis of N independent experiments, while those for the SPR
measurements represent the mean + standard deviation of n independent experiments on a ProteOn NLC
sensor chip. In Table 23, h or hu = Human; k, = Association rate constant; kq = Dissociation rate constant;
Kp = Equilibrium dissociation constant; KinExA = Kinetic exclusion assay; mAb = Monoclonal antibody; Ms =
Molar per second; n = Number; ND = Not determined; PD-1 = Programmed death-1; s = Second; SPR =
Surface plasmon resonance; Temp = Temperature; *mAb7's interaction with hu-PD-1 was studied in two
opposing assay orientations as described in Bee et al, 2012.

Table 23: Summary of Kinetic and Affinity Constants Obtained for the Interactions of PF 06801591 with
Human PD-1, Cynomologus Monkey PD-1, and Mouse PD-1

Temp Method PD-1 ka (1/Ms) kg4 (1/s) Kp (pPM) n
(°C)
23 KinExA Human (Titrate mAb)* {ND ND 23 (28-18) {3
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Temp Method PD-1 ka (1/Ms)  ikq (1/s) Kp (pM) n

(°C)

23 KinExA Human (Titrate PD-1)* {ND ND 17 (24-12) {3

25 SPR Human (42+06) {(1.8+04) {42 1+ 11 10
x 10° x 107

37 SPR Human (84+£2.0) {(85+1.2) §109+28 15
x 10° x 10™

23 KinExA Cynomologus Monkey §ND ND 28 (34-23) {4

(Titrate PD-1)

25 SPR Cynomologus Monkey {(4.3+1.4) {(2.9+04) {69 +24 10
x 10° x 107

37 SPR Cynomologus Monkey {(9.8 +1.1) §(1.12t 115+15 |8
x 10° 0.07) x 107

4

25 SPR Mouse (6.0+0.5) i{(5.2+04) {(9.0+£1.0) {5

x 103 x 1073 x 10°

[0377] Table 24 shows that binding kinetics and specificity for mAb7 over a range of Fc receptors, including
FCGRs and FcRn from both human and cynomolgus monkey recapitulated those values expected for an
isotype-matched isotype control, hu-IgG4. For example, mAb7 bound hu-FCGRI with an apparent Kp value

(mean % standard deviation) at 25°C of 146 £ 42 pM (n = 14) compared with 177 71 pM (n = 4) for the
isotype control. All other interactions were characterized by weak affinities (Kp values - 1 pM or higher).

Kinetic analysis was performed on a ProteOn NLC chip at pH 7.4 for FCGR and pH 5.9 for FcRn. In Table
24, CD = Cluster of differentiation; cy = Cynomologus monkey; FCGR = Fc gamma receptor; FcRn
=Neonatal Fc receptor; hu = Human; k; = Association rate constant; kq = Dissociation rate constant; Kp =

Equilibrium dissociation constant; Ms = Molar per second; n = Number; s = Second.

Table 24
Analyte mAb7 Isotype-matched Control
hu-FCGRI (hu-CD64) kg= (9.1 £1.7) x 108 (1/Ms) {k, = (1.0 £ 0.3) x 108 (1/Ms)
kq=(1.3+0.3) x 1073 (1/s) kg=(1.8+0.4) % 103 (1/s)
Kp=146+42pM (n=14) { Kp=177+71pM (n =4)
hu-FCGRIla (hu-CD32a) 131H 3.6 M 3.9 uM
hu-FCGRIla (hu-CD32a) 131R 0.8 pM 0.4 uyM
hu-FCGRIIb (hu-CD32b) 1.1 UM 0.7 uM
hu-FCGRIlla (hu-CD16a) 158F Barely binds at 5 yM Barely binds at 5 uM
hu-FCGRIlla (hu-CD16a) 158V Barely binds at 1 yM Barely binds at 1 uM
hu-FcRn 0.93 uM 0.82 £0.06 yM (n = 3)
Cynomolgus Monkey-FCGRIla 2.4 uM 26+£05uM (n=3)
Cynomolgus Monkey-FCGRIlla 2.7 uM 32201 uM (n =3)
42R
Cynomolgus Monkey-FCGRIlla 1.6 uM 1.9+£02uM (n =3)
428
Cynomolgus Monkey-FcRn 0.61 uM 0.57 £0.04 yM (n = 3)
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mAb7

Analyte

Isotype-matched Control

[0378] In addition, mAb7 barely bound C1q by ELISA, consistent with the behavior of the isotype-matched
control, hu-lgG4 (data not shown). Its binding was even lower than the low binding of human
immunoglobulin G2 (hu-1gG2). In contrast, the positive controls, hu-IgG1 and human immunoglobulin G3
(hu-1gG3), gave high binding signals. Using both SPR and Octet biosensors and different assay formats
(both premix and classical sandwich assay formats), it was demonstrated that mAb7 blocked hu-PD-1
binding to its natural ligands, hu-PD-L1 and hu-PD-L2.

[0379] These data demonstrate that that mAb7 binds with high affinity and high specificity towards hu-PD-
1. When measured in solution at 23°C using the KinExA method, mAb7 bound hu-PD-1 and cynomolgus
monkey-PD-1 with statistically-indistinguishable apparent Kp values of 17 pM and 23 pM for hu-PD-1 (when
studied in alternate assay orientations) and 28 pM for cynomolgus monkey-PD-1. mAb7 showed a 20,000-
fold weaker affinity to mouse-PD-1 (apparent Kp of 0.9 uM at 25°C by SPR) and no detectable binding to
rat-PD-1 when tested at 0.5 uM. mAb7 and an isotype-matched control hu-lgG4 bound with similar kinetics
and specificity when tested against a panel of hu- and cynomolgus monkey-Fc receptors, when measured
at 25°C by SPR. mAb7 bound hu-C1q with negligible signal when tested by ELISA, consistent with hu-lgG4
isotype controls, and its binding was even lower than that of hu-IgG2. It was demonstrated that mAb7
blocks hu-PD-1 from binding to its natural ligands, hu-PD-L1 and hu-PD-L2.

Example 13: Combination treatment with anti-PD-1 antibody and anti-OX40 antibody

[0380] This example illustrates the effects of treatment with anti-PD-1 antibody in combination with anti-
OX40 antibody in a mouse model for colon cancer.

[0381] For this study, C57B6/J female mice (6-8 weeks old) were inoculated subcutaneously with the MC-

38 murine colon tumour (a grade Il adenocarcinomat) at 5x10° cells/mouse. At Day 10, mice were
randomized and treatment began at 10 mg/kg anti-mouse-PD-1 and 1 mg/kg anti-mouse-OX-40.
Treatments were administered i.p.at days 10, 12, and 14 for anti-OX40 antibody (1 mg/kg); and at days 10,
12, 14, 17, 23, and 25 for anti-PD-1 antibody (10 mg/kg). Tumor volume was measured twice a week. The
study was terminated at day 34. Statistical analyses were performed using 2-way Anova to compare the
avareges between each two groups at a single time point. The results are summarized in Table 25. Vin
table 25, values indicate tumor volume at the indicated day average of 8 mice per group % (standard error

mean) sem; N = number per group., mm2= cubic millimeter. The isotype control included the appropriate
isotype of each antibody at 1 mg/kg for anti-OX40 and 10 mg/kg for anti-PD-1.

Table 25. Tumor volume in MC38 bearing mice after treatment with anti-PD-1 antibody and anti-OX40
antibody

Tumor volume (mm?2)
Treatment Day 10 Day 24 Day 27 Day 34 N %of Tumor free
Groups mice

Isotype control § 67.£7.9 832.+ 1408 + 1866 + 8 0%
139.0 252.4 279.0

Anti-PD-1 67 +8.0 {312 +£63.2]y 540+ 939 + 8 0%
125.0 169.0

Anti-OX40 67 +7.5 {302+64.1{370£77.2 720 + 8 0%
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Tumor volume (mm?2)

Treatment Day 10 Day 24 Day 27 Day 34 N %of Tumor free
Groups mice
145.0
Anti-PD-1 + Anti- § 67 £7.4 {190 £38.0y255+51.2§ 4230+ 8 12.5%
0OX40 90.0

[0382] Beginning at Day 24, all anti-PD-1 antibody and/or anti-OX-40 antibody treated groups showed
significantly smaller tumor volumes when compared to the control group (Table 25). At Day 24, the
combination (anti-PD-1 antibody plus anti-OX40 antibody) treated group showed significance of p<0.0001
when compared to the isotype control group, while each single antibody treatment showed significance of
p<0.01 when compared to the control group. At Day 34, all treated groups showed significance of p<0.0001
when compared to the control group. At Day 34 the combination treated grouped showed differences when
compared to either anti-PD-1 antibody alone treated group or anti OX-40 antibody alone treated group.
These results demonstrate that treatment with both anti-PD-1 antibody and anti-OX40 antibody antibody
slowed tumor growth when compared to treatment with either antibody alone.

Example 14: Effect of Vaccine on Expression of PD-1 on Activated T cells

[0383] This example illustrates the effect of a DNA-based vaccine expressing a human Prostate Specific

Membrane Antigen (PSMA) on the expression of PD-1 on CD3*CD4 (Table 26) and CD3*CD8 T cells
(Table 27) in the presence of anti-CTLA4 monoclonal antibody tremelimumab (a checkpoint inhibitor).

[0384] In Vivo Study Procedures. Three groups of Chinese cynomolgus macaques (n=8/group) were
used in the study. Animals in Groups 1 and 2 were intramuscularly injected with a vaccine that contains an
AdC68 adenovirus vector (SEQ ID NO:44) encoding amino acids 15-750 of the human PSMA (at a total
dose of 2e11 VP) while animals in Group 3 received no vaccination. The complete sequence of the AdC68
adenovirus vector is provided in SEQ ID NO:44. In addition, immediately following vaccination animals in
Group 2 were treated with 50 mg anti-CTLA4 monoclonal antibody tremelimumab by subcutaneous
injections. Whole blood samples from each animal before (Pre) and after vaccination were collected at

Days 9, 15 and 29 and analyzed for the frequency of PD-1 expressing CD3*CD4 and CD3*CD8 T cells by
flow cytometry.

[0385] CD3+ CD4 and CD8 T cell Phenotyping. Leukocyte populations were phenotyped by performing
multi-color flow cytometry analysis on freshly collected whole blood. Briefly, whole blood was stained for 20
min at room temperature with an antibody cocktail containing CD3-V500 (clone SP34-2), CD4-BV605
(clone L200), CD8-APC.H7 (Clone SK1), PD1-AF488 (clone EH12.2H7, Biolegend), PDL1-BV421 (clone
MIH1), Lag3-PE.Cy7 (clone 11E3, Novus), CD69-PE.Texas Red (clone TP1.553, Beckman Coulter), TIM3-
APC (clone 344823, R&D Systems), CD20-PE.Cy5.5 (clone 2H7, eBioscience), CD14-AF700 (clone M5E2),
CD16-PE.Cy5 (clone 3G8), CD56-PerCP.Cy5.5 (clone B159), and CD11c-PE (clone SHCL3). All antibodies
were purchased from BD unless otherwise indicated. The samples were treated with RBC lysis buffer (BD),
washed, mixed with 50ml of liquid counting beads (BD) and acquired on LSR Fortessa (BD). The data were

analyzed using FlowJo (Tree Star Inc, USA). Resulis of PD-1 expression on CD3*CD4 T cells are

presented in Table 26 and results of PD-1 expression on CD3*CD8 T cells are presented in Table 27. The
induction of PD-1 was observed 9 days after vaccination and resolved to levels seen in naiive animals
(Group 3) by day 29 post vaccination. These results indicate that the vaccine vector given together with
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anti-CTLA4 antibody can elicit PD-1 expression on CD3* CD4 and CD8 T cells in nonhuman primates.
Table 26. PD-1 Expression Kinetics on CD3*CD4 T Cells in Cynomolgus Macaques

Time point § Group Individual % PD-1+ CD3*CD4 T cells in total CD3*CD4 T cells
1 2 3 4 5 6 7 8
Pre 1 16.0] 7.473] 8275 12.441] 12.935{ 12.481] 10.93} 12.649
2 9.757% 11.3831 7.795] 5.943{ 13.279] 24.959} 12.112§{ 10.375
3 11577} 7.577}{ 9.943
Day 9 1 18.1247 11.72§ 11.977{ 18.861] 20.657{ 10.623] 11.766} 12.792
2 32.07{ 29.001{ 38.593{ 27.516{ 25.962] 34.568] 27.435] 28.378
3 18.608] 10.101§ 13.205
Day 15 1 14.87] 10.302} 827} 15.742] 13.609] 8.763] 10.407{ 9.82
2 16.421] 14.578] 18.138] 15.667{ 20.927) 27.778] 16.612} 17.583
3 16.878] 10.607§ 10.878
Day 29 1 14.8197 9.39] 8.412} 14.051] 14.436] 9.576] 10.524} 11.116
2 11.594} 10.209{ 12.971{ 8.293{ 20.989] 26.388} 14.126] 13.868
3 14.182] 9.098§ 14.138
Table 27. PD-1 Expression Kinetics on CD3*CD8 T Cells in Cynomolgus Macaques
Time point Group Individual % PD-1* CD3*CD8 T cells in total CD3*CD8 T cells
1 2 3 4 5 6 7 8
Pre 1 10.8 491 10.1 5.7 11.9{ 135 7.1 9.6
2 53{ 19.4 5.0{ 202 16.9] 298 7.7 8.7
3 8.8 6.9 43
Day 9 1 5.3 7.0f 123 8.1 16.1] 13.2 58 11.3
2 156] 225 74y 295 207 262 11.4{ 102
3 1.5 5.8 5.7
Day 15 1 74 6.9 117 8.2 16.2] 154 6.8 14.0
2 761 216§ 108} 2138 271y 257] 142} 105
3 12.3 74 6.4
Day 29 1 9.4 75{ 153 9.8{ 1471y 167 59 147
2 8.5 203 8.0f 225 26.0] 224 9.1 9.9
3 11.6 8.6 8.5

Example 15. Effect of anti-PD-1 Antibody on Antigen-specific T-cell Response Induced by a
Vaccine Expressing Human PSMA

[0386] This example illustrates the effect of anti-PD1 antibodies on the IFNy CD4 and CD8 T-cell
responses induced by a vaccine containing an AdC68 adenovirus vector that expresses human PSMA in
cynomolgus macaques.
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[0387] Intracellular Cytokine Staining (ICS) Assay. Briefly PBMCs from individual animals were co-
incubated with pools of peptides from a 15mer peptide library overlapping by 11 amino acids spanning the
entire sequence of the respective antigen, each peptide at 2 yg/ml. The plates were incubated -16 hours at

37 °C, 5% CO». The cells were then stained to detect intracellular IFNy expression from CD8* T cells and
fixed. Cells were acquired on a flow cytometer. The frequency of response was normalized to the number

of IFNy CD8"* T cells per million CD8* T cells, with the responses in dimethyl sulfoxide control wells, which
contained no peptide, subtracted. The antigen specific responses in the tables represent the sum of the
responses to the corresponding antigen specific peptide pools.

[0388] In Vivo Study Procedures. Briefly, Five groups of Chinese cynomolgus macaques (n=8/group)
were intramuscularly injected with a vaccine containing an AdC68 adenovirus (SEQ ID NO:44) that encodes
amino acid 15-750 of human PSMA (hPSMA) at total dose of 2e11 VP. The vaccination in Groups 2, 4 and
5 was immediately followed by subcutaneous injections of 50 mg anti-CTLA4 monoclonal antibody
tremelimumab and/or anti-PD-1 monoclonal antibody mAb7 given subcutaneously (groups 3 and 4) or
intravenously (group 5) at 10 mg/kg. PBMCs were isolated from each animal and subjected to an ICCS
assay to measure human PSMA specific IFND CD4 (Day 9 or day 29) or CD8 T-cell responses (Day 29).
The amino acid sequence of the full length human PSAM is provided in SEQ ID NO:42. The sequence of
the AJC68 adenovirus vector expressing amino acids 15-750 of the human PSMA is provided in SEQ ID
NO:44.

[0389] Results. Results are presented in Tables 29, 30, and 31. The data demonstrated that both anti-
CTLA4 and anti-PD-1 individually can increase the frequency of IFNy CD4 and CD8 T-cell responses
induced by the vaccine.

Table 28. Peptide sequence information for peptide pools used in the ELISpot and ICCS assays to induce
antigen-specific IFNy T-cell responses.

Antigen Peptide library pools

Human PSMA 185 sequential 15mer peptides, overlapping by 11 amino acids,
covering the entire full length hPSMA protein sequence (amino
acid sequence: 1-750) assayed as three separate pools.

Table 29. IFNy CD8 T-cell Responses Induced by the vaccine on Day 9

Groupj Checkpoint { MAB7 { Individual hPSMA specific IFNy CD8 T-cell titer (IFNy { Geo
inhibitor(s) { route { *CD8 cells/ 1e6 CD8 T cells, background adjusted) | Mmean
1 2 3 4 5 6 7 8
None nfa {1072 1 1453 {6722 1 1 1055 § 503 {92.91
2 {tremelimumabj n/a {7278 356 { 423 {6009 954 15286 935 {2511 { 1977
3 mAb7 SC {2077 {6537 { 3138 449 §1302 14063 §{ 769 | 487 | 1575
tremelimumabj SC 222 § 667 {1199 {6879 § 933 | 1959 { 4034 { 6901 | 2235
mAb7 9
5 jtremelimumabi IV 1037 {1735 {2371 § 489 {7435 1 2094 {4613 | 1052
mAb7 7

Table 30. IFNy CD4 T-cell Responses Induced by the Vaccine on Day 9

Group{ Checkpoint § mAb7 §{ Individual hPSMA specific IFNy CD4 T-cell titer (IFNy § Geo
inhibitor(s) { route { *CD4 cells/ 16 CD4 T cells, background adjusted) | Mmean

1 2 3 4 5 6 7 8
None n/a 1 1 1 1 1 1 1 1 1
2 tremelimumabj n/a 665 | 259 1 1191 §{ 271 § 326 1 1747 § 154
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Group{ Checkpoint { mAb7 { Individual hPSMA specific IFNy CD4 T-cell titer (IFNy | Geo
inhibitor(s) { route § *CD4 cells/ 16 CD4 T cells, background adjusted) | Mmean

1 2 3 4 5 6 7 8
4
3 mAb7 SC 174 | 669 | 457 § 193 | 194 1 192 § 159 | 125
tremelimumabj SC {1955 1 435 {1764 § 736 {1307 {1852 §{ 471 | 401
+ mAb7
5 {tremelimumabj IV 858 {1567 { 1398 { 1102 { 163 § 705 §4938 { 1029 { 1024
+ mAb7
Table 31. IFNy CD4 T-cell Responses Induced by the Vaccine on Day 29
Group{ Checkpoint | mAb7 | Individual hPSMA specific IFNy CD4 T-cell titer (IFNy { Geo
inhibitor(s) { route { *CD4 cells/ 1e6 CD4 T cells, background adjusted) { mean
1 2 3 4 5 6 7 8
1 None n/a 1 506 §{ 246 | 143 | 504 1 1 1 24
2 tremelimumaby{ n/a 175§ 63 {1021§28454% 867 { 662 | 265 § 372 | 230
3 mAb7 SC 129 1 145 1 230 1 97 1 12
4 tremelimumaby SC § 816 § 107 §{ 527 § 315 { 168 {1084 { 1131 §{ 135 { 377
+ mAb7
5 tremelimumaby) IV 332 1496 559 § 360 § 221 | 361 {1164 § 248 | 468
+ mAb7

Example 16. Effect of Anti-PD-1 Antibodies on IFNv T-cell Responses Induced by a Vaccine Co-
expressing a Human Prostate Specific Membrane Antigen (PSMA). Prostate Stem Cell Antigen
(PSCA). and Prostate Specific Antigen {(PSA)

[0390] In Vivo Study Procedures. Briefly, three groups of Chinese cynomolgus macaques (n=4/group)
were used in the study. Animals in Group 1 were intramuscularly injected with vehicle. Animals in Group 2
were administered the anti-PD-1 monoclonal antibody mAb7 subcutaneously at 20 mg/kg. Animals in
Group 3 were treated with a vaccine containing an AdC68 adenovirus vector co-expressing three human
prostate associated antigens (PSMA, PSCA and PSA) (Vector AC68W-734), at a total dose of 6e11 VP,
immediately followed by subcutaneous injections of 150 mg anti-CTLA4 antibody tremelimumab and anti-
PD-1 monoclonal antibody mAb7 at 20 mg/kg. Twenty eight days after the injections, animals were boosted
with vehicle (group 1), anti-PD-1 monoclonal antibody mAb7 subcutaneously at 20 mg/kg (group 2) or a
DNA plasmid (Plasmid 458) expressing three human prostate cancer antigens (PSMA, PSCA and PSA)
delivered by electroporation immediately followed by subcutaneous injections of 150 mg anti-CTLA4 and
anti-PD-1 monoclonal antibody at 20 mg/kg (group 3). Forty three days after the prime first injections,
PBMCs were isolated from each animal and subjected to an ELISPOT assays, to measure PSMA, PSCA,
and PSA specific, IFNy T-cell responses.

[0391] The complete sequence of Vector ADC68W-734 used in the study is provided in SEQ ID NO:45 of
the present disclosure and in SEQ ID NO:63 of International Application Publication W02015/063647. The
construction of Vector AAC68W-734 is also described in WO2015/063647. The AdC68W-734 vector and
Plasmid 458 each comprises (1) a nucleotide sequence encoding amino acids 15-750 of human PSMA
having the sequence of SEQ ID NO:42, (2) a nucleotide sequence encoding amino acids 25-261 of human
PSA having the sequence of SEQ ID NO:47, and (3) a nucleotide sequence encoding the full length human
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PSCA of SEQ ID NO:48.

[0392] IFNy ELISPOT Assay. Briefly, peripheral blood mononuclear cells (PBMCs) from individual animals
were co-incubated in duplicate with pools of peptides from a 15mer peptide library overlapping by 11 amino
acids spanning the entire sequence of the respective antigen, each peptide at 2 ug/ml. The plates were
incubated for -16 hours at 37 °C, 5% CO», then washed and developed, as per manufacturer's instruction.

The number of IFNy spot forming cells (SFC) was counted with a CTL reader. The average of the
duplicates was calculated and the response of the negative control wells, which contained no peptides,
subtracted. The SFC counts were then normalized to describe the response per 1e6 PBMCs. The antigen
specific responses in the tables represent the sum of the responses to the corresponding antigen specific
peptide pools.

[0393] Results. The ELISpot results, which are presented in Table 33, demonstrate that the animals that
received the vaccine with subcutaneous anti-PD-1 antibody and anti-CTLA4 antibody exhibited a robust
increase in IFNy T-cell response to at least one prostate cancer antigen, while there were no IFNy T-cell
responses to these antigens in the vehicle group (Group 1) or the group administered anti-PD-1 antibody
alone (Group 2).

Table 32. Peptide sequence information for peptide pools used in the ELISpot and ICCS assays to induce
antigen-specific IFNy T-cell responses

Antigen Peptide library pools

PSMA 185 sequential 15mer peptides, overlapping by 11 amino
acids, covering the entire full length PSMA protein sequence
(amino acid sequence: 1-750) assayed as three separate
pools.

PSCA 28 sequential 15mer peptides, overlapping by 11 amino acids,
covering the entire full length PSCA protein sequence (amino
acid sequence: 1-123) assayed as a single separate pool.

PSA 62 sequential 15mer peptides, overlapping by 11 amino acids,
covering the entire full length PSA protein sequence (amino
acid sequence: 1-246) assayed as one single separate pool.

Table 33. Effect of Anti-PD-1 antibody on antigen-specific IFNy ELISpot T-cell responses induced by
vaccine in cynomolgus macaques.

Group | Vaccine § Checkpoint § Stimulating { Individual IFNy ELISpot T-cell titer (SFC/1e6
inhibitor(s) antigen PBMCs, background subtracted)

n/a n/a PSMA 2 2 2 4

n/a mAb7 10 1 7 3

+ tremelimumab 1360 1263 2441 3224
+ mAb7

n/a n/a PSCA 0 0 1 1

n/a mAb7 0 0 4 4

+ tremelimumab 91 18 488 416
+ mAb7

n/a n/a PSA 0 0 5 2

n/a mAb7 0 0 3 0

+ tremelimumab 404 [1267] 527 512
+ mAb7

Values in bracket represent the responses where at least one assay replicate was above the
upper limit of quantification for the assay (1333 SFC/1e6 PBMC). Values of 0 SFC/1e6 PBMC
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Group | Vaccine

Checkpoint
inhibitor(s)

Stimulating
antigen

Individual IFNy ELISpot T-cell titer (SFC/1e6
PBMCs, background subtracted)

were converted to 1 for calculation of Geometric mean.

SEQUENCE LISTING

[0394]

<110> RINAT NEUROSCIENCE CORP.

<120> ANTI-PD-1 ANTIBODIES AND METHODS OF USE THEREOF

<130> PC72121A

<150> US 62/089,658
<151>2014-12-09

<150> US 62/242,750
<151>2015-10-16

<150> U8 62/251,973
<151>2015-11-06

<160> 51

<170> PatentIn version 3.5

<210> 1

<211> 288

<212> PRT

<213> Homo sapiens

<400> 1
Met Gln Ile Pro Gln
1 5

Leu Gly Trp Arg Pro
20

Asn Pro Pro Thr Phe
35

Asn Ala Thr Phe Thr
50

Leu Asn Trp Tyr Arg

Ala Phe Pro Glu Asp

Val Thr Gln Leu Pro
100

Ala Arg Arg Asn Asp

11T R

Ala

Gly

Ser

Cys

Met

70

Arg

Asn

Ser

Pro

Trp

Pro

Ser

55

Ser

Ser

Gly

Gly

Trp

Phe

Ala

40

Phe

Pro

Gln

Arg

Thr

12N

Pro

Leu

25

Leu

Ser

Ser

Pro

Asp

105

Tyr

val

10

Asp

Leu

Asn

Asn

Gly

30

Phe

Leu

Val

Ser

Val

Thr

Gln

75

Gln

His

Cys

Trp

Pro

Val

Ser

60

Thr

Asp

Met

Gly

Ala

Asp

Thr

45

Glu

Asp

Cys

Ser

Ala

1298

Val

Arg

30

Glu

Ser

Lys

Arg

val

110

Ile

Leu

15

Pro

Gly

Phe

Leu

Phe

25

val

Ser

Gln

Trp

Asp

val

Ala

Arg

Arg

Leu



Ala

Thr

145

Leu

Ser

Leu

Glu

225

Cys

Met

Ser

Pro
130

Glu

Pro

Leu

Arg

Lys

210

Leu

vVal

Gly

Ala

<210>2
<211> 113
<212> PRT
<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 2

Asp
1

Glu

Gly

Pro

Pro
65

Ile

Asp

Tera

Ile

Arg

Asn

Pro
50

Asp

Ser

Tyr

R

Lys

Arg

Ala

Gly

Ala

195

Glu

Asp

Pro

Thr

Gln
275

Val

Ala

Gln

35

Lys

Arg

Ser

Phe

Ala

Arg

Gly

Ser

180

Ala

Asp

Phe

Glu

Ser

260

Pro

Met

Thr

20

Lys

Leu

Phe

Leu

Tyr
100

Gln

Ala

Gln

165

Leu

Arg

Pro

Gln

Gln

245

Ser

Leu

Thr

Ile

Asn

Leu

Ser

Gln
85

Pro

Ile

Glu

150

Phe

Val

Gly

Ser

Trp

230

Thr

Pro

Arg

Gln

Asn

Phe

Ile

Gly
70

Ala

Leu

Lys
135

val

Gln

Leu

Thr

Ala

215

Arg

Glu

Ala

Pro

ravu

Glu

Pro

Thr

Leu

ILle

200

Val

Glu

Tyr

Arg

Glu
280

Ser

Thr

Leu

Val

185

Gly

Pro

Lys

Ala

Arg

265

Asp

Ser Pro Asp

Cys

Leu

Tyr
55

Ser

Glu

Thr

Lys

Thr

40

Trp

Gly

Asp

Phe

Ser
25

Trp

Thr

Ser

val

Gly
105

Leu

Ala

val

170

Trp

Ala

Val

Thr

Thr

250

Gly

Gly

Ser
10

Ser

Tyr

Ser

Gly

Ala
930

Arg

His

155

val

val

Arg

Phe

Pro

235

Ile

Ser

His

Leu

Gln

Gln

Thr

Thr
75

vVal

Gly

Ala
140

Pro

Gly

Leu

Arg

Ser

220

Glu

Val

Ala

Cys

Ala

Ser

Gln

Arg
60

Asp

Tyr

Thr

o)

Glu

Ser

val

Ala

Thr

205

Val

Pro

Phe

Asp

Ser
285

Val

Leu

Lys

45

Glu

Phe

Tyr

Lys

Leu

Pro

val

val

190

Gly

Asp

Pro

Pro

Gly

270

Trp

Ser

Trp

30

Pro

Ser

Thr

Cys

val
110

Arg

Ser

Gly

175

Ile

Gln

Tyr

Val

Ser

255

Pro

Pro

Leu
15

Asp

Gly

Gly

Leu

Gln
95

Glu

Val

Pro

160

Gly

Cys

Pro

Gly

Pro

240

Gly

Arg

Leu

Gly

Ser

Gln

Val

Thr
80

Asn

Ile
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<210>3

<211> 117

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 3
Gln val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Trp Ile Asn Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met

Gly Asn Ile Tyr Pro Gly Ser Ser Leu Thr Asn Tyr Asn Glu Lys Phe
50 55 60

Lys Asn Arg Val Thr Met Thr Arg Asp Thr Ser Thr Ser Thr Val Tyr
65 70 75 80

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

Ala Arg Leu Leu Thr Gly Thr Phe Ala Tyr Trp Gly Gln Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> 4

<211> 117

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 4
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

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

Gly Asn Ile Tyr Pro Gly Ser Ser Leu Thr Asn Tyr Asn Glu Lys Phe

Lys Asn Arg Val Thr Met Thr Arg Asp Thr Ser Thr Ser Thr Val Tyr
65 70 75 80

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



Ala Arg Leu Ser Thr Gly Thr Phe Ala Tyr Trp Gly Gln Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210>5

<211> 117

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 5
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr

Trp Ile Asn Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met

Gly Asn Ile Tyr Pro Gly Ser Ser Ile Thr Asn Tyr Asn Glu Lys Phe
50 55 60

Lys Asn Arg Val Thr Met Thr Arg Asp Thr Ser Thr Ser Thr Val Tyr
65 70 75 80

Mét Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Leu Thr Thr Gly Thr Phe Ala Tyr Trp Gly Gln Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210>6

<211> 117

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 6
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

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

Gly Asn Ile Trp Pro Gly Ser Ser Leu Thr Asn Tyr Asn Glu Lys Phe
50 55 60

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

Ala Arg Leu Leu Thr Gly Thr Phe Ala Tyr Trp Gly Gln Gly Thr Leu
100 105 110

Val Thr val Ser Ser
115

<210>7

<211> 113

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 7
Asp Ile Val Met Thr Gln Ser Pro Asp Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Glu Arg Ala Thr Ile Asn Cys Lys Ser Ser Gln Ser Leu Trp Asp Ser
20 25 30

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

Pro Pro Lys Leu Leu Ile Tyr Trp Thr Ser Tyr Arg Glu Ser Gly Val

Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr

Ile Ser Ser Leu Gln Ala Glu Asp Val Ala Val Tyr Tyr Cys Gln Asn
85 90 95

Asp Tyr Phe Tyr Pro Leu Thr Phe Gly Gly Gly Thr Lys Val Glu Ile
100 105 110

Lys

<210> 8

<211> 113

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 8
Asp Ile Val Met Thr Gln Ser Pro Asp Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Glu Arg Ala Thr Ile Asn Cys Lys Ser Ser Gln Ser Leu Trp Asp Ser
20 25 30

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

Pro

65

Ile

Asp

Lys

Pro
50

Asp

Ser

Tyr

<210>9
<211> 113
<212> PRT
<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 9

Asp

1

Glu

Thr

Pro

Pro

65

Ile

Asp

Lys

Ile

Arg

Asn

Pro

50

Asp

Ser

Tyr

Lys

Arg

Ser

Phe

val

Ala

Gln

35

Lys

Arg

Ser

Phe

<210>10
<211> 17
<212> PRT
<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 10
Lys Ser Ser Gln Ser Leu Trp Asp Ser Gly Asn Gln Lys Asn Phe Leu

1

Thr

Leu

Phe

Leu

Tyr
100

Met

Thi

Lys

Leu

Phe

Leu

Tyr
100

Leu

Ser

Gln

85

Pro

Thr

Ile

Asn

Leu

Ser

Gln

85

Pro

5

Ile

Gly
70

Ala

His

Gln

Asn

Phe

Ile

Gly

70

Ala

Leu

Tyr
55

Ser

Glu

Thr

Ser

Cys

Leu

Tyxr

55

Ser

Glu

Thr

Trp

Gly

Asp

Phe

Pro

Lys

Thr

40

Trp

Gly

Asp

Phe

Thr Ser Tyr Arg Glu
60

Ser Gly Thr Asp Phe
75

val aAla val Tyr Tyr
90

Gly Gly Gly Thr Lys
105

Asp Ser Leu Ala Val
10

Ser Ser Gln Ser Leu

Trp Tyr Gln Gln Lys
45

Thr Ser Thr Arg Glu
60

Ser Gly Thr Asp Phe
75

Val Ala Val Tyr Tyr
90

Gly Gly Gly Thr Lys
105

10

Ser

Thr

Cys

Val
110

Ser

Trp

30

Pro

Ser

Thr

Cys

Val
110

Gly

Leu

Gln

95

Glu

Leu

15

Asp

Gly

Gly

Leu

Gln

95

Glu

15

val

Thr
80

Asn

Ile

Gly

Ser

Gln

val

Thr

80

Asn

Ile
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<210> 11

<211>7

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 11

Trp Thr S8er Thr Arg Glu Ser
1 5

<210>12

<211>9

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 12
Gln Asn Asp Tyr Phe Tyr Pro Leu Thr
1 5

<210>13
<211>10

<212> PRT
<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 13

Gly Tyr Thr Phe Thr Ser Tyr Trp Ile Asn
1 5 10
<210> 14

<211>7

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 14

Gly Tyr Thr Phe Thr Ser Tyr
1 5

<210> 15

<211>5

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 15
Ser Tyr Trp Ile Asn
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1 2

<210> 16

<211>6

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 16

Tyr Pro Gly Ser Ser Leu
1 5
<210> 17

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 17
Asn Ile Tyr Pro Gly Ser Ser Leu Thr Asn Tyr Asn Glu Lys Phe Lys
1 5 10 15

Asn

<210> 18

<211>8

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 18
Leu Leu Thr Gly Thr Phe Ala Tyr

1 5

<210>19

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic linker

<400> 19

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10 15
<210> 20

<211>7

<212> PRT

<213> Artificial Sequence
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<220>
<223> humanized antibody sequence

<400> 20

Trp Thr Ser Tyr Arg Glu Ser
1 5

<210> 21

<211>9

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 21

Gln Asn Asp Tyr Phe Tyr Pro His Thr
1 5

<210> 22

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 22

Lys Ser Ser Gln Ser Leu Trp Asp Ser Thr Asn Gln Lys Asn Phe Leu
1 5 10 15

Thr

<210> 23

<211>8

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 23
Leu Ser Thr Gly Thr Phe Ala Tyr
1 5

<210> 24
<211>6

<212> PRT
<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 24

Tyr Pro Gly Ser Ser Ile
1 5
<210> 25

<211>17
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<212> PRT
<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 25
Asn Ile Tyr Pro Gly Ser Ser Ile Thr Asn Tyr Asn Glu Lys Phe Lys
1 5 10 15

Asn

<210> 26

<211>8

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 26

Leu Thr Thr Gly Thr Phe Ala Tyr
1 5

<210> 27

<211>6

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 27

Trp Pro Gly Ser Ser Leu
1 5
<210> 28

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 28
Asn Ile T¥p Pro Gly Ser Ser Leu Thr Asn Tyr Asn Glu Lys Phe Lys
1 5 10 15

Asn

<210> 29

<211> 444

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence



<400> 29
Gln Vval Gln

1

Ser

Trp

Gly

Lys

€5

Met

Ala

val

Ala

Leu

145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arqg

val

305

Ser

val

Ile

Asn

Asn

Glu

Arg

Thr

Pro

130

val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Lys

Asn

35

Ile

Arg

Leu

Leu

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glua

His

Lys

Leu

Val

20

Trp

Tyr

Val

Ser

Ser

100

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Val

5

Ser

Val

Pro

Thr

Ser
85

Thr

Ser

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Lys

245

vVal

Asp

Phe

Asp

Leu
325

Gln

Cys

Arg

Gly

Met
70

Leu

Gly

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp

310

Pro

Ser

Lys

Gln

Ser

Thr

Arg

Thr

Ser

Thr

135

Pro

val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Gly

Ala

Ala

40

Ser

Arg

Ser

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Leu

Leu

Ser

Glu

280

Thr

Asn

Ser

Ala

Ser

25

Pro

Leu

Asp

Glu

Ala

105

Lys

Glu

Fro

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Glu

10

Gly

Gly

Thr

Thr

20

Tyr

Gly

Ser

val

Phe

170

val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu
330

Asp

75

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu

315

Lys

Val

Tyr

Gln

Asn

Ser

Thr

Gly

Ser

Ala

140

val

Ala

val

His

Gly

220

Ser

Arg

Pro

Ala

val

300

Tyr

Thr

Lys

Thr

Gly

Tyr

60

Thr

Ala

Gln

val

125

Ala

Ser

val

Pro

Lys

205

Pro

val

Thr

Glu

Lys

285

Ser

Lys

Ile

Lys

Phe

Leu

45

Asn

Ser

Val

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro

Thr

30

Glu

Glu

Thr

Tyr

15

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys
335

Gly Ala

Ser Tyr

Trp Met

Lys Phe

Val Tyr

80

Tyr Cys

Leu

Leu

Cys

Ser

160

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

val

320

Ala
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Lys Gly

Glu Glu

Phe Tyr
370

Glu Asn

385

Phe Phe

Gly Asn

Tyr Thr

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln
350

340

Met Thr Lys
355

Pro Ser Asp

Asn Tyr Lys

Leu Tyr Ser
405

Val Phe Ser
420

Gln Lys Ser
435

<210> 30
<211> 17
<212> PRT
<213> Artificial Sequence

<220>

Asn Gln

Ile Ala
375

Thr Thr

390

Arg Leu

Cys Ser

Leu Ser

Val

360

Val

Pro

Thr

val

Leu
440

345

Ser

Glu

Pro

vVal

Met

425

Ser

<223> humanized antibody sequence

<400> 30

Lys Ser Ser Gln Ser Leu Leu Asp Ser Gly Asn Gln Lys Asn Phe Leu

1

Thr

5

<210> 31

<211>9

<212> PRT
<213> Artificial Sequence

<220>

<223> humanized antibody sequence

<400> 31
Gln Asn Asp Tyr Ser Tyr Pro Leu Thr

1

<210> 32
<211> 17
<212> PRT
<213> Artificial Sequence

<220>

<223> humanized antibody sequence

<220>

<221> VARIANT
<222> (7)..(7)
<223> Xaa is Trp or Leu

Leu

Trp

Val

Asp

410

His

Leu

10

Thr

Glu

Leu

395

Lys

Glu

Gly

Cys

Leu Val Lys Gly

365

Ser Asn Gly Gln

380

Asp Ser Asp Gly

Ser Arg Trp Gln

415

Ala Leu His Asn

Lys

430

15

Pro

Ser

400

Glu

His
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<220>

<221> VARIANT

<222> (10)..(10)

<223> Xaa is Gly or Thr

<400> 32
Lys Ser Ser Gln Ser Leu Xaa Asp Ser Xaa Asn Gln Lys Asn Phe Leu
1 5 10 15

Thr

<210> 33

<211>7

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<220>

<221> VARIANT

<222> (4)..(4)

<223> Xaa is Thr or Tyr

<400> 33

Trp Thr Ser Xaa Arg Glu Ser
1 5

<210> 34

<211>9

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<220>

<221> VARIANT

<222> (5)..(5)

<223> Xaa is Phe or Ser

<220>

<221> VARIANT

<222> (8)..(8)

<223> Xaa is Leu or His

<400> 34

Gln Asn Asp Tyr Xaa Tyr Pro Xaa Thr
1 5

<210> 35

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
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<223> humanized antibody sequence

<400> 35
Asn Ile Tyr Pro Gly Ser Ser Ser Thr Asn Tyr Asn Glu Lys Phe Lys
1 5 10 15

Asn

<210> 36

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<220>

<221> VARIANT

<222> (3)..(3)

<223> Xaa is Tyror Trp

<220>

<221> VARIANT

<222> (8)..(8)

<223> Xaa is Leu, lle, or Ser

<400> 36

Asn Ile Xaa Pro Gly Ser Ser Xaa Thr Asn Tyr Asn Glu Lys Phe Lys
1 5 10 15

Asn

<210> 37

<211>8

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<220>

<221> VARIANT

<222> (2)..(2)

<223> Xaa is Leu or Ser

<400> 37

Leu Xaa Thr Gly Thr Phe Ala Tyr
1 5

<210> 38

<211> 443

<212> PRT

<213> Artificial Sequence

<220>
<223> humanized antibody sequence



<400> 38
Gln Vval Gln

1

Ser

Trp

Gly

Lys

65

Ala

Val

Ala

Leu
145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thzr

Asn

Arg

Val

305

Ser

Val

Ile

Asn

50

Asn

Glu

Thr

Pro
130

val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Lys

Asn

35

Ile

Arg

Leu

Leu

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Leu

Val

20

Trp

Tyr

Val

Ser

Ser

100

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

val

Gln

Gln

Gly

Val Gln

Ser Cys

Val Arg

Pro Gly

Thr Met

Ser Leu

Thr Gly

Ser Ala

Arg Ser

Tyr Phe

150

Ser Gly
165

Ser Leu

Thr Tyr

Lys Arg

Pro Glu
230

Lys Asp
245

Val Asp

Asp Gly

Phe Asn

Asp Trp

310

Leu Pro
325

Ser

Lys

Gln

Ser

55

Thr

Arg

Thr

Ser

Thr

135

Pro

Val

Ser

Thr

val

215

Phe

Thr

val

val

Ser

295

Leu

Ser

Gly

Ala

Ala

40

Ser

Arg

Ser

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Leu

Leu

Ser

Glu

280

Thr

Asn

Ser

Ala Glu

10

Ser Gly

25

Pro Gly

Leu Thr

Asp Thr

Glu Asp

Ala Tyr

105

Lys Gly

Glu Ser

Pro Val

Thr Phe

Val

Tyr

Gln

Asn

Ser

Thi

Trp

Pro

Thr

Thr

Lys

Thr

Gly

Tyr

60

Thr

Ala

Gly

Ser

Ala

Leu Glu
a5

Asn Glu

30

110

125

140

155

170

Val val
185

Asn Val

Ser Lys

Gly Gly

Met Ile

250

Gln Glu

265

Val His

Tyr Arg

Gly Lys

Ile Glu
330

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

val

Glu

315

Lys

Pro

val

His

Gly

220

Ser

Arg

Pro

Ala

val

300

Tyr

Thr

val

Ala

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Lys Pro Gly Ala

15

Phe Thr Ser Tyr

Trp Met

Lys Phe

Ser Thr Val Tyr

80

Val Tyr Tyr Cys

95

Gln Gly Thr Leu

Val Phe Pro Leu

Ala Leu Gly Cys

Ser Trp Asn Ser

160

Val Leu Gln Ser

175

Ser Ser
190

Pro Ser

Pro Cys

Phe Leu

Pro Glu

255

Val Gln

270

Thr Lys

Val Leu

Cys Lys

Ser Lys
335

Ser

Asn

Pro

Phe

240

val

Phe

Pro

Thr

Val

320

Ala

DK/EP 3230319 T3



Lys

Glu

Phe

Glu

385

Phe

Gly

Tyr

Gly

Glu

Tyr

370

Asn

Phe

Asn

Thr

Gln

Met

355

Pro

Asn

Leu

Val

Gln
435

<210> 39
<211> 221
<212> PRT
<213> Artificial Sequence

<220>
<223> humanized antibody sequence

<400> 39
Asp Ile Val

1

Glu

Gly

Pro

Pro

Ile

Asp

Lys

Asp

Asn

145

Leu

Asn

Pro

50

Asp

Ser

Tyr

Arg

Glu

130

Phe

Gln

Ala

Gln

35

Lys

Arg

Ser

Phe

Gly

115

Gln

Tyxr

Ser

Pro

340

Thr

Ser

Tyr

Tyr

Phe
420

Lys

Met

Thr

20

Lys

Leu

Phe

Leu

Tyr

100

Thr

Leu

Pro

Gly

Arg

Lys

Asp

Lys

Ser

405

Ser

Ser

Thr

Ile

Asn

Leu

Ser

Gln

85

Pro

val

Lys

Arg

Asn
165

Glu

Asn

Ile

Thr

330

Arg

Cys

Pro

Gln

Ala

375

Thr

Leu

Ser

Gln

val

360

Val

Pro

Thr

Val

Val
345

Ser Leu

Glu Trp

Pro Val

Val

Tyr

Asp

Thr

Thr

Glu

Leu

Leu

Cys

Ser

Pro

Leu

Pro

350

365

380

395

410

Met
425

His

Lys

Glu

Leu Ser Leu Ser Leu Gly

Gln

Asn

Phe

ILle

Gly

70

Ala

His

Ala

Ser

Glu

150

Ser

Ser

Cys

Leu

Tyr

55

Ser

Glu

Thr

Ala

Gly

135

Ala

Gln

440

Pro

Lys

Thr

40

Trp

Gly

Asp

Phe

Pro

120

Thr

Lys

Glu

Asp

Ser
25

Trp

Thr

Ser

Val

Gly

105

Ser

Ala

Val

Ser

Ser

10

Ser

Tyr

Ser

Gly

Ala

90

Gly

val

Ser

Gln

Vval
170

Leu

Gln

Gln

Tyr

Thr

75

Val

Gly

Phe

Val

Trp

155

Thr

Asp

Ser

Ala

Ala

Ser

Gln

Arg

60

Asp

Tyr

Thr

Ile

val

140

Lys

Glu

Asn

Ser

Arg

Leu

val

Gly

Asp

Trp

His

Ser

Lys

Gln

Gly

Gln

Gln

Gly

Pro

Ser

400

415

430

Vval

Leu

Lys

45

Glu

Phe

Tyr

Lys

Phe

125

Cys

Val

Gln

Ser

Trp

Pro

Ser

Thr

Cys

Val

110

Pre

Leu

Asp

Asp

Asn

Leu

15

Asp

Gly

Gly

Leu

Gln

95

Glu

Pro

Leu

Asn

Ser
175

Glu

His

Gly

Ser

Gln

val

Thr

Asn

Ile

Ser

Asn

Ala

160

Lys
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Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp
180 185 190

Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu

195

200

205

Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys

210

<210> 40
<211> 351
<212> DNA

215

<213> Artificial sequence

<220>

220

<223> mAb7 heavy chain variable region DNA sequence

<400> 40
caggtgcage

agttgtaagg
cetggecagg
aatgaaaagt
atggagetgt
accgggaccet
<210> 41

<211> 339
<212> DNA

tggtgcagag
catceggeta
gectggaatg
ttaagaatcg
cctecetgeg

ttgecetactyg

cggcgeegaa
tacctttace
gatgggaaat
cgtgaccatg
gagcgaggac

gggacagggt

<213> Artificial sequence

<220>

gtgaagaaac
tecttactgga
atctatcceg
acccgggaca
accgocgtet

acactggtea

caggagccag
tcaattgggt
gectetagett
ctagecaccte
actattgtge

cegtetecte

<223> mAb7 light chain variable region DNA sequence

<400> 41
gacatcgtga

ataaactgca
tggtaccage
gagtccegggy
atatcecagte
ccteacactt
<210> 42

<211> 750
<212> PRT

tgactecagte
aaagctogea
agaagcectgg
tgccocecgacag
tgcaagectga

tcggaggegg

<213> Homo sapiens

<400> 42

tecegatage
gtegetgtgg
ccagccacec
attctetgga
ggacgtgget

taccaaggtce

ctggecagtea
gacagtggta
aagctgetga
agtggcageg
gtttattact

gagatcaaa

gectgggaga
atcagaagaa
tctactggac
gtacggactt

gccagaacga

cgtgaaagtyg
gaggcaggca
gactaactac
caccgtgtac
cegectgagt

a

gegggecace

tttectgace
ctecatategg
cacactgace

ctacttttat

Met Trp Asn Leu Leu His Glu Thr Asp Ser Ala Val Ala Thr Ala Arg

1

5

10

15

Arg Pro Arg Trp Leu Cys Ala Gly Ala Leu Val Leu Ala Gly Gly Phe
25

20

30

Phe Leu Leu Gly Phe Leu Phe Gly Trp Phe Ile Lys Ser Ser Asn Glu

35

40

45

60

120

180

240

300

351

60

120

180

240

300

339
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Ala

Leu

65

Pro

Gln

Tyr

Ser

Glu

145

Phe

vVal

Lys

Phe

val

225

Ser

Asn

Pro

Leu

Leu

305

Gly

Phe

Thr

Asp

[cARYS

Thr

50

Lys

His

Ser

Asp

Ile

130

Pro

Ser

Asn

Ile

Arg

210

Ile

Tyr

Ile

Ala

Pro

290

Leu

Ser

Ser

Arg

Arg

370

Tla

Asn

Ala

Leu

Gln

Val

115

Ile

Pro

Ala

Tyr

Asn

195

Gly

Leu

Pro

Leu

Asn

275

Ser

Glu

Leu

Thr

Ile

355

Tyr

Aan

Ile

Glu

Ala

Trp

100

Leu

Asn

Pro

Phe

Ala

180

Cys

Asn

Tyr

Asp

Asn
260

Glu

Ile

Lys

Lys

Gln

340

Tyr

val

Prn

Thr

Asn

Gly

85

Lys

Leu

Glu

Pro

Ser

165

Arg

Ser

Lys

Ser

Gly

245

Leu

Tyr

Pro

Met

val

325

Lys

Asgn

Ile

Gln

Pro

Ile

70

Thr

Glu

Ser

Asp

Gly

150

Pro

Thr

Gly

Val

Asp

230

Trp

Asn

Ala

val

Gly

310

Pro

val

Val

Leu

Qar

Lys

55

Lys

Glu

Phe

Tyr

Gly

135

Tyr

Gln

Glu

Lys

Lys

215

Pro

Asn

Gly

Tyr

His

295

Gly

Tyr

Lys

Ile

Gly

375

Rle

His

Lys

Gln

Gly

Pro

120

Asn

Glu

Gly

Asp

Ile

200

Asn

Ala

Leu

Ala

Arg

280

Pro

Ser

Asn

Met

Gly

360

Gly

Ala

Asn

Phe

Asn

Leu

105

Asn

Glu

Asn

Met

Phe

185

Val

Ala

Asp

Pro

Gly
265

Arg

Ile

Ala

Val

His

345

Thr

His

Al A

Met

Leu

Phe

90

Asp

Lys

Ile

val

Pro

170

Phe

Ile

Gln

Tyr

Gly

2590

Asp

Gly

Gly

Pro

Gly

330

Ile

Leu

Arg

Wal

Lys

Tyr

75

Gln

Ser

Thr

Phe

Ser

155

Glu

Lys

Ala

Leu

Phe

235

Gly

Pro

Ile

Tyr

Pro

315

Pro

His

Arg

Asp

Val

Ala

60

Asn

Leu

val

His

Asn

140

Asp

Gly

Leu

Arg

Ala

220

Ala

Gly

Leu

Ala

Tyr

300

Asp

Gly

Ser

Gly

Ser

380

Hia

Phe

Phe

Ala

Glu

Pro

125

Thr

Ile

Asp

Glu

Tyr

205

Gly

Pro

Val

Thr

Glu

285

Asp

Ser

Phe

Thr

Ala

365

Trp

[cERT]

Leu

Thr

Lys

Leu

110

Asn

Ser

Val

Leu

Arg

190

Gly

Ala

Gly

Gln

Pro
270

Ala

Ala

Ser

Thr

Asn

350

val

Val

Tla

Asp

Gln

Gln

95

Ala

Tyr

Leu

Pro

Val

175

Asp

Lys

Lys

val

Arg

255

Gly

val

Gln

Trp

Gly

335

Glu

Glu

Phe

7al

Glu

Ile

80

Ile

His

Ile

Phe

Pro

160

Tyr

Met

Val

Gly

Lys

240

Gly

Tyr

Gly

Lys

Arg

320

Asn

val

Pro

Gly

Arer
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385

Ser

Leu

Glu

Tyr

Asp

465

Leu

Trp

Ser

Gly

Lys

545

Leu

Ala

Leu

Asp

Tyr

625

Glu

Asn

His

Phe
705

Pro

Phe

Phe

Trp

Ile

450

Cys

Lys

Thr

Lys

Ile

530

Phe

val

Gln

Pro

Lys

610

Ser

Ile

Pro

Ala

val

690

Pro

Ser

Gly

Ala

Ala

435

Asn

Thr

Ser

Lys

Leu
515

Ala

Ser

Glu

val

Phe

595

Ile

Val

Ala

Ile

Phe

675

Ile

Gly

Lys

Thr

Ser

420

Glu

Ala

Pro

Pro

Lys

500

Gly

Ser

Gly

Lys

Arg

580

Asp

Tyr

Ser

Ser

Val

660

Ile

Tyr

Ile

Ala

Leu

405

Trp

Glu

Asp

Leu

Asp

485

Ser

Ser

Gly

Tyr

Phe

565

Gly

Cys

Ser

Phe

Lys

645

Leu

Asp

ala

Tyr

Trp

—ae

390

Lys

Asp

Asn

Ser

Met

470

Glu

Fro

Gly

Arg

Pro

550

Tyr

Gly

Arg

Ile

Asp

630

Phe

Arg

Pro

Pro

Asp

710

Gly

—y

Lys

Ala

Ser

Ser

455

Tyr

Gly

Ser

Asn

Ala

535

Leu

Asp

Met

Asp

Ser

615

Ser

Ser

Met

Leu

Ser

695

Ala

Glu

Glu

Glu

Arg

440

Ile

Ser

Phe

Pro

Asp
520

Gly Trp

395

410

Glu Phe

425

Leu Leu

Glu Gly

Leu Val

Glu Gly

Arg

Gly

Gln

Asn

His

Pro

Leu

Glu

Tyr

Arg

Leu

Arg

Arg

Gly

Thr

cnang

400

415

430

445

460

475

490

Glu Phe

505

Phe Glu

Arg Tyr

Tyr

Pro

val

Tyr

600

Met

Leu

Glu

Met

Gly

680

Ser

Leu

Val

His

Met

Phe

585

Ala

Lys

Phe

Arg

Asn

665

Leu

His

Phe

Lys

Thr

Ser

Phe

570

Glu

Val

His

Ser

Leu

650

Asp

Pro

Asn

Asp

Arg

5N

Lye

Ser

Val

Lys

val

555

Lys

Leu

Val

Pro

Ala

635

Gln

Gln

Asp

Lys

Ile

715

Gln

Asn

Ser

Gly

Phe

Thr

Leu

Leu

Met

Phe

Gly

Leu

Thr

Tyr

Pro

Ser

Val

Arg

Lys

Glu

Ile

Thr

Ala

val

Glu

480

495

510

525

Asn

540

Tyr

Tyr

Ala

Leu

Gln

620

Val

Asp

Leu

Arg

Tyr

700

Glu

Ile

Trp

Glu

His

Asn

Arg

605

Glu

Lys

Phe

Met

Pro

685

Ala

Ser

Tyr

Gln

Glu

Thr

Leu

Ser

590

Lys

Met

Asn

Asp

Phe

670

Phe

Gly

Lys

Val

Arg

Arg

Thr

Tyr

Thr

575

Ile

Tyr

Lys

Phe

Lys

655

Leu

Tyr

Glu

val

Ala

~ae

Ser

Ile

Leu

Asn

Glu

560

val

Val

Ala

Thr

Thr

640

Ser

Glu

Arg

Ser

Asp

720

Ala
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Phe Thr Val Gln Ala Ala Ala Glu Thr Leu Ser Glu Val Ala

740

<210> 43
<211> 2217
<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 43

atggctageg ccagacgccc
ttetteectge tgggeotteoct
atcaccocca agcacaacat
aagttcectgt acaacttcac
ctggccaage agatccagte
cactacgacg tgctgetgte
aacgaggacg gcaacgaaat
gagaacgtgt ccgacatcgt
ggcgacctgg tgtacgtgaa
atgaagatca actgctcegg
aacaaagtga agaacgccca
gcogactact tcgeccccagg
ggagtgcaga ggggcaacat
tacccagcca acgagtacgce
atcccagtge accccatcgg
tecgecceccac ccgactccte
ggcttcaccyg gcaacttete
gtgaccagga tctacaacgt
gtgatcetgg goggocacag
gecgetgtgg tgecacgagat
cccagaagga ccatcctgtt
accgagtyggy ccgaggdaaa
gecgacteoct ccatcgaggg
tecetggtge acaacctgac
tececectgtacg agtcctggac
atctccaage tgggetecgg
tceggeaggg ccagatacac
taccacteceg tgtacgaaac
taccacctga ccgtggeocca

gtgctgecet tegactgeag

tactccatct ccatgaagca

ctgttctececg ccgtgaagaa

cagatggetg
gttcggetoyg
gaaggccettt
ccagatccecc
ccagtggaaa
ctacccocaac
cttecaacacc
gcccecatte
ctacgccagg
caagatcgtg
gctggctggy
cgtgaagtcc
cctgaacctyg
ctacagaaga
ctactacgac
ttggagaggc
cacccagaaa
gatcggcacc
ggacagetgyg
cgtgeggtee
cgccagetgg
ctccaggctg
caactacacc
caaagagctyg
caagaagtcc
caacgactte
caagaactgg
ctacgagectg
agtccgegga

agactacgec

cocccaggaa

tttcaccgag

745

tgtgctggeg
ttcatcaagt
ctggacgagc
cacctggocg
gagttcggeco
aagacccace
toccetgtteg
tocgecttea
accgaggact
atcgccagat
gccaagggcyg
tacceccgacg
aacggcgctyg
ggaatcgccg
gcccagaaac
tccctgaagg
gtgaagatge
ctgagaggeg
gtgttcggeg
tteggaacce
gacgceegagg
ctgcaggaac
ctgagggtgg
aagtcccecg
ccatceceoccg
gaggtgttet
gagacaaaca
gtggaaaagt
ggcatggtgt

gtggtgetga

atgaagacct

atcgectceca

750

ctctggtgct
cctccaacga
tgaaggccga
gcaccgagca
tggactcegt
ccaactacat
agcccccace
gtccacaagg
tcttcaaget
acggcaaggt
tgatcctgta
gatggaacct
gcgaccccct
aggccgtggg
tgctggaaaa
tgcoctacaa
acatccacte
ccgtggaacce
gecatogacce
tgaagaaaga
aattcggect
gcggegtege
actgecaccece
acgagggett
agttctecgg
tccagagget
agttctecgg
tctacgacec
tcgagetgge

ggaagtacge

actccgtgte

agttcagcga

ggctggegge
ggccaccaac
gaatatcaag
gaacttccag
ggaactggcec
ctcecatcate
cccaggctac
catgcccgag
ggaacgcgac
gttcagggge
ctccgaccce
gccaggcggce
gaccccagga
cctgccctct
gatgggcggc
cgtgggccca
caccaacgaa
cgacagatac
acagtctgge
gggatggege
gctgggatce
ctacatcaac
cctgatgtac
cgagggcaag
catgcccagg
gggaategec
ataceccctyg
catgttcaag
caactccatc

cgacaaaatc

cttegactcee

gaggctgcag

60

120

240

300

360

420

480

540

660

720

780

840

260

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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gacttcgaca
gaaagggcct
tacgccccat
ctgttcgaca

atctacgtgg

<210> 44

agtccaacce
tcatcgaccce
cctccacacaa
tcgagtccaa

ccgectteac

<211> 33562

<212> DNA

aatcgtgctg
cctgggectyg
caaatacgcc
ggtggaccec

agtgcaagce

<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 44

ccatcttcaa
aatttgggga
gtgacgtttt
tgacgtcaaa
aggaaatgag
gaatgaggaa
gggccgagta
tttccgegta
gtoattagtt
gcctggetga
agtaacgcca
ccacttggca
cggtaaatgg
gcagtacatc
caatgggcgt
caatgggagt
cgeccccattg
tgtccctatce

tecgetagygg

gegetcectggt getggetgge ggettettec

agteoctcocaa
agctgaagge
coggcacaga
gcctggactce
accccaacta
tcgagocece
tcagtccaca
acttcttcaa
gatacggcaa

acatoaatoct

cgaggccace
cgagaatate
gcagaactta
cgtggaactg
catctecatce
acccoeagge
aggcatgeocc
getggaacge
ggtgttcagg

crtaatocrac

taatatacct
ggaagggcgg
gatgacgtgg
cgaggtgtgg
gtgtttctgg
gtgaaaatct
gactttgacc
cggtgtcaaa
catagcccat
ccgcccaacg
atagggactt
gtacatcaag
cecgcetgge
tacgtattag
ggatagcggt
ttgttttgge
acgcaaatgg
agtgatagag

taccgegatc

aacatcaccc
aagaagttcc
cagctggoca
gcccactacg
atcaacgagg
tacgagaacg
gagggcgace
gacatgaaga
ggcaacaaag

coceraacact.

caaacttttt
tgattggteg
ttgcgaggag
tttgaacacg
gcggatgcaa
gagtaatttc
gattacgtgg
gtccggtgtt
atatggagtt
acccccgecc
tocattgacg
tgtatcatat
attatgeccca
tcatcgetat
ttgactcacg
accaaaatca
gcggtaggcyg
atctccctat

accatggcta

aggatgatga acgaccagct gatgttcctg

ccagacagac ccttctacag gcacgtgatc

ggcgagtect tccccggeat ctacgatgee

tccaaggect ggggcgaagt gaagaggcaa

getgecgaaa ccctgtecga ggtggec

gtgcgegtta atatgcaaat gaggegtttg

agggatgagc gaccgttagg ggcggggcga

gagccagttt gcaagttctc gtgggaaaag

gaaatactca attttceccge gctctctgac

gtgaaaacgg gccattttcg cgcgaaaact

gcgtttatgg cagggaggag tatttgccga

gggtttcgat taccgtgttt ttcacctaaa

tttactactg taatagtaat caattacggg

ccgogttaca taacttacgg taaatggecce

attgacgtca ataatgacgt atgttcccat

tcaatgggtyg gagtatttac ggtaaactge

gccaagtacg ccccctattg acgtcaatga

gtacatgacce ttatgggact ttcoctacttg

taccatggtg atgcggtttt ggcagtacat

gggatttcca agtctccacc ccattgacgt

acgggacttt ccaaaatgtc gtaacaactc

tgtacggtgg gaggtctata taagcagage

cagtgataga gagtttagtg aaccgtcaga

gegeocagacyg coccagatgg ctgtgtgetg

tgectgggctt cetgttegge
ccaagcacaa catgaaggcc
tgtacaactt cacccagatc
agcagatcca gteccagtgg
acgtgctgect gtectaccce
acggcaacga aatcttcaac
tgtccgacat cgtgocccca
tggtgtacgt gaactacgee
tcaactgete cggcaagatc
tgaagaacgc ccagctgget

actteocoone acdocotoaaan

tggttcatca
tttectggacyg
cceccacctgg
aaagagtteg
aacaagacce
acctcecctgt
ttctecgect
aggaccgagy
gtgatcgceca
ggggccaagg

toacotacooon

1980

2040

2100

2160

2217

60

120

240

300

360

420

480

540

660

720

780

260

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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[
acggatggaa
ctggcgaccce
ccgaggeegt
aactgetgga
aggtgcoeta
tgcacatcca
gcgecegtgga
goggecatcga
coctgaagaa
aggaattcgg
aacgcggcegt
tggactgcac
ccgacgaggyg
ccgagttectce
tecttccagag
acaagttctc
agttctacga
tgttegaget
tgaggaagta
cctacteegt

ccaagttcag

tgaacgacca
gacccttcta
cctteccegg
cectggggega
aaaccctgte
ataccacatt
tgaaacataa
acaaataaag
gttgtggttt
cccatgeteg
atctggggtc
tgotgetgga
tggaggtgtyg
gcggagggaa
ccgatcattt
actagagtga
atetgtgett
tattcagece
tgggatccac
caaccctgag

gcgecgtgeg

B R

cctgccagge
cctgacceca
gggcectgeee
aaagatgggce
caacgtggge
ctecaccaac
acccgacaga
ccecacagtcet
agagggatgy
cctgctyggga
cgectacatce
ceecctgatg
cttegaggge
cggcatgccce
getgggaatc
cggataccce
ccccatgtte
ggccaactecc
cgecgacaaa
gtccttegac

cgagaggctg

gctgatgtte
caggcacgtg
catctacgat
agtgaagagg
cgaggtggec
tgtagaggtt
aatgaatgca
caatagecatc
gtccaaactc
caagccctgg
ccgecgaggce
gcccgatgee
gaagattctg
gcatgccagyg
ggtgttgece
gtagtgttct
ttctgtgtgt
ttatctgacg
ggtggacggc
ctettegteg

cggaatggee

ggcggagtge

ggatacccag

agaggggcaa catcctgaac ctgaacggeyg

ccaacgagta cgcctacaga agaggaatcg

tetatecccag tgecaccccat cggctactac gacgcecccaga

ggctecgeec

ccaggettea

caccecgacte ctettggaga ggctececctga

ceggeaactt ctecaccocag aaagtgaaga

gaagtgacca ggatctacaa cgtgatcgge accctgagag

tacgtgatcc tgggoggcca cagggacagc tgggtgtteg

ggegecgety tggtgecacga gatcgtgegg tecttcoggaa

cgecccagaa ggaccatcct gttegecage tgggacgecg

tccaccgagt gggccgagga aaactccagyg ctgctgcagy

aacgccgact

ccteccatcga gggcaactac accctgaggg

tactccctgg tgcacaacct gaccaaagag ctgaagtece

aagtccectgt

aggatctcca

acgagtcctg gaccaagaag tccccatcce

agctgggectc cggcaacgac ttcgaggtgt

gectocggca gggecagata caccaagaac tgggagacaa

ctgtaccact

cegtgtacga aacctacgag ctggtggaaa

aagtaccacc tgacecgtgge ccaagtocdge ggaggcatgg

atcegtgetge

ccttegactg cagagactac gcaegtggtgo

atctactceca tctecatgaa gecacccccag gaaatgaaga

teccectgttet

caggacttcg

ctggaaaggg
atctacgcce
gecectgtteg
caaatctacg
tgaatcgceac
ttacttgett
attgttgttyg
acaaatttca
atcaatgtat
ccegagtteg
atgttcatgce
atgtccagag
agatatgatg
ttccagecccg
tgcaccggga
gg99cggggy
tgcagcagca
gggcegtetee
cggcecgtge
ttggacgcag

atgggegeeg

cettecatega cecccetggge
catcctccca caacaaatac
acatcgagtc caaggtggac
tggccgeoett cacagtgeaa
ctecgagattt aaatctgatc
taaaaaacct cccacaccte
ttaacttgtt tattgcagcet
caaataaagc atttttttca
cttatatgect ggecaccgta
agcacaatgt catgaccagg
cctaccagtg caacctgaat
tgagcctgac gggggtgttt
aatccaagac caggtgeoega
tgtgtgtgga tgtgacggag
cggagttegg ttccagegag
aggacctgca tgagggccag
tgagcggaag cggctecttt
cctectggge gggagtgegt
agcecgegaa ctctteaacc
ctgeccgeecge agetgetgea

gctactacgg cactctggtg

ccgecgtgaa gaatttcace gagategect

acaagtccaa cccaatogtg ctgaggatga

ctgccagaca
gccggoegagt
ceccteccaagy
gecgetgeeg
ataatcagecc
ceectgaace
tataatggtt
ctgecatteta
catgtggett
tgcaatatgc
tatgtgaagg
gacatgaatg
gectgegagt
gacctgcgac
gaagaatctg
aataactgaa
gagggaggagyg
cagaatgtga
ctgacctatg
tetgecgeca

gccaactcga

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320
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gttcocaccaa taatcccgec
tcgaggeett gacccagege
agacgcgggce cgcggttgee
gagacggttyg ttgattttaa
ggccctggac caccggteteo
gaggtgggcet tggatgttga
ccattgcagg gecctegtget
cagggcatgg tgttgecacaa
ggtgtaggtg tttacaaatc

catcttggee tggatcttga

gttgtgcagg accaccagca
ggaagggaag gcgtgaaaga
ctcatcecatg atgatggega
gteggacaca tecatagttgt
ggggeggagg gtgecggact
ctecacagate tgcatctcce
ggegataaag aacacggttt
gagcagctgg gacttgooge
gtggtagttg agggagagac
catcteogege acgtgcatgt
ggataggage tcctggageg
cattttggag agggtttgtt
tacggcatct cgatccagca
ggcaccagac gatgggcgtce
cgegteaggyg tggtcteogt
gtgegettca ggetcatceg
gccaggtagc aattgaccat
cggagcttac ctttggaagt
agettggggg cgaggaagac
acggtotege actccacgag
ccgecgttet ttttgatgeg
gtgacaaaga ggctgteccgt
gtgcegeggt cctectegta
gocagcacga aggaggecac
ttttccaggg tatgcaaaca
taagtgtagg ccacgtgacc
tgctcecgtect cactgtctte
tcoctotega aggegggeoat
gatttgatat tgacggtgcc
gaaaagacga tctttttgtt
aggagettgg cgatggageg

gocgatgttga getgcacgta

agcctgaacg
ctgggaegage
acggtgaaat
cacagagtct
gatcattgag
ggtacatggg
cgggggtggt
tatctttgag
tgttgagetg

gattggcgat

ccaaataaaa

gaatctttat

gttgtaaatc

gttaccgecec

aggagaagct

tgacccagca

cacccggtgyg

catgagecceg

gaggagactg

ggagggatge

cggtgtatece ggtgcacttg gggaatttat

atttggcgac
tgggecegty
ggtcctgggt
gggggacaaa
aggetttgag
ceggggegygyg
agceggtggy
agctgccgtce
tectegegeac
aggcgaagtt
gcaagagtte
gacctececteg
cagcgcagec
cacggtgaag
gectggtegaa
gagttegtag
ctgccegeoag
ggactcgggyg
ccaggtgagg
tttettacct
gtccccgtag
gaggaaccec
gtgggacgygy
catgtccecce
gggggtcceg
cggatcgctg
gacctaggea
ggcggagatg
gtcgagcttg
catggtctgy

ctegegegec

gectttgtge
ggcggeggee
gaggtcatca
ggtacccteg
ctcggagggg
ggagatgagc
gecgtagatg
ctcceggagg
cagtteccgec
tttcageggce
caggeggtece
tttegegggt
agggtceggt
gggtgcgege
aaccgctcee
ttgagcgeccet
gcgggacaga
gcgtaggegt
tegggetggt
ttggtctcea
accgacttta
gcccacteeg
tagecggtegt
tegtecacat
gccyggggag
tccaggageg
ctecaggttgt
cctttcaaga
gtggegaagg
tttttttect

acgcacttec

cegeccaggt
tgggcaaaga
taggceccattt
atceeggggy
gggatcatgt
tgggeocgaaa
accccegatga
aggggggceea
aggaggcgcet
ttgagtcegt
cagagctogg
tgggacggct
ccttcoccaggg
cgggctggge
gatcggcgee
cggcecgegtyg
ggagggactt
cegegoogea
cggggtcaaa
tgagctegtg
tgggceggte
agacgaaagc
tgtccaccag
ccaggaaggt
tataaaaggg
ccagctgttg
cagtttctag
gcecactegte
agccgtagag
tgtecggegeg

atteggggaa

gttgctgetyg atggeccage
ggtggetcag ctgcaggage
aatgaatcaa taaataaacg
ttgattttte gegegeggta
atcttttecca ggacccggta
tcecgggggt ggaggtaget
acccagteat agecaggggceg
atggccacgg gcageccttt
atgegggggy agatgaggtyg

agatcecgee tggggttcat

catgcaactt
tttccatgea
cgtttegggy
taatgaattt
cgtagtteee
ccacctgegg
gcaagtteocg
ceggetgeag
cctegtteat
cteccecccecag
cggccatggy
tgatgtgcetc
gcgggagtag
tcegeagegtie
gcttgegagg
ctgegegteg
gcctttggeg
gagggcgtag
gtgggcgeag
aaccagttte
teceececgetgg
ctcgagcggt
cegggtcecag
cgggtcocace
gattggcttg
tgegggtcee
gggtaggtat
aaacgaggag
catctggtca
ggcegttggag
cteettggey

gacggtggte

agetegtegg gcacgattet gacctgeocag ccccgattat gecagggtgat gaggtccaca
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6060
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6300
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ctggtggeca
gagcagaagg
aagatgcegg
gcagattgee
ggcatgggat
toctcgagga
tagtcataca
tttteggege
ctttggaaga
taggagtctt
tcgagggtet
ttgagaagga
gcacggtaag
tecacgggga
gtgtcectga
tgcteccaga
acatcgttga
tggggcacct
ttgatgttgt
agtttettga
gcccagtegg
gcggtttgea
gtgacgcagt
agatcgaggyg
gggacgagcet
aagagecttt
ttggaggaat
tgettgtgtt
acgagctgta

tgcatectegt

gtcatgcetga
gcgaggacga
tcagtgggea
tocagatggt
cegtgceect
ggcggtgect
getoggggeo
ggtactgege
gacgcectctg
aatcaatctc
tgtectggta

ggcoggegeg

cctegecgeg
ggggcaggygyg
gcaggaggtc
attcgegeac
gggtaagege
tgccgatgta
gctegtgega
ggtagacgat
tgttgaagtg
gcagcttgge
cctggatgat
actettegeg
agcctageat
gggcgtagge
ccatgacett
gctggaagte
agaggatctt
cggeceeggtt
ggcccacgat
gctectegta
cgagatgggg
gacggtcceg
agaaggtgcg
cgagctegac
gcttgeocegaa
cggtgcgagg
ggctgttgat
tatacaagcg
cctgagttec

gctgtactac

cgageeegeg cgggaggeag gtccagacct

gggcegcegeag
geggeggege
acttgatcte
ggggtgtgac
cttecatggt
cggaggcagg
cecggagaaga
ggtgaaggcc
ggtatcgttg
ggcgatcoteg

ctecacggtyg

gcecggagetg

caggggctca
gtcecagecatg
ggggtcaaag
ggccagegeg
ggaggegtac
ggtggggtag
gggggcegagg
ctggceggaaa
ggcgtgggge
gacgagctcg
gtcatacttg
gtecttecag
gtagaactgg
ctgggceggce
gaggaactygg
cgtgegette
gccegegegg
gttgatgacc
gtagagttcc
ggtgagcteg
gttggegegg
gtactgacgg
ggggtcccoyg
gagcaggteg
ggacccecate
atgcgagccg
gtgatggaag
gccacagtge
tttgacgagg

gtcegtggtgy

gceggttgact
caccgegeca
caccgtcocce
tagaagcgge
ggcggeaggyg
ctggcgtgag
acgggacccg
acggcggect
gtcatgaact

gecgegaggt

ttagteccage agaggegtcoc
acctegtegy gggggtcgge
tagectgatgg aagtggccag
cgctcegtagg gactgagggg
atgccgeaga tgtcegtagac
cagcgeccee cgeggatget
agcecaeggge ccaggttggt
atggcatgeg agttggagga
agtccgaccg agtcgeggat
geggtgacta ggacgtcoccag
agetgtecct tttgttteca
tactettega gggggaacce
ttgacggect tgtaggegea
ttgcgocaggg aggtgtgcgt
tgettgaagt cgatatcgte
ttgtaggegg ggttgggcaa
ggcataaagt tgcgagtgat
tgggcggcga gcacgatctc
acgaatcgecg gacggecctt
teggggtege tgageceogtyg
aggaaggaag tccagagatc
aactgetgece cgacggocat
tgeccagegat cccatttgag
tccccggaga gtttcatgac
caggtgtagg tttecacatce
atggggaaga actggatctc
tagaaatgce gacggegege
tegecaacget gecacgggatg
aatttcagtg ggaagtggag

teggeectgge cetettetge

gececttgege
atcgatggtg
atcgtccagg
cgtgecccag
gtagaggggce
ggcgegeacy
gegactggge
gatggtggge
gaagtgggcg
agcgcagtag
cagctegegg
gtcctgatct
gecageectte
gagggcgaaa
gcagececcee
agcgaaagta
gcggaaaggt
gtcgaagceeg
gacgtgggge
ctgctegage
cacggccagg
tttttecgggg
ctggagyggcyg
cagcatgaag
gtaggtgagg
ctgccaccaa
cgaacacteg
cacgtgetge
tcgtggecgee

ctcgatggtg

cggegegage gggteggaga
tecagggtec tgagacgetg cggagtcagg
tgecaggagtt tttccaggge gegcgggagy
ttggtggega cgtegatgge ttgcagggte
cgtttcttet tgggcggctg gggegacggg
ggcgaggacyg cgcgedggygc ggcagggygcg
gecacgteogge googogogog ggtaggttet
cgacgacgeg acggttgacg tecctggatct
tgagtttgaa cctgaaagag agttcgacag
gcecgeaggat ctettgecacg tcgocogagt
getegatete cteectettga aggtetecege

cgttggagat geggceccatg agetgoegaga
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aggcgttcat gecccgocteg
gggcgegeat gaccacctgg
tgcagaggeg ctggtagagg
acatgatcca geggcggage
tggcctegta aaagtccacg
actectecte cagaagacgg
acccecgggag ttoctcocact
cctecaggegg cagtggtgge
ggtcgatgaa gcgctcgatg
gccegteocctec gcggggecge
ggtcecegtt gggeagggag
cteegegecaa ggacctgage
cttegageca gtcegeagteg
ggttgggage ggggcgggcyg
ggcggatggt ggcgaggage
cggccatgee ccaggegtgg
geegetecac gggcacctece
cgegetgggg ctggacgage
ggatctgggt gagggtggte

tgttgatggt gtaggagcag

gcacgagcete gtggtacttg
aggtgcgeac caggtactgg
gccatcgete ggtggcegggy
cgtagatgta cctggacate
cgeggacgeg gttecagatg
ggecegtgag gogegegeag
ggctegacte cgtggectgg
cgaatetega atcaggetgy
aagcctgeac caaccctcca
ccggatgaga ctagtaageg
gagaagaatc gccagggttg
ggctaacgag ggegtggetg
agttacggag cgagceccctc
ggcagatgeg cccccaccac
tgcccecogec ccagcageaa
gacagagtta tgatcaccag
cgtegtegee ggageggeac
tgcccaagca gaacctgtte
ccecggttcocca cgeggggoegg
acgaggattt cgaggeggac
cggecaacct ggtcacggeg
ccttcaacaa ccacgtgege

acctgtggga cctgectggag

ttccagacge ggctgtagac
gcgaggttga gctccacgtg
tagttgagcg tggtggcgat
ggcatctcoge tgacgtegee
gcgaagttga aaaactggga
atgagctegg cgatggtgge
tectettett cetcetccac
gg99gagggyg gectgegteg
gtctcgececge gecggegteg
agcgtgaaga cgccegecgeg
agggegctga cgatgeatcet
gtctegagat ccacgggatce
caaggtaggc tgagcacggt
atgctgetgg tgatgaagtt
accaggtctt tgggecccgge
tectgacacc tggccaggte
tectegoceg cgoeggeogtg
gecaggtcgyg cgacgacgcg
tggaagtcat caaagtcgac

ttggeccatga cggaccagtt

aggcegcgagt aggegegogt
tageccgatga ggaagtgegg
gcgecgggeg cgaggtcoccte
caggtgatge cggeggoggt
ttgegecageqg gecaggaagta
tcgtggatge tcotatacggyg
aggctaageg aacgggttgg
agecgeaget aacgtggtat
ggatacggag gcgggtegtt
cggaaagcgg ccgaccegcega
cgttgeggtg tgcoccccecggtt
ccccgtegtt tccaagaccee
ttttgttttg tttgtttttg
cctcocaccge aacaacagcc
ctteccageca cgaccgecge
ctggecttgyg aagagggega
cecgegegtge agatgaaaag
agagacagga gcggcgagga
gagctgcgge gcggectgga
gagctgacgg ggatcagece
tacgagcaga ccgtgaagga
accctgateg cgogcegagga

gcecategtge agaaccccac

cacgacgeced
gcgegtgaag
gtgeteggtg
cagecgcctee
gttgcgegee
gegeaccteg
taacatctct
ccggeggege
catggtcteg
catctccagg
tatcaattge
tgaaaaccge
ttettetgge
gaaataggcg
ttgctggatg
cttgtagtag
catgcgegtg
ctcggcgagg
gaageggtygyg

gacggtctgg

tegggatecge
accgcgtagt
acgaagaaat
aaacgttcca
gagacggtca
cgctogaagy
tctacttect
acgggcagac
gtgacggcge
tggceggggy
ccegtaggga
tgaacgaagg
gggtcatgtt
gttctgagac
cgcagacggt
tectgeatga
agcccgaage
atggcttget
taggetcegg

tggeceecggac

gtcgaagatg tagtegttge
cggcggetgg cggtagageg
gagcatgytg cggtggtage
ggtggaggcg cgegggaact
gttcatggtg ggcacggtct
caaaaacgaa agcggtcage
gctgegegtg taccceggtt
tggecactecce gtetegaccee
ttgcaacttt tttttggagg
tggctogetg cegtagtetg
cgaggccggc cggattccge
catagecage cgacttetec
ccagatgecat ccecgtactge
cacteccacag ceggegette
ggccgecgtg ageggggctg
ggggetggeg cgectggggg
ggacgetege gaggectacg
gcccgaggag atgegegcgy
ccgaaagagg gtgctgaggg
cgegegegeg cacgtggoeg
ggagagcaac ttccaaasat
ggtgaccctg ggectgatge

cagcaagccg ctgacggoge

9480
9540
9600
9660
9720
9780
9840
9800
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560

10620

10680
10740
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agctgttect
atatcaccga
tggtgcagga
tgagtttggg
aggaggtgaa
acgatctggg
gegagotgag

ccgaggggga

ccttggagge
gcgagtacct
accteoctgat
ggacgattgyg
ctttagacag
gcgctcocaac
ggccateccoge
ctacaacagc
cgtggececcag
cgecttoete
catcagcgec
gcecggactac
tttcaagaac
gtcgagectg
cageggdage
catcggeccag
cctgggecag
gtcgcagaag
cgtgcagecag
cgacatgace
taaactgatg
catcctgaat
cgaccccaat
gggtgctaac
gctgtcoegge
cttgceoette
cttgetggge
ctteeccaat
gcaggagcac
ccgtaaacgc
cgacgacagc

ccgtatcggg

cgaccagegt
tacccggagyg

cccratoaoo

ggtggtgeag
gcccgaggyge
gcgegggetyg
caagtactac
gatcgacggyg
ggtgtaccge
cgaccaggay

gagctacttt

ggcgygcagga
ggaagactga
ccegegatge
acccaggeca
cagccooagg
cccacgeacyg
ggcgacgagg
accaacgtge
cgcgageggt
agcaccoagc
ctgegectga
ttettecaga
ttgcagggece
ctgacgccga
atcaaccgea
gegeacgtgg
gacgacecgg
atcecgecce
agcgtgggee
gcgegcaaca
gactacttge
ccccactgge
gacgggttcce
gagcgecoct
cgcgagggtyg
tegetgaaca
gaagaggagt
aacgggatag
agggacgate
cggtggcacg
agegtgttgg

cgecatgatgt

catagteggg acaacgaagc
cgctggctcec tggacctggt
ccgetgtecg agaagetgge
gctaggaaga tcectacaagac
ttttacatge gecatgaccct
aacgacagga tgcaccgtge
ctgatgecata gtctgeageyg

gacatgggeg cggacctgea

coctacgtag aagaggtgga
tggcgegace gtatttttge
gggeggeget goagagocag
tgcaacgcat catggegetg
ccaaccgget cteggecate
agaaggtcct ggcecatcgtg
caggoctggt gtacaacgeg
agaccaacct ggaccgcatg
tccaccgega gtccaacctg
ccgccaacgt goccoggggoe
tggtgaccga ggtgocccag
ccagtcgeeca gggettgoag
tgtggggogt goaggecceg
actcgcgeet getgetgeotg
actcgtacct gggctacctg
acgagcagac ctaccaggag
gcaacctgga agccaccctg
agtacgcgcet cagcaccgag
tgttectgat gcaggagggg
tggagcccag catgtacgece
atcgggogge cgoccatgaac
tccecgecgee ggggttctac
tgtgggacga tgtggacage
tgtggaagaa ggaaggcagc
ctgecgegge ggtgcccgag
gtatccgeag cagegagetg
acttgaatga ctcgetgttg
aaagcctggt ggacaagatg
cccgggegte geagggggce
acaggcagcg gggacagatg
acttgggtgg gagtggtaac

aagagaaacc gaaaataaat

cgatgaggtg
tagatgcaac
cegteocggea
acgacccogea
ctggaggcceyg
aacgcgcetgg
ctgetggage
gtgaccgacg
ggatccatgg
caggaggact
agcgaggtgt
accgtgaacce
gtcggggace
ctggtggceco
attaacctgt
atcacccacg
aactttttge
gaggagcgca
gcecaccecca
agcaaccgec
tetgactatt
acgggegagt
agegtgttet
gaccgacgec
gccgecagte
ggcaggatca
agaccogage
agccegetgga
acgagccgag
tgggacgatg
ccgttegete

gatactcace

gttcagggag gcgctgctga
gaacattctg cagagcatcg
ggccatcaac ttctcggtge
ccegtacgtg cecatagaca
gaaagtgcetg accctgageg
ggtgagegeoe ageaggegge
ggcecctgace ggggecggyga

ctggcagece agecgoeeggg

gacgaggagg
aacaacagcc
ttaacteccte
accccogaage
tggtgcecte
tggagaacaa
gcgtggeecyg
tgegecgagge
tggecgectgaa
acaccaactt
accagtccgg
tgagccagge
gcgcgacggt
ccttecacgga
acagogagge
tgagcegege
tgaccaaccyg
tcectgegtta
gcgeegeget
cgttecatcaa
tcaccaacge
acgacatgcc
cacceoogace
cgtectagge
cttteccegag
cgegeecgey
gggagaagaa
agacgtatge
gecagacgecgc
aggacteccge
acctgecgece

aaggccatgg

gcgttegttt cttctcoctgtt gttgttgtat ctagtatgat gaggegtgeg

gtcecteetee ctegtacgag agegtgatge agcaggogat ggeggeggeg

coonnctaaa aoactocottan atocconcon aatacotaoc acocotanoocac
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G gy
gggceggaaca
ctggtggaca
ttcetgacca
atcaactttyg
atgcccaacyg
cgcaagacce
aagtatgaat
gacctgatga
ctggagageg
gtgaccgagae
ttgetgeceyg
cgcaagagge
aacatccccg
gaagcaactyg
gccegcageag
gtggagaagyg
taccgecagcet
acgctgetea
gacatgatge
gtgggegeey
tcgecagecage
cagatccteg
ctcacagate
gttactgacg
ccgegegtco
accggttggg
caacacecccyg

gtgeggtege

tacacecececg
gacgcgcgoo
agoaccoecg
agggccatge
agacgegogy
aacgtgtact
cctegeactt
ccaagogcaa
cggtggtgaa
aagaagaaag
gagtgeagtg
tcacgececcgg
atgatgatat

gcegttoege

g g g
gcattcgtta
acaagteggce
ccgtggtgea
acgagcegete
tgaacgagtt
ccaatggggt
gggtggaatt
acaacgccat
acatcggegt
tggtcatgcecce
gctgeggggt
agcectteca
cgctectgga
cagecegtage
tggeagcgge
atagcaagaa
ggtacctage
ccacctegga
aagaccceggt
agctectgee
tgecgegectt
tcecgeccegec
acgggacccet
ccagaagecyg
tctcgageeg
gcctgegege
tgegegtgeg

gcaccaccgt

ccgecgagea
ggtacgcccg
ccatgcogege
tcagggagge
ccacggegge
gggtgcgega
gaagatgtte
attcaaggaa
ggaggaaaga
tgatgtggac
gegegggegg
cgagcgctece
tctggagcag

accgaaggaa

MY e e Y e e g Y e et g

cteggagetyg geacceottgt acgataccac

ggacatcgee tegetgaact accagaacga

gaacaatgac ttcaccccca cggaggccag

geggtgggge ggccagetga aaaccatcat

catgtacagc aacaagttca aggcgcgggt

gacagtgaca gaggattatg atggtagtca

tgagctgece gaaggcaact teotcggtgac

catcgacaat tacttggcgg tggggceggca

gaagttecgac actaggaact tcaggetggg

cggggtgtac accaacgagg ctttcecatce

ggacttcace gagagecgec tcagcaacct

ggaaggette cagatcatgt acgaggatct

tgtcgacgece tatgagaaaa gcaaggagga

taccgectet accgaggtca ggggcgataa

cgaggcggcet gaaaccgaaa gtaagatagt

caggagctac aacgtactac cggacaagat

ctacaactat ggcgaccccg agaagggegt

cgtecacetge ggegtggage aagtctactg

caccttecge teccacgegte aagttageaa

cgtctactee aagagettcet tcaacgagea

cacctcegett acgcacgtct tcaacegett

cgcgeccace attaccaccg tcagtgaaaa

geccgetgege agcagtatecc ggggagtcca

cacctgeecce tacgtctaca aggocetggg

caccttctaa atgtccattc tcatetcgoce

gecocagoaag atgtacggag gogetcegeoca

cgggeactte cgegetceoct ggggegecct

cgacgacgtg atcgaccagg tggtggccga

cgtctccace gtggacgceg
cgccaagagc cggcggcggc
ggcgcgagec ttgotgogea
cagacgegeg getteaggeg
ggcagcggcee atcgacagca
cgccgecace ggtgtgegeg
acttcgegat gttgatgtgt
gagatgctce aggtcatcge
aagccccgea aaatcaageg
ggattggtgg agtttgtgcg
aaggtgcaac cggtgctgag
ggcaccgectt ccaagegetc
gcggecgage gectgggoga

gaggcggtgt ccatcccgect

Yo ey gy
ccggttgtac
ccacagcaac
cacccagacc
gcacaccaac
gatggtctce
ggatgagctg
catgaccatc
gaacggggtg
ctgggacccc
cgatattgte
gctgggeatt
ggagggggygc
tgcagecaget
ttttgeaage
cattcageeg
aaacaccgcc
gegceteetgg
gtegetgeee
ctacccggtyg
ggeccegtotac
ccccgagaac
cgttcoctget
gcgegtgace
catagtecgeg
cagtaataac
acgctecacg
caagggccge

cgegegeaac

tcatcgacag cgtggtggcc

gcatcgeceg gecggcaccygg

gggccaggcg cacgggacge

ccagegocgyg caggaceegy

tgtceegerne geggegaggg

tgecegtgeg caccegoeoce

cccageggeg aggaggatgt

gcectgagate tacggecctg

ggtcaaaaag gacaaaaagg

cgagttegee ccceggegge

acccggcacce accgtggtct

ctacgacgag gtgtacgggg

gtttgcttac ggcaagcegeca

ggaccacggc aaccccacgc

14640
14700
14760
14820
14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
16080
16140
16200

16260

16320
16380
16440
16500
16560
16620
166380
16740
16800
168560
16920
16380
17040

17100
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cgagccoctcaa
tcaagegega
agctggaaga
tgcggeecat
ccacggagec
aggtgcagac
gcgeggecag
gctaccgegg
ctecgecegecg
tgtacegecg
ccatttaaac
cattacggge
tegdcaceac
cgegetgatao
ggtgcaggcc
actctgacge
cgtecetgge

ccagccaact

tegggtecac
tgagggataa
gcatcaacgg
tggacccggt
ccetggacaa
acacggacga
ccatcgegece
ctaeteccea
ccecgegoegeyg
gcategtyggg
gcgcettaact
aaggaggagt
cagtgggegt
gtgcagtttg
acggtggege
gtgeccgtgy
ggcgacaacc
cggggcccta
gcacccaaca
tatacatatg
ggaactgaca
gtgggtgatg
cttaagectyg

gaaggaggtc

at oot ok

geccocgtgace
gggcgaggat
cgtgctggag
caagcaggtg
catggaaacy
ggatccetgg
cctgctgatg
cacgcgette
cegtegeoege
cggcegagea
tttegectge
taccgaggaa
caceggegge
coccatecateg
tetcagegece
tcetggtect
tecegegacac

gaacggggge

gcttaaaace
gctgaaagag
ggtggtggac
gccgeccgec
gcggggegag
gecgeccecy
cctggecace
gccttacege
accegggggc
tctgggagtyg
tgecttgtetg
gaagaggcge
acatgcacat
cccgegecac
ccacgcacga
accgcegagga
gcgtgetgga
gcttcaaace
cttgtcagtg
gaaatgcacce
ccgatgatca
ctgaatggea
ataccaaaat

aggcaaatgt

t+eoamaaranr

ttgragcagg tgctgecgac cgeggegoog cgecgggggt

ctgtaccceea

ccatgcaget gatggtgoee aagegacaga

accatgaagg tggacccgga cgtgecagece gaggtcaagg

gcccegggee tgggegtgeca gaccgtggac atcaagattc

cagaccgagce
atgccategg
cccaactacy
taccgeggte

accgecgetg

ccatgatcaa gcccagcace agcaccatgg
ctcetagteg aagaccccgg cgcaagtacy
cgctgecatee ttcecatcatce cecacgecgg
ataccagcag ccgccgocgc aagaccacca

caaccaccce tgeccgecoctg gtgeggagag

cctectgacee tgecegegege gegctaccac ccgagecatcg

tttgcagatc
gaaaaccgcyg
ggecgaegecat
ccgcggegat

actgagacac

aatggcccte acatgccocgee ttegegttcee
ccgtagaagg ctggcegggga acgggatgeg
cagcaagcegg ttggggggag gettectgec
cggggcgate coceggeattg cttoegtgge

acttggaaac atcttgtaat aaaccaatgg

gtgatgtgtt ttcgtagaca gatggaagac atcaattttt

ggcacgegge

cgtteatggg cacctggage gacatcggea

gecttecaatt ggagecagtet ctggageggg cttaagaatt

tatggeagca
cagaacttcc
ctggccaacc
ggctcegtgg
aagcgaccecd
tacgaggagg
ggggtgctga
ccctcectacag
acecgeccgcece
cagagtgtga
tgtgtgtatg
gtoegecgagt
cgecggacag
agacacctac
tgtgaccace
caacacctac
catggccage
ctactcecgge
gacatataaa
cgtgeaggge
gccaatctac
tgacatcact
gaagcettgt
gaaaacagga

Y Teialalalalsfald

aggegtggaa cagceaccaca
agcagaaggt ggtcgatggg
aggccgtgeca geggeagatco
agatgccgca ggtggaggag
geocegatge ggaggagacyg
cggtgaaact gggtctgoce
aacccgaaaa gcocgagace
tggctaagee cctgecgeoy
ctcatgegaa ctggcagage
agcgecgeeg ctgetattaa
tattatgtcg ccgececgeege
tgcaagatgg ccaccccatce
gacgcttegg agtacctgag
ttcagtctgg ggaacaagtt
gaccgeagece ageggetgac
tegtacaaag tgegetacac
acctactttg acatcegegg
accgcectaca acagtcetgge
gccgatggtg aaactgccac
attaacatca caaaagatgg
gcagataaaa cctatcagece
ggtactgaty aaaagtatgg
tatggttctt ttgccaagec

acaggcacta ctaaagaata

falalfolal fals Jalallih o Ve Jal Falab Te 2o}

gggcaggcegce
ctegectogg
aacagcegec
gagctgectc
ctgctgacge
accacgcggce
ctggacttge
gtggecgtyg
actctgaaca
acctacecgta
tgtccaccag
gatgctgecece
tcegggtetg
taggaacccc
getgegotte
getggeegtg
cgtgetggat
ccccaaggga
agaaaaaacc
tattcaactt
tgaacctcaa
aggcagagct
tactaataaa

tgacatagac

aat¥ebttto

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

18A80
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gy s e
tatactgaaa
gatgacagca
attggtttca
gtgctggeeg
gagcetgtect

tggaatcagyg

gaggatgaac
cagggaatta
gatgctaatg
ctgtggagga
acgceggeca
gtggtggcge
caccatggaca
atgetectgy
gccatcaaga
gacgtcaaca
atcteettca
tccacgeteg
teggeggeca
ccctegogea
acgeccctege
ctegacggea
tcegtcaget
accgtcgacg
gteccagatge
aaggaccgea
gaggtcaact
ttcgtecgget
tacecegetca
agggtcatgt
ctcggccaga
gaccccatgg
gtgcaccagce
ggtaacgceca
aggagctcag
ataagegett
coggecgega

actgctacct

tcgagtacga
tggaaaagtc
gcatgtteocot

tgaacttget

i e
atgtggattt
gctettetat
gagacaactt
gtcaggette
accagetett

cggtggacag

tteccaacta
aggctaatgg
agataggcaa
acttcctcta
atgttaccct
cctegetggt
acgtgaacce
gecaacgggcg
gcctectget
tgatcctgea
ccagcatcaa
aggaecatget
acatgectcta
actgggeege
tgggctccgg
ccttetacet
ggoccyggcaa
gcgagggecta
tggcccacta
tgtactcctt
acaaggacta
acctegegece
toggcaagag
ggcgcateee
acatgctcta
atgagtccac
accacogegyg
ccacctaage
ggccatcatc
cocgggatte
gaccgggggc

cttegaccce

gggcctgetyg
cacccagacce

gcacgectte

gacgggggtyg

ey ey gy g ey gy e
ggaaactcca gatacccata
taatttgggt cagcaagcca
tatcgggete atgtactaca
tecagctgaat getgtggttg

gettgactet ctgggtgaca

Rt ettt L it et
ttgtatacaa agcaggcaca
tgcccaacag acctaactac
acagcactgg caatatgggg
acttgcaaga cagaaacacc

gaacceggta tttcagtatg

ctatgatcct gatgtgcgca ttattgaaaa tcatggtgtg

ttgtttcocecct ctggatgetg
aactgatcaa accacatgga
gggtaatceca ttogocatgg
cgccaacgtyg geectgtace
gcccaccaac accaacacct
ggactcctac atcaacatcg
cttcaaccac caccgecaatg
ctacgtgece ttecacatcce
cotgeocoggg toctacacct
gagctecctc ggcaacgacc
cctctacgee accttettec
gogcaacgac accaacgace
ccccatcoeg gecaacgcoca
cttecgegge tggtocttea
gttecgaccec tacttegtet
caaccacacc ttcaagaagg
cgaccggcte ctgacgccca
caacgtggcc cagtgcaaca
caacatcgge taccagggcet
ctteceogecaac ttccagecca
ccaggeegte accetggect
caccatgcge cagggccagc
cgcecgtcace agegtcacce
cttetccage aacttcatgt
tgccaactcc gcccacgege
cetteotectat gttgtetteg
cgteategag geegtetacce
tettgeottet tgcaagoceat
cgegacctgg gotgegggoc
atggccccege acaagetgge
gagcactgge tggecttege

ttogggttet cggacgageg

cgeggeageg ccectggecac
gtgcagggte cgegcectcgge
gtgcactgge ccgaccgcecoe

cccaacggea tgctceagte

ttggcagaac
ccaaagatga
aaatcaacat
tgececgacte
acgattacat
gggcgegetg
cggggctgeg
aggtgecccca
acgagtggaa
tgecgeacgga
decatggcegea
agtccttecaa
ccaacgtgec
cgegtotcaa
actegggecte
tetecateac
acgagttoga
tgaccaagga
tctacgtgee
tgagcecgeca
accagcacaa
cctaceceege
agaaaaagtt
ccatgggege
tagacatgaa
aagtcttcga
tgegeacceoe
ggeegeggge
ctacttecctg
ctgegecate
ctggaacccg

cctcaagecag

agatacttat
cagtgtcaat
ccaagccaac
ttacaagtac
gaacggccgy
gtcgctggat
ctaccgetec
gaaatttttc
cttcegeaag
cggggcectce
caacacggcc
cgactaccte
catctecate
gaccaaggag
catccectac
cttegactee
aatcaagcge
ctggttcctg
cgagggctac
ggtggtggac
caactcggge
caactaccee
cetcotgegac
getcaccgac
tttcgaagte
cgtecgteccga
ctteteggee
teceggegage
ggcaccttag
gtcaacacgg
cgctegaaca

atctaccagt

cgaggaccge tgegtcacce
cgecctgeggg ctettetget
catggacaag aaccccacca

gccccaggtg gaacccacee

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200
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tgcgecegeaa
ccecacagege
cegtgtgtgt
gatgatttat
acacgttgeg
gcggggtgte
ggtogggege
ggtacacggy
cegtaegegte
tcatcttgea
agtgcagggg
tcatgaaagce
cceccgeagga
gegegtegtt
cceggteggg
tecatgtgete
cggtgeacce
gggaatgege
tgctagtgaa
ggcggtacac
cgeggtageg
tgggeagget
cgetetegte
ggtagctgaa
ggctgacgte
gcggeggaga

cttectotte

gaggegacgg
cgggggtacg
cctagggagyg
ccgecgacga
ccaccteega
tgggctatgt
agatacacca
agcatgacgg
ccecggeagge
tggaggagct
gacagcoccaa
tgceccgagge
geegegecaa
ctgatatege
ctagggecge

tcgagttgga

cecaggaggcg
gcgcategag
atgttaaatg
ttagaaatcg
gaactggtac
ggggaaggag
ggagatcttg
gttgcageac
ggtgatgetc
ggtctgeett
gatcagcatc
ctccaattge
cttgctagag
gttggccage
gttctecctte
cttetggatc
gtgcagecac
gtgcacgaag
ggtcagcgga
ctecgeeetge
gteccatcage
catagggtte
cagggtctca
gcccacggec
ctgcaggacce
tgttggagat

ttggtccgag

gctectegecg
ctcecggegy
aacaacaagc
gaageagcag
cgeggeegte
gacgeoogeg
agaacagcca
cgactaccte
caccatcgte
cagccgegece
tggcacctge
cctggecace
ccgcacecge
ctocttggaa
gaacgctotg

aggcgacaac

ctctaccget tcetcaacte ccactecgee

aaggccacceg ccttecgaceg catgaatcaa

tctttaataa acagcacttt catgttacac

aaagggttct gecgggtcete ggecatggcoce

ttggccagee acttgaactc ggggatcage

teggtecaca gettcocogegt cagttgeagg

aaatcgeagt tgggaccege gttctgogeg

tggaacacca tcagggeegg gtgctteacg

tccacgtega ggtectegge gttggecatco

cccatggtgg geacgeacce gggettgtgg

atctgggcect ggtecggecgtt catccccggg

ctgaacgect gectgggectt ggetceecteg

aactggttgg tggcgcacce ggcgtegtge

tgcaccacge tgogccccca geggttotgg

agecgegcgct gecccgttcte getegeccaca

atggtggtce cgtgeaggeca ccogeagettg

agcgegeace cggtgcacte ccagttettg

ccctgeagga ageggeccat catggtggte

atgccgeggt getcoctegtt gatgtacagg

tegggecatca getggaagtt ggetttcagg

atagtcatga tttccatacce ctteteccag

ttcaccateca tecttageget agcagecgeg

aagctecget tgeccgtcctt ctecggtgatce

gccageteet cctceggectg tetttegtee

acatgettgg tettgegggg tttettettg

ggcgaggggg agoegcegagtt ctegetcace

gccacgegge ggtaggtatg tctetteggg

ccgegacttyg geggatgget
cgctetgact gacttectcee
atggagacte agccatcgec
cagcagaatg aaagcttaac
ccagacatge aagagatgga
gagceacgagg aggagetggo
gagcaggaag cagagaatga
cacctgageg ggggggagga
aaggatgcge tgcteogaceg
tacgagttga acctecttcete
gagcccaacc cgegectcaa
taccacatct ttttcaagaa
gccgacgece ttttcaacct
gaggttccca agatcttega
caaggagaag gaggagagca

gcegeggetgg cggtgetcaa

tacttteget
gacatgtaaa
atgcatctga
gcgggcaggy
agtttgggea
gecgcccagea
cgggagttgc
ctegccagea
cecgaaggggg
ttgcaatege
tacatggcct
gtgaagaaga
acgcagcagce
gtgatcttgg
tccatctcga
cccteggect
tgggcgatcet
agggtcttgt
tggcagatge
teggtcteca
gccgagacga
gccagggggt
cgcaccgggg
tegetgtect
ggcggeageqg
actactatct

ggcagaggcg

ggcagagcce cttcoccgegtt

geggecggee attgtgttet

aaccteogeca tetgeeccca

cgcccegecg cccagccecg

ggaatccate gagattgace

agtgegettt tcacaagaag

gecagagtoag getgggeteg

cgegetcate aagcatctgg

caccgaggtg ccccteageg

geegegegtyg ccececccaage

cttctaceeg gtettcgegy

dcaaaagatc cccegtctect

gggtccogge geccgectac

gggtctggge agcgacgaga

tgagcaceac agegecetgg

acgcacggte gagctgacco

22260
22320
22380
22440
22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640
23700
23760

23820

23880
23940
24000
24050
24120
24180
24240
24300
24360
24420
24480
24540
24600
24660
24720

24780
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atttecgceeta
tgctcatcaa
gcaagocegt
agagtttgga
agtgcctgeg
actacctctt
ccaacctggt
acaccaccct
tcetgecacac
tgaaagagct
agcgcaccac
tgcgcaacgg
tcectcegaacg
cgctgacctt
cgaactacct

agtgccactg

tgctgagega
gttcagecge
gcaagttcgt
atccgeccaa
tgeaagecat
tecgacecccca
aagaagctga
agtcaggcag
agcctgcaag
gccgecgeca
gcteecgggte
aaccccacca
aaaaacgcca
tacctgetct
ctccacagce
accagcagcet
geeggegeaa
gcagagtegg
ccgcagttgt
ggctctette
gcagaaaaag
tcatgagcaa
ccgecggtge
tgatctcacg
cgectcacege

accaggaaat

cceggctotg
gcgegegteg
ggtcagcgac
agageggege
cegattette
caggcacggg
ctectacatg
gegeggggag
ctggcagacg
ctgcaagcte
cgcetcggac
cctgcecegac
ctccggaatc
cegegagtge
ggcctacecac

cegetgeoaac

gacccagatc
caaggggggt
gcocgaggac
ggecgagetg
ccagaaatce
gaccggtgag
aagtggagct
aggaggagga
acagtctgga
gaccgtegte
ggggtaccge
cccagacegyg
tegtcetectyg
tccaccgegg
cctactactt
agaaaatcca
aceccgggage
gggcaggagc
ctgtatcaca
aacaagtact
gcgggaatta
agagattccc
cgocccaggac
ggtgaatgac
cacgccccge

teccecageece

aacctgccce
ceccatcteeg
gagcagctgg
aaactcatga
gccgacgegyg
ttegtgegece
ggcatcttge
geceggegey
ggcatgggeg
ctgcagaaga
ctggccgacc
tttatgagce
ctgccecgeca
coccogooge
tcggacgtga

ctotgecacge

ateggecacct
ctgaaactca
taccatccct
teggactgeg
cgecaagaat
gagctcaace
gecageccgtyg
gatggaggaa
ggaagacgag
ctcggegggyg
tcgaccacac
taagaaggag
cttgcaggee
ggtgaacttt
ccaagaagag
cageggegge
tgaggaaccy
aggaactgaa
agagcgaaga
gcgegetcac
cgtcacctgt
acgccttaca
tactccacce
atccgcecgecce
aatcacctca

acgaccgtac

ccaaagtcat
aggacgaggyg
accggtgget
tggecgtggt
agaccctgeg
aggcctgcaa
acgagaaccqg
actacatccg
tgtggcagca
acctcaaggg
teattttece
aaagoatgtt
cctgeteccge
tgtggagcca
tcgaggacgt

cgeacegete

gagcgecggtc
catgcaagac
gggtcctaat
cetggtgace
caaggtcgag
gatctccaac
cetggggcag
cgactgegtce
gtgtctggag
tectgtggace
cgagcgccte
gcaaaacttt
gctgececteg
ctgctaccetg
cagcggcegag

cctggectge

atggaccagyg
tccgaggagyg
gctagtcece
gtggagetgg
gagaacctge
gtggagctga
aacgtgetge
tacetetace
gagcagaacc
gggttcgacg
aggctgacge
cgctetttea
gacttegtge
ctgegectgg
ggectgeteg

aagccgocecage

tegagttgea agggcoccage gaaggcogagg

ccoegggget
tcgagatcag
tecatcaccca
tettgetgaa
ceggettece
gaggatttgg
gactgggaca
gaggaggcag
gagaaagcaa
agtagatggg
cggcagggat
tgegggggea
ccocgeaaca
gcagcagcag
agcaggtgga
gatctttece
agtcaagaac
ccaacttcag
tcttaaagag
gcecttegee
tgtggagcta
gcatgaattg
accgaaacca
atcegegtaa

tactteecgeg

gtggacctcg gectacttge
gttctacgag gaccaatccc
gggggegate ctggeccaat
aaagggecge ggggtctace
ccaggatgece ccgaggaaac
aggaagactg ggagaacagc
gcactcaggc agaggaggac
aggaggaggt ggaagaagca
gcagcacgga taccatctcc
acgagaccgg acgattccceg
acaagtcctyg gegggggcac
acatctectt caceccggege
tcttgeatta ctaccegtcac
cagaaaaaga ccagcagaaa
ctgaggatcg cggcgaacga
accctetatg ccatctteoca
cgttetctge getegetcac
cgcactctcg aggacgccga
tagceegege ccgeccagto
ctagccgect ccacccatca
ccagccccag atgggcctgg
gctcageogee gggcccgoga
gatactccta gaacagtcag
ttggececegee geocetggtgt

agacgeccag gecgaagteco

24840
24900
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560
25620
25680

25740

25800
25860
25920
25980
26040
26100
26160
26220
26280
26340
26400
26460
26520
26580
26640
26700
26760
26820
26880
26940
27000
27060
27120
27180
27240

27300
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agctgactaa
ctcagggtat
tgagctette

cttecttecac

cgggtggeat

ceottetecegyg
gcgagtcggt
ttcgacacct
cctactttga
tcgaaggggyg
agcgcgagea
atgaaagtct
teecggacttc
accgagctcc
tcececegatcg
aaccttactt
acctatcagt
gegtegeteo
acaatacatg
tagttacttc
accttetect
gocagcagea
agagaggcat
accatcgect
tcaacccecat
gcgactccece
tcceccatgaa
acagaaataa
gtttaacaaa
tttectgecaa
ctgcaaactt
ttttatcttce
ctaccectac
ttecagatgga
caccaccaag
gggaaaactc

caccatttee

agtttcteca
tggatcaggt
atttgatact
agatgcaatt
agcaaccaac

tgatgettac

ctcaggtgte
aaagaggetg
gctgggtetg
gcctcgtecag

cggecactcte

ctecceecgge
ggacggctac
ggaccactge
gctgeccegag
cctegactce
aggacagacc
ttgttgtetg
cgtgtgttce
agctccagtg
ccgttgtcaa
tttecaceceg
gegtetaggg
ccgctactaa
cccatattag
aatctaaccg
ggacatggac
ggagagagec
cttetgectg
ctectacgag
cgtcatcace
cgactgcgtc
ctaatcaccc
aaaataatca
aaaataaaga
caccacttca
cctecacacg
tatcagatgt
gatgcagaca
ttecaagaga
aacggggaaa
atctccaaca

cttaacatgg

ccattaaata
ttaggactce
gatggaaaca
gaaagcaaca
attggaaatg

ccaatccaag

cagctggegg
gtgatccgygg
cgacctgacyg
gcegtectga

cagttcgtgg

cactaccegg
gattgaatgt
cgeegettee
gagcacccte
cacctgette
cttectgacte
ctgtgtactg
tgaatccatc
taagccccac
ccactgcgac
cagaagcaag
accctgacat
caaccaaact
actatgaggc
gcggagatga
ggcegegect
gtcaaggagc
gtgaaacagg
ctectgeoage
cagcagtctg
cacactctga
ccttatccag
tttgatttga
atcacttact
ctceectett
ctgaagggga
ccaaaaagcg
acgcaccgac
agcccctggg
tcacecectcaa
cggecaccaa

atcacccctt

tactgagaac

gtggctetge

taaagcttac

taagctggge

ggttagagtt

ttaaacttgg

acgagttcat
ccecatggtgg
gctgettege
agggeccegge
ggatcttcag
tgtactgecat
agtataataa
aaccagtectt
aagaagtacc
aacgacggag
cteocecagetet
cacacctteoeo
aacctceacce
cgagccacag
ctgacccact
cggagcageg
tgcaggatge
ccaagatcte
agogocagaa
gegataccaa
tcaagaccct
tgaaataaag
aataaagata
tgaaatctga
ceccagetetg
tgtcaaattc
cgtcegggtg
cgtgecette
ggtgttgtec
gctgggagag
ggeegaageo

ttacactaaa

cttggcagta

tggaagcagt

gaggegecac
gcagaggeac
gagtecttcecea
ctttggagag

aggagttcac

aagcattcta

cttagacaga

taaaggttta

atctggectt

cecgaactte
cgecagctgac
tegggatcte
ccacggagtg
ccagcgtecg
ctgcaaccac
aagctgagat
tgttcttcac
tcacctggcect
tcectgetgag
teoecaaccatt
acctgatcoceco
aacgcocacey
cgacccatge
ggccaacaac
actcgeccaa
ggtggccatc
ctacgaggte
gttecacctge
ggggtgcatc
ctgeggeccte
atcatattga
caatcatatt
taccaggtet
gtactgcagg
ctectgtece
gatgatgact
atcaacccee
ctgegactgg
ggggtggacc
ccteteagtt

gatggaaaat

cctgtgtegt caccgecceg
acagctcaac gacgaggtgg
actcgecgga tocggggagat
ttegtecteg cagecceget

tcccteggte tactteaace

gacgccatca
ctagetegge
gecgagtttyg
cggatcegteyg
atcctggtceg
ceceggectge
cagcgactac
cgggaacgag
gttccaggge
cggeccetgee
cctocceggg
gaataccaca
tegectaggece
tececegectat
aacgtcaacyg
cttegeatte
caccagtgca
actccaaacg
ctggteggag
cactgetcct
cgcgacctee
tgatgatttt
gatgatttga
actgtocatgt
ccecggcggy
tcaatcttea
tcgacecegt
ccttegtete
ccgacccegt
tegattecte
tttecaacaa

tatccttaca

aacacactag ctttaggttt
cagttagtct ctccacttac
ggtttgecatg ttacaacagg
aaatttgaag atggagccat
agtacagaaa caggtgttga

agcetttgaca gtacaggage

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28630

28740

28800

28860

28920

28980

29040

29100

29160

29220

29230

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880
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cataatgget
accaaactgt
tggtagtcaa
cattactgge
tttaacagaa
tggcactceca
acaaagttet
aaaacctatg
aatgtcattt
ctettatace
coctteccac
gttttattga
gacatggaat
atggacatge
gtcagggaga
ggattgtect
aatcatagte
gacgecgecg
tgatgcccac
tctdgcteag
agttcaacac
accagatcect
teteettggyg
tgcageccey

gaagagaccce

tetgggaget
gcactctcaa
cagegaadcec
tatcgeaatce
cacagcgtgg
gcgaccgtgt
gtcegggege
aaattgtaaa
aagatcccat
agccagatga
accatgatta
tggcacctet
ttcetcgagat
acaatagcga
atccecagat
tccaagedag

accctcataa

ggtaacaaag
caaatacteg
atactggceca
accgtaagca
cattctacac
tataccaatg
actactaaaa
cttotcacta
tcatacacct
ttetcataca
cecactetgt
ttcaacagtt
acaccaccct
ttttggtete
tgaaaccctce
cggtggtegyg
cgcgaacggyg
cteecgteaag
ggccctcage
gtcgetgeag
gctecageeg
caggtaaatc
catgtggegyg
gatgatcctg

cgggtecegg

gaacaagtct
ctcectegggg
cgeagaacaqg
aggcagcace
taagggggce
catgatgcag
tgcacaccga
acagccacte
catgcctgat
tgcaattttg
acttttaate
cgeccceoget
gttcecacggt
aagcgggagyg
aattttcatt
ccatgataaa

ttccaagata

aagacgataa
cagaaaatga
ctgtgtecagt
gtgctcaggt
taaaaaaata
ctgtaggatt
ataatatagt
taaccctcaa
ggactaatgg
tegeccaaga
ggaacaaact
ttacaggatt
cteecececoge
cacgttccac
cgggeactce
gatcacggtt
atcggcecggt
ctgectgetca
atcagtcgte
tacgtgcaac
aaactcatcg
aagtggtgcee
ttecaccacct
cggaaccaca

caatggeaat

atgttggecac

actcactttg tggacaacac

tgcaaaacta acactttget

cttagttgta ggaagtggaa

gtttctacgt tttgatgcaa

ctgggggtat aggcagggag

catgcccaat ttaaaagett

agggcaagta tacatgaatg

tggtactgat gacagcaaca

aagctatgtt ggagcaacat

atgaacactg tatcccacce

ctgaaacaca aaataaaata

cgagcagtta tttttcctee

acagccttga acatctgaat

acagtttcag agcgagccag

cgecatectgeca cctcacaget

atctggaaga agcagaagag

ggtgtecgcat caggccccge

gggggtcegg gtecagggac

tggtgeggcg ggcgeagcag

acagaaccac caggttgttce

cgggaaggat gctacccacg

ccctcocagaa cacgetgece

ceccggtaceca catcaccete

gggccageac cgeceegeee

ggaggacceca cecgetegtac

agcacaggca

gtcaaaacca tatcccaggg

ggcaatcete gecacagaact

gggtgatcct

ccaccagaga

ggccgatacy ggtgatggeg

ttgectttcgg

tagoeggegg

acattttcgt

cggtetegge

tetecagaceg tgcageagat

ggctctgate
ttgggtttcg
caaacggtcet
gtgttggtgg
ggcttccage
gttctctaat
tttceoageet
gagctegege

ttetgetect

acatcgacca
gtgacggcegg
cggagtactt
aaaataacag
aaagcctcea
tccteaatcea
tgaatgattc
agagegccct

ggttcacctg

ctgatcecate
tgactaaatg
acctaaacce
acggtgttet
atagcataga
atccaaagtce
gagatgttte
gtacatatte
ttggggctaa
tgcatgccaa
aagttcaagt
acccteccag
gccattggtg
tetegggteg
caacagcectga
cggeggtggg
agcagtcgcet
tcectcagea
cgcatgecgga
aacagtccat
tggccgtegt
acgtacatga
tggttgaaca
gecatgoage

cegtggatca

tatgectcatg catctettea

cacggggaac tcttgcagga

tacattgtge atggacaggg

agegegggte teggteteet

ggacgcegget gatcgtgtte

acttgctgta gcagaacctg

gettggaacy cteggtgttg

ctagggeocte aggagtgatg

ccgtggaatg ggccagaccce

gggagggaag aacaggaaga

caaaatgaag atdgcggaga

ccaggtcaaa ggtgatacgg

cgcgeacate cagaaacaag

tcatgttaca ctcctgeace

gaactagttc ctgaggtaaa

ccaccggecat tcttaagecac

cagcagattg acaagcggaa

29940
30000
30060
30120
30180
30240
30300
30360
30420
30480
30540
30600
30660
30720
30780
30840
30900
30960
31020
31080
31140
31200
31260
31320

31380

31440
31500
31560
31620
31680
31740
31800
31850
31920
319280
32040
32100
32160
32220
32280
32340

32400
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tatcaaaatc
tcatatcete
cagtacagat
catgectggcet
ttttaagaaa
cgatgaagta
acaaaaatga
gcaccaggea
aaaccatcac
cccooggaac
caatgctcag
gtgcgtacaa
ggtacacata
agagtcagag

agatctacac

tctgecegega tccctgagct
teccgaaattt ttagccatag
aaaccgaagt cctccccagt
agacccggtg atatcttoca
atcaacaaaa gaaaaatcct
aatgcaageg gtgegtteca
acattaaacc atgectagocet
ggccacgggg tctccggege
agagagacgt tcccggtgge
attggcgtece gegagtgaaa
tctecaagtec agcaaagcga
aatgtaatta ctcccctect
caaagcctca gegtocatag
aaaggctgag ctctaacctg

tgacgtaaag gccaaagtct

cctcectcag caataactgt aagtactctt

gaccaccagg aataagatta gggcaagcca

gagcattgee aaatgcaaga ctgctataag

gataactgga cagaaaatcg cccaggcaat

ccaggtggac gtttagagcc tcgggaacaa

gcatggttag ttagctgatce tgtagaaaaa

ggogaacagg tgggtaaatce gttctetcca

gaccctegta aaaattgtcg ctatgattga

cggegtgaat gattcgacaa gatgaataca

aaaagcgcoce gaggaagcaa taaggeacta

tgccatgegg atgaagcaca aaattcetcag

gcacaggcag caaagccccec gatcectcea

cttaccgage agcagcacac aacaggcgea

tccacceget ctetgetcaa tatatagece

aaaaataccc gccaaataat cacacacgcc

cagcacacge ccagaaaccg gtgacacact caaaaaaata cgegcactte ctcaaacgece

caaaactgcc gtcatttccg ggttcccacg ctacgtcatc aaaacacgac tttcaaatte

cgtegacegt
cagcgeeoccg

tgaggtatat

<210> 45

taaaaacgtc accecgecceg ceccctaacgg tocgececgtet ctoagecaat

catccccaaa ttcaaacacc tcatttgeat attaacgoge acaaaaagtt

tattgatgat gg

<211> 34803

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 45

ccatcttcaa
aatttgggga
gtgacgtttt
tgacgtcaaa
aggaaatgag
gaatgaggaa
gggecgagta
tttecegegta
gtecattagtt
geetggetga
agtaacgcca
ccacttggea
cggtaaatgg
gcagtacatc

caatgggegt

taatatacct caaacttttt gtgcgcgtta

ggaagggcgyg tgattggtcg agggatgage

gatgacgtgg ttgcgaggag gagccagttt

cgaggtgtgg tttgaacacyg gaaatactca

gtgtttetgg geggatgcaa gtgaaaacygg

gtgaaaatct gagtaatttc gegtttatgg

gactttgacc gattacgtgg gggtttcgat

cggtgtcaaa gteccggtgtt tttactactg

catagcccat atatggagtt cecgegttaca

cegeccaacqg accccegecee attgacgtca

atagggactt teccattgacg tcaatgggtg

gtacatcaag tgtatcatat gccaagtacg

ccecgectgge attatgecca gtacatgacce

tacgtattag tcatcgctat taccatggtg

ggatageggt ttgactcacyg gyggattteca

atatgcaaat gaggcgtttg
gaccgttagg ggcggggega
gcaagttctc gtgggaaaag
attttccege getctetgac
gccattttcg cgcgaaaact
cagggaggag tatttgccga
taccgtgttt ttcacctaaa
taatagtaat caattacggg
taacttacgg taaatggecc
ataatgacgt atgttcccat
gagtatttac ggtaaactge
cccectattg acgtcaatga
ttatgggact ttcctacttg
atgcggtttt ggcagtacat

agtotecace cecattgacgt

34460
32520
32580
32640
32700
32760
32820
32880
32940
33000
33060
33120
33180
33240

33300

33360

33420

33480

33540

33562

60

120

180

240

300

360

420

480

540

660

720

780
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caatgggagt
cgceccattg
tgtcecctatc
teegetaggyg
agccatggeca

acccgeagtyg

ttgttttgge
acgcaaatgg
agtgatagag
taccaacatg
ggtcctggte

ggtgttgact

accaaaatca acgggacttt
gecggtaggeg tgtacggtgg
atctccctat cagtgataga
gctageateg tcggagggtg
gocteogegeg gacgegeegh

geggeccatt geatcagaaa

ggagacattc cctgtttcac cccgaagata ctggacaggt gttccaagtg

tcecegeatceco
actcatcaca
tgaaggtcat
gatggggcte
tgcacgtgat
tgetgtgoge
cactegtgtg
tteccggageg
ccatecgtege
aagaaaaccc
cgetgeageo
actgtttgca
gegcotgtegg
gcecaggacta
cgtecggage
ggttgctgct
aactggcagg
ggetgtgtge
gatggtteat
cctttetgga
tcccacattt
ggaaggaatt
ctaataagac
acacgteccct
cgttctegge
caaggaccga
tegtcatege
caggcgocaa
aatcctacce

acctgaacgg

ggeggggtat

acgacgccca
gaggcteget
aaaaagtgaa
gaacccteoeg

getgggtgtt

actgtacgac atgagcctgc tgaagaaccg

cgatttgatg ctgéttegge tecteggaace

ggacctceoct acgcaagage ctgcetctegg

catcgageccyg gaagaattcc tgaccccgaa

ttegaatgac gtgtgegege aagtgeatce

cggaaggtgg accggeggaa aatcgacceg

caacggtgtg ctgecagggca tcactagetg

gccctegete tacacgaagg tggtgcacta

aaaccctgga tccgaaggta ggggttcatt

aggacccget agcaaagcag tgetgetgge

tggaaccgee ctgetetghbt actegtgeaa

agtggaaaac tgcacccagce tcggagaaca

cctgctgace gtgatctcca aagggtgctce

ctacgtggga aagaagaata tcacttgttg

gcacgecctg cagccagecag cegccattet

ctggggtccg ggccagctcg gatcccagac

cgatgtggaa agcaacccag geccaatgge

aggggcgete gtcectggegg gtggettett

caaatcgtea aacgaageta ccaatatcac

tgagctgaag gotgagaaca ttaagaagtt

ggcgggcact gagcagaact ttcagttggce

cggectggac tecgtegage tggegeatta

tcatccgaac tatatctcga ttatcaatga

cttegagecg ccaccgectyg gatacgagaa

cttctegecee cagggaatgc ccgaagggga

ggactteottc aagttggage gggatatgaa

ccgctacgge aaagtgttcc geggcaacaa

gggcgtcatc ctctactegg atcctgecga

tgatggttgg aatctgccag gaggaggggt

tgceggtgac ccacttacte cgggttacce

acgaggaagee gteggactge cgtecatcecc

gaagctecte
gaaggtgecca
gatgcacatt
gggageggtyg

cggaggaate

gaaaagatgg gaggcagcgce
tacaacgtgg gacccggatt
cacteccacta acgaagtcac
gaaccggace gctacgtgat

gatcctcaat cgggcgcage

ctttetgegg
ggccgagete
taccacttgt
aaagctgeaqg
acaaaaggtc
tteocggogac
gggatcagaa
ccgcaaatgg
attgacctgt
gectectgatg
ggcccaagte
atgctggact
attgaactgc
cgacacggat
ggccectgett
cctgaacttt
tagcgectege
tttgctegge
ceocagaagcac
cetetacaac
taagcagatc
cgatgtgetg
ggacggaaac
cgtgtcagat
cctggtgtac
gatcaattge
ggtgaagaat
ctacttegcect
gcagagggga
ggocaacgaa

ggtccatceg

ccaaaatgtc gtaacaactc
gaggtctata taagcagagce
gagtttagtg aaccgtcaga
ggagtgcgaa aagcactcac
gtgtggaggt gtgetggtce

taagtcegtg atcctettgg

agccactect
ccaggggacy
accgacgeag
tacgcatcgg
tgecgtggatc
actaagttca
agaggaggoo
ccgtgegege
attaaagata
ggagatgtcg
getggacteg
tegaatgagg
gcacggatcc
gtggacgata
ctttgcaacy
ccggecectgy
gatctgctga
agaccgecggt
tttetttteg
aacatgaagg
ttcacccaga
cagagccagt
ctgagctace
gaaatecttta
atcgtgccte
gtgaactacg
agcggaaaga
gcacagttgg
cctggegtga
aatatcctga
tacgegtaca

attggttact

ccctecggac tegtecatgga
cactggaaat ttcagcacte
caggatctac aacgtcatcg
ccteggtgga caccegggata

cgtegtecat gaaatcgtcea

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120

3180

260

1020

1080

1140

1200

1260

3240

3300

3360

3420

3480
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ggtcectttgg
cgtgggatge
gcctgetceca
acacgctgeg
aactcaaatc
agagcccatc
atttcgaagt
actgggaaac
aactggtgga
gaggcggaat
acgacgtggt
aagagatgaa
ccgagatecge
tcctecgeat
gacttccgga
atgctggaga
atccgtccaa
aggcggcage
tatccgatce
tttacttget
aattgttgtt
cacaaattte
catcaatgta
geecgagtte
catgttcatg

catgtecaga

tactcttaag
cgaagaattt
agaacgegga
ggtggactge
cccagacgaa
ccecggagttco
gttctttecag
taacaagttc
gaaattctac
ggtgttcgag
gctgagaaag
aacctactca
gagcaaattc
gatgaatgac
ccggecgttt
gagcttececeg
agcctggggt
agaaaccttg
accggatcta
ttaaaaaacc
gttaacttgt
acaaataaag
tcttatatge
gagcacaatg
ccctaccagt

gtgagcctga

aaggagggct ggcocgccctag acgcactatt

ggtctgceteg gcagcaccga atgggetgag

gtggcgtaca tcaatgcecga ctcatccatc

actccactga tgtacteget cgtgceacaac

ggattcgagg gaaaatcgct gtacgagtcg

agcgggatge cgecggatctc aaagetogga

aggctgggaa ttgcgteggg aagggetcgg

tecgggatace cgetgtacca cteggtgtat

gatcectatgt ttaagtacca cctgactgtg

ttggccaatt caattgtget gocattecgat

tacgcagaca aaatctactec aatcagcatg

gtctcoctteg actcectett ctecgegotg

tecggagegee ttcaagattt tgacaaatcce

cagctcatgt ttctcgaacg ggccttcatc

taccgecacg tgatctacge gcececetegteg

ggtatctacg acgecattgtt cgacattgag

gaagtgaagc gccaaatcta cgtggecggce

agcgaggtgg cttgactcga gcctaagett

gataactgat cataatcage cataccacat

tceccacacct cccecctgaac ctgaaacata

ttattgecage ttataatggt tacaaataaa

catttttttc actgcattct agttgtggtt

tggccaccgt acatgtggect tccecatgetce

tcatgaccag gtgcaatatg catctggggt

gcaacctgaa ttatgtgaag gtgctgetgg

cgggggtgtt tgacatgaat gtggaggtgt

ctgttegect
gaaaactcece
gaaggaaact
ctgaccaaag
tggaccaaga
tcaggaaatg
tacacgaaaa
gaaacttacg
gcecaagtga
tgccgegact
aagcacccac
aagaacttca
aatccgateg
gatccactgg
cataacaagt
tecaaggtgg
tttaccgtce
ctagataaga
ttgtagaggt
aaatgaatgc
gcaatagcat
tgtccaaact
gcaagcectyg
ccegecgagg
agcccgatge

ggaagattcet

gagatatgat gaatccaaga ccaggtgccg agcecctgegag tgcggaggga agcatgccag

gttecagccco
ctgcaccggg
tggggcgggg
ttgcagcage
ggggcgteta
ccggeeegtg
gttggacgca
catgggcgece
cagcctgaac
cetgggegag
cacggtgaaa
acacagagtc
cgatcattga
aggtacatgg

tegggggtag

gtgtgtgtgg
acggagttcg
gaggacctge
atgagcggaa
ceccetectggg
cagccogega
gectgeecgecg
ggctactacg
gaggagaagc
actgacccage
tccaaataaa
tgaatcttta
gcacceggtg
gecatgageec

tgttgtaaat

atgtgacgga ggacctgcga
gttcecagegg ggaagaatct
atgagggecca gaataactga
geggcteett tgagggaggg
cgggagtgeg tcagaatgtg
actcttcaac cctgacctat
cagctgectge atctgecgee
gcactctggt ggccaactcog
tgttgectget gatggeccag
aggtggctca getgeaggag
aaatgaatca ataaataaac
tttgattttt cgecgegegot
gatcttttec aggacccggt
gteceggggy tggaggtage

caccecagtca tageagggge

ccegatcatt tggtgttgec

gactagagtg agtagtgtte

aatctgtget tttetgtgtg

gtattcagce cttatctgac

atgggatcca cggtggacgg

gcaaccctga gectcttegte

agcgecgtge gcggaatgge

agttccacca ataatcccge

ctcgaggcct tgacccageg

cagacgcggg ccgoggttge

ggagacggtt gttgatttta

aggcectgga ccaccggtet

agaggtggge ttggatgttg

tccattgecag ggectegtge

geagggcatg gtgttgcaca

3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980

5040

5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940

6000
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atatctttga
ctgttgaget
agattggcga
acggtgtate
aatttggcga
atgggccegt
tggtectggg
tgggggacas
caggctttga
tceggggegg
cagccggtgg
cagetgecegt
ttetegogea
gaggcgaagt
tgeaagagtt

agaccteocte

ccagegcage
tcacggtgaa
ggctggtega
tgagttegta
tectgecegea
cggactcggyg
gccaggtgag
gtttettace
tgteccceogta
agaggaaccc
cgtgggacgg
acatgtcecce
cgggggtece
ccggateget
tgacctcgge
cggeggagat
tgtcgagett
geatggtetg
actcgegege
tgacectgeca
gcaggggetce
ggtccageat
cggggtcaaa
cggccagege
cggaggcgta
aggtggggta

agggggcgag

ggaggagact
gggagggatg
tgttacegee
cggtgcactt
cgeetttogtg
gggcggcegge
tgaggtcate
aggtaccctc
gcteggaggyg
gggagatgag
ggcecgtagat
cctecaggag
acagtteege
ttttcagecgg

ccaggeggtae

gtttegeggg

cagggteegyg
ggggtgcegeg
aaaccgetee
gttgagegeoe
ggcgggacag
ggegtaggeyg
gtegggctygyg
tttggtetee
gaccgacttt
cgeccactee
gtagcggteg
ctegtecaca
ggccgggggyg
gtccaggage
actcaggttg
gocctttecaag
ggtggegaag
gtttttttee
cacgcacttc
gccecgatta
attagtecag
gacctogteg
gtagctgatg
gcgetegtag
catgccgecag
gcagegacec

gagccecccggg

gatggccacyg

catgcggggg

cagatccocge

ggggaattta tcatgcaact

cccgeccagg ttttecatge

ctgggcaaag

ataggccatt ttaatgaatt
gatccegggy gegtagtteco

ggggatcatg tccacctgcg

ctgggccgaa
gacccegatyg

gaggggggcc

caggaggcege teteccacca
cttgagteccg tcggecatgg
ccagagceteg gtgatgtget

ttgggacgge tgcgggagta

tcettecagg
cegggetggyg
cgatcggege
teggecgegt
aggagggact
tcegegecge
teggggtcaa
atgagctegt
atgggceggt
gagacgaaaqg
ttgtccacca
tecaggaagg
gtataaaagg
gccagetgtt
tcagtttcta
agcccctegt
gagccegtaga
ttgtecggcge
cattegggga
tgcagggtga
cagaggcgte
ggggggtcygg
gaagtggcca
ggactgaggg
atgtcgtaga
cecgeggatge

ccecaggttgg

ggcagccctt
gagatgaggt

ctggggttca

acgtttcggg

agcaagttce
accggctgea

acctegttea

gtogeagegt
cgettgogag
cctgegegte
ggeetttgge
tgagggecgta
agtgggegcea
aaaccagttt
gteccegetg
cctegageagg
ccegggtoca
gcgggteccac
tgattggett
gtgcgggtee
ggggtaggta
gaaacgagga
ccatctggte
gggcgttgga
getecttgge
agacggtggt
tgaggtccac
cgcecttgeg
catcgatggt
gatcgtccag
gcgtgcccca
cgtagagggg
tggcgegeac

tgcgactggg

tggtgtaggt
geatcttgge
tgttgtgcag
tggaagggaa
actcatccat
ggtcggacac
tggggcggag
cctcacagat
gggcgataaa
ggagcagetyg
ggtggtagtt
tecatetegeg
gggataggag
gcattttgga

ctacggeate

gggcaccaga

ccgcgtoagy
ggtgegette
ggccaggtag
gcggagetta
gagcettggyg
gacggtctcg
cacgeegtte
ggtgacaaag
tgtgeegegyg
ggccageacyg
ctttteccagg
gtaagtgtag
ctgctegtee
tteeccteteg
ggatttgata
agaaaagacyg
gaggagcttg
ggcgatgttyg
cagctegteg
actggtggee
cdagcagaag
gaagatgccg
ggcagcttge
gggcatggga
ctcectegagg
gtagtecatac

ctttteggeg

gtttacaaat
ctggatcttg
gaccaccagc
ggcgtgaaag
gatgatggeg
atcatagttg
ggtgecggac
ctgecatctee
gaacacggtt
ggacttgeeg
gagggagaga
cacgtgcatyg
ctactggage
gagggtttgt
tegatcocage

cgatgggegt

gtggtcteceg
aggctecatec
caattgacca
cetttggaag
gcgaggaaga
cactccacga
tttttgatge
aggctgtecg
tecctectegt
aaggaggcca
gtatgcaaac
gecacgtgac
tcactgtctt
aaggegggcea
ttgacggtge
atetttttgt
gcgatggage
agctgecacgt
ggcacgattc
acctegecge
gggggcaggyg
ggcaggaggt
cattcgegea
tgggtaageg
atgccgatgt
agctcgtgeg

cggtagacga

6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6300

6960

7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520

8580
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tetggeggaa
gggegtgggy
cgacgagcte

tgtcatactt

ggtectteca
tgtagaactg
cctgggegge
tgaggaactg
cegtgegett
tgccegegeg
tgttgatgac
tgtagagttc
aggtgagcte
ggttggcgeg
ggtactgacg
gggggteecec
cgagccggte
aggaccccat
gatgcgagecc
tgtgatggaa
ggccacagtg
ctttgacgag
cgtcgtggtg
gcgggaggea
ggccggaget
cgcggttgac
acacegogec
ccaccagteoce
ttagaagcgg
gggeggcagg
actggcgtga
cacgggaccc
gacggcggce
ggtcatgaac
ggcegegagg

gttccagacg

ggcgaggttyg
gtagttgagce
cggcatcteg
ggcgaagttg
gatgagcteg

ttecctettet

Norsrerereres rerere

aatggcatgc
cagteccgace
ggcggtgact

gagcetgtece

gtactcttecg agggggaacc cgtcctgatc tgcacggtaa

gttgacggcc
cttgegoagg
gtgcttgaag
cttgtaggeg
gggcataaag
ctgggeggeg
cacgaatcge
gtcggggteg
gaggaaggaa
gaactgectge
gtgccagcga
gtccceggag
ccaggtgtag
gatggggaag
gtagaaatgc
ctcgcaacge
gaatttcagt
gtcggectgg
ggtcacagace
gtcocagggte
ttgcaggagt
attggtggeg
cegtttette
cggegaggac
ggcacgtcgg
gcgacgacge
gtgagtttga
tgcecgcagga
tgetegatet
tegttggaga

cggctgtaga

agctccacgt
gtggtggega
ctgacgtege
aaaaactggg
gcgatggtgg

tectecteca

reremmk rerrel

ttgggogget

gagttggagg
gagtegegga
aggacgtcca

ttttgtttee

ttgtaggcge
gaggtgtgeg
tegatategt
gggttgggea
ttgcgagtga
agcacgatct
ggacggccct
ctgagccegt
gtocagagat
cogacggoca
tecccatttga
agtttcatga
gtttccacat
aactggatcet
cgacggegayg
tgcacgggat
gggaagtgga
ccctettetyg
teggegagag
ctgagacget
ttttccaggg

acgtegatgg

gcgcgeeggg
cgcegegege
gacggttgac
acctgaaaga
tetcttgeac
cctcetettg
tgcggeceat

ccacgacgcc

ggcgegtgaa
tgtgeteggt
ccagcegecte
agttgcgege
cgegeaccte

ctaacatcte

A Areremrere Y

agcagccekt
tgagggcgaa
cgoageooed
aagcgaaagt
tgcggaaagyg
cgtegaagee
tgacgtgggg
getgectegag
ccacggecag
ttttttoggg
getggaggge
ccagcatgaa
cgtaggtgag
cctgecacca
acgaacacte
gcacgtgetg
gtcgtggege
cctegatggt
cgggteggag
geggagtcag
cgegegggag
cttgcagggt
ggggcgacgy
cggcagggge
gggtaggttc
gtcctggate
gagttcgaca
gtegeccgag
aaggtcteeg
gagctgegag

ctecgggatcg

agatggtggg cctttggaag atgttgaagt

tgaagtggge gtaggagtct tgcagettgg

gagcgeagta gtecgagggtce tcctggatga

acagctecgeg gttgagaagg aactcttege

gaccgcgtag
gacgaagaaa
caaacgttcc
cgagacggtc
gegetcegaag

ttectacttcee

ANA s E e

ctccacgggg
agtgteceoctg
ctgeteccag
aacatcgttg
ttggggecacc
gttgatgttyg
cagttteottg
cgeccagtcg
ggcggtttyge
ggtgacgcag
gagatcgagg
ggggacgagc
gaagagcctt
attggaggaa
gtgettgtgt
cacgagctgt
ctgcatcteg
ggtcatgctg
agcgaggacg
gtcagtggge
gtccagatgg
cecegtgocee
gggeggtgec
ggetegggge
tggtactgeg
tgacgectcet
gaatcaatct
ttgtecetggt
cggeeggege
aaggcgttca

cgggcgcgea

ttgcagaggc
tacatgatce
atggcectegt
aactcctceet
gecaccggga

tcctcaggeg

Mreret mrend ren

gagectagea
agggcgtagy
accatgacct
agcetggaagt
aagaggatct
tecggececggt
tggcceacga
agctecotegt
gcgagatggy
agacggtceac
tagaaggtgc
gcgagctcga
tgcttgecga
tcggtgegag
tggetgttga
ttatacaagce
acctgagttc
tgectgtacta
acgagcccge
agggegegea
ageggceggcy
tacttgatct
tggggtgtga
tetteocatgg
ccggaggcag
cccggagaay
gggtgaagge
cggtatcgtt
aggcagatete
geteecacggt
tgeceegectce

tgaccacctg

gctggtagag
agcggeggag
aaaagtccac
ccagaagacg
gttectecac

gcagtggtygg

Armrent mread

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

92600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

1T11&8N0

DK/EP 3230319 T3



CYYY U Ay Yy
ggtcteogeeg
cagcgtgaag
gagggegetg
cgtctecgaga
gcaaggtagg
gatgectgetyg
caccaggtcet
gtcctgacac
ctectegeee
cgccaggtog
ctggaagtca
gttggccatg
gaggcgegag
gtagccgatyg
ggcgecggge
ccaggtgatg
gttgcgcage
gtcgtggatg
gaggctaage
gagccgeoage
aggatacgga
gcggaaageg
gcgttgeggt

gccceegtegt

cttttgtttt
ccctecaccyg
acttccagec
gctggecttg
cecgegegtyg
cagagacagyg
ggagctgegg
cgagctgacg
gtacgagcag
caccctgate
ggccategtg
gcatagtegg
ccgetggete
gccgcetgtoc
agctaggaag
gttttacatg
caacgacagg

gctgatgeat

YYLLLyLyLe
cgeoggegte
acgccgecge
acgatgcatce
tccacgggat
ctgagcacgg
gtgatgaagt
ttgggecegy
ctggecaggt
gegeggecgt
gagacgacgca
tcaaagtcga
acggaccagt
taggegegeg
aggaagtgeg
gcgaggteoct
CCggcggcygyg
ggcaggaagt
ctctatacgg
gaacgggttyg
taacgtggta
ggcgggtegt
gccocgaccgeyg
gtgceceggt

ttccaagacc

YLulyyhyyuy vavyyysaya uyyLoyacya

gcatggtcte ggtgacggeg cgcccgtcoct

gcatctcecag gtggeccggygg gggtcccegt

ttatcaattg ccccgtaggg actccgegea

ctgaaaaccg ctgaacgaag gcttcgagce

tttettectgg cgggtcatgt tggttgggag

tgaaatagge ggttctgaga cggeggatgg

cttgetggat gogcagacgg tecggecatge

cettgtagta gtcoctgeatg agecegetceca

geatgegegt gageccgaag ccgegetggy

gcteggegag gatggettge tggatctggg

cgaageggtg gtaggetceg gtgttgatgg

tgacggtctg gtggcccgga cgcacgagct

tgtcgaagat gtagtegttg caggtgcgea

gcggeggetyg geggtagage ggcecatcget

cgagcatggt geggtggtag ccgtagatgt

tggtggagge gcgegggaac tcgeggacge

agttcatggt gggcacggtc tggcccgtga

gcaaaaacga aagcggtcag cggetegact

ggctgegegt gtaccceggt tcgaatctcg

ttggcactee cgtctcgace caagcectgea

tttgcaactt ttttttggag gccggatgag

atggeteget geogtagtet ggagaagaat

tcgaggeagg ccggatteeg cggetaacga

ccatagccag ccgacttctc cagttacgga

gtttgttttt gecagatgca tceccegtactg

caacaacagc
acgaccgeog
gaagagggcg
cagatgaaaa
agcggcegagyg
cgeggectgyg
gggatcagece
accgtgaagg
gcgcygcgagyg
cagaacccca
gacaacgaag
ctggacctgg
gagaagctgg
atctacaaga
cgcatgacee
atgcaccgtg

agtctgcagc

cccctocaca gecggegett
cggecgcogt gageggggcet
aggggetgge gegootgggy
gggacgcteg cgaggectac
agcccgagyga gatgogegeg
accgaaagag ggtgctgagg
cogeogagege geacgtggec
aggagagcaa cttccaaaaa
aggtgaccet gggectgatg
ccagcaagcc gcetgacggeg
cgttecaggga ggegetgetg
tgaacattct gcagagcatc
cggccatcaa cttcteggtg
cocccgtacgt goccatagac
tgaaagtgct gaccctgage
cggtgagcge cagcaggcgyg

gggccctgac cggggccggg

ayuysLuyac
cgeggggcey
tgggcaggyga
aggacctgag
agtcgcagtc
cggggegggce
tggcgaggag
cccaggagtyg
cgggcaccte
gctggacgag
tgagggtggt
tgtaggageca
cgtggtactt
ccaggtactyg
cggtggeggyg
acctggacat
ggttccagat
ggcgegegea
cecgtggectyg
aatcaggctg
ccaacectee
actagtaagc
cgecagggtt
gggcgtgget

gcgageccct

cggcagatge gecccocaccoa

ctgaceecge cccageagoa

ggacagagtt atgatcacca

gegtegtoge cggageggea

gtgeccaage agaacctgtt

geeeggttoe acgeggggey

gacgaggatt tcgaggegga

gecggcecaace tggtcacgge

tccttcaaca accacgtgeg

cacctgtggg acctgetgga

cagetgttee tggtggtgea

aatatcaccg agccegaggy

gtggtgcagyg agegcggget

ctgagtttgg gcaagtacta

aaggaggtga agatcgacgg

gacgatctgg gggtgtaccg

cgegagctga gogaccagga

accgaggggg agagctactt

11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11540
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540

12600

12660
12720
12780
12840
123800
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620

13680
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tgacatgggce
accctacgta
atggcgcgac
cgggeggcge
atgcaacgca
gceaaccgge
gagaaggtcc
gceggeetgyg
cagaccaacc
tteocacegeg
cccgccaacy
atggtgaccecg
accagtcgee

ctgtggggeg

aactcgegee
aactcgtacc
gacgagcaga
ggcaacctgg
cagtacgege
ctgttectga
atggagccca
categggegy
cteoccgecge
ctgtgggacyg
ttgtggaaga
gctgecgegy
agtatcegea
tacttgaatg
gaaagcctgg
ccecgggegt
gacaggcagc
gacttgggtyg
taagagaaac
tettetetgt
cctegtacga
aggctcetta
acteggaget
cggacatecge
agaacaatga
cgegatggayg
tcatgtacag

tgacagtgac

T T T

gcggacctge
gaagaggtgg
cgtatttttg
tgcagagcca
tcatggeget
teteggecat
tggccatcgt
tgtacaacgc
tggaccgeat
agtccaacct
tgcececegggg
aggtgcccca
agggcttgea

tgcaggcoccce

tgctgetget
tgggctacct
cctaccagga
aagccaccct
tecageaccga
tgcaggagygy
gcatgtacge
ccgecatgaa
cggggttota
atgtggacag
aggaaggcag
cggtgecega
gcagcgaget
actecgetgtt
tggacaagat
cgcagggggc
ggggacagat
ggagtggtaa
cgaaaataaa
tgttgttgta
gagegtgatg
cgtgecceeg
ggcaccettg
ctegetgaac
cttcaccece
cggecagetyg
caacaagttc

agaggattat

actggcagec cagecgceogg
acgatgaggt ggacgaggag
ctagatgcaa caacaacagc
geegteegge attaactect
gacgacccgc aaccccgaag
cctggaggec gtggtgecct
gaacgcgctg gtggagaaca
gectgetggag cgegtggece
ggtgaccgac gtgegegagg
gggatccatg gtggegetga
ccaggaggac tacaccaact
gagegaggtg taccagtécg
gaccgtgaac ctgagccagg

ggtcggggac cgcgegacgg

geettggagg cggeggcagy

ggcgagtacce tggaagactg

cacctecctga tcccgegatg

cggacgattg gacccaggcce

cctttagaca gcagccccag

cgegetooaa ccacacgeac

aggccatccg cggcgacgag

gctacaacag caccaacgtg

cogtggocca gogagagegy

acgcctteoet cagecacccag

tcatcageoge cetgegectg

ggecggacta cttettecag

ctttcaagaa cttgcaggge

tgtcecgageect gectgacgecg

getggtggee cecttcacgg acageggeag

gattaacctg taccgegagg ccatcggeca

gatcacccac gtgagccgeg ccctgggcoca

gaactttttg ctgaccaacc ggtcgcagaa

ggaggagcge atcctgegtt acgtgeagea

ggccacccce agegecgege tcgacatgac

cagcaaccgce ccgttcatca ataaactgat

ctetgactat ttcaccaacg ccatcectgaa

cacgggegag tacgacatge ccgaccccaa

cagegtgtte tccccecgac cgggtgetaa

cgaccgacge ccgtcectegg cgetgtecgg

ggeccogecagt cctttocecga gecttgecctt

gggcaggatc acgcgeccegce gcecttgetggg

gagacccgag cgggagaaga acttccccaa

gagccegetgg aagacgtatg cgecaggagcea

cacgagccgg ggcagegeceg cocgtaaacg

gtgggacgat gaggactccg ccgacgacag

cccgttegot cacctgegece cecegtategg

tgatactcac caaggccatg gcgaccagcg

tctagtatga tgaggegtge gtacceggag

cagcaggcga tggeggcggce ggcgatgeag

cggtacctgg cgoctacgga ggggeggaac

tacgatacca ccocggttgta cectggtggac

taccagaacg accacagcaa cttcctgace

acggaggcca gcacccagac catcaacttt

adaaccatca tgcacaccaa catgeccaac

aaggcgeggg tgatggtcetce ccgeaagace

gatggtagtc aggatgagct gaagtatgaa

A b et e ke e i e e e

catcaaccge
ggcgeacgtyg
ggacgaccceg
gatcecegecee
gagcgtggge
cgcgegeaac
ggactacttg
tecceccactgg
tgacgggtte
cgagcegecca
ccgegagggt
ctegcectgaac
cgaagaggag
taacgggata
cagggacgat
ccggtggeac
cagcgtgttyg
gegeatgatg
tgcgttegtt
ggtectecte
cccccgetgg
agcattegtt
aacaagtcgg
accgtggtge
gacgagegct
gtgaacgagt
cccaatgggyg

tgggtggaat

13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14400
14460

14520

14580
14640
14700
14760
14820
14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
16080
16140

16200
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LLYayCLyus Cydaaygycdas LLGLUyyLya coalyatual cyacicliyaly adcaasyoia LOLZOV
tcatcgacaa ttacttggeg gtggggogge agaacggggt goetggagage gacatcggeg 16320

tgaagttega cactaggaac ttecaggetgg getgggaccee cgtgaccgag ctggtcatge 16380

ccggggtgta caccaacgag getttccatc cegatattgt cttgetgcece ggetgegggy 16440
tggacttcac cgagagccgce ctcagcaacc tgctgggeat tegeaagagg cagcececttcece 16500
aggaaggctt cragatcatg tacgaggatc tggagggggg caacatccoc gogcotactgg 16560
atgtcgacge ctatgagaaa agcaaggagyg atgcagcagce tgaagcaact gcagecgtag 16620
ctaccgecte taccgaggtc aggggegata attttgcaag cgeccgcagca gtggcagegg 16680
ccgaggcocgge tgaaaccgaa agtaagatag tcattcagec ggtggagaag gatagcaaga 16740
acaggagcta caacgtacta ccggacaaga taaacaccoge ctaccgcage tggtacctag 16800
cctacaacta tggecgacccocc gagaagggeg tgegetecctg gacgetgeote accacctegg 16860

acgtcacctyg cggcegtggag caagtctact ggtcgetgoe cgacatgatg caagacccgg 16520

tcacctteecg cteccacgegt caagttagca actacccggt ggtgggegee gagctcctge 16980
cegtetacte caagagette ttcaacgage aggecgtcta ctegeageoag ctgegegect 17040
tcaccteget tacgcacgtc ttcaacceget tceoccgagaa ccagatccte gtdegoccgo 17100
ccgegeccac cattaccacce gtcagtgaaa acgttcctge tetcacagat cacgggaccce 17160

tgecegetgeg cagecagtate cggggagtce agegegtgac cgttactgac gdécagacgceco 17220
gcacctgecce ctacgtcetac aaggccctgg gecatagtege geccgogegtce ctetegageco 17280
gceacctteta aatgtcocatt ctcatotege ccagtaataa caceggttgg ggectgegeg 17340
cgcccagcaa gatgtacgga ggcgctcgec aacgctccac gcaacacccc gtgecgegtge 17400
gcgggcactt ccgegctoce tggggogoce tcaagggocg cgtgeggtcg cgcaceaccg 17460
tegacgacgt gatcgaccag gtggtggecg acgegegeaa ctacaccceoe gocgoogege 17520
cegtotcecac cgtggacgoce gtcatcgaca gegtggtgge cgacgcegege cggtacgcecce 17580
gegeocaagag ceggeggedgg cgcatcgece ggeggeaceg gageacccoce gecatgegeg 17640
cggegegage cttgctgecge agggecaggc gcacgggacg cagggccatg ctcagggegg 17760
ccagacgcegce ggcttcagge gocagcgocyg geaggaccoqg gagacgecgeyg gccacggcgy 17760
cggeagegge catcagecage atgtcecogece cgeggegagg gaacgtgtac tgggtgcgeg 17820
acgccgccac cggtgtgege gtgecccgtge gcacccecgece cectcgecact tgaagatgtt 17880
cacttogega tgttgatgtg toccagegge gaggaggatg tccaagegeca aattcaagga 17940
agagatgctc caggtcatcg cgectgagat ctacggoccct geggtggtga aggaggaaag 18000
aaagcodcge aaaatcaage gggtcaaaaa ggacaaaaag gaagaagaaa gtgatgtgga 18060
cggattggtg gagtttgtge gegagttcge ccecccggegg cgegtgecagt ggegcgggeg 18120
gaaggtgcaa ccggtgcetga gacceggeac caccogtggte ttcacgeceg gegagegete 18180
cggcaceget tccaageget cctacgacga ggtgtacggg gatgatgata ttetggagea 18240

ggcggecgag cgectgyggeg agtttgetta cggcaagege agecgttcoeog caccgaagga 18300

agaggeggtyg tcocatecege tggaccacgg caaccaccacg ccgagectca agcaccgtgac 18360
cttgcagoag gtgctgecga cogoggegoe gegecgggyyg ttcaagegeyg agggcgagga 18420
tctgtaccoe accatgecage tgatggtgcc caagecgccag aagctggaag acgtgcectgga 18480
gaccatgaag gtggacccgg acgtgcagec cgaggtcaag gtgcggeocca tcaagcaggt 18540
ggcccaeggge ctgggegtge agaccgtgga catcaagatt cccacggage ccatggaaac 18600
gcagaccgag cacatgatca agecccageocac cagcaccatg gaggtgcaga cggatccctg 18660
gatgccatcg gctcctagtc gaagaccoccyg gcgcaagtac ggecgeggcca gectgcotgat 18720

gceccaactace gegetgeate cttecatcat cececcacgoceg ggetaccgeg gcacgegett 18780



ctaccegeggt
caccgecgct
acctctgacc
ctttgcagat
agaaaacecgc
cggegegeca
gccgeggega
cactgagaca
tgtgatgtgt
cggcacgegyg
cgccttcaat
ctatggcagc
gcagaactte
cctggecaac
cggctecegtg
gaagcgaccoo
gtacgaggag
cggggtgetg
cecectetaca
caccgeccge
gcagagtgtyg
gtgtgtgtat

cgtecgeegag

tegecggaca
cagacaccta
atgtgaccac
acaacaccta
acatggccag
cctactccgg
ggacatataa
ccgtgcaggg
agccaatcta
atgacatcac
tgaagececttg
tgaaaacagg
gaagtgcgge
tggaaactce
ttaatttggg
ttatcggget
ctcagctgaa
tgcttgacte
gctatgatce

attgtttece

cataccagca
gcaaccaccc
ctgecgegag
caatggecet
geegtagaag
tcagcaagey
tcggggegat
cacttggaaa
tttecgtagac
cegtteatgg
tggagcagtc
aaggegtgga
cagcagaagyg
caggccgtge
gagatgccge
cgecoccgaty
gcggtgaaac
aaaccagaaa
gtggctaagc
ccteatgega
aagcgecgec
gtattatgtc

ttgcaagatg

gccgeagecg
ctgececgeect
cgcgctacca
cacatgeccge
gctggegggg
gttgggggga
cceccggeatt
catcttgtaa
agatggaaga
gcacctggag
tctggagegg
acagcaccac
tggtegatgg
agcggcagat
aggtggagga
cggaggagac
tgggtctgee
agcccgegac
ccectgecgece
actggcagag
gctgetatta
gcagecgoog

gccaccecat

caagaccacc
ggtgcggaga
cceogageatce
cttegegtte
aacgggatge
ggcttectge
gcttcegtgg
taaaccaatg
catcaatttt
cgacatcgge
gcttaagaat
agggcaggeqg
gctegecteg
caacagccgce
ggagctgect
gectgctgacg
caccacgcgyg
cctggacttyg
ggtggcegtg
cactctgaac
aacctaccgt
ctgtcecacca

cgatgetgee

ggacgcttcyg gagtacctga gtcecgggtet ggtgecagttt

cttcagtctg
cgaccgeage
ctegtacaaa
cacctacttt
cacgcgectac
agccgatggt
cattaacatc
cgcagataaa
tggtactgat
ttatggttot
aacaggcact
tgctgctgge
agatacccat
tecagcaagec
catgtactac
tgctgtggtt
tctgggtgac
tgatgtgege

tetggatget

gggaacaagt ttaggaaccc

cagcggcetga

gtgegetaca

cgectgegett

cgetggeegt

gacatccgeg gegtgetgga

aacagtctgg
gaaactgoca
acaaaagatg

acctatcagc

cceecaaggyg
cagaaaaaac
gtattcaact

ctgaacctca

gaaaagtatg gaggcagagc

tttgccaage
actaaagaat
ctagctccag

attgtataca

ctactaataa
atgacataga
aaattgtttt

aagcaggcac

atgcoccaaca gacctaacta

aacagcactg
gacttgcaag
agaacccggt

attattgaaa

gttggcagaa

gcaatatggg
acagaaacac
atttcagtat
atcatggtgt

cagatactta

cacggtggeg
cgtgececogtg
gggcgacaac
teggggecct
agcacccaac
ctatacatat
tggaactgac
agtgggtgat
tcttaagect
agaaggaggt
catggettte
gtatactgaa
agatgacagc
cattggtttc
ggtgctggce
cgagctgtee
gtggaatcag
ggaggatgaa

tecagggaatt

actageacgee geegtegeceg
gtgtaccgce gecggecgege
gccatttaaa ctttegecetg
ccattacggg ctaccgagga
gtcgecacea ecaceggogg
ccgegetgat ccoccatcatce
cggtgcaggce ctctcagcge
gactctgacg ctcecctggtee
tegtececcoctgg cteccgegaca
accageccaac tgaacggggg
ttcgggtcca cgcttaaaac
ctgagggata agctgaaaga
ggcatecaacg gggtggtgga
ctggacccgg tgccgeccge
ccectggaca ageggggcga
cacacggacqg agccgocccce
cccategege cectggecac
cctectceece agecttecceg
gcccgegege gacccggggyg
agcategtgg gtctgggagt
agcgcettaac ttgettgtet
gaaggaggay tgaagaggeg

ccagtgggeg tacatgeaca

geeegegeca
cccacgcacy
gaccgegagyg
cgegtgetgg
agcttcaaac
acttgtcagt
ggaaatgcac
accgatgate
gctgaatgge
gataccaaaa
caggcaaatg
tttgacaaca
aatgtggatt
agctecttecta
agagacaact
ggtcaggett
taccagctct
gcggtggaca
ctteoeccaact

aaggctaatg

18840
18900
18960
19020
19080
19140
19200
15260
19320
19380
13440
19500
19560
19620
19680
19740
19800
13860
19920
19980
20040
20100

20160

20220
20280
20340
20400
20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300

21360
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gaactgatca
agggtaatcc
acgccaacgt
tgcccaccaa
tggactccta
ccttcaacca
gctacgtgee
tcectgeecegg
agagctcact
acctctacge
tgegeaacga

acecccatcoce

cecttecgegy
ggttcgacce
tcaaccacac
acgaccggcet
acaacgtgge
acaacatcgg
tcttecgeaa
accaggecegt
ccaccatgeg
gcgecgteac
ccttcteeag
atgccaacte
ccctteteta
gagtcatcga
ctettgette
cegegacetg
catggecceg
cgagcactgg
cttcgggttc
gcgecgecage
cgtgeagggt
cgtgcactgg
gcccaacggc
gctctaccge
gaaggccacc
gtctttaata
gaaagggtte
cttggecage
gteggtecac

gaaatcgcag

aaccacatgg
attcgceatg
ggccctgtac
caccaacacc
catcaacatc
ccaccgcaat
cttccacate
gtcctacace
cggcaacgac
cacettctte
caccaacgac

ggacaacgec

ctggtectte
ctacttegtc
c¢ttcaagaag
cctgacgece
ccagtgcaac
ctaccagggce
cttecagece
caccctggce
ccagggecag
cagcgtcace
caacttcatg
cgeccacgeyg
tgttgtette
ggccagtetac
ttgcaageca
ggctgeggge
cacaagctgyg
ctggectteg
tcggacgagc
gccctggeca
cegegetegg
ccecgaccgco
atgctcocagt
ttcocteaact
gcettegace
aacagcactt
tgccgggtet
cacttgaact
agctteegeg

ttgggacccg

accaaagatg
gaaatcaaca
ctgeecgact
tacgattaca
ggggcgeget
gcggggetge
caggtgeecec
tacgagtgga
ctgcgcacgg
cccatggege
cagteocttea

accaacgtgc

acgegtotea
tactcggget
gtcteccatca
aacgagtteg
atgaccaagqg
ttetacgtge
atgagccgece
taccagcaca
cactacceeg
cagaaaaagt
tcecatgggeg
ctagacatga
gaagtctteg
ctgegeacece
tggcegeggyg
cctacttect
cetgegecat
cctggaacce
gcctcaagca
ccgaggaccyg
cegectgegg
ccatggacaa
cgecccaggt
cccacteoege
gcatgaatca
tcatgttaca
cggeatggee
cggggatcag
tcagttgcag

cgttctgege

acagtgtcaa
tccaagccaa
cttacaagta
tgaacggeceg
ggtcgctgga
getaccgete
agaaattttt
acttecegcaa
acggggectc
acaacacggce
acgactacct

cecatctccat

agaccaagga
ccatccccta
ccttegacte
aaatcaageyg
actggttect
ccgagggeta
aggtggtgga
acaactecggg
ccaactacee
tecetetgega
cgctcaccga
atttcgaagt
acgtegtecg
cettetegge
ctecggegag
gggcacctte
cgtcaacacyg
gcgetcgaac
gatctaccag
ctgecgtecace
gctettetge
gaaccccace
ggaacccace
ctactttecge
agacatgtaa
catgcatetg
cgcgggcagyg
cagtttggge
ggcgeccage

gcgggagttg

tgatgctaat
cctgtggagg
cacgeoogged
ggtggtggeg
tcecatggac
catgeteoctyg
cgcecatcaag
ggacgtcaac
catetectte
cteocacgete
cteggeggea

cacctegege

gacgeecteg
cctegacgge
ctccgtecage
caccgtcgac
ggtccagatg
caaggaccgc
cgaggtcaac
cttegtegge
ctaccegete
cagggtcatg
ccteggeeag
cgaccecatyg
agtgcaccag
cggtaacgce
caggagcteca
gataagecget
goeoggecgeg
acctgctacce
ttcgagtacg
ctggaaaagt
tgcatgttee
atgaacttgc
ctgcgecgea
tcccacecgeg
accgtgtgtg
agatgattta
gacacgttge
agcggggtgt
aggtcgggeg

cggtacacgg

gagataggca
aacttcctet
aatgttacce
cacteogetgyg
aacgtgaacc
ggcaacggge
agcctcetge
atgatcectge
accagcatca
gaggccatge
aacatgetct

aactgggeceg

ctgggecteceg
accttetace
tggcceggea
ggcgaggget
ctggcecact
atgtactect
tacaaggact
tacctegege
ataggcaaga
tggegecatce
aacatgctct
gatgagtcca
coccacogog
accacctaag
gggccatcat
tecegggatt
agaccggggg
tcttegaccee
agggcctgct
ccacccagac
tgcacgecett
tgacgggggt
accaggaggce
cgcgcatcega
tatgttaaat
tttagaaatc
ggaactggta
cggggaagga
cggagatctt

ggttgecagca

21420
21480
21540
21600
21660
21720
21780
21840
21900
21960
22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880
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ctggaacacce

ctecacgteg
tccecatggtg
catetgggee
cctgaacgee
gaactggttg
ctgcaccacg
cagogogege
catggtggtc
cagcgegeac
gccctgcagyg
aatgcogegg
ctegggeatce
catagtcatg
cttcaccatc
aaagctccge
cgcecageteo
cacatgettg
tggegagggg
ggccacgegg
gcegegactt
gcgetctgac
catggagact
gcagcagaat
cccagacatg
ggagcacgag
agagcaggaa
ccacctgage
caaggatgeg
ctacgagttg
cgagcccaac
ctaccacate

cgocgacgec

agaggttecce
gcaaggagaa
cgegeggetyg
gaacctgece
gececcatctee
cgagcagctg
caaactcatg
cgecgacgeyg
gttegtgege

gggcatcttg

atcagggecg ggtgettcac getegecage acegtegegt cggtgatget

aggtcctegg
ggeacgcace
tggteggegt
tgectgggeocet
gtggcgcacc
ctgegececee
tgeecegttet
ccgtgcagge
ceggtgeact
aagcggccca
tgeteoctegt
agetggaagt
atttccatac
atcttagege
ttgeegtect
tecteoggoct
gtcettgeggg
gagcgcgagt
cggtaggtat
ggcggatgge
tgacttcecte
cagccatcge
gaaagcttaa
caagagatgg
gaggagctgg
gcagagaatg
g999999agy
ctgetegace
aaccteottet
ccgegactca
tttttecaaga

cttttecaace

aagatctteg
ggaggagage
gcggtgetea
cccaaagtca
gaggacgagg
gcecggtgge
atggeegtgg
gagacectge
caggcctgea

cacgagaacce

cgttggceat
cgggettgtg
teatececgg
tggeteccte
cggegtegtyg
agcggttctg
cgctogeecac
accgcagett
cccagttett
tcatggtggt
tgatgtacag
tggettteoag
cettetecca
tagcagccge
tetecggtgat
gtctttegte
gtttettett
tetegetcac
gtctettegg
tggcagagcc
cgcggoodge
caacctcgec
ccgoccegan
aggaatccat
cagtgcgett
agcagagtca
acgegctceat
geaccgaggt
cgacgegegt
acttctacce
accaaaagat

tgggtocegg

agggtcotggg
atgagcacca
aacgcacggt
tgagegegygt
gcatgcaaga
tgggtcctaa
tcetggtgac
gcaaggtcga
agatctccaa

gcetggggea

ceoegaagggyg
gttgcaatcg
gtacatggce
ggtgaagaag
cacgcagceag
ggtgatcttg
atccatecteg
geccecteggee
gtgggcgate
cagggtcttg
gtggeagatg
gteggtetee
ggcegagacyg
ggccaggggg
cogoaccggg
ctcgetgtce
gggcggcage
cactactatc
gggcagagge
cctteegegt
cattgtgttc
atctgccececo
gceocageace
cgagattgac
ttcacaagaa
ggctgggete
caagcatctg
geecctoage
goececcaag
ggtcttcgeg
cecegtetee

cgecagocta

gtcatettge
cagtgcagygg
ttcatgaaag
accecgeagy
cgegegtegt
gcccggtegg
atecatgtgect
teggtgcace
tgggaatgeg
ttgctagtga
cggeggtaca
acgeggtage
atgggcagge
tegetetegt
gggtagctga
tggctgacgt
ggcggcggag
tettectett
ggaggcgacg
tcgggggtge
tcctagggag
accgocogacg
geccaccteoeg
actgggetatg
gagatacacc
gagcatgacg
geccggeagyg
gtggaggage
cgecageocea
gtgccecgadg
tgcegegeea

cctgatatceg

aggtctgect
ggatcagcat
cctecaattyg
acttgetaga
tgttggccag
ggttctectt
ccttetggat
cgtgcagcca
cgtgcacgaa
aggtcagcgg
cctegecctg
ggtccatcag
tcatagggtt
ccagggtcte
agcccacgge
cctgcaggac
atgttggaga
cttggtcega
ggectetegeo
gctceeggeg
gaacaacaag
agaagcagca
acgcggeegt
tgacgecege
aagaacagcc
gcgactacct
ccaccatcgt
tecageegege
atggcacctg
ccectggecac
accgeacoog

cetecttgga

cagcgacgag actcgggecg cgaacgctct

cagcegeccetyg
cgagctgace
catggaccag
ctecgaggag
tgctagtcce
cgtggagctyg
ggagaacctg
cgtggagetyg

gaacgtgctyg

gtcgagttgg aaggegacaa
catttegeect acccggetct
gtgctecatca agegegegte
ggcaagecceg tggtcagega
cagagtttgg aagagcggcg
gagtgecctge gecegettett
cactacctet tcaggecacgg
accaacctgyg tctectacat

cacaccacce tgcgegggga

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25630

25740

25800

25860

25920

25980

26040

26100

26160

26220

26280

26340

26400

26460
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ggcceggege
gggcatggge
cctgcagaag
cctggecgac
ctttatgage
cctgececgec
ccecceegeeyg
cteggacgtyg
cctcetgecacg
categgcace
tctgaaactc
ctaccatcce
gtcggectge
cogcocaagaa
ggagctcaac
tgecagecegt
agatggagga
aggaagacga
ccteggeggg
ctcgaccaca

gtaagaagga

gcttgecagge
gggtgaactt
tccaagaaga
acageggegyg
ctgaggaacc
caggaactga
aagagcgaag
tgegegeteca
acgtcacctg
cacgecttac
ctactccacc
catccgegee
caatcaccte
cacgaccgta
ccagctggeg
ggtgatccgg
gcgacctgac
ggccgtectg
ccagttegtg
ccactacccg

cgattgaatg

gactacatcc
gtgtggcage
aacctcaagg
ctcatttteoc
caaagcatgt
acctgcteeg
ctgtggagee
atcgaggacyg
ccgecaccgot
ttcgagttge
accccggggce
ttcgagatca
gtcatcaccc
ttettgetga
cceggcttee
ggaggatttg
agactgggac
ggaggaggca
ggagaaagca
cagtagatgg

gcggeaggga

ctgeggggge
tccecegeaac
ggcageagea
cageaggtygy
ggatctttee
aagtcaagaa
accaacttca
ctettaaaga
tgeccttege
atgtggaget
cgoatgaatt
caccgaaacc
aatccgegta
ctacttecege
ggeggogeca
ggcagaggca
ggagtcttcce
actttggaga
gaggagttca
gacgagttca

tceccatggtg

RS N S S

gcgactgegt ctacctctac ctctgccaca

agtgtctgga ggagcagaac ctgaaagage

gtetgtggac cgggttecgac gagegcacca

ccgagegect caggetgacg ctgegeaacg

tgcaaaactt tcgetottte atcctogaac

cgctgececte ggacttcgtg ccgetgacct

actgctaccet getgegectg gecaactace

tcageggega gggectgete gagtgecact

ccctggectyg caaccccecag ctgcetgageg

aagggcccag cgaaggcegag ggttcageeg

tgtggacctc ggcectacttg cgecaagtteg

ggttctacga ggaccaatcc catccgecca

agggggcgat cctggcccaa ttgcaagceca

aaaagggcceg cggggtctac ctegaccecce

cccaggatgc cccgaggaaa caagaagctg

gaggaagact gggagaacag cagtcaggca

agcactcagg cagaggagga cagcctgcaa

gaggaggagg tggaagaagc agccgecgec

agcagcacgg ataccatcte cgectecgggt

gacgagaccqg gacgattccc gaaccccace

tacaagteocct ggegggggca caaaaacgcee

aacatctecct tcaccecggeg
atcttgcatt actacecgtca
geagaaaaag accagcagaa
actgaggatc gecggcgaacg
caccctctat gecatcttece
cecgttetetyg cgetegetea
gegeactcote gaggacgecg
gtagceccgeg ccecgeccagt
cctagcecgec tcecacccatce
accagcccca gatgggeoctg
ggctoagoge cgggocogog
agatactcct agaacagtca
attggccege cgecctggtg
gagacgccea ggccgaagte
cectgtgteg tecaccegecee
cacagctcaa cgacgaggtg
aactcgececgg atcggggaga
gttcgtcctc gcagececge
ctececcteggt ctacttcaac
teccgaactt cgacgecate

gogcagcetga cctagetogg

cctggecagac
tetgeaaget
ccgectegga
gectgeocega
getceccggaat
tccgegagtg
tggectacca
gecgetgcaa
agacccagat
ccaaggggyag
tgcecgagga
aggccgagcet
tccagaaatc
agaccggtga
aaagtggagc
gaggaggagg
gacagtetgg
agaccgtcgt
cggggtecey
acccagacceqg

atcgtetect

ctacctgete ttccaccgeg

cctccacage ccctactact

aaccagcagce tagaaaatco

agccggegea aaccegggag

agcagagtcg ggggcaggag

ccegeagttg tetgtatcac

aggctetott caacaagtac

cgcagaaaaa ggcegggaatt

atcatgagca aagagattcc

gecgeoggtyg cogoccagga

atgatctcac gggtgaatga

gcgetcaccg ccacgecceg

taccaggaaa ttccececagec

cagctgacta actcaggtgt

gctcagggta taaagegget

gtgagctett cgetgggtet

tctteocecttca cgectegtca

tcgggtggeca tcggcactcet

cocetteteceg getceceegg

agcegagtegg tggacggeta

cttegacace tggaccactg

ek b b b e b e ——

26520
26580
26640
26700
26760
26820
26880
26940
27000
27060
27120
27180
27240
27300
27360
27420
27480
27540
27600
27660

27720

27780
27840
27900
27960
28020
28080
28140
28200
28260
28320
28380
28440
28500
28560
28620
28680
28740
28800
28860
28920

28980

sanAn
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GUYLUYBLLY
ggagcaccct
ccacctgett
ccttetgact
gctgtgtact
ctgaatccat
gtaagcceca
accactgega
gcagaagcaa
gaccctgeca

acaaccaaac

gactatgagg
ggeggagatyg
cggcegeges
cgtcaaggag
ggtgaaacaqg
getectgeag
ccagcagtet
ccacactctyg
ceccttatcca
atttgatttg
aatcacttac
actcecctcet
gctgaagggy
tccaaaaage
aacgcaccga
aagcccctgg
atcaccetca
acggccacca
gatcacccct
atactgagaa
cgtggetetyg
ataaagctta
ataagctggyg
gggttagagt
gttaaacttg
gaagacgata
gcagaaaatg
actgtgtcag
agtgctcagg
ctaaaaaaat

gctgtaggat

RPN R S

CyuLyoLLLy
cagggeccgg
cggatcttea
ctgtactgca
gagtataata
caaccagtcet
caagaagtac
caacgacgga
gctccagete
tcacacctte

taacctccac

ccgagcecaca
actgaccceac
tcggageage
ctgcaggatg
gccaagatcet
cagegecaga
ggcgatacca
atcaagaccc
gtgaaataaa
aaataaagat
ttgaaatctg
tceccagetcet
atgtcaaatt
gcegteagggt
ccgtgeecett
gggtgttgte
agctgggaga
aggccgecge
tttacactaa
caagcattct
ccttggeagt
ccttagacag
ctaaaggttt
ttggaagcag
gatctggect
aactcacttt
atgcaaaact
tcttagttgt
tgttteotacg
actgggggta

tcatgececaa

e

CLCYYyalul uyutyaylLl
cccacggagt gcggatcgte
gccagegtce gatcectggte
toetgcaacca cceceggectg
aaagctgaga tcagcgacta
ttgttctteca ceogggaacga
ctcacctgge tgttecaggg
gtectgetga goeggecctge
ttccaaccet toctcoeccgg
cacctgatecc cgaataccac

caacgccace gtcgetagge

yusracuLiiy
gtcgaagggg
gagcgogaga
catgaaagtc
cteceggactt
gaccgagcte
ctccecegatce
caaccttact
gacctatcag
agcgtegete

cacaatacat

ayuLysuiya
gcctcgacte
aaggacagac
tttgttgtct
cegtgtgtte
cagctecagt
geegttgtca
ttttecaccce
tgegtetegg
ccegetacta

gcccatatta

gegacccatg ctcccecgeta ttagttactt caatctaacc

tggccaacaa caacgtcaac
gactcgccca acttcgeatt
cggtggecat ccaccagtge
cctacgaggt cactccaaac
agttcacctg cctggtegga
aggggtgecat ccactgectece
tectgeggect ccgegaccte
gatcatattg atgatgattt
acaatcatat tgatgatttg
ataccaggtc tcetgtccatg
ggtactgeag gecceggegy
cctoactgtec ctcaatcotte
ggatgatgac ttcgaccccg
catcaaccce cecttegtet
cctgegactg gcecgaccceg
gggggtggac ctegattect
ccctetcagt ttttccaaca
agatggaaaa ttatccttac
aaacacacta gectttaggtt
acagttagte tetccactta
aggtttgecat gttacaacag
aaaatttgaa gatggagcca
tagtacagaa acaggtgttg
tagctttgac agtacaggag
gtggacaaca cctgatccat
aacactttge ttgactaaat
aggaagtgga aacctaaacc
ttttgatgeca aacggtgtte
taggcaggga gatagcatag

tttaaaaget tatccaaagt

PGP U U VGO S S S

_______ PP

gaccttetoe tggacatgga
cgccagcage aggagagagce
aagagaggca tcttctgect
gaccategee tetectacga
gtcaacceca tegtcatcac
tgegactecee ccgactgegt
ctcocacatga actaatcacce
tacagaaata aaaaataatc
agtttaacaa aaaaataaag
ttttetgeca acaccactte
gctgcaaact tcctcocacac
attttatectt ctatcagatg
tctaccccta cgatgoagac
cttcagatgg attccaagag
tcaccaccaa gaacggggaa
cgggaaaact catctecaac
acaccatttc ccttaacatqg
aagtttctcc accattaaat
ttggatcagg tttaggactc
catttgatac tgatggaaac
gagatgcaat tgaaagcaac
tagcaaccaa cattggaaat
atgatgctta cccaatccaa
ccataatgge tggtaacaaa
caccaaactg tcaaatactc
gtggtagtca aatactggcce
ccattactgg caccgtaagc
ttttaacaga acattctaca
atggcactcec atataccaat

cacaaagttc tactactaaa

[P S WP

PV
29100
29160
29220
29280
29340
29400
29460
29520
29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840

30500

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

DIRELA
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ddiddlalay
ataaccctca
tggactaatg
atcgcocaag
tggaacaaac
tttacaggat
teteoececceeg
ccacgttcca
cegggeacte
ggatcacggt
gateggeegg
gctgetgete
catcagtaegt
gtacgtgcaa
gaaactcatc
caagtggtge
gttcaccacc
gcggaaccac
gcaatggcaa
tatgttggeca
ggtcaaaacec
gggcaatcct
cgggtgatee
cggeccgatac
gttgctttcg
atégecoggeg
ctetcagace
tggctotgat
gttgggtttc
ccaaacggtc
tgtgttggty

tggcttecag

ggttctctaa
ttttecagee
agagctegeg
attctgetee
atccectgage
tttagccata
tcctceccecag
gatatcttce
agaaaaatcc
ggtgegtteo

catgctagcc

Layyycaaye
atggtactga
gaagctatgt
aatgaacact
tctgaaacac
tcgagcagtt
cacageccttg
cacagtttca
cegecatctge
tatctggaag
tggtgtegea
agggggtceg
ctggtgegge
cacagaacca
gcgggaagga
cccctocaga
tcceggtace
agggccagca
tggaggaccce
cagcacaggce
atatceccagg
cgcacagaac
tocaccagag
gggtgatgge
gacattttcg
geggtetegg
gtgcagcaga
cacatcgace
ggtgacggeg
teggagtact
gaaaataaca

caaagccotcce

tteoccteaate
ttgaatgatt
cagagcgcecce
tggttcacct
tecctcectea
ggaccaccag
tgagcattge
agataactgg
tccaggtgga
agcatggtta

tggcgaacag

dudcaLyaat
tgacagcaac
tggagcaaca
gtatcocace
daaataaaat
atttttccte
aacatctgaa
gagcgageca
acctcacagce
aagcagaaga
teaggecccg
ggtccaggga
gggcgoagca
ccaggttgtt
tgctacccac
acacgetgeco
acatcaccct
cegceeegec
accgectcogta
atatgectcat
gcacggggaa
ttacattgtg
aagcgegggt
gggacgcgge
tacttgctgt
cgettggaac
tectagggeet
accgtggaat
ggggagggaa
tcaaaatgaa
gccaggtcaa

acgcgcacat

atcatgttac
acgaactagtt
tccaccggea

gcagcagatt

gcaataactg
gaataagatt
caaatgcaaqg
acagaaaatc
cgtttagagc
gttagctgat

gtgggtaaat

YyayaryrLe
agtacatatt
tttggggcta
ctgcatgeca
aaagttcaag
caccctceca
tgeccattggt
gtectegggte
tcaacagctg
gcggeggtgg
cagcagtege
ctecccteage
gcgecatgegg
caacagtcca
gtggcegteg
cacgtacatg
ctggttgaac
cgecatgeag
cccgtggate
gcatcetette
ctettgeagg
catggacagg
cteggtetee
tgatcgtgtt
agcagaacct
gcteggtgtt
caggagtgat
gggccagace
gaacaggaag
gatcgcggag
aggtgatacg

ccagaaacaa

acteoetgeac
cctgaggtaa
ttcttaagca
gacaagcgga
taagtactct
agggcaagcc
actgctataa
gcccaggcaa
ctcgggaaca
ctgtagaaaa

cgttctetee

Gaddacitdl
caatgtcatt
actcttatac
accetteocca
tgttttattg
ggacatggaa
gatggacatg
ggtcagggag
aggattgtcc
gaatcatagt
tgecgecgeoe
atgatgccca
atctcgctca
tagttcaaca
taccagatcec
atctecttgg
atgcagcecce
cgaagagacc
atctgggage
agcactctca
acagcgaace
gtatcgcaat
tcacagegtyg
cgcgaccgtg
ggtccgggeg
gaaattgtaa
gaagatccca
cagccagatg
aaccatgatt
atggcaccte
gttctegaga

gacaatagcg

atccaagcca
caccctcata
atatcaaaat
ttcatatcct
acagtacaga
gcatgctgge
tttttaagaa
acgatgaagt
aacaaaaatg

agcaccaggc

yoLLuLiaet
ttcatacacc
cttctcatac
ceccocactetg
attcaacagt
tacaccacce
cttttggtet
atgaaaccct
teggtggtey
ccgcgaacgyg
getcegtcaa
cggcecteag
ggtecgectgca
cgctccagee
tcaggtaaat
geatgtggeg
ggatgatcct
ccgggtcccy
tgaacaagtc
actcecteggg
ccgcagaaca
caggcagcac
gtaagggggc
tcatgatgca
ctgcacaccg
aacagccact
tecatgectga
atgcaatttt
aacttttaat
tegececege
tgttecacgg

aaagcgggag

catccccaga taatttteat

gccatgataa
attccaagat
ctctgoegeg
cteccgaaatt
taaaccgaag
tagacccggt
aatcaacaaa
aaatgcaagc
aacattaaac

aggccacggg

2LI0V

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640

32700

32760

32820

32880

32940

33000

33060

332120

33180

33240

33300

33360

33420

33480

33540

33600

33660

33720

33780

33840

33900

33960

34020

34080
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gteteoggeg
tteeceggtgg
cgegagtgaa
cagcaaageg
actceectee
agegtccata
gctctaacct
ggccaaagte
ggtgacacac
gggttceccac
cacccgecee
attcaaacac
tgg

<210> 46

<211> 7182
<212> DNA

cgacecctegt
ceggegtgaa
aaaaagcgec
atgeocatgeg
tgcacaggeca
gettacegag
gtccaccege
taaaaatacc
tcaaaaaaat
gctacgtcat
gcccctaacg

ctcatttgca

aaaaattgtc
tgattegaca
cgaggaagca
gatgaagcac
gcaaagcoec
cagcagcaca
tetetgetea
cgccaaataa
acgcgcactt
caaaacacga
gtegeecgte

tattaacgcg

<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 46

ggegtaatge tetgecagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactceateg

agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa

ageccgtttet
tyggtatcggt
tcaaaaataa
ggcaaaagct
tcaaaatcac
aatacgcgat
aacactgeca
aatgetgttt
aaatgcttga
tctgtaacat
ggcttceoeat
ttatacccat
tccegttgaa
acaatattgg
ttggctcatg
aatcaattac
cggtaaatgg
cgtatgttce
tacggtaaac

ttgacgtcaa

gtaatgaagg
ctgegattece
ggttatcaag
tatgcatttce
tcgcatcaac
cgctgttaaa
gogcatcaac
teceggggat
tggteggaag
cattggcaac
acaatcgata
ataaatcage
tatggctcat
ctattggcca
tccaatatga
ggggtcatta
cecgeetgge
catagtaacg
tgcccacttg

tgacggtaaa

agaaaactca
gactcgtceca
tgagaaatca
tttccagact
caaaccgtta
aggacaatta
aatattttca
cgcagtggtyg
aggcataaat
gctacctttg
gattgtogea
atccatgttg
aacacccctt
ttgecatacgt
cecgecatgtt
gttcatagec
tgaccgececa
ccaataggga
gcagtacatc

tggececgect

gctatgattyg
agatgaatac
ataaggcact
aaaattctca
cgatccetee
caacaggcge
atatatagcce
tcacacacgce
cctcaaacgce
ctttecaaatt
tctcagecaa

cacaaaaagt

aaaaccatca
accccoggaa
acaatgetcea
ggtgegtaca
aggtacacat
aagagtcaga
cagatctaca
ccagcacacg
ccaaaactgce
cogtegaceyg
tcagegecce

ttgaggtata

cagagagacyg
cattggegtc
gtctcaagte
aaatgtaatt
acaaageocte
gaaaggetga
ctgacgtaaa
cccagaaace
cgtcatttce
ttaaaaacgt
gcatccccaa

ttattgatga

ccgaggcagt tccataggat ggcaagatcc

acatcaatac
ccatgagtga
tgttcaacag
ttcattcgtg
caaacaggaa
cctgaatcag
agtaaccatg
tcegtcagec
ccatgttteca
actgattgee
gaatttaatc
gtattactgt
tgtatctata
gacattgatt
catatatgga
acgacceccyg
cttteccattg
aagtgtatca

ggcattatge

aacgtattaa
cgactgaatce
gccagecatt
attgcgectg
tcaaatgcaa
gatattctte
cateatcagg
agtttagtct
gaaacaactc
cgacattate
géggectega
ttatgtaage
tcataatatg
attgactagt
gttcogegtt
cccattgacg
acgtcaatgg
tatgccaagt

ccagtacatg

ttteccececteg
cggtgagaat
acgctcogtcea
agcogagacga
cecggcgcagg
taatacctgg
agtacggata
gaccatctca
tggcgecatcg
gcgageccat
gcaagacgtt
agacaggtcyg
tacatttata
tattaatagt
acataactta
tcaataatga
gtggagtatt
cogecaccta

accttacggg

34140
34200
34260
34320
34380
34440
34500
34560
34620
34680
34740
34800
34803
60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260
1320

amnaA
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actttcocotac
tttggoagta
accccattga
gtegtaataa
atataagcag
ttgaccteca
gaacgcggat
actcteocagg
ggctettete
tecccagagte
tgctecgaat

gaacatggct

gcttgtggec
ceteacaget
gtttcatcct
ctacgatatg
cctcatgetyg
cctgceccace
tgaaccagag
caatgacgtyg
acgctggaca
tggtgtgett
ttcecotgtac
ceeceggateo
acccgetagae
cactgceetyg
ggagaactge
cctgacecgte
cgtgggcaag
tgccectgeag
gggacccggc
tgtggaaage
ggegetggtyg
atcctecaat
attgaaagct
aggaacagaa
cctggattct
tcoccaactac
tgaaccacct
ctctectcaa
cttetttaaa
atatgggaaa

agtcattcte

trggcagtac
caccaatggg
cgtcaatggg
ccecgocceg
agctcgttta
tagaagacac
tececcegtgee
gtgggcotygg
ttacatgtac
aggggtctgt

attgecctecte

agecattgtgg gaggcectggga gtgecgagaag

tctegtggea
gcccactgea
gaagacacag
agcctcetga
ctecgectgt
caggagccag
gagttcttga
tgtgcegeaag
gggggcaaaa
caaggtatca
accaaggtgg
gaaggtaggg
aaggctgtge
ctgtgetact
acccagctgg
atcagcaaag
aagaacatca
ccggetgeeg
cagctaggat
aacccaggcec
ctggegggtyg
gaagctacta
gagaacatca
caaaactttc
gttgagctgyg
atctcaataa
catecaggat
ggaatgccag
ttggaacggyg
gttttcagag

tactcecgace

atctacgtat tagrcatcge
cgtggatagc ggtttgactc
agtttgtttt ggcaccaaaa

ttgacgecaaa tgggoggtag

gtgaaccgte
cgggaccgat
aagagtgact
cttececcagt

cttttgettg

attttecctge tggtggcectce

acatctegte

gggcagtctg
tcaggaacaa
gccaggtatt
agaatcgatt
cagagcctge
cactggggac
ccccaaagaa
ttcacccteca
gcaactgote
cgtcatggag
tgcattaccg
gttcattatt
tgattgecet
cctgeaaage
gggagcagtg
gctgcagett
cgtgetgtga
ccatacttge
cccagaccct
caatggcaag
gcttetttet
acattactce
agaagttcett
agettgoaaa
cacattatga
ttaatgaaga
atgaaaatgt
agggcgatct
acatgaaaat
gaaataaggt

ctgctgacta

agatcgectg
ccagectceg
caccgtecgg
caagactcca

cctcaacecct

aatctccgeg

cggcggtgtt
aagcgtgatc
tcaggtcage
cctecaggeca
cgagctcacyg
cacctgctac
acttecagtgt
gaaggtgacc
gggtgattct
cagtgaacca
gaagtggatc
gacctgtgga
gttgatggea
ccaggtgage
ctggaccgeg
gaactgegtg
caccgacttg
gctgetococt
gaactttgat
cgcgegecge
ccteggette
aaagcataat
atataatttt
gcaaattcaa
tgtcctgttg
tggaaatgag
ttaggatatt
agtgtatgtt
caattgetet
taaaaatgcc

ctttgeteet

tattaccacg
acggggattt
tcaacgggac
gegtgtacgg
gagacgccat
cggcegggaa
atctcagcaa
gggatttgag
gactatette
agttcaggaa
aggactgggg

cattceccaac

ctggtgcacc
ttgetgggte
cacagcttee
ggtgatgact
gatgetgtga
gcctecagget
gtggacctcee
aagttcatgce
gggggcccac
tgtgcectge
aaggacacca
gatgtecgaag
ggcttggeee
aacgaggact
cgcateegeg
gatgactcac
tgcaacgeocca
gcactcggee
ctgctgaaac
ccgegetgge
ctcttegggt
atgaaagcat
acacagatac
tcccagtgga
tcctacccaa
attttcaaca
gtaccacctt
aactatgcac
gggaaaattg
cagctggeag

ggggtgaagt

grgatgcgge
ccaagtctce
tttecaaaat
tgggaggtet
ccacgetgtt
cggtgcattg
gcaggtatgt
ggacgctgtyg
caggtcagga
cagtaaaccc
accctgtgac

cctggecaggt

cccagtgggt
ggcacagcett
cacaccegcet
ccagccacga
aggtcatgga
ggggcageat
atgttattte
tgtgtgetygg
ttgtctgtaa
ccgaaaggee
tcgtggccaa
aaaacccagg
tgcagccagg
gcetgeaggt
cagttggecet
aggactacta
gcggggceoca
tgctgetcotg
tggcaggcga
tgtgegetgg
ggtttataaa
ttttggatga
cacatttage
aagaatttgg
ataagactca
catcattatt
tcagtgettt
gaactgaaga
taattgeccag
gggccaaagg

cctatcecaga

LIBU
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840

3900
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tggttggaat
aggagaccct
agaggctgtt
gctectagaa
agtgcoctac
gcacatccac
agcagtggaa
tggtattgac
actgaaaaag
agaatttggt
gcgtggegtg
tgattgtaca
tgatgaaggc
agagttcagt
cttccaacga
caaattcage
gttttatgat
gtttgagctg
aagaaagtat
atacagtgta
caagttcagt
gaatgatcaa
gecctttttat
attceccagga
ctggggagaa
gactttgagt
cectaaactt
tacaaaagat
tatgtcaaag
ctgecttaat
cttacaaggec

ctggtectgtg

atcagcgceat
cegettgttt
tectetegeg
attatgggga
ttttcattge
taatgaatcg
tegetcactg
aaggcggtaa
aaaggccagce

ctecegeceee

cttecctggag gtggtgtceca gegtggaaat

ctcacaccag gttacccagc aaatgaatat

ggtetteocaa gtattoctgt tcatccaatt

aaaatgggtg getcageoace accagatage

aatgttggac ctggctttac tggaaacttt

tctaccaatg aagtgacaag aatttacaat

ccagacagat atgtcattct gggaggtcac

cctcagagtg gagcagcectgt tgttcatgaa

gaagggtgga gacctagaag aacaattttg

cttettggtt ctactgagtg ggcagaggag

gecttatatta atgectgactc atctatagaa

ccgectgatgt acagcttggt acacaaccta

tttgaaggca aatctecttta tgaaagttgg

ggcatgccca ggataagcaa attgggatct

cttggaattg cttcaggcag agcacggtat

ggctatocac tgtatcacag tgtctatgaa

ccaatgttta aatatcacct cactgtggee

gccaattcca tagtgectcece ttttgattgt

gcetgacaaaa tctacagtat ttctatgaaa

tcatttgatt cacttttttc tgcagtaaag

gagagactcoe aggactttga caaaagcaac

ctcatgtttc tggaaagagc atttattgat

aggcatgtca tetatgotce aagcagccac

atttatgatg ctcectgtttga tattgaaagce

gtgaagagac agatttatgt tgcagecttce

gaagtagect aaagatctgg gccctaacaa

catgggttac gtaattggaa gttgggggac

caaacactgt tttagaaaac ttcctgtaaa

gattgtgggt cttttggget ttgctgetce

gceetttgtat gcatgtatac aagctaaaca

ctttctaagt aaacagtaca tgaaccttta

atcetaaate
gcttatagge
ggatactatg
agctggagag
tctacacaaa
gtgataggta
cgggactcat
attgtgagga
tttgcaaget
aattcaagac
ggaaactaca
acaaaagagc
actaaaaaaa
ggaaatgatt
actaaaaatt
acatatgagt
caggttcgag
cgagattatg
catccacagg
aattttacag
ccaatagtat
ccattagggt
aacaagtatg
aaagtggacc
acagtgcagg
aacaaaaaga
attgccacaa
caggecctatt
atttacacaa
ggcttteoact

cccegttget

tgaatggtge
gtggaattgc
atgcacagaa
gaagtctcaa
aagtcaagat
ctetcagagg
gggtgtttgg
gectttggaac
gggatgcaga
teocttecaaga
ctctgagagt
tgaaaagccc
gteocttcecee
ttgaggtgtt
gggaaacaaa
tggtggaaaa
gagggatggt
ctgtagtttt
aaatgaagac
aaattgctte
taagaatgat
taccagacag
caggggagtc
ctteccaagge
cagctgcaga
tggggttatt
gatcatattg
gattggaaag
tgtggatatc
ttctegecaa

cggcaacgge

ccaagtgttt gectgacgcaa cccccactgg ctggggettg gecataggec

gcgtggaacce
tgctcgeage
gaaatataca
catcatgaag
aatagtgtgt
gccaacgcge
actecgetgeg
tacggttatc
aaaaggecag

ctgacgagea

tttgtggctce ctectgecgat
cggtctggag caaagctcat
togtttegat ctacgtatga
ccccttgage atctgactte
tggaattttt tgtgtctctc
ggggagaggc ggtttgcgta
cteggtegtt cggetgegge
cacagaatca ggggataacyg
gaaccgtaaa aaggccgcgt

tcacaaaaat cgacgctcaa

ccatactgcyg gaactcctag
aggaactgac aattctgtcg
tetttttece tctgecaaaa
tggctaataa aggaaattta
actcggaagg aattctgcat
ttgggecgete ttecgettec
gagcggtate agctcactca
caggaaagaa catgtgagca
tgetggegtt tttcocatagg

gtcagaggtyg gcgaaacccyg

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4520

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420
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acaggactat
cegacectge
tectecataget
tgtgtgeacg
gagtccaacc
agcagagcga
tacactagaa
agagttggta
tgcaagcagc
acggggtetg
tcaaaaagga
agtatatatg
tcagcgatet
<210> 47

<211> 261
<212> PRT

aaagatacca
cgettacegg
cacgctgtag
aaccccecgt
cggtaagaca
ggtatgtagg
gaacagtatt
gctecttgate
agattacgecg
acgctcagtg
tcttcaccta
agtaaacttg

gtctattteg

<213> Homo sapiens

<400> 47

Met Trp Val
1

Ala Ala Pro

Lys His Ser
35

Val Cys Gly
50

His Cys Ile
65

Phe His Pro

Pro His Pro

ggcegtttcee
atacctgtec
gtatcteagt
tcageocogac
cgacttateg
cggtgctaca
tggtatctge
cggcaaacaa
cagaaaaaaa
gaacgaaaac
gatcctttta
gtctgacagt

ttcatccata

Pro Val Val Phe Leun

Leu Ile Leu Ser Arg

20

Gln Pro Trp Gln Val

40

Gly Val Leu Val His

55

Arg Asn Lys Ser Val

70

Glu a&sp Thr Gly Gln

85

Leu Tyr Asp Met Ser

100

Pro Gly Asp Asp Ser Ser His Asp

115

120

Pro Ala Glu Leu Thr Asp Ala Val

130

135

Glu Pro Ala Leu Gly Thr Thr Cys
150

145

Glu Pro Glu Glu Phe Leu Thr Pro

His Val Ile

165

Ser Asn Asp Val Cys

180

cctggaaget
gcecttteteo
teggtgtagy
cgetgegect
ccactggecag
gagttcttga
gctectgetga
accaccgctg
ggatctcaag
tcacgttaag
aattaaaaat
taccaatget

gttgeectgac

Thr Leu Ser
10

Ile Val Gly
25

Leu Val Ala

Pro Gln Trp

Ile Leu Leu
75

Val Phe Gln
90

Leu Leu Lys
105

Leu Met Leun

Lys Val Met

Tyr Ala Ser
155

Lys Lys Leu
170

Ala Gln Vval
185

cectegtgeg ctetcetgtt

cttegggaag cgtggegett

tegttegete caagectggge

tatccggtaa ctatcgtett

cagccactgg taacaggatt

agtggtggce taactacgge

agccagttac cttcggaaaa

gtagcggtgg tttttttgtt

aagatccttt gatcttttcet

ggattttggt catgagatta

gaagttttaa atcaatctaa

taatcagtga ggcacctatc

te

Val

Gly

Ser

Val

60

Gly

Val

Asn

Leu

Asp

140

Gly

Gln

His

Thr

Trp

Arg

45

Leu

Arg

Ser

Arg

Arg

125

Leu

Trp

Cys

Pro

Trp Ile Gly
15

Glu Cys Glu
30

Gly Arg Ala

Thr Ala Ala

His Ser Leu
80

His Ser Phe
95

Phe Leu Arg
110

Leu Ser Glu

Pro Thr Gln

Gly Ser Ile
160

Val Asp Leu
175

Gln Lys Val
190

6480

6540

6600

6660

6720

6780

6840

6900

69260

7020

7080

7140

7182
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Thr

Cys

Gly

225

Ser

Ile

Lys

Ser

210

Ile

Leu

val

Phe

195

Gly

Thr

Tyr

Ala

<210> 48
<211> 123
<212> PRT
<213> Homo

<400> 48
Met Lys Ala

1

Pro

Glu

Trp

Gly

Lys

Ala

Leu

Gly

Asp

Thr

50

Cys

Lys

His

Gly

Thr

Cys

35

Ala

Ser

Asn

Ala

Leu
115

<210> 49
<211> 24
<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 49
tcgtcgtttt gicgtttigt cgtt 24

<210> 50

<211> 21

<212> DNA
<213> Artificial Sequence

Met

Asp

Ser

Thr

Asn
260

Leu

Ser

Trp

Lys

245

Pro

sapiens

vVal

Ala

20

Leu

Arg

Leu

Ile

Leu

100

Leu

Leu

Leu

Gln

Ile

Asn

Thr

85

Gln

Leu

Cys

Gly

Gly

230

Val

Leu

Leu

Val

Arg

Cys

70

Cys

Pro

Trp

Ala

Gly

215

Ser

Val

Ala

Cys

Glu

Ala

55

Val

Cys

Ala

Gly

Gly

200

Pro

Glu

His

Leu

Tyr

Asn

40

val

Asp

Asp

Ala

Pro
120

Arg

Leu

Pro

Tyr

Leu

Ser

25

Cys

Gly

Asp

Thr

Ala

105

Gly

Trp

Val

Cys

Arg
250

Met

10

Cys

Thr

Leu

Ser

Asp

90

Ile

Gln

Thr

Cys

Ala

235

Lys

Ala

Lys

Gln

Leu

Gln

75

Leu

Leu

Leu

Gly

Asn

220

Leu

Trp

Gly

Ala

Leu

Thr

60

Asp

Cys

Ala

Gly

205

Gly

Pro

Ile

Leu

Gln

Gly

45

val

Tyr

Asn

Leu

Lys

Val

Glu

Lys

Ala

val

Glu

Ile

Tyr

Ala

Leu
110

Ser

Leu

Arg

Asp
255

Leu

15

Ser

Gln

Ser

Val

Ser

95

Pro

Thr

Gln

Pro

240

Thr

Gln

Asn

Cys

Lys

Gly

Gly

Ala
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<220>
<223> Synthetic Construct

<400> 50
tcgtcgtttt tcggtgcettt t 21

<210> 51

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 51
tcgtcgtttt tcggtegttt t 21
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Patentkrav

1. Isoleret antagonistantistof, der specifikt binder til PD-1 og omfatter:

en variabel region med tung kaede (VH) omfattende en VH-komplementaritets-
bestemmende region et (CDR1) omfattende aminosyresekvensen med SEQ
ID NO: 13, 14 eller 15, en VH CDR2 omfattende aminosyresekvensen med
SEQ ID NO: 16, 17, 24, 25, 27, 28, 35 eller 36, en VH CDR3 omfattende ami-
nosyresekvensen vist i SEQ ID NO: 18, 23, 26 eller 37; og

en variabel region med let kaede (VL), omfattende en VL CDR1 omfattende
aminosyresekvensen vist i SEQ ID NO:10, 22, 30 eller 32, en VL CDR2 om-
fattende aminosyresekvensen visti SEQ ID NO: 11, 20 eller 33 og en VL CDR3
omfattende aminosyresekvensen vist i SEQ ID NO: 12, 21, 31 eller 34.

2. Isoleret antagonistantistof ifalge krav 1, hvor antistoffet omfatter en VH om-
fattende aminosyresekvensen vist i SEQ ID NO: 3, 4, 5 eller 6.

3. Isoleret antagonistantistof ifalge krav 1 eller 2, hvor antistoffet omfatter en
VL omfattende aminosyresekvensen visti SEQ ID NO: 2, 7, 8 eller 9.

4. Isoleret antagonistantistof ifalge et af kravene 1 til 3, hvor antistoffet omfat-
ter en VH omfattende aminosyresekvensen vist i SEQ ID NO: 3, 4, 5 eller 6,
og en VL omfattende aminosyresekvensen vist i SEQ ID NO: 2, 7, 8 eller 9.

5. Isoleret antagonistantistof ifalge et af kravene 1 til 4, hvor antistoffet omfat-
ter en VH CDR1 omfattende aminosyresekvensen med SEQ ID NO: 13, en
VH CDR2 omfattende aminosyresekvensen med SEQ ID NO: 17, en VH CDR3
omfattende aminosyresekvensen vist i SEQ ID NO: 23, en VL CDR1 omfat-
tende aminosyresekvensen vist i SEQ ID NO: 10, en VL CDR2 omfattende
aminosyresekvensen vist i SEQ ID NO: 20, og en VL CDR3 omfattende ami-
nosyresekvensen vist i SEQ ID NO: 21.

6. Isoleret antagonistantistof ifalge et af kravene 1 til 5, hvor antistoffet omfat-
ter en tung keede omfattende aminosyresekvensen vist i SEQ ID NO: 29 eller
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38 og en let keede omfattende aminosyresekvensen vist i SEQ ID NO: 39.

7. Isoleret antagonistantistof ifalge et af kravene 1 til 6, hvor antistoffet omfat-
ter en konstant region, eventuelt hvor antistoffet har en isotype, der er udvalgt
fra gruppen bestéende af IgGz, 1gGzana, 1gGs, 1gGanb, 19Ganc, 1gGs S228P,
lgGaap S228P og IgGaac S228P.

8. Isoleret antagonistantistof ifglge krav 1, hvor hver CDR af antistoffet er de-
fineret i overensstemmelse med Kabat-definitionen, Chothia-definitionen eller
en kombination af Kabat-definitionen og Chothia-definitionen.

9. Isoleret antistof ifelge et af de foregaende krav, hvor antistoffet fremmer
IFNy- og/eller TNF-sekretion fra T-celler; fremmer proliferation af T-celler;
og/eller heemmer tumorvaekst.

10. Isoleret antistof ifelge et af de foregaende krav, hvor antistoffet binder hu-
man PD-1 og muse-PD-1, eventuelt hvor antistoffet binder human PD-1 med
en affinitet pa ca. 0,73 nM ved 25°C som malt med overfladeplasmonresonans.
11. Isoleret cellelinje, der producerer antistoffet ifelge et af de foregaende krav.
12. Isoleret nukleinsyre, der koder for antistoffet ifalge et af kravene 1 til 10.
13. Rekombinant ekspressionsvektor omfattende nukleinsyren ifglge krav 12.

14. Veertscelle omfattende ekspressionsvektoren ifalge krav 13.

15. Hybridom, der er i stand til at producere antistoffet ifalge et af kravene 1 til
10.

16. Fremgangsmade til at producere et anti-PD-1-antagonistantistof, hvilken
fremgangsmade omfatter: at dyrke en cellelinje, der rekombinant producerer
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antistoffet ifalge et af kravene 1 til 10 under betingelser, hvor antistoffet pro-
duceres; og til at genindvinde antistoffet.

17. Farmaceutisk sammensaetning omfattende antistoffet ifalge et af kravene
1 til 10 og et farmaceutisk acceptabelt beerestof.

18. Kit til behandling af cancer omfattende den farmaceutiske sammensaetning
ifelge krav 17.

19. Anti-PD-1- antistof ifalge et af kravene 1 til 10 eller den farmaceutiske sam-
mensaetning ifelge krav 17, til anvendelse i en fremgangsmade til behandling
af cancer hos et individ med behov herfor, saledes at et eller flere symptomer
associeret med canceren bedres hos individet.

20. Anti-PD-1-antistof eller farmaceutisk sammensaetning til anvendelse ifalge
krav 19, hvor canceren er udvalgt fra gruppen bestaende af gastrisk cancer,
sarkom, lymfom, Hodgkins lymfom, leukeemi, hoved- og halscancer, pladecel-
lehoved- og halscancer, thymisk cancer, epithelial cancer, spytcancer, lever-
cancer, mavecancer, cancer i skjoldbruskkirtlen, lungecancer, ovariecancer,
brystcancer, prostatacancer, @sufaguscancer, cancer i bugspytkirtlen, gliom,
leukeemi, myelomatose, renalcellekarcinom, blaerecancer, livmoderhalscan-
cer, choriokarcinom, coloncancer, oralcancer, hudcancer og melanom.

21. Anti-PD-1-antistof eller farmaceutisk sammensaetning til anvendelse ifalge
krav 19 eller 20, hvor individet er en tidligere behandlet voksen patient med
lokalt fremskredet eller metastatisk melanom, pladecellehoved- og halscancer
(SCHNC), ovariekarcinom, sarkom eller recidiv eller refrakteer klassisk Hodg-
kins lymfom (cHL).

22. Anti-PD-1-antistof eller farmaceutisk sammensaetning til anvendelse ifalge
et af kravene 19 til 21, hvor anti-PD-1-antistoffet:

a. indgives i en dosering pa ca. 0,5 mg/kg, ca. 1,0 mg/kg, ca. 3,0 mg/kg eller
ca. 10 mg/kg;

b. indgives en gang hver 7., 14., 21. eller 28. dag; og/eller
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c. indgives intravenast eller subkutant.

23. Anti-PD-1-antistof eller farmaceutisk sammensaetning til anvendelse ifalge
et af kravene 19 til 22, hvor fremgangsmaden yderligere omfatter indgivelse af
en virksom meengde af et andet terapeutisk middel; eventuelt hvor det andet
terapeutiske middel er udvalgt fra gruppen bestaende af et anti-CTLA4-anti-
stof, et anti-4-1BB-antistof, en anden PD-1-antagonist, et anti-PD-L1-antistof,
et anti-TIM3-antistof, et anti-LAG3-antistof, et anti-TIGIT-antistof, et anti-
OX40-antistof, et anti-GITR-antistof, en tyrosinkinaseinhibitor og en ALK-inhi-
bitor.

24. Virksom meengde af et anti-PD-1-antistof ifalge et af kravene 1 til 10 eller
farmaceutisk sammensaetning ifelge krav 17, og en virksom meaengde af en
vaccine, der er i stand til at fremkalde en immunreaktion mod celler af cance-
ren, til anvendelse i en fremgangsmade til at behandle cancer hos et individ
med behov herfor; eventuelt hvor canceren er udvalgt fra gruppen bestaende
af brystcancer, gastrisk cancer, levercancer, lungecancer, ovariecancer, can-
cer i bugspytkirtlen, prostatacancer, og kolorektal cancer.

25. Virksom meengde af et anti-PD-1-antistof ifalge et af kravene 1 til 10 eller
farmaceutisk sammenseetning ifelge krav 17, til anvendelse i en fremgangs-
made til forbedring af immunogeniciteten eller den terapeutiske virkning af en
vaccine indgivet til et individ til behandling af cancer, eventuelt hvor canceren
er udvalgt fra gruppen bestaende af brystcancer, gastrisk cancer, levercancer,
lungecancer, ovariecancer, cancer i bugspytkirtlen, prostatacancer og kolorek-
tal cancer.

26. Anti-PD-1-antistof eller farmaceutisk sammensaetning til anvendelse ifalge
krav 24 eller 25, yderligere omfattende indgivelse til individet af en virksom
meengde af en eller flere andre immunmodulatorer, eventuelt hvor de andre
immunmodulatorer er udvalgt fra gruppen bestdende af proteinkinase-recep-
torinhibitor, en CTLA-4-antagonist, en CD40-agonist og en TLR9-agonist.
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