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ANTI-CD47 ANTIBODIES THAT DO NOT CAUSE
SIGNIFICANT RED BLOOD CELL AGGLUTINATION
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority benefits of International Patent Applications No.
PCT/CN2018/074055 filed on January 24, 2018, the contents of which are incorporated herein by
reference in their entirety.

INCORPORATION OF SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing, which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII
copy, created on January 23, 2018, is named 5200-002P1_SL.txt and is 223,367 bytes in size.

TECHNICAL FIELD

[0003] This disclosure relates to the field of immunobiology and diseases, including cancer.
BACKGROUND

[0004] CD47 (Cluster of Differentiation 47), also known as integrin associated protein (IAP),

is a 50-kDa membrane protein with an amino-terminal immunoglobulin domain and a carboxyl-
terminal multiply membrane-spanning region. It interacts with multiple ligands, including, without
limitation, single-regulatory protein alpha (SIRPa), SIRPy, integrins and thrombospondin-1 (TSP-1).
SIRPa is expressed primarily on myeloid cells, including macrophages, myeloid dendritic cells (DCs),
granulocytes, mast cells, and their precursors, including hematopoietic stem cells. CD47/SIRPa
interaction transmits a “don’t eat me” signal, preventing autologous phagocytosis.

[0005] Analysis of patient tumor and matched adjacent normal (non-tumor) tissue revealed that
CD47 protein is overexpressed on cancer cells, which efficiently helps them to suppress phagocytic
innate immune surveillance and elimination. Blocking the CD47-SIRPo interaction with anti-CD47
antibodies has been shown effective in inducing the phagocytosis of tumor cells in vitro and inhibiting
the growth of the various hematological and solid tumors in vivo. Therefore, CD47 is a validated

target for cancer therapies and appropriate antagonists of it are needed to make human therapeutics.
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SUMMARY

[0006] This disclosure provides antibodies, including monoclonal, human, primate, rodent,
mammalian, chimeric, humanized and CDR-grafted antibodies, and antigen binding fragments and
antigen binding derivatives thereof, that recognize and bind to CD47 protein, particularly human
CD47. The disclosed antibodies can modulate, e.g., inhibit, block, antagonize, neutralize or otherwise
interfere with CD47 expression, activity and/or signaling, and these antibodies do not cause a
significant level of hemagglutination of human red blood cells. The disclosed antibodies, fragments
and derivatives thereof, can modulate, e.g., inhibit, block, antagonize, neutralize or otherwise interfere
with the interaction between CD47 and SIRPa, (signal-regulatory-protein o). The disclosed antibodies,
fragments or derivatives thereof, may be referred to collectively as “anti-CD47 antibodies of the
disclosure,” or “disclosed anti-CD47 antibodies,” “the disclosed antibody,” and the like.

[0007] The disclosed antibody, which may be isolated antibody, comprises at least one
antibody-antigen binding site; the antibody binds human CD47; inhibits, blocks, antagonizes,
neutralizes or otherwise interferes with CD47 expression, activity and/or signaling; and does not
cause significant agglutination of cells.

[0008] In certain aspects, nucleic acid constructs and molecules, including vectors, are
provided encoding the disclosed anti-CD47 antibodies.

[0009] In certain aspects, pharmaceutical compositions and kits comprising the disclosed anti-
CD47 antibodies are provided.

[0010] In certain aspects, methods are disclosed using the disclosed anti-CD47 antibodies,
pharmaceutical compositions, and kits, for treating, delaying the progression of, preventing relapse of,
or alleviating a symptom of a cancer or other neoplastic condition; such as, for example, treating
hematological malignancies and/or tumors, e.g., hematological malignancies and/or tumors. In certain
embodiments, the disclosed CD47 antibodies are useful in treating CD47* tumors. By way of non-
limiting example, the anti-CD47 antibodies described herein are used to treat non-Hodgkin's
lymphoma (NHL), acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML), chronic
lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML), multiple myeloma (MM),
breast cancer, ovarian cancer, head and neck cancer, bladder cancer, melanoma, colorectal cancer,
pancreatic cancer, lung cancer, leiomyoma, leiomyosarcoma, glioma, glioblastoma. Solid tumors
include, for example, breast tumors, ovarian tumors, lung tumors, pancreatic tumors, prostate tumors,
melanoma tumors, colorectal tumors, lung tumors, head and neck tumors, bladder tumors, esophageal
tumors, liver tumors, and kidney tumors.

[0011] Without limiting the disclosure, a number of embodiments of the disclosure are
described below for purpose of illustration.

[0012] Item 1. An anti-CD47 antibody comprising at least one antibody-antigen binding site,

said antibody binds human CD47, inhibits, blocks, antagonizes, neutralizes or otherwise interferes
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with CD47 expression, activity and/or signaling, and does not cause significant agglutination of cells,

wherein said antibody is a human antibody, a chimeric antibody, a humanized antibody, a primatized

antibody, a bi-specific antibody, a conjugated antibody, a Small Modular ImmunoPharmaceutical, a

single chain antibody, a cameloid antibody, a CDR-grafted antibody, or an antigen-binding fragment

or antigen binding functional variant thereof.

[0013] Item 2. The antibody of item 1, wherein said antibody does not cause hemagglutination

of human red blood cells.

[0014] Item 3. The antibody of anyone of the preceding items, wherein said anti-CD47

antibody blocks the interaction between human CD47 and human signal-regulatory-protein o

(SIRPw).

[0015] Item 4. The antibody of Item 3, wherein the antibody blocks at least 40%, at least 45%,

at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least

85%, at least 95%, or at least 99% of the interaction between CD47 and SIRPa as compared to the

level of interaction between CD47 and SIRPa in the absence of the anti-CD47 antibody.

[0016] Item 5. The antibody of anyone of the preceding items, wherein less than a significant

level of agglutination is a level of agglutination of cells in the presence of anti-CD47 antibody

B6HI12.

[0017] Item 6. The antibody of anyone of the preceding items, wherein the level of cell

agglutination in the presence of said antibody is reduced by at least 5%, at least 10%, at least 20%, at

least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or at least

99% compared to the level of agglutination of cells in the presence of anti-CD47 antibody B6H12.

[0018] Item 7. The antibody of anyone of the preceding items, wherein the antibody does not

cause a significant level of cell agglutination of cells at an antibody amount of between about

0.3pg/ml to about 200 pg/ml.

[0019] Item 8. The antibody of anyone of items 1-6, wherein the antibody does not cause a
significant level of agglutination of cells at an antibody concentration of between about 100 pg/ml
and about 200 pg/ml.

[0020] Item 9. The antibody of anyone of the preceding items, wherein said antibody has

potent anti-tumor activity.

[0021] Item 10. The antibody of item 9, wherein said potent anti-tumor activity is measured by

the ability of macrophages to phagocytose tumor cells being increased by at least 5%, at least 10%, at

least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least

90%, or at least 99% in the presence of said antibody, compared to the ability of macrophages to

phagocytose tumor cells in the presence of anti-CD47 antibody B6H12.

[0022] Item 11. The antibody of anyone of the preceding items, wherein said antibody does not

promote clumping of CD47 positive cell lines.
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[0023] Item 12. The antibody of anyone of the preceding items, wherein said antibody
comprises a variable heavy chain selected from SEQ ID NOs: 349, 351, 353, 355, 357, 359, 361-373,
380-383, 388-392 and a variable light chain selected from SEQ ID NOs:350, 352, 354, 356, 358, 360,
374-379, 384-387 and 393-396.

[0024] Item 13. The antibody of anyone of the preceding items, wherein said antibody
comprises a variable heavy chain that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or more identical to a sequence set forth in one of SEQ ID NOs: 349, 351, 353, 355, 357, 359,
361-373, 380-383, 388-392, and a variable light chain that is at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more identical to a sequence set forth in one of SEQ ID NOs: 350,
352,354, 356, 358, 360, 374-379, 384-387 and 393-396.

[0025] Item 14. The antibody of anyone of one of items 1-2 or any one of items 5-13, wherein
CD47 expression or activity in the presence of said antibody is decreased by at least 50%, 55%, 60%,
75%, 80%, 85% or 90% as compared to the level of CD47 expression or activity in the absence of
said antibody.

[0026] Item 15. The antibody of item 14, wherein CD47 expression or activity in the presence
of said antibody is decreased by at least 95%, 96%, 97%, 98%, 99% or 100% as compared to the level

of CD47 expression or activity in the absence of said antibody.

[0027] Item 16. The antibody of anyone of the preceding items, wherein said antibody is an
IgG isotype.
[0028] Item 17. The antibody of anyone of the preceding claims, wherein said antibody

comprises a constant region modified at amino acid Asn297.

[0029] Item 18. The antibody of item 17, wherein said antibody comprises a constant region
with an amino acid modification of N297A.

[0030] Item 19. The antibody of anyone of the preceding items, wherein said antibody
comprises a constant region modified at amino acid Leu235 or Leu234.

[0031] Item 20. The antibody of item 19, wherein said constant region has an amino acid
modification of Leu235Glu (L235E) or Leu235Ala (L235A), and/or an amino acid modification of
Leu234Ala (L234A).

[0032] Item 21. The antibody of anyone of the preceding items, wherein said antibody
comprises a human IgGs constant region that is modified at amino acid amino acid Arg435.

[0033] Item 22. The antibody of item 21, wherein said human IgG; constant region has an
amino acid modification of Arg435His (R435H).

[0034] Item 23. The antibody of anyone of the preceding items, wherein said antibody
comprises a human IgGy constant region that is modified within the hinge region to prevent or reduce

strand exchange.
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[0035] Item 24. The antibody of item 23, wherein said antibody comprises a human I1gGy
constant region with an amino acid modification of Ser228Pro (S228P).

[0036] Item 25. The antibody of item 23 or item 24, wherein said human IgG4 constant region
is further modified at amino acid 235.

[0037] Item 26. The antibody of item 25, wherein said human IgG4 constant region has an
amino acid modification of Leu235Glu (L235E).

[0038] Item 27. The antibody of anyone of the preceding items, wherein said antibody
comprises a human IgG constant region modified to enhance FcRn binding, wherein said human IgG
constant region has one or more amino acid modifications of Met252Tyr, Ser254Thr, Thr256Glu,
Met428Leu or Asnd34Ser (M252Y, S254T, T256E M428L, or N434S5).

[0039] Item 28. The antibody of anyone of the preceding items, wherein said antibody
comprises a human IgG constant region modified to alter antibody-dependent cellular cytotoxicity
(ADCC) and/or complement-dependent cytotoxicity (CDC).

[0040] Item 29. The antibody of anyone of the preceding items, wherein said antibody
comprises a human IgG constant region modified to induce heterodimerization, wherein said antibody
has an amino acid modification of T366W or T366S and/or an amino acid modification of, L368A, or
Y407V, S354C, or Y349C.

[0041] Item 30. The antibody of anyone of the preceding items, wherein said antibody is a
humanized or human antibody having a variable heavy chain region (V) and/or variable light (V)
chain region selected from the group consisting of: SEQ ID NOs: 366, 367, 368, 369, 373, 377, 378,
379, 381, 382, 383, 385, 386, 387, 399, 400, 401, 402, or 403.

[0042] Item 31. The antibody of anyone of the preceding items, wherein said antibody is a
humanized or human antibody having a variable heavy chain region (Vu) and/or variable light (V1)
chain region that at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to
a sequence set forth in one of selected from the group consisting of: SEQ ID NOs: 366-373, 375, 377-
379, 381-383, 385, 389-392, 394-396, 399-403

[0043] Item 32. The antibody of anyone of the preceding items, wherein said antibody is a

humanized antibody.

[0044] Item 33. The antibody of anyone of the preceding claims, wherein said antibody is a
human antibody.

[0045] Item 34. A vector comprising a nucleic acid encoding an antibody of any one of items
1-33.

[0046] Item 35. A vector comprising:

a nucleic acid encoding a heavy chain region (Vy) of an antibody and/or variable light (V1) chain

region of an antibody that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
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(including 100%) identical to a sequence selected from the group consisting of: SEQ ID NOs: 337-
348; 413-421.

[0047] Item 36. A prokaryotic cell, a yeast cell, a plant cell, or a mammalian cell line
comprising a vector of item 34 or item 35, wherein said cell expresses the antibody of any one of
items 1-33.

[0048] Item 37. A pharmaceutical composition comprising an antibody of any one of items 1-
33 and a pharmaceutically acceptable excipient.

[0049] Item 38. A method of treating, delaying the progression of, preventing relapse of, or
alleviating a symptom of a cancer or other neoplastic condition in a human patient with cancer or
other neoplastic condition, comprising administering to said patient a therapeutically effective amount
of an antibody comprising at least one antibody-antigen binding site, said antibody binds human
CD47, inhibits, blocks, antagonizes, neutralizes or otherwise interferes with CD47 expression, activity
and/or signaling, and does not cause significant agglutination of cells or administering to said patient
a therapeutically effective amount of a pharmaceutical composition comprising said antibody and a
pharmaceutical excipient.

[0050] Item 39. The method of item 38, wherein said antibody is an antibody according to any
one of items 1-33.

[0051] Item 40. The method of item 38, wherein said pharmaceutical composition is a
pharmaceutical composition of item 37.

[0052] Item 41. The method of any one of items 38-40, wherein said cancer or other neoplastic
condition is a CD47* tumor.

[0053] Item 42. The method of any one of items 38-41, wherein said cancer or other neoplastic
condition is selected from the group consisting of non-Hodgkin's lymphoma (NHL), acute
lymphocytic leukemia (ALL), acute myeloid leukemia (AML), chronic lymphocytic leukemia (CLL),
chronic myelogenous leukemia (CML), and multiple myeloma (MM).

[0054] Item 43. The method of any one of items 38-41, wherein said cancer or other
neoplastic condition is selected from the group consisting of breast cancer, ovarian cancer, head and
neck cancer, bladder cancer, melanoma, colorectal cancer, pancreatic cancer, lung cancer, leiomyoma,
leiomyosarcoma, glioma, glioblastoma, breast tumors, ovarian tumors, lung tumors, pancreatic
tumors, prostate tumors, melanoma tumors, colorectal tumors, lung tumors, head and neck tumors,
bladder tumors, esophageal tumors, liver tumors, and kidney tumors.

[0055] Item 44. The method of any one of items 38-41, wherein said cancer or other neoplastic
condition is a hematological cancer.

[0056] Item 45. The method of item 44, wherein said hematological cancer is leukemia,

lymphoma or myeloma.
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[0057] Item 46. The method of item 44, wherein said hematological cancer is a leukemia
selected from the group consisting of acute lymphocytic leukemia (ALL), acute myeloid leukemia

(AML), chronic lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML),

Myeloproliferative disorder/neoplasm (MPDS), and myelodysplasia syndrome.

[0058]

Item 47. The method of item 44, wherein said hematological cancer is a lymphoma

selected from the group consisting of a Hodgkin's lymphoma, both indolent and aggressive non-

Hodgkin's lymphoma, Burkitt's lymphoma, and follicular lymphoma (small cell and large cell).

[0059]

Item 48. The method of item 44, wherein said hematological cancer is a myeloma

selected from the group consisting of multiple myeloma (MM), giant cell myeloma, heavy-chain

myeloma, and light chain or Bence-Jones myeloma.

[0060]

Item 49. The method of any one of items 38-48, further comprising administering one

or more additional agents to said patient.

[0061] Item 50. The method of item 49, wherein said additional agent is a therapeutic agent.
[0062] Item 51. The method of item 50, wherein said therapeutic agent is an anti-cancer agent.
[0063] Item 52. The antibody of anyone of the preceding items,wherein the said antibody
comprising:

(a) a heavy chain variable domain (V) comprising

i.

a heavy chain CDR1 comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 49, 51, 53, 55, 57, 59, 62-65, 86-87;

ii.

a heavy chain CDR2 comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 145, 147, 149, 151, 153, 155, 158-161,182-183; and

ii.

a heavy chain CDR3 comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 241, 243, 245, 247, 249, 251, 254-257, 278-279 and

(b)

i

a light chain variable domain (V) comprising, respectively,

a light chain CDR1 comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 50, 52, 54, 56, 58, 60, 76-79;

il.

a light chain CDR2 comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 146, 148, 150, 152, 154, 156, 172-175; and

ii.

a light chain CDR3 comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 242, 244, 246, 248, 250, 252, 268-271.

[0064] Tn item 53. The antibody of item 52, wherein the said antibody comprise any one of the

following:

@

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 49, 145 and 241, respectively, and a Vi comprises the
light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 50,
146 and 242, respectively;
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a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 51, 147 and 243, respectively, and a VL comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

148 and 244, respectively;
a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 53, 149 and 245, respectively, and a VL comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

150 and 246, respectively;
a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 55, 151 and 247, respectively, and a V. comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

152 and 248, respectively;
a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 57, 153 and 249, respectively, and a V. comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

154 and 250, respectively;
a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 59, 155 and 251, respectively, and a Vi comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

156 and 252, respectively;
a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:62, 158 and 254, respectively, and a Vi comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

172 and 268, respectively;
a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:63, 159 and 255, respectively, and a Vi comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

173 and 269, respectively;
a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:64, 160 and 256, respectively, and a Vi comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

174 and 270, respectively;
a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:65, 161 and 257, respectively, and a Vi comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

175 and 271, respectively;
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(11)  a Vg comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:65, 161 and 257, respectively, and a Vi comprises the
light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 76,
172 and 268, respectively;
(12)  a Vg comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:86, 182 and 278, respectively, and a Vi comprises the
light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 56,
152 and 248, respectively;and
(13)  a Vg comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:87, 183 and 279, respectively, and a Vi comprises the
light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 56,
152 and 248, respectively.
[0065] Numerous other aspects are provided in accordance with these and other aspects of the
invention. Other features and aspects of the present invention will become more fully apparent from

the following detailed description and the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0066] FIG. 1A is a series of graphs depicting the binding of CD47 protein to some of the

purified murine antibodies by ELISA. FIG. 1B is a series of graphs showing the binding of CD47 on
Raji cells by antibodies (FIG. 1B). 2D3 was used as positive control.

[0067] FIG. 2 is a graph that shows RBC hemagglutination by purified murine antibodies
(FIG. 2A and FIG. 2B). Commercial B6H12 antibody and 2D3 were used as positive and negative
controls, respectively.

[0068] FIG. 3 is a series of graphs depicting the binding of CD47 on CHO-K1/huCD47 cell
line by murine antibodies as assessed by flow cytometry. CHO-K1/huCD47 is an engineered cell line
over-expressing human CD47 protein.

[0069] FIG. 4 is a series of graphs depicting the binding of CD47 on CHO-K1/cyno CD47 cell
lines by murine CD47 antibodies as assessed by flow cytometry (FIG. 4A and FIG. 4B). CHO-
K1/cyno CDA47 is an engineered cell line over-expressing cynomolgus (cyno) CD47.

[0070] FIG. 5 is a series of graphs depicting the binding of CD47-his protein to purified
murine CD47 antibodies as assessed by surface plasmon resonance (SPR).

[0071] FIG. 6 is a series of graphs depicting the capacity of murine CD47 antibodies to block
SIRPa by flow cytometry using CHO-K1/huCD47 cell line. B6H12 was used as positive control.
[0072] FIG. 7 is a series of graphs depicting the ability of murine CD47 antibodies to promote
phagocytosis of human tumor cell line CCRF-CEM by human monocyte derived macrophages
(MDM) (FIG. 7A and FIG. 7B). CCRF-CEM cells were used as the CD47 target cell line in the
experiments. B6H12 was used as positive control.

[0073] FIG. 8 is a series of graphs depicting the binding of CD47 on red blood cells by murine
CD47 antibodies as assessed by flow cytometry. BOH12 was used as positive control.

[0074] FIG. 9 is a series of graphs depicting the ability of murine CD47 antibodies to promote
phagocytosis of human red blood cells (RBC) by human monocyte derived macrophages (MDM). All

murine antibodies showed obvious phagocytosis activity of RBC. B6H12 was used as positive

control.
[0075] FIG. 10 is a graph that shows no RBC hemagglutination by chimeric antibodies.
[0076] FIG. 11 is a series of graphs depicting the ability of chimeric CD47 antibodies to

promote phagocytosis of human tumor cell line CCRF-CEM by human monocyte derived
macrophages (MDM).

[0077] FIG. 12 is a graph that shows no RBC hemagglutination by the I1gG1, IgGa, and IgG4PE
isotypes of the humanized 108VH4.M4_VL1.M1.

[0078] FIG. 13 is a series of graphs depicting the binding of CD47-his protein to the I1gGj,
IgG», and IgG4PE isotypes of the humanized 108VH4.M4_VL1.M1 as assessed by SPR. Murine anti-
CD47 antibody 108C10A6 was used as a positive control.
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[0079] FIG. 14 is a series of graphs depicting the binding of CD47 on CHO-K1/huCD47 cell
lines by the IgGi, IgGs, and IgG4PE isotypes of the humanized 108 VH4.M4_VL1.M1 as assessed by

flow cytometry.

[0080] FIG. 15 is a series of graphs depicting the binding of the IgG, IgGo, and IgG4PE
isotypes of the humanized 108 VH4.M4_VL1.M1 to RBC assessed by flow cytometry.
[0081] FIG. 16 is a series of graphs depicting the binding of the IgG1, IgGa, and IgG4PE

isotypes of the humanized 108 VH4.M4_VL1.M1 to CHO-K1/cynoCD47 assessed by flow cytometry.
[0082] FIG. 17 is a series of graphs depicting the capacity of the IgGi, 1gG», and IgG4PE
isotypes of the humanized 108VH4 M4 VL1.M1 to block SIRPa by flow cytometry using CHO-
K1/huCD47 cell line.
[0083] FIG. 18 is a series of graphs depicting the ability of the IgGy, [gG,, and IgG4PE
isotypes of the humanized 108VH4.M4_VL1.M1s to promote phagocytosis of human tumor cell line
CCRF-CEM by human MDM.
[0084] FIG. 19 is a series of graphs depicting the ability of the IgGy, IgG,, and IgG4PE
isotypes of the humanized 108VH4.M4_VL1.M1 to promote phagocytosis of human tumor cell line
Raji by human MDM.
[0085] FIG. 20 is a series of graphs depicting the ability of the IgGy, IgG,, and IgG4PE
isotypes of the humanized 108VH4.M4_VL1.M1 to promote phagocytosis of RBC by human MDM.
[0086] FIG. 21 is a graph that shows the in vivo anti-tumor efficacy of the 1gGi, IgGa, and
IgG4PE isotypes of the humanized 108 VH4.M4_VL1.M1, along with the murine B6H12 antibody in a
Raji tumor model. In this model, mice were treated with 10mg/kg antibody doses three times a week.
[0087] FIG. 22 is a graph that shows pharmacokinetics of the 1gG1, IgGa, and IgG4PE isotypes
of the humanized 108§VH4.M4_VL1.M1 in mouse model. Pharmacokinetics parameters are listed in
table 2.
[0088] FIG. 23 is a graph that shows the in vivo anti-tumor efficacy of the IgG4PE isotype of
the humanized 108VH4.M4_VL1.M1 in a SHP-77 tumor model. In this model, mice were treated
with 10mg/kg antibody doses three times a week.

DETAILED DESCRIPTION
[0089] As used herein, the terms CD47, integrin-associated protein (IAP), ovarian cancer
antigen OA3, Rh-related antigen and MER®6 are synonymous and may be used interchangeably.
[0090] The terms red blood cell(s) (RBC) and erythrocyte(s) are synonymous and used
interchangeably herein.
[0091] The term agglutination refers to cellular clumping, while the term hemagglutination
refers to clumping of a specific subset of cells: red blood cells. Thus, hemagglutination is a type of

agglutination.
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[0092] An antibody refers to a polypeptide (e.g., a tetrameric or single chain polypeptide),
comprising the structural and functional characteristics, particularly the antigen binding
characteristics, of an immunoglobulin. Typically, a human antibody comprises two identical light
chains and two identical heavy chains. Each chain comprises a variable region.

[0093] As used herein, the term “antibody” or “antibody molecule” refers to a polypeptide or
combination of polypeptides that comprise sufficient sequence from an immunoglobulin heavy chain
variable region and/or sufficient sequence from an immunoglobulin light chain variable region, to
bind specifically to an antigen. The term comprises full-length antibodies and fragments thereof, e.g.,
Fab, F(ab’) or F(ab’), fragments. Typically, an antibody molecule comprises heavy chain CDRI1,
CDR2, and CDR3 and light chain CDR1, CDR2, and CDR3 sequences. Antibody molecules include
human, humanized, CDR-grafted antibodies, and antigen binding fragments thereof.

[0094] A CDR-grafted antibody is an antibody made by recombinant DNA technology such
that a protein or polypeptide comprises the CDRs of an antibody and still binds to the antigen. A
CDR-grafted antibody is not identical in structure or amino acid sequence to the antibody from which
the CDRs originate.

[0095] In certain embodiments, an antibody molecule comprises a protein that comprises at
least one immunoglobulin variable region segment, e.g., an amino acid sequence that provides an
immunoglobulin variable domain or immunoglobulin variable domain sequence. The term “antibody”
includes, for example, a polyclonal antibody, a monoclonal antibody, a chimerized or chimeric
antibody, a humanized antibody, a primatized antibody, a deimmunized antibody, and a fully human
antibody. The antibody can be made in or derived from any of a variety of species, e.g., mammals
such as humans, non-human primates (e.g., orangutan, baboons, or chimpanzees), horses, cattle, pigs,
sheep, goats, dogs, cats, rabbits, guinea pigs, gerbils, hamsters, rats, and mice. The antibody can be a
purified or a recombinant antibody. The antibody can also be an engineered protein or antibody-like
protein containing at least one immunoglobulin domain (e.g., a fusion protein). The engineered
protein or antibody-like protein can also be a bi-specific antibody or a tri-specific antibody, or a
dimer, trimer, or multimer antibody, or a diabody, a DVD-Ig, a CODV-Ig, an Affibody®, ora
Nanobody®.

[0096] As used herein, the term antibody or antibody molecule comprises intact monoclonal
antibodies, polyclonal antibodies, single domain antibodies (e.g., shark single domain antibodies (e.g.,
IgNAR or fragments thereof)), multispecific antibodies (e.g., bi-specific antibodies) formed from at
least two intact antibodies, and antibody fragments so long as they exhibit the desired biological
activity. Thus, the term “antibody” includes functional variants.

[0097] The antibody or antibody molecule can be derived from a mammal, e.g., a rodent, e.g.,
a mouse or rat, horse, pig, or goat. In certain embodiments, an antibody or antibody molecule is

produced using a recombinant cell. In certain embodiments, an antibody or antibody molecule is a

12



WO 2019/144895 PCT/CN2019/072929

chimeric antibody, for example, from mouse, rat, horse, pig, or other species, bearing human constant
and/or variable regions domains.

[0098] Suitable antibodies (including functional variants) include, but are not limited to,
monoclonal, monospecific, polyclonal, polyspecific, human antibodies, primatized antibodies,
chimeric antibodies, bi-specific antibodies, humanized antibodies, conjugated antibodies (e.g.,
antibodies conjugated or fused to other proteins, radiolabels, or cytotoxins), Small Modular
ImmunoPharmaceuticals (“SMIPs™), single chain antibodies, cameloid antibodies, and antibody
fragments.

[0099] In certain embodiments, an antibody molecule is a humanized antibody. A humanized
antibody refers to an immunoglobulin comprising a human framework region and one or more CDRs
from a non-human, e.g., mouse or rat, immunoglobulin. The immunoglobulin providing the CDRs is
often referred to as the “donor” and the human immunoglobulin providing the framework often called
the “acceptor,” though in embodiments, no source or no process limitation is implied. Typically, a
humanized antibody comprises a humanized light chain and a humanized heavy chain
immunoglobulin.

[00100] An antibody molecule may comprise a heavy (H) chain variable region (abbreviated
herein as V), and a light (L) chain variable region (abbreviated herein as Vi). An antibody may
comprise two heavy (H) chain variable regions and two light (L) chain variable regions, or an
antibody binding fragment thereof. The light chains of the immunoglobulin may be of types kappa or
lambda. The antibody molecule may be glycosylated.

[00101] The Vi or Vi, chain of the antibody molecule can further include all or part of a heavy
or light chain constant region, to thereby form a heavy or light immunoglobulin chain, respectively.
The antibody molecule can be a typical tetramer of two heavy immunoglobulin chains and two light
immunoglobulin chains where the two heavy chains are linked by optionally at least one disulfide
bond and each pair of heavy and light chains are linked by a disulfide bond. An antibody molecule
can also comprise one or both of a heavy (or light) chain immunoglobulin variable region segment. As
used herein, the term “heavy (or light) chain immunoglobulin variable region segment,” refers to an
entire heavy (or light) chain immunoglobulin variable region, or a fragment thereof, that can bind its
antigen. The ability of a heavy or light chain segment to bind antigen is measured with the segment
paired with a light or heavy chain, respectively. In certain embodiments, a heavy or light chain
segment that is less than a full length variable region may, when paired with the appropriate chain,
bind with an affinity that is at least 20, 30, 40, 50, 60, 70, 80, 90, or 95% of what is observed when the
full-length chain is paired with a light chain or heavy chain, respectively.

[00102] The variable heavy (Vy) and variable light (V1) regions can be further subdivided into
regions of hypervariability, termed “complementarity determining regions” (CDR), interspersed with

regions that are more conserved, termed “framework regions” (FR). Human antibodies have three Vy
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CDRs and three VL. CDRs, separated by framework regions FR1-FR4. The extent of the FRs and
CDRs has been precisely defined (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 Chothia, C. et al. (1987) J. MOL. BIOL. 196:901-917).
Each Vg and Vi is typically composed of three CDRs and four FRs, arranged from amino-terminus to
carboxyl-terminus in the following order: FR1, CDRI1, FR2, CDR2, FR3, CDR3, and FR4.

[00103] The antibody molecule may have a heavy chain constant region chosen from, for
example, the heavy chain constant regions of IgGy, IgGa, IgGs, IgGa, IgM, IgAl, IgA,, IgD, and IgE;
particularly, chosen from, for example, the (e.g., human) heavy chain constant regions of IgG, IgGa,
IgGs3, and IgGa. The antibody molecule may have a light chain constant region chosen from, for
example, the (e.g., human) light chain constant regions of kappa or lambda.

[00104] The constant region of the antibody may be altered, e.g., mutated, to modify the
properties of the antibody (e.g., to increase or decrease one or more of: Fc receptor binding, antibody
glycosylation, the number of cysteine residues, effector cell function, and/or complement function). In
certain embodiments, the antibody has effector function and can fix complement. In other
embodiments, the antibody does not recruit effector cells or fix complement. In other embodiments,
the antibody has reduced or no ability to bind an Fc receptor. For example, it is an isotype or subtype,
fragment or other mutant, which does not support binding to an Fc receptor, e.g., it has a mutagenized
or deleted Fc receptor binding region.

[00105] In certain embodiments, the anti-CD47 antibody molecule described herein comprises
an IgGy constant region. In some further embodiments, the IgG4 constant region is a wild-type
constant region. In other embodiments, the IgG4 constant region comprises a mutation, e.g., one or
both of S228P and L235E, e.g., according to EU numbering (Kabat, E. A., et al., supra). In some
embodiments, the anti-CD47 antibody molecule described herein comprises an IgG; constant region.
[00106] The compositions and methods disclosed herein encompass polypeptides and nucleic
acids having the sequences specified, or sequences substantially identical or similar thereto, e.g.,
sequences at least 85%, 90%, 95% identical or higher to a specified sequence.

[00107] In the context of an amino acid sequence, the term “substantially identical” as used
herein refers to a first amino acid sequence that contains a sufficient or minimum number of amino
acid residues that are: i) identical to, or ii) conservative substitutions of aligned amino acid residues in
a second amino acid sequence such that the first and second amino acid sequences can have a
common structural domain and/or common functional activity. For example, amino acid sequences
that contain a common structural domain having at least about 85%, 90%, 91%, 92%, 93%, 94%,
95%., 96%, 97%, 98% or 99% identity to a reference sequence, e.g., a sequence provided herein.
[00108] In the context of nucleotide sequence, the term “substantially identical” as used

herein refers to a first nucleic acid sequence that contains a sufficient or minimum number of
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nucleotides that are identical to aligned nucleotides in a second nucleic acid sequence such that the
first and second nucleotide sequences encode a polypeptide having common functional activity, or
encode a common structural polypeptide domain or a common functional polypeptide activity. For
example, nucleotide sequences having at least about 85%, 90%, 91%, 92%., 93%, 94%, 95%, 96%,
97%, 98% or 99% identity to a reference sequence, e.g., a sequence provided herein.

[00109] The term “functional variant” refers to polypeptides that have a substantially identical
amino acid sequence to the naturally-occurring sequence, or are encoded by a substantially identical
nucleotide sequence, and have one or more activities of the naturally-occurring sequence.

[00110] The percent identity between two sequences is a function of the number of identical
positions shared by the sequences, taking into account the number of gaps, and the length of each gap,
which need to be introduced for optimal alignment of two sequences.

[00111] The comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. In some embodiments, the percent
identity between two amino acid sequences is determined using the Needleman and Wunsch ((1970)
J. MOL. BIOL. 48:444-453) algorithm which has been incorporated into the GAP program in the
GCG software package (available at http://www.gcg.com), using either a Blosum 62 matrix or a
PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3,4, 5, or 6.
In yet other embodiments, the percent identity between two nucleotide sequences is determined using
the GAP program in the GCG software package (available at http://www.gcg.com), using a
NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3,4, 5,
or 6. A particularly preferred set of parameters (and the one that should be used unless otherwise
specified) are a Blosum 62 scoring matrix with a gap penalty of 12, a gap extend penalty of 4, and a
frameshift gap penalty of 5.

[00112] The percent identity between two amino acid or nucleotide sequences can be
determined using the algorithm of E. Meyers and W. Miller ((1989) CABIOS 4:11-17) which has
been incorporated into the ALIGN program (version 2.0), using a PAM 120 weight residue table, a
gap length penalty of 12 and a gap penalty of 4.

[00113] It is understood that the molecules disclosed herein may have additional conservative
or non-essential amino acid substitutions, which do not have a substantial effect on their functions.
[00114] The term "antibody" also includes "antigen-binding fragment" and "antibody
fragment," or the like, e.g., one or more fragments of a full-length antibody that retain the ability to
specifically bind to a target antigen of interest. Examples of antigen binding fragments encompassed
within the term “antigen-binding fragment” of a full length antibody include (i) a Fab fragment, a
monovalent fragment consisting of the Vi, Vu, Cr. and CH1 domains; (ii) a F(ab”) or F(ab’), fragment,
a bivalent fragment including two Fab fragments linked by a disulfide bridge at the hinge region; (iii)

an Fd fragment consisting of the Vuy and CH1 domains; (iv) an Fv fragment consisting of the Vi and
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Vi domains of a single arm of an antibody, (v) an scFv consisting of the Vi, and Vu domains of a
single arm of an antibody linked together via a polypeptide linker to produce a single chain Fv (scFv),
(vi) a dAb fragment (Ward et al. (1989) NATURE 341:544-546), which consists of a VH domain; and
(vii) an isolated complementarity determining region (CDR) that retains functionality.

[00115] Antibody fragments or antigen-binding fragments include, e.g., a single chain
antibody, a single chain Fv fragment (scFv), an Fd fragment, a Fab fragment, a Fab’ fragment, or an
F(ab’), fragment. A scFv fragment is a single polypeptide chain that includes both the heavy and light
chain variable regions of the antibody from which the scFv is derived. In addition, intrabodies,
minibodies, triabodies, and diabodies are also included in the definition of antibody and are
compatible for use in the methods described herein. See, e.g., Todorovska et al. (2001) J Immunol
Methods 248(1):47-66; Hudson and Kortt (1999) J Immunol Methods 231(1):177-189; Poljak (1994)
Structure 2(12):1121-1123. An antigen-binding fragment can also include the variable region of a
heavy chain polypeptide and the variable region of a light chain polypeptide. An antigen-binding
fragment can thus comprise the CDRs of the light chain and heavy chain polypeptide of an antibody.
[00116] The term “antibody fragment™ also can include, e.g., single domain antibodies such as
camelized single domain antibodies. See, e.g., Muyldermans et al. (2001) Trends Biochem Sci 26:230-
235; PCT application publication nos. WO 94/04678 and WO 94/25591; and U.S. patent no.
6,005,079. The term "antibody fragment" also includes single domain antibodies comprising two Vy
domains with modifications such that single domain antibodies are formed.

[00117] The term “immunoglobulin™ comprises various broad classes of polypeptides that can
be distinguished biochemically. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon (y,
W, a, 8, &) with some subclasses among them (e.g., y1-y4). It is the nature of this chain that determines
the “class” of the antibody as IgG, IgM, IgA IgD, or IgE, respectively. The immunoglobulin
subclasses (isotypes), such as IgG1, IgG2, 1gG3, 1gG4, IgA1, etc., are well characterized and are
known to confer functional specialization. Modified versions of each of these classes and isotypes are
readily discernable to the skilled artisan in view of the instant disclosure and, accordingly, are within
the scope of the instant disclosure. All immunoglobulin classes fall within the scope of the present
disclosure. Light chains are classified as either kappa or lambda (i, A). Each heavy chain class may be
bound with either a kappa or lambda light chain.

[00118] An immunoglobulin variable region segment may differ from a reference or
consensus sequence. As used herein, to “differ,” means that a residue in the reference sequence or
consensus sequence is replaced with either a different residue or an absent or inserted residue.
[00119] The heavy and light immunoglobulin chains can be connected by disulfide bonds.
The heavy chain constant region typically comprises three constant domains, CH1, CH2 and CH3.
The light chain constant region typically comprises a CL domain. The variable region of the heavy

and light chains contains a binding domain that interacts with an antigen. The constant regions of the
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antibodies typically mediate the binding of the antibody to host tissues or factors, including various
cells of the immune system (e.g., effector cells) and the first component (Clq) of the classical
complement system.

[00120] An “immunoglobulin domain” refers to a domain from the variable or constant
domain of immunoglobulin molecules Immunoglobulin domains typically contain two beta-sheets
formed of about seven beta-strands, and a conserved disulfide bond (see, e.g., A. F. Williams and A.
N. Barclay (1988) ANN. REV. IMMUNOL. 6:381-405).

[00121] As used herein, an “immunoglobulin variable domain sequence” refers to an amino
acid sequence that can form the structure of an immunoglobulin variable domain. For example, the
sequence may include all or part of the amino acid sequence of a naturally-occurring variable domain.
For example, the sequence may omit one, two or more N- or C-terminal amino acids, internal amino
acids, may include one or more insertions or additional terminal amino acids, or may include other
alterations. In one embodiment, a polypeptide that comprises an immunoglobulin variable domain
sequence can associate with another immunoglobulin variable domain sequence to form a target
binding structure (or “antigen binding site™), e.g., a structure that interacts with the target antigen.
[00122] Methods for altering an antibody constant region are known in the art. Antibodies
with altered function, e.g. altered affinity for an effector ligand, such as FcR on a cell, or the C1
component of complement can be produced by replacing at least one amino acid residue in the
constant portion of the antibody with a different residue (e.g., EP 388,151 A1, U.S. Pat. No. 5,624,821
and U.S. Pat. No. 5,648,260). Similar types of alterations could be described which if applied to a
murine, or other species immunoglobulin would reduce or eliminate these functions.

[00123] In some embodiments, a disclosed antibody is a fusion protein. The fusion protein can
be constructed recombinantly such that the fusion protein is expressed from a nucleic acid that
encodes the fusion protein. The fusion protein can comprise one or more CD47 binding segments and
one or more segments that are heterologous to the CD47 binding segment(s). The heterologous
sequence can be any suitable sequence, such as, for example, an antigenic tag (e.g., FLAG,
polyhistidine, hemagglutinin ("HA"), glutathione-S-transferase ("GST"), or maltose-binding protein
("MBP")). Heterologous sequences can also be proteins useful as diagnostic or detectable markers, for
example, luciferase, green fluorescent protein ("GFP"), or chloramphenicol acetyl transferase
("CAT"). In some embodiments, the heterologous sequence can be a targeting moiety that targets the
CD47 binding segment to a cell, tissue, or microenvironment of interest. Methods of constructing
such fusion proteins, such as by recombinant DNA technology, are well known in the art.

[00124] As used herein, the word “a” or “plurality” before a noun represents one or more of
the particular noun. Unless otherwise required by context, singular terms shall include pluralities and

plural terms shall include the singular.
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[00125] As used herein, the terms "subject” and "patient" are used interchangeably. A patient
or a subject can be a human patient or a human subject.

[00126] For the terms “for example™ and “‘such as,” and grammatical equivalences thereof, the
phrase “and without limitation™ is understood to follow unless explicitly stated otherwise. As used
herein, the term “about” is meant to account for variations due to experimental error. All
measurements reported herein are understood to be modified by the term “about,” whether or not the
term is explicitly used, unless explicitly stated otherwise.

[00127] 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.
Methods and materials are described herein for use in the present invention; other, suitable methods
and materials known in the art can also be used. The materials, methods, and examples are illustrative
only and not intended to be limiting.

[00128] All publications, patent applications, patents, sequences, database entries, and other
references mentioned herein are incorporated by reference in their entirety. In case of conflict, the
present specification, including definitions, will control.

[00129] Generally, nomenclatures utilized in connection with, and techniques of, cell and
tissue culture, molecular biology, and protein and oligo- or polynucleotide chemistry and
hybridization described herein are those well-known and commonly used in the art. Standard
techniques are used for recombinant DNA, oligonucleotide synthesis, and tissue culture and
transformation (e.g., electroporation, lipofection). Enzymatic reactions and purification techniques are
performed according to manufacturer's specifications or as commonly accomplished in the art or as
described herein. The techniques and procedures described herein are generally performed according
to conventional methods well known in the art and as described in various general and more specific
references that are cited and discussed throughout the present specification. See e.g., Sambrook et al.
(1989) MOLECULAR CLONING: A LABORATORY MANUAL (2nd ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.). The nomenclatures utilized in connection with, and the
laboratory procedures and techniques of, analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry described herein are those well-known and commonly used
in the art. Standard techniques are used for chemical syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment of patients.

[00130] CDh47

[00131] CD47, also known as integrin-associated protein (IAP), ovarian cancer antigen OA3,
Rh-related antigen and MERG, is a multi-spanning transmembrane receptor belonging to the
immunoglobulin superfamily. CD47 expression and/or activity has been implicated in a number of
diseases and disorders, e.g., cancer. CD47 interacts with SIRPa, (signal-regulatory-protein o) on

macrophages and thereby inhibits phagocytosis. This is a newly discovered mechanism of tumor
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immune avoidance, and therapeutically targeting CD47 has widespread application in numerous
cancers.

[00132] The expression of CD47 correlates with worse clinical outcomes in many distinct
malignancies, including Acute Lymphocytic Leukemia (ALL), Non-Hodgkin Lymphoma (NHL),
Acute Myelogenous Leukemia (AML), glioma, ovarian cancer, glioblastoma, etc. In addition, CD47
has been identified as a cancer stem cell marker in both leukemias and solid tumors (Jaiswal et al.,
2009 Cell, 138(2): 271-85; Chan et al., 2010 Curr Opin Urol, 20(5): 393- 7; Majeti R et al., 2011
Oncogene, 30(9): 1009-19).

[00133] CD47 blocking antibodies have demonstrated anti-tumor activity in multiple mice
tumor models. Furthermore, these antibodies have been shown to synergize with other therapeutic
antibodies including Herceptin® and Rituxan® in tumor models.

[00134] Blocking the interaction of CD47 with SIRPa may enhance phagocytosis of CD47
expressing cells by macrophages (reviewed in Chao ef al., 2012 Curr Opin Immunol, 24(2): 225-32).
Mice lacking CD47 are markedly resistant to radiation therapy, suggesting a role for targeting CD47
in combination with radiotherapy (Maxhimer et al., 2009 Sci Transl Med, 1(3): 3ra7).

[00135] However, prior art existing antibodies to CD47 have been reported to cause
hemagglutination of human RBC and anemia. Hemagglutination is an example of a homotypic
interaction, such that two CD47 expressing cells are caused to aggregate or clump when treated with a
bivalent CD47 binding entity. For example, the CD47 antibody, MABL, as a full IgG or F(ab'),, has
been reported to cause significant hemagglutination of erythrocytes, and, only when MABL was
altered into an scFv or bivalent scFv, was this effect mitigated. (see, e.g., Uno S, Kinoshita Y, Azuma
Y et al. Oncol Rep 2007; 17: 1189-94; Kikuchi Y, Uno S, Yoshimura Y et al. Biochem Biophys Res
Commun 2004; 315: 912-8). Other known antibodies to CD47, including CC2C6, B6H12 and
BRC126, also cause significant hemagglutination of RBCs.

[00136] Thus, the aggregation of RBC and anemia represent major limitations of
therapeutically targeting CD47 with existing full IgG antibodies and/or SIRPa-Fc fusion proteins.
[00137] Anti-CD47 Antibodies of This Disclosure

[00138] This disclosure provides anti-CD47 antibodies, including monoclonal antibodies,
human antibodies, chimeric antibodies, humanized antibodies, primatized antibodies, bi-specific
antibody, conjugated antibodies, a Small Modular ImmunoPharmaceuticals, single chain antibodies,
cameloid antibodies, CDR-grafted antibodies, and functional variants of an anti-CD47 antibody (such
as, for example, a fusion protein), and fragments and derivatives thereof. These antibodies recognize
and bind to CD47 protein, particularly human CD47. These antibodies can modulate, e.g., inhibit,
block, antagonize, neutralize or otherwise interfere with CD47 expression, activity and/or signaling;
and these antibodies do not cause a significant level of agglutination of cells (also referred to as cell

agglutination), including hemagglutination of red blood cells. These antibodies can modulate, e.g.,
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inhibit, block, antagonize, neutralize or otherwise interfere with the interaction between CD47 and
SIRPa (signal-regulatory-protein o) (for example, human CD47 and human SIRPa). These antibodies,
including fragments, functional variants, and derivatives thereof, may be referred to collectively as
“anti-CD47 antibodies of this disclosure,” “disclosed anti-CD47 antibodies,” “disclosed antibodies,”
“CD47 antibodics of this disclosure,” and the like.

[00139] In some embodiments, the disclosed antibodies include full length IgG antibodies. In
some embodiments, the disclosed antibodies include bivalent or multivalent entities.

[00140] The disclosed anti-CD47 antibodies are a significant improvement over prior art
existing anti-CD47 antibodies that cause hemagglutination of human red blood cells (see, e.g.,
Kikuchi Y, Uno S, Yoshimura Y et al. Biochem Biophys Res Commun 2004; 315: 912-8). Prior art
existing anti-CD47 antibodies include, for example, B6H12, CC2C6, and BRC126 (e.g., U.S. Pat. No.
9,045,541, Uno S, Kinoshita Y, Azuma Y et al. (2007) ONCOL. REP. 17: 1189-94; Kikuchi Y, Uno
S, Yoshimura Y et al. (2004) BIOCHEM. BIOPHYS. RES. COMMUN. 315: 912-8). Prior art existing
anti-CD47 antibody is one that blocks SIRPa but causes significant hemagglutination of RBCs. The
disclosed full-length IgG anti-CD47 antibodies do not agglutinate cells at a significant level.

[00141] Anti-CD47 antibody B6H12 is commercially available. It is sold by, for example,
ABSCAM (abscam.com/cd47) and Biolegend (Biolegend.com).

[00142] In some embodiments, a significant level of agglutination of cells refers to the level
of agglutination in the presence of a prior art existing anti-CD47 antibody. In other embodiments, the
disclosed anti-CD47 antibodies do not cause a significant level of agglutination when the level of
agglutination in the presence of a disclosed anti-CD47 antibody is reduced by at least 5%, at least
10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, or at least 99% compared to the level of agglutination in the presence of a prior art existing
anti-CD47 antibody, such as B6H12, CC2C6, and BRC126 (e.g., U.S. Pat. No. 9,045,541, Uno S,
Kinoshita Y, Azuma Y et al. (2007) ONCOL. REP. 17: 1189-94; Kikuchi Y, Uno S, Yoshimura Y et
al. (2004) BIOCHEM. BIOPHYS. RES. COMMUN. 315: 912-8). In further embodiments, the
disclosed anti-CD47 antibodies do not cause a significant level of agglutination of cells at an antibody
concentration of between more than about 0 pg/ml and about 100 ug/ml or more than about 0 pg/ml
and about 200 pg/ml, such as, for example, at an antibody concentration of 0.3ug/ml, 0.8ug/ml, 2.4
pe/ml, 7 pg/ml, 22 ng/ml, 67 pg/ml, and 200 pg/ml.

[00143] In some embodiments, a disclosed antibody does not cause significant agglutination
of red blood cells and anemia.

[00144] Hemagglutination is an example of a homotypic interaction, in which two CD47
expressing cells are caused to aggregate or clump when treated with a bivalent CD47 binding entity.

The disclosed anti-CD47 antibodies bind CD47 in a manner that does not promote clumping of CD47
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positive cell lines, such as, for example, Raji and CCRF-CEM cells. The lack of significant
hemagglutination increases the efficacy of a therapeutic targeting CD47.

[00145] In certain embodiments, a disclosed antibody does not (significantly) enhance RBC
phagocytosis by macrophage.

[00146] The disclosed anti-CD47 antibodies exhibit numerous desirable characteristics, such
as, binding human CD47 and cynomolgus monkey (cyno) CD47, potent blocking of the interaction
between CD47 and SIRPa, without causing a significant level of hemagglutination, and potent anti-
tumor activity in vitro and in vivo.

[00147] The disclosed antibodies are also significantly more potent in reducing tumors in
tumor models compared to prior art existing anti-CD47 antibodies. In certain embodiments, the ability
of macrophages to phagocytose tumor cells in the presence of a disclosed anti-CD47 antibody is
increased by at least 5%, at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, or at least 99% compared to the ability of macrophages
to phagocytose tumor cells in the presence of a prior art existing anti-CD47 antibody, such as B6H12,
CC2C6, and BRC126 (e.g., U.S. Pat. No. 9,045,541, Uno S, Kinoshita Y, Azuma Y et al. (2007)
ONCOL. REP. 17: 1189-94; Kikuchi Y, Uno S, Yoshimura Y et al. (2004) BIOCHEM. BIOPHYS.
RES. COMMUN. 315: 912-8). In some embodiments, a disclosed antibody is a potent anti-tumor
agent. In some embodiments, a disclosed antibody reduces tumors. In some embodiments, a disclosed
antibody increases the ability of macrophages to phagocytose tumor cells.

[00148] In certain embodiments, the disclosed anti-CD47 antibodies block at least 40%, at
least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 95%, or at least 99% of the interaction between CD47 and SIRPa, as
compared to the level of interaction between CD47 and SIRPa in the absence of the anti-CD47
antibody described herein.

[00149] It is possible to quantitate, without undue experimentation, the level of agglutination,
e.g., the level of hemagglutination of RBCs. For example, those skilled in the art will recognize that
the level of hemagglutination is ascertained by measuring the area of an RBC dot after performing a
hemagglutination assay in the presence of the disclosed anti-CD47 antibodies, as described in the
Examples below. In certain embodiments, the area of the RBC dot in the presence of the anti-CD47
antibody disclosed herein is compared to the area of the RBC dot in the absence of an anti-CD47
antibody, i.e., in the presence of zero hemagglutination. In this manner, hemagglutination is quantified
relative to a baseline control. A larger RBC dot area corresponds to a higher level of
hemagglutination. A large RBC red dot area may appear as a haze. Alternatively, densitometry of the
RBC dot may also be utilized to quantitate hemagglutination. The comparison may also be done

between a disclosed antibody and a prior art antibody, such as B6H12.
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[00150] In certain embodiments, less than significant hemagglutination is hemagglutination of
human RBCs in the presence of an anti-CD47 antibody disclosed herein is about the same as in the
absence of the anti-CD47 antibody. In other embodiments, less than significant hemagglutination is
hemagglutination of human RBCs in the presence of an anti-CD47 antibody disclosed herein is about
5%, 10%, 15%, 20%, or 25% in the absence of the anti-CD47 antibody.
[00151] In certain embodiments, there is provided an anti-CD47 antibody comprising a heavy
chain variable domain (Vy) with a heavy chain CDR1 comprising the amino acid sequence of any one
of SEQ ID NOs:49, 51, 53, 55, 57, 59, 62-65, 86-87 or a variant thereof comprising up to about 3
(such as about any of 1, 2, or 3) amino acid substitutions; a heavy chain CDR2 comprising the amino
acid sequence of any one of SEQ ID NOs:145, 147, 149, 151, 153, 155, 158-161, 182-183 or a variant
thereof comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions; and a
heavy chain CDR3 comprising the amino acid sequence of any one of SEQ ID NOs:241, 243, 245,
247,249, 251, 254-257, 278-279 or a variant thereof comprising up to about 3 (such as about any of
1, 2, or 3) amino acid substitutions; and a light chain variable domain (V1) with a light chain CDR1
comprising the amino acid sequence of any one of SEQ ID NOs:50, 52, 54, 56, 58, 60 or a variant
thereof comprising up to about 3 (such as about any of 1, 2, or 3) amino acid substitutions; a light
chain CDR2 comprising the amino acid sequence of any one of SEQ ID NOs:146, 148, 150, 152, 154,
156, 172-175 or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3) amino
acid substitutions; and a light chain CDR3 comprising the amino acid sequence of any one of SEQ ID
NOs:242, 244, 246, 248, 250, 252, 268-271 or a variant thereof comprising up to about 3 (such as
about any of 1, 2, or 3) amino acid substitutions. In certain embodiments, there is provided an anti-
CDA47 antibody comprising a heavy chain variable domain (V) with a heavy chain CDR1 comprising
the amino acid sequence of any one of SEQ ID NOs:49, 51, 53, 55, 57, 59, 62-65, 86-87; a heavy
chain CDR2 comprising the amino acid sequence of any one of SEQ ID NOs:145, 147, 149, 151, 153,
155, 158-161, 182-183; and a heavy chain CDR3 comprising the amino acid sequence of any one of
SEQ ID NOs:241, 243, 245, 247, 249, 251, 254-257, 278-279; and a light chain variable domain (V)
with a light chain CDR1 comprising the amino acid sequence of any one of SEQ ID NOs:50, 52, 54,
56, 58, 60, 76-79;a light chain CDR2 comprising the amino acid sequence of any one of SEQ ID
NOs:146, 148, 150, 152, 154, 156, 172-175; and a light chain CDR3 comprising the amino acid
sequence of any one of SEQ ID NOs:242, 244, 246, 248, 250, 252, 268-271.
[00152] In certain embodiments, according to any one of the isolated anti-CD47 antibody
described above, the said antibody comprise any one of the following:
1) a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs: 49, 145 and 241, respectively, and a V. comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 50, 146 and 242,
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respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;

2) a Vu comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs: 51, 147 and 243, respectively, and a Vi comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 52, 148 and 244,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;

3) a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs: 53, 149 and 245, respectively, and a Vi comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 54, 150 and 246,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;

) a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs: 55, 151 and 247, respectively, and a V. comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 56, 152 and 248,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;

) a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs: 57, 153 and 249, respectively, and a Vi comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 58, 154 and 250,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;

) a Vu comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs: 59, 155 and 251, respectively, and a VL comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 60, 156 and 252,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;

@) a Vu comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs:62, 158 and 254, respectively, and a Vi, comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 76, 172 and 268,
respectively;

®) a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs:63, 159 and 255, respectively, and a V1. comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 77, 173 and 269,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)

amino acid substitutions in the CDR regions;
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a Vu comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs:64, 160 and 256, respectively, and a V1. comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 78, 174 and 270,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs:65, 161 and 257, respectively, and a Vi comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 79, 175 and 271,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs:65, 161 and 257, respectively, and a Vi, comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 76, 172 and 268,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs:86, 182 and 278, respectively, and a Vi, comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 56, 152 and 248,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)
amino acid substitutions in the CDR regions;and

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino acid
sequences of SEQ ID NOs:87, 183 and 279, respectively, and a Vi comprises the light chain
CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 56, 152 and 248,
respectively; or a variant thereof comprising up to about 3 (such as about any of 1, 2, or 3)

amino acid substitutions in the CDR regions.

[00153] In certain embodiments, according to any one of the isolated anti-CD47 antibody

described above, the said antibody comprise any one of the following:

@

@

3

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 49, 145 and 241, respectively, and a VL comprises the
light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 50,
146 and 242, respectively;

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 51, 147 and 243, respectively, and a VL comprises the
light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 52,
148 and 244, respectively;

a Vu comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 53, 149 and 245, respectively, and a VL comprises the
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light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

150 and 246, respectively;
a Vu comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 55, 151 and 247, respectively, and a Vi, comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

152 and 248, respectively;

a Vu comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino

acid sequences of SEQ ID NOs: 57, 153 and 249, respectively, and a V. comprises the
light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:
154 and 250, respectively;

a Vi comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs: 59, 155 and 251, respectively, and a VL. comprises the
light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:
156 and 252, respectively;

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino

acid sequences of SEQ ID NOs:62, 158 and 254, respectively, and a V., comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:
172 and 268, respectively;

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino

acid sequences of SEQ ID NOs:63, 159 and 255, respectively, and a Vi, comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:
173 and 269, respectively;

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino

acid sequences of SEQ ID NOs:64, 160 and 256, respectively, and a VL comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:
174 and 270, respectively;

a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino

acid sequences of SEQ ID NOs:65, 161 and 257, respectively, and a Vi comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

175 and 271, respectively;
a Vy comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:65, 161 and 257, respectively, and a Vi comprises the

light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs:

172 and 268, respectively;
a Vu comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:86, 182 and 278, respectively, and a Vi comprises the
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light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 56,
152 and 248, respectively;and
(13)  a Vu comprises the heavy chain CDR1, CDR2 and CDR3 sequences having the amino
acid sequences of SEQ ID NOs:87, 183 and 279, respectively, and a V|, comprises the
light chain CDR1, CDR2 and CDR3 having the amino acid sequences of SEQ ID NOs: 56,
152 and 248, respectively.
[00154] In certain embodiments, this disclosure provides anti-CD47 antibodies comprising a
variable heavy chain selected from SEQ ID NOs: 349, 351, 353, 355, 357, 359, 361-373, 380-383,
388-392 and a variable light chain selected from SEQ ID NOs:350, 352, 354, 356, 358, 360, 374-379,
384-387 and 393-396. In certain embodiments, the anti-CD47 antibodies comprise a variable heavy
chain that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to the
sequence set forth in at least one of SEQ ID NOs: 349, 351, 353, 355, 357, 359, 361-373, 380-383,
388-392 and a variable light chain that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or more identical to the sequence set forth in at least the sequence set forth in at least one of
SEQ ID NOs: from 350, 352, 354, 356, 358, 360, 374-379, 384-387 and 393-396.
[00155] The anti-CD47 antibodies provided herein exhibit inhibitory activity, for example, by
inhibiting CD47 expression (e.g., inhibiting cell surface expression of CD47), activity, and/or
signaling, or by interfering with the interaction between CD47 and SIRPa. The antibodies provided
herein completely or partially reduce or otherwise modulate CD47 expression or activity upon binding
to, or otherwise interacting with, CD47, e.g., a human CD47. The reduction or modulation of a
biological function of CD47 is complete, significant, or partial upon interaction between the
antibodies and the human CD47 polypeptide and/or peptide.
[00156] The antibodies are considered to completely inhibit CD47 expression or activity when
the level of CD47 expression or activity in the presence of the antibody is decreased by at least 95%,
e.g., by 96%, 97%, 98%, 99% or 100% as compared to the level of CD47 expression or activity in the
absence of interaction, e.g., binding, with the antibody described herein.
[00157] The anti-CD47 antibodies are considered to significantly inhibit CD47 expression or
activity when the level of CD47 expression or activity in the presence of the CD47 antibody is
decreased by at least 50%, e.g., 55%, 60%, 75%, 80%, 85% or 90% as compared to the level of CD47
expression or activity in the absence of binding with a anti-CD47 antibody described herein. The
antibodies are considered to partially inhibit CD47 expression or activity when the level of CD47
expression or activity in the presence of the antibody is decreased by less than 95%, e.g., 10%, 20%,
25%, 30%, 40%, 50%, 60%, 75%, 80%, 85% or 90% as compared to the level of CD47 expression or
activity in the absence of interaction, e.g., binding, with an antibody described herein.
[00158] The amount of antibody sufficient to treat or prevent cancer in the subject is, for

example, an amount that is sufficient to reduce CD47 signaling. For example, the amount of antibody
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sufficient to treat or prevent cancer in the subject is an amount that is sufficient to reduce the
phagocytic inhibitory signal in macrophages generated by CD47/SIRPa, interaction in the
CD47/SIRPa signaling axis, i.e., a disclosed antibody promotes macrophage-mediated phagocytosis
of a CD47-expressing cell.

[00159] As used herein, the term “reduced,” in relation to the phagocytic inhibitory signal in
macrophages generated by CD47/SIRPa interaction in the CD47/SIRPa signaling axis, refers to a
decreased CD47 signaling in the presence of a disclosed anti-CD47 antibody. CD47 mediated
signaling is decreased when the level of CD47 signaling in the presence of a disclosed anti- CD47
antibody is greater than or equal to 5%, 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%,
90%, 95%, 99%, or 100% lower than a control level of CD47 signaling (i.e., the level of CD47
signaling in the absence of the antibody). Level of CD47 signaling is measured using any of a variety
of standard techniques, such as, by way of non-limiting example, measurement of down-stream gene
activation, and/or luciferase reporter assays responsive to CD47 activation. Those skilled in the art
will appreciate that the level of CD47 signaling can be measured using a variety of assays, including,
for example, commercially available kits.

[00160] In some embodiments, the disclosed anti-CD47 antibody or immunologically active
fragment thereof is an IgG isotype. In some embodiments, the constant region of the antibody is of
human IgG; isotype, having an amino acid sequence:

[00161] ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPE
LLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDE
LTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 408)

[00162] In some embodiments, the human IgG; constant region is modified at amino acid
Asn297 (Boxed, Kabat Numbering) to prevent to glycosylation of the antibody, for example
Asn297Ala (N297A). In some embodiments, the constant region of the antibody is modified at amino
acid Leu235 (Kabat Numbering) to alter Fc receptor interactions, for example Leu235Glu (L235E) or
Leu235Ala (L235A). In some embodiments, the constant region of the antibody is modified at amino
acid Leu234 (Kabat Numbering) to alter Fc receptor interactions, e.g., Leu234Ala (L234A). In some
embodiments, the constant region of the antibody is altered at both amino acid 234 and 235, for
example Leu234Ala and Leu235Ala (L234A/L235A) (EU index of Kabat et al 1991 Sequences of
Proteins of Immunological Interest).

[00163] In some embodiments, the constant region of the antibody is of human IgG; isotype,

having an amino acid sequence:
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[00164] ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVA
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNS
TFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 409)

[00165] In some embodiments, the human IgGs constant region is modified at amino acid
Asn297 (Boxed, Kabat Numbering) to prevent to glycosylation of the antibody, e.g., Asn297Ala
(N297A). In some embodiments, the human [gGs constant region is modified at amino acid 435 to
extend the half-life, e.g., Arg435His (R435H) (EU index of Kabat et al 1991 Sequences of Proteins of
Immunological Interest).

[00166] In some embodiments, the constant region of the antibody is of human IgGs isotype,
having an amino acid sequence:

[00167] ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNS
TYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTK
NQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNV
FSCSVMHEALHNHYTQKSLSLSLGK (SEQ ID NO: 410)

[00168] In some embodiments, the human IgG4 constant region is modified within the hinge
region to prevent or reduce strand exchange, e.g., Ser228Pro (S228P). In other embodiments, the
human IgG, constant region is modified at amino acid 235 to alter Fc receptor interactions, €.g.,
Leu235Glu (L235E). In some embodiments, the human IgGs constant region is modified within the
hinge and at amino acid 235, e.g., Ser228Pro and Leu235Glu (S228P/L235E), having an amino acid
sequence:

[00169] ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNS
TYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTK
NQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNV
FSCSVMHEALHNHYTQKSLSLSLGK (SEQ ID NO: 411)

[00170] In some embodiments, the human IgG constant region is modified to enhance FcRn
binding. Examples of Fc mutations that enhance binding to FcRn are Met252Tyr, Ser254Thr,
Thr256Glu (M252Y, S254T, T256E, respectively) (Kabat numbering, Dall'Acqua et al. 2006 /. Biol
Chem Vol 281(33) 23514-23524), or Met428Leu and Asn434Ser (M428L, N434S) (Zalevsky et al.
2010 Nature Biotech, Vol 28(2) 157-159). (EU index of Kabat er al. 1991 Sequences of Proteins of
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Immunological Interest). In some embodiments, the human IgG constant region is modified to alter
antibody-dependent cellular cytotoxicity (ADCC) and/or complement-dependent cytotoxicity (CDC),
e.g., the amino acid modifications described in Natsume ef al., 2008 Cancer Res, 68(10): 3863-72;
Idusogie et al., 2001 J Immunol, 166(4): 2571-5; Moore et al., 2010 mAbs, 2(2): 181-189; Lazar et al.,
2006 PNAS, 103(11): 4005-4010, Shields et al., 2001 JBC, 276(9): 6591- 6604; Stavenhagen et al.,
2007 Cancer Res, 67(18): 8882-8890; Stavenhagen et al., 2008 Advan. Enzyme Regul., 48: 152-164,
Alegre et al., 1992 J Immunol, 148: 3461-3468; Reviewed in Kaneko and Niwa, 2011 Biodrugs,
25(1): 1-11.

[00171] In some embodiments, the human IgG constant region is modified to induce
heterodimerization. For example, having an amino acid modification within the CH3 domain at
Thr366, which when replaced with a bulkier amino acid, e.g., Try (T366W), can preferentially pair
with a second CH3 domain having amino acid modifications to less bulky amino acids at positions
Thr366, Leu368, and Tyr407, e.g., Ser, Ala and Val, respectively (T366S/L368A/Y407V).
Heterodimerization via CH3 modifications can be further stabilized by the introduction of a disulfide
bond, for example by changing Ser354 to Cys (S354C) and Y349 to Cys (Y349C) on opposite CH3
domains (Reviewed in Carter, 2001 Journal of Immunological Methods, 248: 7-15).

[00172] In some embodiments, a disclosed anti-CD47 antibody comprises a variable heavy
(Vh) chain region selected from the group consisting of SEQ ID NOs: 349, 351, 353, 355, 357, 359,
361-373, 380-383, 388-392. The disclosed anti-CD47 antibody optionally comprises a variable light
(VL) chain region selected from the group consisting of sequences from SEQ ID NOs: 350, 352, 354,
356, 358, 360, 374-379, 384-387 and 393-396. In some embodiments, the disclosed anti-CD47
antibody comprises a Vy chain region selected from the group consisting of sequences from SEQ ID
NOs: 349, 351, 353, 355, 357, 359, 361-373, 380-383, 388-392 and a V| chain region selected from
the group consisting of sequences from SEQ ID NOs: 350, 352, 354, 356, 358, 360, 374-379, 384-387
and 393-396. The disclosed antibodies also include antibodies having a variable heavy chain that is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to a sequence set
forth in at least one of SEQ ID NOs: 349, 351, 353, 355, 357, 359, 361-373, 380-383, 388-392 and a
variable light chain that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
identical to a sequence set forth in at least one of SEQ ID NOs: 350, 352, 354, 356, 358, 360, 374-
379, 384-387 and 393-396.

[00173] In other embodiments, the disclosed anti-CD47 antibody comprises a Vg region
provided in any one of SEQ ID NOs: 349, 351, 353, 355, 357, 359, 361-373, 380-383, 388-392 paired
with a Vi region provided in any one of SEQ ID NOs: 350, 352, 354, 356, 358, 360, 374-379, 384-
387 and 393-396.

[00174] In other embodiments, the disclosed anti-CD47 antibody comprises a Vy region
provided in any one of SEQ ID NOs: 349, 351, 353, 355, 357, 359, 361-373, 380-383, 388-392 paired
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with a Vi region provided in any one of SEQ ID NOs: 350, 352, 354, 356, 358, 360, 374-379, 384-
387 and 393-396.

[00175] In certain embodiments, the disclosed anti-CD47 antibodies bind to CD47 in a head
to side orientation that positions the heavy chain near the membrane of CD47 expressing cell, while
the light chain occludes the SIRPa binding site on CD47. In other embodiments, the disclosed anti-
CD47 antibodies bind to CD47 in a head to side orientation that positions the light chain near the
membrane of CD47 expressing cell, while the heavy chain occludes the SIRPa binding site on CD47.
[00176] Also provided is an isolated antibody or an immunologically active fragment thereof
which competes with the CD47 antibodies described herein for preventing CD47 from interacting
with SIRPa.

[00177] Monoclonal antibodies described herein have the ability to bind CD47, to inhibit the
binding of SIRPa to CD47, decrease CD47-SIRPa-mediated signaling, promote phagocytosis of
tumor cells, and to inhibit tumor growth and/or migration. Inhibition is determined, for example,
using the cellular assay described herein in the Examples.

[00178] Exemplary antibodies described herein include the murine CD47 antibodies, the
chimeric version of 98E2E12, 107F11F10 and 108C10A6, and humanized variants of 108C10A6.
[00179] Exemplary monoclonal antibodies of this disclosure include, for example, murine
antibodies having a variable heavy chain region (Vi) and/or variable light (VL) chain region shown in
the sequences below.

[00180] SEQ ID NO: 349- 55F2C4-VH

[00181] QVQLQQSGPQLVRPGASVKISCKASGYSFTNYWMHWMKQRPGQGLEWIGM
IDPSDSETRLNQQFKDKATLAVDKSSSTAYMQLSSPTSEDSAVYYCARLGRYYFDYWGQGT
TLTVSS

[00182] SEQ ID NO: 350- 55F2C4-VL

[00183] NIVMTQSPKSMY VSVGERVTLICRASEIVGTYVSWYQQKPEQSPKLLIYGASN
RYTGVPDRFTGSRSATDFSLTISNVQAEDLADYLCGQSYDSPYTFGGGTKLEIK

[00184] SEQ ID NO: 351- 98E2E7/98E2E12-VH

[00185] QVQLQQSGPQLVRPGASVKISCKASGYSFTNHWMHWMKQRPGQGLEWIGM

IDPSDSETRLNQQFKDKATLTVDKSSSTAYMQLSSPTSEDSAVFYCARLGRYYFDYWGQGTT
LTVSS

[00186] SEQ ID NO: 352- 98E2E7/98E2E12-VL

[00187] NIVMTQSPKSMSVSVGERVTLSCRASDIVGTYVSWYQQKPEQSPKLLIYGAS
NRYTGVPDRFTGSRSATDFSLTISNVQAEDLADYLCGQSYDSPYTFGGGTKLEIK

[00188] SEQ ID NO: 353- 98G5F6/98G5F11-VH
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[00189] QVQLQQSGPQLVRPGASVKISCKASGYSFINYWMHWMKQRPGQGLEWIGM
IDPSDSETRLNQQFKDKATLTVDKSSSTAYMQLSSPTSEDSAVYYCARLGRYYFDFWGQGTT
LTVSS

[00190] SEQ ID NO: 354- 98G5F6/98G5F11-VL

[00191] NIVMTQSPKSMSVSVGERVTLSCRASEIVGTY VSWYQQKPEQSPKLLIYGAS
NRFTGVPDRFTGSRSATDFSLTISNVQAEDLADYLCGQSYDSPYTFGGGTKLEIK

[00192] SEQ ID NO: 355- 107F11B11/107F11C4/107F11F10-VH

[00193] EVQLQQSGAEFVKPGASVKLSCTASGFNIEDTYMHW VKQRPEQGLEWIGMI

DPANGKTKYGPRFQDKATVTADTSSNTANLQLSSLTSEDTAVYYCADGIGYYVGAMDYWG
QGTSVTVSS

[00194] SEQ ID NO: 356- 107F11B11/107F11C4/107F11F10-VL

[00195] DIQMNQSPSSLSASLGDTITITCHASQNINVWLSWYQQKPGNIPKLLIYKASNL
HTGVPSRFSGSGSGTGFTLTISSLQPEDIATY YCQQGHSYPYTFGGGTKLEIK

[00196] SEQ ID NO: 357- 108C10A6/108C10F5-VH

[00197] QOMQLQQSGPQLVRPGASVKISCKTSGYSFTHHWIHWMKQRPGQGLEWIGMI

DPSDSETRLSQKFKDKATLTVDASSSTAYMQLNSPTSEDSALYFCARLGRYYFDYWGQGTTL
TVSS

[00198] SEQ ID NO: 358- 108C10A6/108C10F5-VL

[00199] NIVMTQSPRSMSMSVGERVTLSCKASENVGTYISWYQQKPDQSPKLLIYGAS
NRYTGVPDRFTGSGSGTDFTLTISTVQAEDLADYHCGESYGHLYTFGGGTKLEIK

[00200] SEQ ID NO: 359- 112E5D9/112E5F2/112E5H7-VH

[00201] QVQLQQSGPQLVRPGASVKISCKASGYSFTNNWMHWMKQRPGQGLEWIGM

IDPSDSETRLNQQFRDKATLTVDKTSSTAYMQLSSPTSEDSAVYYCARLGRYYFDYWGLGTT
LTVSS

[00202] SEQ ID NO: 360- 112E5D9/112E5F2/112E5H7-VL

[00203] NIVMTQSPKSMSVSVGERVTMNCRASEIVGTY VSWYQQKPEQSPKLLIYGAF
NRYTGVPDRFTGSRSGTDFSLNISNVQAEDLADYLCGQSYDSPYTFGGGTKLEIK

[00204] Exemplary disclosed anti-CD47 monoclonal antibodies include, for example,
chimeric antibodies having a variable heavy chain region (Vu) and/or variable light (VL) chain region
shown in the sequences below.

[00205] SEQ ID NO: 397- 108C10A6_VH-hulgG1CH

[00206] QMQLQQSGPQLVRPGASVKISCKTSGYSFTHHWIHWMKQRPGQGLEWIGMI
DPSDSETRLSQKFKDKATLTVDASSSTAYMQLNSPTSEDSALYFCARLGRYYFDYWGQGTTL
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTY
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RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVES
CSVMHEALHNHYTQKSLSLSPGK

[00207] SEQ ID NO: 398- 108C10A6_VL-hIgkCL

[00208] NIVMTQSPRSMSMSVGERVTLSCKASENVGTYISWYQQKPDQSPKLLIYGAS
NRYTGVPDRFTGSGSGTDFTLTISTVQAEDLADYHCGESYGHLYTFGGGTKLEIKRTVAAPS
VFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00209] SEQ ID NO: 404- 98E2E12_VH-hulgG1CH

[00210] QVQLQQSGPQLVRPGASVKISCKASGYSFTNHWMHWMKQRPGQGLEWIGM
IDPSDSETRLNQQFKDKATLTVDKSSSTAYMQLSSPTSEDSAVFYCARLGRYYFDYWGQGTT
LTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS
CSVMHEALHNHYTQKSLSLSPGK

[00211] SEQ ID NO: 405- 98E2E12_VL-hIgKCL

[00212] NIVMTQSPKSMSVSVGERVTLSCRASDIVGTYVSWYQQKPEQSPKLLIYGAS
NRYTGVPDRFTGSRSATDFSLTISNVQAEDLADYLCGQSYDSPYTFGGGTKLEIKRTVAAPSV
FIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSST
LTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00213] SEQ ID NO: 406- 107F11F10-VH-hulgG1CH

[00214] EVQLQQSGAEFVKPGASVKLSCTASGFNIEDTYMHW VKQRPEQGLEWIGMI
DPANGKTKYGPRFQDKATVTADTSSNTANLQLSSLTSEDTAVYYCADGIGYYVGAMDYWG
QGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEL
LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVEFSCSVMHEALHNHYTQKSLSLSPGK

[00215] SEQ ID NO: 407- 107F11F10-VL-hIgKCL

[00216] DIQMNQSPSSLSASLGDTITITCHASQNINVWLSWYQQKPGNIPKLLIYKASNL
HTGVPSRFSGSGSGTGFTLTISSLQPEDIATY YCQQGHSYPYTFGGGTKLEIKRTVAAPSVFIFP
PSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
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[00217] Exemplary disclosed anti-CD47 antibodies include, for example, humanized
antibodies having a variable heavy chain region (Vu) and/or variable light (VL) chain region shown in
the sequences below.

[00218] SEQ ID NO: 366- 108VH1

[00219] QVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHW VRQAPGQGLEWMG
MIDPSDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARLGRYYFDYWGQGT
TVTVSS

[00220] SEQ ID NO: 367- 108 VH2

[00221] EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWMRQAPGQGLEWIGMI
DPSDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYFCARLGRYYFDYWGQGTTV
TVSS

[00222] SEQ ID NO: 368- 108VH3

[00223] EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWMRQAPGQGLEWIGMI
DPSDSETRLSQKFKDRATLTVDKSTSTAYMELSSLRSEDTAVYFCARLGRYYFDYWGQGTT
VTVSS

[00224] SEQ ID NO: 369- 108Vha

[00225] EVQLVQSGAEVKKPGSSVKVSCKTSGYSFTHHWIHWMKQAPGQGLEWIGMI
DPSDSETRLSQKFKDKATLTVDKSTSTAYMELSSLRSEDTAVYFCARLGRYYFDYWGQGTT
VTVSS

[00226] SEQ ID NO: 373- 108 VH4.M4

[00227] EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWVRQAPGQGLEWMGM
IDASDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARLGRYYFDYWGQGTT
VTVSS

[00228] SEQ ID NO: 377- 108VL1.M1

[00229] EIVLTQSPATLSLSPGERATLSCRASENVGTYISWYQQKPGQAPRLLIYGASN
RYTGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCGESYGHLYTFGGGTKVEIK

[00230] SEQ ID NO: 378- 108 VL2.M1

[00231] EIVLTQSPATLSLSPGERATLSCRASENVGTYISWYQQKPGQAPRLLIYGASN
RYTGVPARFSGSGSGTDFTLTISSLEPEDFAVYHCGESYGHLYTFGGGTKVEIK

[00232] SEQ ID NO: 379- 108VL3.M1

[00233] EIVLTQSPATLSLSPGERVTLSCRASENVGTYISWYQQKPGQAPRLLIYGASN
RYTGVPARFSGSGSGTDFTLTISSVEPEDFAVYHCGESYGHLYTFGGGTKLEIK

[00234] SEQ ID NO: 399- 108 VH4.M4-hulgG1

[00235] EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHW VRQAPGQGLEWMGM

IDASDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARLGRYYFDYWGQGTT
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
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SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVES
CSVMHEALHNHYTQKSLSLSPGK

[00236] SEQ ID NO: 400- 108 VH4.M4-hlgG2

[00237] EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHW VRQAPGQGLEWMGM
IDASDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARLGRYYFDYWGQGTT
VTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVS
VLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

[00238] SEQ ID NO: 401- 108 VH4.M4-hIgG4PE

[00239] EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHW VRQAPGQGLEWMGM
IDASDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVY YCARLGRYYFDYWGQGTT
VTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVV
SVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSV
MHEALHNHYTQKSLSLSLGK

[00240] SEQ ID NO: 403- 108VH4.M4-hlgG4P

[00241] EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHW VRQAPGQGLEWMGM
IDASDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARLGRYYFDYWGQGTT
VTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVV
SVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSV
MHEALHNHYTQKSLSLSLGK

[00242] SEQ ID NO: 402- 108VL1.M1-hIgKCL

[00243] EIVLTQSPATLSLSPGERATLSCRASENVGTYISWYQQKPGQAPRLLIYGASN
RYTGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCGESYGHLYTFGGGTKVEIKRTVAAPSVFIF
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PPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00244] SEQ ID NO: 381- 107VH1

[00245] EVQLVQSGAEVKKPGSSVKVSCKASGFNIEDTYMHW VRQAPGQGLEWMGM
IDPANGKTKYGPRFQDRVTITADKSTSTAYMELSSLRSEDTAVYYCARGIGYYVGAMDYWG
QGTTVTVSS

[00246] SEQ ID NO: 382- 107VH2

[00247] EVQLVQSGAEVKKPGSSVKVSCKASGFNIEDTYMHW VRQAPGQGLEWIGMI
DPANGKTKYGPRFQDRVTITADKSTSTAYMELSSLRSEDTAVYYCADGIGYYVGAMDYWG
QGTTVTVSS

[00248] SEQ ID NO: 383- 107VH3

[00249] EVQLVQSGAEVKKPGSSVKVSCKASGFNIEDTYMHW VRQAPGQGLEWIGMI
DPANGKTKYGPRFQDRATVTADKSTSTAYMELSSLRSEDTAVYYCADGIGYYVGAMDYWG
QGTTVTVSS

[00250] SEQ ID NO: 385- 107VL1

[00251] DIQMTQSPSSLSASVGDRVTITCHASQNINVWLSWYQQKPGKAPKLLIYKAS

NLHTGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGHSYPYTFGGGTKVEIK

[00252] SEQ ID NO: 386- 107VL1-M1

[00253] DIQMTQSPSSLSASVGDRVTITCRASQNINVWLSWYQQKPGKAPKLLIYKAS

NLHTGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGHSYPYTFGGGTKVEIK

[00254] SEQ ID NO: 387- 107VL2.M1

[00255] DIQMTQSPSSLSASVGDRITITCRASQNINVWLSWYQQKPGKAPKLLIYKASN

LHTGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGHSYPYTFGGGTKLEIK

[00256] Any suitable procedure known in the art may be used for making monoclonal
antibodies directed against CD47, or against derivatives, fragments, analogs homologs or orthologs
thereof. (See, e.g., Antibodies: A Laboratory Manual, Harlow E, and Lane D, 1988, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY). Fully human antibodies are antibody molecules
in which the entire sequence of both the light chain and the heavy chain, including the CDRs, arise
from human genes. Such antibodies are termed “human antibodies” or “fully human antibodies”
herein. Human monoclonal antibodies are prepared, for example, using the procedures described in
the Examples provided below. Human monoclonal antibodies can be also prepared by using the
trioma technique; the human B-cell hybridoma technique (Kozbor, et al., 1983 Immunol Today 4: 72);
and the EBV hybridoma technique to produce human monoclonal antibodies (Cole, et al., 1985 In:
MONOCLONAL ANTIBODIES AND CANCER THERAPY, Alan R. Liss, Inc., pp. 77-96). Human
monoclonal antibodies may be utilized and may be produced by using human hybridomas (Cote, et

al., 1983. Proc Natl Acad Sci USA 80: 2026-2030) or by transforming human B-cells with Epstein
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Barr Virus in vitro (Cole, et al., 1985 In: MONOCLONAL ANTIBODIES AND CANCER
THERAPY, Alan R. Liss, Inc., pp. 77-96).

[00257] DNA sequence of human CD47 is known in the art. A DNA sequence of human
CDA47 is provided as SEQ ID NO: 412.

[00258] Antibodies may be purified by well-known techniques, such as affinity
chromatography using protein A or protein G, which provide primarily the IgG fraction of immune
serum. Subsequently, or alternatively, the specific antigen which is the target of the immunoglobulin
sought, or an epitope thereof, may be immobilized on a column to purify the immune specific
antibody by immunoaffinity chromatography. Purification of immunoglobulins is discussed, for
example, by D. Wilkinson (The Scientist, published by The Scientist, Inc., Philadelphia PA, Vol. 14,
No. 8 (April 17, 2000), pp. 25-28).

[00259] Monoclonal antibodies that modulate, block, inhibit, reduce, antagonize, neutralize or
otherwise interfere with CD47- and/or CD47/SIRPa-mediated cell signaling are generated, e.g., by
immunizing an animal with membrane bound and/or soluble CD47, such as, human CD47 or an
immunogenic fragment, derivative or variant thereof.

[00260] Alternatively, the animal is immunized with cells transfected with a vector containing
a nucleic acid molecule encoding CD47 such that CD47 is expressed and associated with the surface
of the transfected cells. Alternatively, the antibodies are obtained by screening a library that contains
antibody or antigen binding domain sequences for binding to CD47. This library is prepared, e.g. in
bacteriophage as protein or peptide fusions to a bacteriophage coat protein that is expressed on the
surface of assembled phage particles and the encoding DNA sequences contained within the phage
particles (i.e. “phage displayed library™). Hybridomas resulting from myeloma/B cell fusions are then
screened for reactivity to CD47.

[00261] Monoclonal antibodies are prepared, for example, using hybridoma methods, such as
those described by Kohler and Milstein, Nature, 256:495 (1975). In a hybridoma method, a mouse,
hamster, or other appropriate host animal, is typically immunized with an immunizing agent to elicit
lymphocytes that produce or are capable of producing antibodies that will specifically bind to the
immunizing agent. Alternatively, the lymphocytes can be immunized in vitro.

[00262] The immunizing agent will typically include the protein antigen, a fragment thereof,
or a fusion protein thereof. Generally, either peripheral blood lymphocytes are used if cells of human
origin are desired, or spleen cells or lymph node cells are used if non- human mammalian sources are
desired. The lymphocytes are then fused with an immortalized cell line using a suitable fusing agent,
such as polyethylene glycol, to form a hybridoma cell (Coding, Monoclonal Antibodies: Principles
and Practice, Academic Press, (1986) pp. 59-103). Immortalized cell lines are usually transformed
mammalian cells, particularly myeloma cells of rodent, bovine and human origin. Usually, rat or

mouse myeloma cell lines are employed. The hybridoma cells can be cultured in a suitable culture
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medium that preferably contains one or more substances that inhibit the growth or survival of the
unfused, immortalized cells. For example, if the parental cells lack the enzyme hypoxanthine guanine
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will
include hypoxanthine, aminopterin, and thymidine (“HAT medium”™), which substances prevent the
growth of HGPRT-deficient cells.

[00263] Immortalized cell lines that fuse efficiently, support stable high-level expression of
antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT
medium may be used. Other immortalized cell lines that may be used are murine myeloma lines,
which can be obtained, for instance, from the Salk Institute Cell Distribution Center, San Diego,
California and the American Type Culture Collection, Manassas, Virginia. Human myeloma and
mouse-human heteromyeloma cell lines also have been described for making monoclonal antibodies.
(Kozbor, J. Immunol., 133:3001 (1984); Brodeur et al., Monoclonal Antibody Production Techniques
and Applications, Marcel Dekker, Inc., New York, (1987) pp. 51-63)).

[00264] The culture medium in which the hybridoma cells are cultured can then be assayed
for the presence of monoclonal antibodies directed against the antigen. Preferably, the binding
specificity of monoclonal antibodies produced by the hybridoma cells is determined by
immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-
linked immunoabsorbent assay (ELISA). Such techniques and assays are known in the art. The
binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard
analysis of Munson and Pollard, Anal. Biochem., 107:220 (1980). Moreover, in therapeutic
applications of monoclonal antibodies, it is important to identify antibodies having a high degree of
specificity and a high binding affinity for the target antigen.

[00265] After the desired hybridoma cells are identified, the clones can be subcloned by
limiting dilution procedures and grown by standard methods. (Coding, Monoclonal Antibodies:
Principles and Practice, Academic Press, (1986) pp. 59-103). Suitable culture media for this purpose
include, for example, Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. Alternatively,
the hybridoma cells can be grown in vivo as ascites in a mammal.

[00266] The monoclonal antibodies secreted by the subclones can be isolated or purified from
the culture medium or ascites fluid by conventional immunoglobulin purification procedures such as,
for example, protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or
affinity chromatography.

[00267] Monoclonal antibodies can also be made by recombinant DNA methods, such as
those described in U.S. Patent No. 4,816,567. DNA encoding the disclosed monoclonal antibodies can
be 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 murine

antibodies). The hybridoma cells producing a disclosed antibody serve as an excellent source of such
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DNA. Once isolated, the DNA can be placed into expression vectors, which are then transfected into
host cells such as Chinese hamster ovary (CHO) cells, Human Embryonic Kidney (HEK) 293 cells,
simian COS cells, PER.C6®, NSO cells, SP2/0, YB2/0, or myeloma cells that do not otherwise
produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant
host cells. The DNA also can be modified, for example, by substituting the coding sequence for
human heavy and light chain constant domains in place of the homologous murine sequences (see
U.S. Patent No. 4,816,567; Morrison, Nature 368, 812- 13 (1994)) or by covalently joining to the
immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin
polypeptide. Such a non-immunoglobulin polypeptide can be substituted for the constant domains of a
disclosed antibody or can be substituted for the variable domains of one antigen-combining site of a
disclosed antibody to create a chimeric bivalent antibody.

[00268] The antibodies disclosed herein include fully human antibodies or humanized
antibodies. These antibodies are suitable for administration to humans without engendering an
immune response by the human against the administered immunoglobulin.

[00269] An anti-CD47 antibody is generated, for example, using the procedures described in
the Examples provided below. For example, disclosed anti-CD47 antibodies are identified using a
modified immunization strategy in mice and subsequent hybridoma generation.

[00270] In alternative methods, an anti-CD47 antibody is developed, for example, using
phage-display methods using antibodies containing only human sequences. Such approaches are well-
known in the art, e.g., in W092/01047 and U.S. Pat. No. 6,521,404. In this approach, a combinatorial
library of phage carrying random pairs of light and heavy chains are screened using natural or
recombinant source of cd47 or fragments thereof. In another approach, an anti-CD47 antibody can be
produced by a process wherein at least one step of the process includes immunizing a transgenic, non-
human animal with human CD47 protein. In this approach, some of the endogenous heavy and/or
kappa light chain loci of this xenogenic non-human animal have been disabled and are incapable of
the rearrangement required to generate genes encoding immunoglobulins in response to an antigen. In
addition, at least one human heavy chain locus and at least one human light chain locus have been
stably transfected into the animal. Thus, in response to an administered antigen, the human loci
rearrange to provide genes encoding human variable regions immunospecific for the antigen. Upon
immunization, therefore, the xenomouse produces B -cells that secrete fully human immunoglobulins.
[00271] A variety of techniques are well-known in the art for producing xenogenic non-
human animals. For example, see U.S. Pat. No. 6,075,181 and No. 6,150,584. This general strategy
was demonstrated with the first XenoMouse™ strains as published in 1994. See Green et al., Nature
Genetics 7: 13-21 (1994). See also U.S. Patent Nos. 6,162,963; 6,150,584; 6,114,598; 6,075,181; and
5,939,598 and Japanese Patent Nos. 3 068 180 B2, 3 068 506 B2, and 3 068 507 B2 and European
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Patent No., EP 0 463 151 B I and International Patent Applications No. WO 94/02602, WO 96/34096,
WO 98/24893, WO 00/76310 and related family members.

[00272] In an alternative approach, others have utilized a “minilocus™ approach in which an
exogenous Ig locus is mimicked through the inclusion of pieces (individual genes) from the Ig locus.
Thus, one or more VH genes, one or more DH genes, one or more JH genes, a mu constant region,
and a second constant region (preferably a gamma constant region) are formed into a construct for
insertion into an animal. See e.g., U.S. Patent Nos. 5,545,806; 5,545,807; 5,591,669; 5,612,205;
5,625,825; 5,625,126; 5,633,425; 5,643,763; 5,661,016; 5,721,367; 5,770,429; 5,789,215; 5,789,650;
5,814,318; 5,877; 397; 5,874,299; 6,023,010; and 6,255,458; and European Patent No. 0 546 073 Bl;
and International Patent Application Nos. WO 92/03918, WO 92/22645, WO 92/22647, WO
92/22670, WO 93/12227, WO 94/00569, WO 94/25585, WO 96/14436, WO 97/13852, and WO
98/24884 and related family members.

[00273] Generation of human antibodies from mice in which, through microcell fusion, large
pieces of chromosomes, or entire chromosomes, have been introduced, has also been demonstrated.
See European Patent Application No.773 288 and 843 961. Human anti-mouse antibody (HAMA)
responses have led the industry to prepare chimeric or otherwise humanized antibodies. While
chimeric antibodies have a human constant region and an immune variable region, it is expected that
certain human anti-chimeric antibody (HACA) responses will be observed, particularly in chronic or
multi- dose utilizations of the antibody. Thus, this disclosure provides fully human antibodies against
CD47 to vitiate or otherwise mitigate concerns and/or effects of HAMA or HACA response.
[00274] The production of antibodies with reduced immunogenicity is also accomplished via
humanization, chimerization and display techniques using appropriate libraries. It will be appreciated
that murine antibodies or antibodies from other species can be humanized or primatized using
techniques well known in the art. See e.g., Winter and Harris Immunol Today 14:43 46 (1993) and
Wright et al. Crit, Reviews in Immunol. 12125- 168 (1992). The antibody of interest may be
engineered by recombinant DNA techniques to substitute the CH1, CH2, CH3, hinge domains, and/or
the framework domain with the corresponding human sequence (See WO 92102190 and U.S. Patent
No. 5,530,101, 5,585,089, 5,693,761, 5,693,792, 5,714,350, and 5,777,085). Also, the use of Ig cDNA
for construction of chimeric immunoglobulin genes is known in the art (Liu ef al. P.N.A.S. 84:3439
(1987) and J. Immunol. 139:3521 (1987)). mRNA is isolated from a hybridoma or other cell
producing the antibody and used to produce cDNA. The cDNA of interest may be amplified by the
polymerase chain reaction using specific primers (U.S. Pat. No. 4,683,195 and 4,683,202).
Alternatively, a library is made and screened to isolate the sequence of interest. The DNA sequence
encoding the variable region of the antibody is then fused to human constant region sequences. The
sequences of human constant regions genes may be found in Kabat et al. (1991) Sequences of

Proteins of immunological Interest, N.I.H. publication no. 91-3242. Human C region genes are readily
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available from known clones. The choice of isotype will be guided by the desired effecter functions,
such as complement fixation, or activity in antibody-dependent cellular cytotoxicity. Preferred
isotypes are IgG, IgG», IgGa, and IgGa. Either of the human light chain constant regions, kappa or
lambda, may be used. The chimeric, humanized antibody is then expressed by conventional methods.
[00275] Antibody fragments, such as Fv, F(ab'), and Fab may be prepared by cleavage of the
intact protein, e.g., by protease or chemical cleavage. Alternatively, a truncated gene is designed. For
example, a chimeric gene encoding a portion of the F(ab'), fragment would include DNA sequences
encoding the CHI domain and hinge region of the H chain, followed by a translational stop codon to
yield the truncated molecule.

[00276] Consensus sequences of H, L and J regions may be used to design oligonucleotides
for use as primers to introduce useful restriction sites into the J region for subsequent linkage of V
region segments to human C region segments. C region cDNA can be modified by site directed
mutagenesis to place a restriction site at the analogous position in the human sequence.

[00277] Expression vectors include plasmids, retroviruses, YACs, EBV derived episomes, and
the like. A convenient vector is one that encodes a functionally complete human Cy or Cr.
immunoglobulin sequence, with appropriate restriction sites engineered so that any Vu or Vi sequence
can be easily inserted and expressed. In such vectors, splicing usually occurs between the splice donor
site in the inserted J region and the splice acceptor site preceding the human C region, and at the
splice regions that occur within the human Cy exons. Polyadenylation and transcription termination
occur at native chromosomal sites downstream of the coding regions. The resulting chimeric antibody
may be joined to any strong promoter, including retroviral LTRs, e.g., SV-40 early promoter,
(Okayama et al. Mol. Cell. Bio. 3:280 (1983)), Rous sarcoma virus LTR (Gorman et al. P.N.A.S.
79:6777 (1982)), and Moloney murine leukemia virus LTR (Grosschedl et al. Cell 41:885 (1985)).
Also, native Ig promoters and the like may be used.

[00278] Further, human antibodies or antibodies from other species can be generated through
display type technologies, including, without limitation, phage display, retroviral display, ribosomal
display, and other techniques, using techniques well known in the art and the resulting molecules can
be subjected to additional maturation, such as affinity maturation, as such techniques are well known
in the art. Wright et al. Crit, Reviews in Immunol. 12125-168 (1992), Hanes and Pluckthun PNAS
USA 94:4937-4942 (1997) (ribosomal display), Parmley and Smith Gene 73:305-318 (1988) (phage
display), Scott, TIBS, vol. 17:241-245 (1992), Cwirla et al. PNAS USA 87:6378-6382 (1990), Russel
et al. Nucl. Acids Research 21: 1081-1085 (1993), Hoganboom et al. Immunol. Reviews 130:43- 68
(1992), Chiswell and McCafferty TIBTECH; 10:80-8A (1992), and U.S. Patent No. 5,733,743. If
display technologies are utilized to produce antibodies that are not human, such antibodies can be

humanized as described above.
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[00279] Using these techniques, antibodies can be generated to CD47 expressing cells, soluble
forms of CD47, epitopes or peptides thereof, and expression libraries thereto (See e.g., U.S. Patent

No. 5,703,057) which can thereafter be screened as described above for the activities described

herein.

[00280] The disclosed anti-CD47 antibodies can be expressed by a vector containing a DNA
segment, such as one encoding the single chain antibody described above. Any suitable vector may be
used.

[00281] These can include vectors, liposomes, naked DNA, adjuvant-assisted DNA, gene gun,

catheters, etc. Vectors include chemical conjugates such as described in WO 93/64701, which has
targeting moiety (e.g. a ligand to a cellular surface receptor), and a nucleic acid binding moiety (e.g.
polylysine), viral vector (e.g. a DNA or RNA viral vector), fusion proteins such as described in
PCT/US95/02140 (WO 95/22618) which is a fusion protein containing a target moiety (e.g. an
antibody specific for a target cell) and a nucleic acid binding moiety (e.g. a protamine), plasmids,
phage, etc. The vectors can be chromosomal, non-chromosomal or synthetic.

[00282] Exemplary vectors include viral vectors, fusion proteins and chemical conjugates.
Retroviral vectors include Moloney murine leukemia viruses. DNA viral vectors may be used. These
vectors include pox vectors such as orthopox or avipox vectors, herpesvirus vectors such as a herpes
simplex I virus (HSV) vector (see Geller, A. L. et al., J. Neurochem, 64:487 (1995); Lim, F., et al., in
DNA Cloning: Mammalian Systems, D. Glover, Ed. (Oxford Univ. Press, Oxford England) (1995);
Geller, A. L. et al., Proc Natl. Acad. Sci.: U.S.A. 90:7603 (1993); Geller, A. L, et al., Proc Natl. Acad.
Sci USA 87: 1149 (1990), Adenovirus Vectors (see LeGal LaSalle et al., Science, 259:988 (1993);
Davidson, et al., Nat. Genet 3:219 (1993); Yang, et al., J. Virol. 69:2004 (1995) and Adeno-
associated Virus Vectors (see Kaplitt, M. G., et al., Nat. Genet. 8: 148 (1994).

[00283] Pox viral vectors introduce the gene into the cells cytoplasm. Avipox virus vectors
result in only a short-term expression of the nucleic acid. Adenovirus vectors, adeno-associated virus
vectors and herpes simplex virus (HSV) vectors are preferred for introducing the nucleic acid into
neural cells. The adenovirus vector results in a shorter term expression (about 2 months) than adeno-
associated virus (about 4 months), which in turn is shorter than HSV vectors. The particular vector
chosen will depend upon the target cell and the condition being treated. The introduction can be by
standard techniques, e.g. infection, transfection, transduction or transformation. Examples of modes of
gene transfer include e.g., naked DNA, CaP04 precipitation, DEAE dextran, electroporation,
protoplast fusion, lipofection, cell microinjection, and viral vectors.

[00284] The vector can be employed to target essentially any desired target cell. For example,
stereotaxic injection can be used to direct the vectors (e.g. adenovirus, HSV) to a desired location.
Additionally, the particles can be delivered by intracerebroventricular (icv) infusion using a minipump

infusion system, such as a SynchroMed Infusion System. A method based on bulk flow, termed
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convection, has also proven effective at delivering large molecules to extended areas of the brain and
may be useful in delivering the vector to the target cell. (See Bobo et al., Proc. Natl. Acad. Sci. USA
91:2076-2080 (1994); Morrison et al., Am. J. Physiol. 266:292-305 (1994)). Other methods that can
be used include catheters, intravenous, parenteral, intraperitoneal and subcutaneous injection, and oral
or other known routes of administration.

[00285] These vectors can be used to express large quantities of antibodies that can be used in
a variety of ways. For example, to detect the presence of CD47 in a sample. The antibody can also be
used to try to bind to and disrupt CD47- and/or the CD47/SIRPa interaction and CD47/SIRPa-
mediated signaling.

[00286] Prokaryotic cells, such as E. coli and Bacillus, yeast cells, such as Sacharomyces
cerevisiae, and plant cells are provided that bear a vector comprising a nucleic acid encoding a
disclosed antibody. In some embodiments, such cell expresses the disclosed antibody. Mammalian
cell lines that normally do not bear nucleic acids encoding a disclosed antibody are also provided.
These mammalian cells lines bear a vector comprising a nucleic acid encoding a disclosed antibody.
In some embodiments, such cell lines express the disclosed antibody.

[00287] Techniques can be adapted for the production of single-chain antibodies specific to an
antigenic protein of this disclosure (see e.g., U.S. Patent No. 4,946,778). In addition, methods can be
adapted for the construction of Fab expression libraries (see e.g., Huse, et al., 1989 Science 246:
1275-1281) to allow rapid and effective identification of monoclonal Fab fragments with the desired
specificity for a protein or derivatives, fragments, analogs or homologs thereof. Antibody fragments
that contain the idiotypes to a protein antigen may be produced by techniques known in the art
including, but not limited to: (i) an F(ab'), fragment produced by pepsin digestion of an antibody
molecule; (ii) an Fab fragment generated by reducing the disulfide bridges of an F(a")2 fragment; (iii)
an Fab fragment generated by the treatment of the antibody molecule with papain and a reducing
agent and (iv) Fv fragments.

[00288] The disclosed anti-CD47 antibodies also includes Fv, Fab, Fab' and F(ab"), CD47
fragments, single chain CD47 antibodies, single domain antibodies (e.g., nanobodies or VHHs),
bispecific CD47 antibodies, and heteroconjugate CD47 antibodies.

[00289] Bispecific antibodies are antibodies that have binding specificities for at least two
different antigens. In the present case, one of the binding specificities is for CD47. The second

binding target is any other antigen, and advantageously is a cell-surface protein or receptor or receptor

subunit.
[00290] Methods for making bispecific antibodies are known in the art.
[00291] Traditionally, the recombinant production of bispecific antibodies is based on the co-

expression of two immunoglobulin heavy-chain/light-chain pairs, where the two heavy chains have

different specificities (Milstein and Cuello, Nature, 305:537-539 (1983)). Because of the random
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assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a
potential mixture of ten different antibody molecules, of which only one has the correct bispecific
structure. The purification of the correct molecule is usually accomplished by affinity chromatography
steps. Similar procedures are disclosed in WO 93/08829, published 13 May 1993, and in Traunecker
etal., EMBO J., 10:3655- 3659 (1991).

[00292] Antibody variable domains with the desired binding specificities (antibody-antigen
combining sites) can be fused to immunoglobulin constant domain sequences. The fusion preferably
is with an immunoglobulin heavy-chain constant domain, 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 co-transfected into a suitable host organism. For further details of
generating bispecific antibodies see, for example, Suresh et al., Methods in Enzymology, 121:210
(1986).

[00293] According to another approach described in WO 96/27011, the interface between a
pair of antibody molecules can be engineered to maximize the percentage of heterodimers which are
recovered from recombinant cell culture. The preferred interface comprises at least a part of the CH3
region of an antibody constant domain. In this method, one or more small amino acid side chains from
the interface of the first antibody molecule are replaced with larger side chains (e.g. tyrosine or
tryptophan). Compensatory “cavities” of identical or similar size to the large side chain(s) are created
on the interface of the second antibody molecule by replacing large amino acid side chains with
smaller ones (e.g. alanine or threonine). This provides a mechanism for increasing the yield of the
heterodimer over other unwanted end-products such as homodimers.

[00294] Bispecific antibodies can be prepared as full-length antibodies or antibody fragments
(e.g. F(ab"), bispecific antibodies). Techniques for generating bispecific antibodies from antibody
fragments have been described in the literature. For example, bispecific antibodies can be prepared
using chemical linkage. Brennan et al., Science 229:81 (1985) describe a procedure in which intact
antibodies are proteolytically cleaved to generate F(ab'), fragments. These fragments are reduced in
the presence of the dithiol complexing agent sodium arsenite to stabilize vicinal dithiols and prevent
intermolecular disulfide formation. The Fab' fragments generated are then converted to
thionitrobenzoate (TNB) derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'-
thiol by reduction with mercaptoethylamine and is mixed with an equimolar amount of the other Fab'-
TNB derivative to form the bispecific antibody. The bispecific antibodies produced can be used as
agents for the selective immobilization of enzymes.

[00295] Additionally, Fab' fragments can be directly recovered from E. coli and chemically
coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med. 175:217-225 (1992) describe the
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production of a fully humanized bispecific antibody F(ab'), molecule. Each Fab' fragment was
separately secreted from E. coli and subjected to directed chemical coupling in vitro to form the
bispecific antibody. The bispecific antibody thus formed was able to bind to cells overexpressing the
ErbB2 receptor and normal human T cells, as well as trigger the lytic activity of human cytotoxic
lymphocytes against human breast tumor targets.

[00296] Various techniques for making and isolating bispecific antibody fragments directly
from recombinant cell culture have also been described. For example, bispecific antibodies have been
produced using leucine zippers. Kostelny et al., J. Immunol. 148(5): 1547-1553 (1992). The leucine
zipper peptides from the Fos and Jun proteins were linked to the Fab' portions of two different
antibodies by gene fusion. The antibody homodimers were reduced at the hinge region to form
monomers and then re-oxidized to form the antibody heterodimers. This method can also be utilized
to make antibody homodimers. The “diabody” technology described by Hollinger ez al., Proc. Natl.
Acad. Sci. USA 90:6444-6448 (1993) has provided an alternative mechanism for making bispecific
antibody fragments. The fragments comprise a heavy-chain variable domain connected to a light-
chain variable domain by a linker which is too short to allow pairing between the two domains on the
same chain. Accordingly, the Vy and Vi domains of one fragment are forced to pair with the
complementary Vi and Vu domains of another fragment, thereby forming two antigen-binding sites.
Another strategy for making bispecific antibody fragments with single-chain Fv (sFv) dimers has also
been reported. Gruber et al., J. Immunol. 152:5368 (1994).

[00297] Antibodies with more than two valencies are contemplated. For example, trispecific
antibodies can be prepared. Tutt et al., J. Immunol. 147:60 (1991).

[00298] Exemplary bispecific antibodies can bind to two different epitopes, at least one of
which originates in the protein antigen CD47. Alternatively, an anti- antigenic arm of an
immunoglobulin molecule can be combined with an arm which binds to a triggering molecule on a
leukocyte such as a T-cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or Fc receptors for IgG
(FcyR), such as FcyRI (CD64), FeyRII (CD32) and FcyRIII (CD 16) so as to focus cellular defense
mechanisms to the cell expressing the particular antigen. Bispecific antibodies can also be used to
direct cytotoxic agents to cells which express a particular antigen. These antibodies possess an
antigen-binding arm and an arm which binds a cytotoxic agent or a radionuclide chelator, such as
EOTUBE, DPTA, DOTA, or TETA. Another bispecific antibody of interest binds the protein antigen
described herein and further binds tissue factor (TF).

[00299] Heteroconjugate antibodies are also within the scope. Heteroconjugate antibodies are
composed of two covalently joined antibodies. Such antibodies have, for example, been proposed to
target immune system cells to unwanted cells (see U.S. Patent No. 4,676,980), and for treatment of
HIV infection (see WO 91/00360; WO 92/200373; EP 03089). It is contemplated that the antibodies

can be prepared in vitro using known methods in synthetic protein chemistry, including those
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involving crosslinking agents. For example, immunotoxins can be constructed using a disulfide
exchange reaction or by forming a thioether bond. Examples of suitable reagents for this purpose
include iminothiolate and methyl-4-mercaptobutyrimidate and those disclosed, for example, in U.S.
Patent No. 4,676,980.

[00300] It can be desirable to modify the disclosed antibody regarding effector function, so as
to enhance, e.g., the effectiveness of the antibody in treating diseases and disorders associated with
aberrant CD47 signaling. For example, cysteine residue(s) can be introduced into the Fc region,
thereby allowing interchain disulfide bond formation in this region. The homodimeric antibody thus
generated can have improved internalization capability and/or increased complement-mediated cell
killing and antibody-dependent cellular cytotoxicity (ADCC). (See Caron et al., J. Exp Med., 176:
1191-1195 (1992) and Shopes, J. Immunol., 148: 2918-2922 (1992)). Alternatively, an antibody can
be engineered that has dual Fc regions and can thereby have enhanced complement lysis and ADCC
capabilities. (See Stevenson et al., Anti-Cancer Drug Design, 3: 219-230 (1989)).

[00301] Immunoconjugates comprising an antibody disclosed herein conjugated to a cytotoxic
agent such as a toxin (e.g., an enzymatically active toxin of bacterial, fungal, plant, or animal origin,
or fragments thereof), or a radioactive isotope (i.e., a radioconjugate) are also provided.

[00302] Enzymatically active toxins and fragments thereof that can be used include diphtheria
A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas
aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins,
dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and PAP-S), momordica charantia
inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin,
enomycin, and the tricothecenes. A variety of radionuclides are available to make radioconjugated
antibodies. Examples include 212Bi, 1311, 1311In, 90Y, and 186Re.

[00303] Conjugates of the antibody and cytotoxic agent are made using a variety of
bifunctional protein-coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP),
iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCL),
active esters (such as disuccinimidyl suberate), aldehydes (such as glutareldehyde), bis-azido
compounds (such as bis (p-azidobenzoyl) hexanediamine), bis- diazonium derivatives (such as bis-(p-
diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active
fluorine compounds (such as 1,5-difluoro- 2,4-dinitrobenzene). For example, a ricin immunotoxin can
be prepared as described in Vitetta et al., Science 238: 1098 (1987). Carbon- 14-labeled 1-
isothiocyanatobenzyl-3- methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary
chelating agent for conjugation of radionucleotide to the antibody. (See W094/11026).

[00304] A large variety of possible moieties can be coupled to the resultant antibodies of this
disclosure. (See, for example, “Conjugate Vaccines”, Contributions to Microbiology and

Immunology, J. M. Cruse and R. E. Lewis, Jr (eds), Carger Press, New York, (1989)).
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[00305] Coupling may be accomplished by any chemical reaction that will bind the two
molecules so long as the antibody and the other moiety retain their respective activities. This linkage
can include many chemical mechanisms, for instance covalent binding, affinity binding, intercalation,
coordinate binding and complexation. The preferred binding is, however, covalent binding. Covalent
binding can be achieved either by direct condensation of existing side chains or by the incorporation
of external bridging molecules. Many bivalent or polyvalent linking agents are useful in coupling
protein molecules, such as the disclosed antibodies, to other molecules. For example, representative
coupling agents can include organic compounds such as thioesters, carbodiimides, succinimide esters,
diisocyanates, glutaraldehyde, diazobenzenes and hexamethylene diamines. This listing is not
intended to be exhaustive of the various classes of coupling agents known in the art but, rather, is
exemplary of the more common coupling agents. (See Killen and Lindstrom, Jour. Immun. 133: 1335-
2549 (1984); Jansen et al., Immunological Reviews 62: 185-216 (1982); and Vitetta et al., Science
238: 1098 (1987). Other linkers are described in the literature. (See, e.g., Ramakrishnan, S. et al.,
Cancer Res. 44:201-208 (1984) describing use of MBS (M-maleimidobenzoyl-N-hydroxysuccinimide
ester). See also U.S. Patent No. 5,030,719, describing use of halogenated acetyl hydrazide derivative
coupled to an antibody by way of an oligopeptide linker. Exemplary linkers include: (i) EDC (I1-ethyl-
3-(3- dimethylamino-propyl) carbodiimide hydrochloride; (ii) SMPT (4-succinimidyloxycarbonyl-
alpha-methyl-alpha-(2-pridyl-dithio)-toluene (Pierce Chem. Co., Cat. (21558G); (iii) SPDP
(succinimidyl-6 [3-(2-pyridyldithio) propionamidojhexanoate (Pierce Chem. Co., Cat #216510); (iv)
Sulfo-LC-SPDP (sulfosuccinimidyl 6 [3-(2- pyridyldithio)-propianamide] hexanoate (Pierce Chem.
Co. Cat. #2165-G); and (v) sulfo- NHS (N-hydroxysulfo-succinimide: Pierce Chem. Co., Cat.
#24510) conjugated to EDC.

[00306] The linkers described above contain components that have different attributes, thus
leading to conjugates with differing physio-chemical properties. For example, sulfo-NHS esters of
alkyl carboxylates are more stable than sulfo-NHS esters of aromatic carboxylates. NHS-ester
containing linkers are less soluble than sulfo-NHS esters. Further, the linker SMPT contains a
sterically hindered disulfide bond, and can form conjugates with increased stability. Disulfide
linkages, are in general, less stable than other linkages because the disulfide linkage is cleaved in
vitro, resulting in less conjugate available. Sulfo-NHS, particularly, can enhance the stability of
carbodimide couplings. Carbodimide couplings (such as EDC) when used in conjunction with sulfo-
NHS, forms esters that are more resistant to hydrolysis than the carbodimide coupling reaction alone.
[00307] Compositions and Formulations

[00308] Pharmaceutical compositions are provided that comprise a disclosed anti-CD47

antibody and a pharmaceutically acceptable excipient (carrier).
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[00309] Any suitable excipient/carrier may be used. Any suitable route of administration,
dosage, and dosing regimen of the disclosed antibody or pharmaceutical composition comprising a
disclosed antibody may be used.

[00310] The disclosed anti-CD47 antibodies (also referred to herein as “active compounds™),
and derivatives, fragments, analogs and homologs thereof, can be incorporated into pharmaceutical
compositions suitable for administration to a patient. Principles and considerations involved in
preparing such compositions, and guidance in the choice of components are provided, for example, in
Remington's Pharmaceutical Sciences: The Science And Practice Of Pharmacy 19th ed. (Alfonso R.
Gennaro, et al., editors) Mack Pub. Co., Easton, Pa.: 1995; Drug Absorption Enhancement: Concepts,
Possibilities, Limitations, And Trends, Harwood Academic Publishers, Langhorne, Pa., 1994; and
Peptide And Protein Drug Delivery (Advances In Parenteral Sciences, Vol. 4), 1991, M. Dekker, New
York.

[00311] Where antibody fragments are used, the smallest inhibitory fragment that specifically
binds to the binding domain of the target protein may be used. For example, based upon the variable-
region sequences of an antibody, peptide molecules can be designed that retain the ability to bind the
target protein sequence. Such peptides can be synthesized chemically and/or produced by recombinant
DNA technology. (see, e.g., Marasco et al., Proc. Natl. Acad. Sci. USA, 90: 7889-7893 (1993)).
[00312] As used herein, the term “pharmaceutically acceptable excipient” is intended to
include any and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like, compatible with pharmaceutical administration. Suitable
carriers/excipients are described in the most recent edition of Remington's Pharmaceutical Sciences.
Examples of such carriers or diluents include, but are not limited to, water, saline, ringer's solutions,
dextrose solution, and 5% human serum albumin.

[00313] Liposomes and non-aqueous vehicles such as fixed oils may also be used to formulate
a composition comprising a disclosed anti-CD47 antibody. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any conventional media
or agent is incompatible with the disclosed anti-CD47 antibody, use thereof in the compositions is
contemplated.

[00314] The disclosed antibodies can also be formulated as immunoliposomes. Liposomes
containing the 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. No. 4,485,045 and 4,544,545.

[00315] 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
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yield liposomes with the desired diameter. Fab' fragments of a disclosed antibody can be conjugated
to the liposomes as described in Martin et al., J. Biol. Chem., 257: 286-288 (1982) via a disulfide-
interchange reaction.

[00316] The formulations to be used for in vivo administration must be sterile. This is readily
accomplished by, for example, filtration through sterile filtration membranes.

[00317] A pharmaceutical composition is formulated to be compatible with its intended route
of administration. Examples of routes of administration of a pharmaceutical composition comprising
one or more disclosed anti-CD47 antibody (with or without additional agents, as well as a
pharmaceutical composition comprising an additional agent) include parenteral, e.g., intravenous (IV),
intradermal, subcutaneous, oral (e.g., inhalation), transdermal (i.e., topical), transmucosal, and rectal
administration. Solutions or suspensions used for parenteral, intradermal, or subcutaneous application
can include the following components: a sterile diluent such as water for injection, saline solution,
fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediaminetetraacetic acid (EDTA); buffers such as acetates,
citrates or phosphates, and agents for the adjustment of tonicity such as sodium chloride or dextrose.
The pH can be adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made
of glass or plastic.

[00318] Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous preparation
of sterile injectable solutions or dispersion. For intravenous administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor EL (BASF, Parsippany, N.J.) or phosphate
buffered saline (PBS). In all cases, the composition must be sterile and should be fluid to the extent
that easy syringeability exists. It must be stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of microorganisms such as bacteria and fungi. The
carrier/excipient can be a solvent or dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and
suitable mixtures thereof. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the case of dispersion and by the
use of surfactants. Prevention of the action of microorganisms can be achieved by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, isotonic agents are included, for example, sugars,
polyalcohols such as mannitol, sorbitol, sodium chloride in the composition. Prolonged absorption of
the injectable compositions can be brought about by including in the composition an agent which

delays absorption, for example, aluminum monostearate and gelatin.
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[00319] Sterile injectable solutions can be prepared by incorporating the disclosed anti-CD47
antibody in the required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are prepared
by incorporating the active compound into a sterile vehicle that contains a basic dispersion medium
and the required other ingredients from those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, methods of preparation are vacuum drying and freeze-
drying that yields a powder of the active ingredient plus any additional desired ingredient from a
previously sterile- filtered solution thereof.

[00320] Oral compositions generally include an inert diluent or an edible carrier. They can be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic
administration, the disclosed anti-CD47 antibody can be incorporated with excipients and used in the
form of tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for
use as a mouthwash, wherein the compound in the fluid carrier is applied orally and swished and
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant materials
can be included as part of the composition. The tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or compounds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a
disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as magnesium
stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring.

[00321] For administration by inhalation, the disclosed anti-CD47 antibody is delivered in the
form of an aerosol spray from pressured container or dispenser which contains a suitable propellant,
e.g., a gas such as carbon dioxide, or a nebulizer.

[00322] Systemic administration can also be by transmucosal or transdermal means.

[00323] For transmucosal or transdermal administration, penetrants appropriate to the barrier
to be permeated are used in the formulation. Such penetrants are generally known in the art, and
include, for example, for transmucosal administration, detergents, bile salts, and fusidic acid
derivatives. Transmucosal administration can be accomplished through the use of nasal sprays or
suppositories. For transdermal administration, the active compounds are formulated into ointments,
salves, gels, or creams as generally known in the art.

[00324] The disclosed anti-CD47 antibody can also be prepared in the form of suppositories
(e.g., with conventional suppository bases such as cocoa butter and other glycerides) or retention
enemas for rectal delivery.

[00325] In some embodiments, the disclosed anti-CD47 antibody is prepared with carriers that
will protect the disclosed anti-CD47 antibody against rapid elimination from the body, such as

sustained/controlled release formulations, including implants and microencapsulated delivery
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systems. Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, poly
anhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation
of such formulations will be apparent to those skilled in the art.

[00326] For example, the active ingredients can 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.

[00327] Sustained-release preparations can 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 y 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), and poly-D-(-)-3-hydroxybutyric acid.
While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of
molecules for over 100 days, certain hydrogels release proteins for shorter time periods.

[00328] The materials can also be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected cells with
monoclonal antibodies to viral antigens) and can also be used as pharmaceutically acceptable carriers.
These can be prepared according to methods known to those skilled in the art, for example, as
described in U.S. Patent No. 4,522,811.

[00329] Oral or parenteral compositions may be formulated in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as used herein refers to physically discrete
units suited as unitary dosages for the subject to be treated; each unit containing a predetermined
quantity of active compound calculated to produce the desired therapeutic effect in association with
the required pharmaceutical carrier. The specification for the dosage unit forms are dictated by and
directly dependent on the unique characteristics of the active compound and the particular therapeutic
effect to be achieved, and the limitations inherent in the art of compounding such an active compound
for the treatment of individuals. The pharmaceutical compositions can be included in a container,
pack, or dispenser together with instructions for administration.

[00330] These pharmaceutical compositions can be included in kits, such as, for example,
diagnostic kits.

[00331] Combination Therapy
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[00332] In some embodiments, the anti-CD47 antibodies described herein are administered to
a patient with one or more additional agents. Any suitable agent is contemplated.

[00333] Suitable additional agents include current pharmaceutical and/or surgical therapies for
an intended application, such as, for example, cancer. For example, the anti-CD47 antibodies can be
administered with one or more additional chemotherapeutic or anti-neoplastic agents. Alternatively,
the additional chemotherapeutic agent is radiotherapy. In some embodiments, the chemotherapeutic
agent is a cell death-inducing agent. In some embodiments, the chemotherapeutic agent induces a loss
of phospholipid asymmetry across the plasma membrane, for example causes cell surface exposure of
phosphatidylserine (PS). In some embodiments, the chemotherapeutic agent induces endoplasmic
reticulum (ER) stress. In some embodiments, the chemotherapeutic agent is a proteasome inhibitor. In
some embodiments, the chemotherapeutic agent induces the translocation of ER proteins to the cell
surface. In some embodiments, the chemotherapeutic agent induces the translocation and cell surface
exposure of calreticulin.

[00334] In some embodiments, the anti-CD47 antibody and additional agent are formulated
into a single therapeutic composition, and a disclosed anti-CD47 antibody and additional agent are
administered simultaneously. Alternatively, a disclosed anti-CD47 antibody and additional agent are
separate from each other, e.g., each is formulated into a separate therapeutic composition, and the
disclosed anti-CD47 antibody and the additional agent are administered simultaneously, or at different
times during a treatment regimen. For example, the anti-CD47 antibody is administered prior to or
subsequent to the administration of the additional agent or the anti-CD47 antibody and the additional
agent are administered in an alternating fashion. The disclosed anti-CD47 antibody and additional
agent may be administered in single doses or in multiple doses.

[00335] The formulation can also contain more than one active compound as necessary for the
particular indication being treated, preferably those with complementary activities that do not
adversely affect each other. Alternatively, or in addition, the composition can comprise an agent that
enhances its function, such as, for example, a cytotoxic agent, cytokine, chemotherapeutic agent, or
growth-inhibitory agent. Such molecules are suitably present in combination in amounts that are
effective for the purpose intended.

[00336] In certain embodiments, the active compounds (which includes a disclosed anti-CD47
antibody) are administered in combination therapy, i.e., combined with other agents, e.g., therapeutic
agents, that are useful for treating pathological conditions or disorders, such as various forms of
cancer, autoimmune disorders and inflammatory diseases. The term “in combination” in this context
means that the agents are given substantially contemporaneously, either simultaneously or
sequentially. If given sequentially, at the onset of administration of the second compound, the first of

the two compounds may still be detectable at effective concentrations at the site of treatment.
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[00337] For example, the combination therapy can include one or more disclosed anti-CD47
antibodies coformulated with, and/or coadministered with, one or more additional therapeutic agents,
e.g., one or more cytokine and growth factor inhibitors, immunosuppressants, anti-inflammatory
agents, metabolic inhibitors, enzyme inhibitors, and/or cytotoxic or cytostatic agents, as described in
more detail below. Such combination therapies may advantageously utilize lower dosages of the
administered therapeutic agents, thus avoiding possible toxicities or complications associated with the
various monotherapies.

[00338] In other embodiments, the disclosed anti-CD47 antibodies are used as vaccine
adjuvants against autoimmune disorders, inflammatory diseases, etc. The combination of adjuvants
for treatment of these types of disorders are suitable for use in combination with a wide variety of
antigens from targeted self-antigens, i.e., autoantigens, involved in autoimmunity, e.g., myelin basic
protein; inflammatory self-antigens, e.g., amyloid peptide protein, or transplant antigens, e.g.,
alloantigens. The antigen may comprise peptides or polypeptides derived from proteins, as well as
fragments of any of the following: saccharides, proteins, polynucleotides or oligonucleotides,
autoantigens, amyloid peptide protein, transplant antigens, allergens, or other macromolecular
components. In some instances, more than one antigens are included in the antigenic composition.
[00339] Gene therapy vectors known in the art may also be employed with the vectors bearing
a nucleic acid encoding a disclosed anti-CD47 antibody and the antibody may be expressed by
suitable expression system inside a human patient.

[00340] Methods of Using the Disclosed anti-CD47 Antibodies and Compositions
[00341] The anti-CD47 antibodies described herein are useful in treating, delaying the
progression of, preventing relapse of, or alleviating a symptom of a cancer or other neoplastic
condition; such as, for example, treating hematological malignancies and/or tumors.

[00342] This disclosure provides a method of treating, delaying the progression of, preventing
relapse of, or alleviating a symptom of a cancer or other neoplastic condition in a human patient with
cancer or other neoplastic condition. The method comprises administering to the patient a
therapeutically effective amount of a disclosed anti-CD47 antibody or administering to the patient a
therapeutically effective amount of a pharmaceutical composition comprising the disclosed anti-CD47
antibody and a pharmaceutical excipient and/or carrier. The method further comprises administering
one or more additional agents to the patient. In certain embodiments, the additional agent(s) is a

therapeutic agent. In certain further embodiments, the therapeutic agent(s) is an anti-cancer agent.

[00343] In certain embodiments, the CD47 antibodies described herein are used in treating
CD47* tumors.
[00344] In some embodiments, the disclosed anti-CD47 antibodies are used in treating non-

Hodgkin's lymphoma (NHL), acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML),

chronic lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML), multiple myeloma
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(MM), breast cancer, ovarian cancer, head and neck cancer, bladder cancer, melanoma, colorectal
cancer, pancreatic cancer, lung cancer, leiomyoma, leiomyosarcoma, glioma, glioblastoma. Solid
tumors include, for example, breast tumors, ovarian tumors, lung tumors, pancreatic tumors, prostate
tumors, melanoma tumors, colorectal tumors, lung tumors, head and neck tumors, bladder tumors,
esophageal tumors, liver tumors, and kidney tumors.

[00345] As used herein, “hematological cancer” refers to a cancer of the blood, and includes
leukemia, lymphoma and myeloma among others.

[00346] “Leukemia” refers to a cancer of the blood in which too many white blood cells that
are ineffective in fighting infection are made, thus crowding out the other parts that make up the
blood, such as platelets and red blood cells. It is understood that cases of leukemia are classified as
acute or chronic. Certain forms of leukemia include, by way of non-limiting example, acute
lymphocytic leukemia (ALL); acute myeloid leukemia (AML); chronic lymphocytic leukemia (CLL);
chronic myelogenous leukemia (CML); Myeloproliferative disorder/neoplasm (MPDS); and
myelodysplasia syndrome.

[00347] “Lymphoma” may refer to a Hodgkin's lymphoma, both indolent and aggressive non-
Hodgkin's lymphoma, Burkitt's lymphoma, and follicular lymphoma (small cell and large cell),
among others.

[00348] Myeloma may refer to multiple myeloma (MM), giant cell myeloma, heavy-chain
myeloma, and light chain or Bence-Jones myeloma.

[00349] In other aspects, methods are provided for alleviating a symptom of a cancer or other
neoplastic condition by administering to a subject in need thereof one or more disclosed anti-CD47
antibodies. The antibody does not cause a significant level of hemagglutination of red blood cells after
administration. The antibody is administered in an amount sufficient to alleviate the symptom of the
cancer or other neoplastic condition in the subject.

[00350] Administration of therapeutic entities would include suitable excipients, and other
agents that are incorporated into formulations to provide improved transfer, delivery, tolerance, and
the like. A multitude of appropriate formulations can be found in the formulary known to all
pharmaceutical chemists: Remington's Pharmaceutical Sciences (15th ed, Mack Publishing Company,
Easton, PA (1975)), particularly Chapter 87 by Blaug, Seymour, therein. These formulations include,
for example, powders, pastes, ointments, jellies, waxes, oils, lipids, lipid (cationic or anionic)
containing vesicles (such as Lipofectin™), DNA conjugates, anhydrous absorption pastes, oil-in-
water and water-in-oil emulsions, emulsions carbowax (polyethylene glycols of various molecular
weights), semi-solid gels, and semi-solid mixtures containing carbowax. Any of the foregoing
mixtures may be appropriate in treatments and therapies, provided that the active ingredient in the
formulation is not inactivated by the formulation and the formulation is physiologically compatible

and tolerable with the route of administration. See also Baldrick P. Regul. Toxicol Pharmacol.
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32(2):210-8 (2000), Wang W. Int. J. Pharm. 203(1-2): 1-60 (2000), Charman WN J Pharm Sci.
89(8):967-78 (2000), Powell et al. PDA J Pharm Sci Technol. 52:238-311 (1998) and the citations
therein for additional information related to formulations, excipients and carriers well known to
pharmaceutical chemists.

[00351] Symptoms associated with cancers and other neoplastic disorders include, for
example, inflammation, fever, general malaise, fever, pain, often localized to the inflamed area, loss
of appetite, weight loss, edema, headache, fatigue, rash, anemia, muscle weakness, muscle fatigue and
abdominal symptoms such as, for example, abdominal pain, diarrhea or constipation.

[00352] A therapeutically effective amount of a disclosed anti-CD47 antibody relates
generally to the amount needed to achieve a therapeutic objective. As noted above, this may be a
binding interaction between the antibody and its target antigen that, in certain cases, interferes with
the functioning of the target. A therapeutic objective includes, for example, cancer regression, cancer
cure, alleviation of one or more symptoms of cancer, and delaying death of the patient by at least one
day.

[00353] The amount of a disclosed anti-CD47 antibody required to be administered depends
on the binding affinity of the antibody for its specific antigen, and will also depend on the rate at
which an administered antibody is depleted from the free volume other subject to which it is
administered. Common ranges for therapeutically effective dosing of a disclosed anti-CD47 antibody
may be, by way of nonlimiting example, from about 0.1 mg/kg body weight to about 100 mg/kg body
weight. In some embodiments, a disclosed antibody is administered to a subject a dose of 0.1 mg/kg,
0.5 mg/kg, 1 mg/kg, 2 mg/kg, 5 mg/kg, 10 mg/kg, 15 mg/kg, 20 mg/kg, 25 mg/kg, 30 mg/kg, 50
mg/kg, 75 mg/kg, 100 mg/kg, or greater. Common dosing frequencies may range, for example, from
twice daily to once a week.

[00354] Efficaciousness of treatment is determined in association with any known method for
diagnosing or treating the disease, such as cancer. Alleviation of one or more symptoms of the disease
indicates that the antibody confers a clinical benefit and is thus therapeutically effective.

[00355] In certain embodiments, disclosed anti-CD47 antibodies, which include a monoclonal
antibody, may be used as therapeutic agents. Such agents may be employed to diagnose, prognose,
monitor, treat, alleviate, and/or prevent a disease or pathology associated with aberrant CD47
expression, activity and/or signaling in a subject. A therapeutic regimen is carried out by identifying a
subject, e.g., a human patient suffering from (or at risk of developing) a disease or disorder associated
with aberrant CD47 expression, activity and/or signaling, e.g., a cancer or other neoplastic disorder,
using standard methods. An antibody preparation, preferably one having high specificity and high
affinity for its target antigen, is administered to the subject and will generally have an effect due to its
binding with the target. Administration of the antibody may abrogate or inhibit or interfere with the

expression, activity and/or signaling function of the target (e.g., CD47). Administration of the
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antibody may abrogate or inhibit or interfere with the binding of the target (e.g., CD47) with an
endogenous ligand (e.g., SIRPa) to which it naturally binds. For example, the antibody binds to the
target and modulates, blocks, inhibits, reduces, antagonizes, neutralizes, or otherwise interferes with
CD47 expression, activity and/or signaling.

[00356] Diseases or disorders related to aberrant CD47 expression, activity and/or signaling
include, by way of non-limiting example, hematological cancer and/or solid tumors. Hematological
cancers include, e.g., leukemia, lymphoma and myeloma. Certain forms of leukemia include, by way
of non-limiting example, acute lymphocytic leukemia (ALL); acute myeloid leukemia (AML);
chronic lymphocytic leukemia (CLL); chronic myelogenous leukemia (CML); Myeloproliferative
disorder/neoplasm (MPDS); and myelodysplasia syndrome. Certain forms of lymphoma include, by
way of non-limiting example, Hodgkin's lymphoma, both indolent and aggressive non-Hodgkin's
lymphoma, Burkitt’s lymphoma, and follicular lymphoma (small cell and large cell). Certain forms of
myeloma include, by way of non-limiting example, multiple myeloma (MM), giant cell myeloma,
heavy-chain myeloma, and light chain or Bence- Jones myeloma. Solid tumors include, e.g., breast
tumors, ovarian tumors, lung tumors, pancreatic tumors, prostate tumors, melanoma tumors,
colorectal tumors, lung tumors, head and neck tumors, bladder tumors, esophageal tumors, liver
tumors, and kidney tumors.

[00357] Methods for the screening of antibodies that possess the desired specificity include,
but are not limited to, enzyme linked immunosorbent assay (ELISA) and other immunologically
mediated techniques known within the art.

[00358] In other embodiments, antibodies directed against CD47 may be used in methods
known within the art relating to the localization and/or quantitation of CD47 (e.g., for use in
measuring levels of CD47 and/or both CD47 and SIRPa within appropriate physiological samples, for
use in diagnostic methods, for use in imaging the protein, and the like).

[00359] In other embodiments, an anti-CD47 antibody can be used to isolate a CD47
polypeptide, by standard techniques, such as immunoaffinity, chromatography or
immunoprecipitation. Antibodies directed against the CD47 protein (or a fragment thereof) can be
used diagnostically to monitor protein levels in tissue as part of a clinical testing procedure, e.g., to,
for example, determine the efficacy of a given treatment regimen.

[00360] Detection can be facilitated by coupling (i.e., physically linking) the antibody to a
detectable substance. Examples of detectable substances include various enzymes, prosthetic groups,
fluorescent materials, luminescent materials, bioluminescent materials, and radioactive materials.
Examples of suitable enzymes include horseradish peroxidase, alkaline phosphatase, B-galactosidase,
or acetylcholinesterase; examples of suitable prosthetic group complexes include streptavidin/biotin
and avidin/biotin; examples of suitable fluorescent materials include umbelliferone, fluorescein,

fluorescein isothiocyanate, thodamine, dichlorotriazinylamine fluorescein, dansyl chloride or
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phycoerythrin; an example of a luminescent material includes luminol; examples of bioluminescent
materials include luciferase, luciferin, and aequorin, and examples of suitable radioactive material
include 1251, 1311, 35S or 3H.

[00361] In some embodiments, the antibody contains a detectable label. Antibodies may be,
for example, polyclonal, or monoclonal. An intact antibody, or a fragment thereof (e.g., Fab, scFv, or
F(ab")) is used. The term “labeled”, regarding the probe or antibody, is intended to encompass direct
labeling of the probe or antibody by coupling (i.e., physically linking) a detectable substance to the
probe or antibody, and indirect labeling of the probe or antibody by reactivity with another reagent
that is directly labeled. Examples of indirect labeling include detection of a primary antibody using a
fluorescently-labeled secondary antibody and end-labeling of a DNA probe with biotin such that it
can be detected with fluorescently-labeled streptavidin.

[00362] The term “biological sample™ is intended to include tissues, cells and biological fluids
isolated from a subject, as well as tissues, cells and fluids present within a subject. Included within the
usage of the term “biological sample”, therefore, is blood and a fraction or component of blood
including blood serum, blood plasma, or lymph. That is, the detection method can be used to detect an
analyte mRNA, protein, or genomic DNA in a biological sample in vitro as well as in vivo. For
example, in vitro techniques for detection of an analyte mRNA include Northern hybridizations and in
situ hybridizations. In vitro techniques for detection of an analyte protein include enzyme linked
immunosorbent assays (ELISAs), Western blots, immunoprecipitations, and immunofluorescence. In
vitro techniques for detection of an analyte genomic DNA include Southern hybridizations.
Procedures for conducting immunoassays are described, for example in “ELISA: Theory and Practice:
Methods in Molecular Biology™, Vol. 42, J. R. Crowther (Ed.) Human Press, Totowa, NJ, 1995,
“Immunoassay”’, E. Diamandis and T. Christopoulus, Academic Press, Inc., San Diego, CA, 1996;
and “Practice and Theory of Enzyme Immunoassays”, P. Tijssen, Elsevier Science Publishers,
Amsterdam, 1985. Furthermore, in vivo techniques for detection of an analyte protein include
introducing into a subject a labeled anti-analyte protein antibody. For example, the antibody can be
labeled with a radioactive marker whose presence and location in a subject can be detected by
standard imaging techniques.

[00363] Design and Generation of Other Therapeutics

[00364] Based on the activity of the antibodies produced and characterized herein with respect
to CD47, the design of other therapeutic modalities beyond antibody moieties is facilitated. Such
modalities include, without limitation, advanced antibody therapeutics, such as bispecific antibodies,
immunotoxins, and radiolabeled therapeutics, generation of peptide therapeutics, gene therapies,
particularly intrabodies, antisense therapeutics, and small molecules.

[00365] Bispecific antibodies can be generated that comprise (i) two antibodies, one with a

specificity to CD47 and another to a second molecule, that are conjugated together, (ii) a single
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antibody that has one chain specific to CD47 and a second chain specific to a second molecule, or (iii)
a single chain antibody that has specificity to CD47 and a second molecule. Such bispecific antibodies
are generated using techniques that are well known (see e.g., Fanger et al. Immunol Methods 4:72-81
(1994) and Wright et al. Crit, Reviews in Immunol. 12125-168 (1992), Traunecker et al. Int. J. Cancer
(Suppl.) 7:51-52 (1992)).

[00366] Antibodies can be modified to act as immunotoxins utilizing techniques that are well
known in the art. See e.g., Vitetta Immunol Today 14:252 (1993). See also U.S. Patent No. 5,194,594.
[003671] Preparation of radiolabeled antibodies, such modified antibodies can also be readily
prepared utilizing techniques that are well known in the art. See e.g., Junghans et al. in Cancer
Chemotherapy and Biotherapy 655-686 (2d edition, Chafner and Longo, eds., Lippincott Raven
(1996)). See also U.S. Patent Nos. 4,681,581, 4,735,210, 5,101,827, 5,102,990 (RE 35,500),
5,648,471, and 5,697,902.

[00368] Each of immunotoxins and radiolabeled molecules would be likely to kill cells
expressing CD47.
[00369] Through the utilization of structural information related to CD47 and antibodies

thereto, such as the disclosed anti-CD47 antibodies or screening of peptide libraries, therapeutic
peptides can be generated that are directed against CD47. Design and screening of peptide
therapeutics is discussed in Houghten et al. Biotechniques 13:412-421 (1992), Houghten PNAS USA
82:5131-5135 (1985), Pinalla et al. Biotechniques 13:901-905 (1992), Blake and Litzi-Davis
BioConjugate Chem. 3:510-513 (1992).

[00370] Immunotoxins, radiolabeled molecules and peptidic moieties can also be prepared.
Assuming that the CD47 molecule (or a form, such as a splice variant or alternate form) is
functionally active in a disease process, it will also be possible to design gene and antisense
therapeutics thereto through conventional techniques. Such modalities can be utilized for modulating
the function of CD47. The disclosed anti-CD47 antibodies facilitate design and use of functional
assays related thereto. A design and strategy for antisense therapeutics is discussed in detail in
International Patent Application No. WO 94/29444. Design and strategies for gene therapy are well
known. The use of gene therapeutic techniques involving intrabodies is also provided. See e.g., Chen
et al. Human Gene Therapy 5:595-601 (1994) and Marasco Gene Therapy 4: 11-15 (1997). General
design of and considerations related to gene therapeutics is also discussed in International Patent
Application No. WO 97/38137.

[00371] Knowledge gleaned from the structure of the CD47 molecule and its interactions with
other molecules, such as SIRPa and/or the disclosed anti-CD47 antibodies o, and others can be
utilized to rationally design additional therapeutic modalities. In this regard, rational drug design
techniques such as X- ray crystallography, computer-aided (or assisted) molecular modeling

(CAMM), quantitative or qualitative structure-activity relationship (QSAR), and similar technologies
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can be utilized to focus drug discovery efforts. Rational design allows prediction of protein or
synthetic structures which can interact with the molecule or specific forms thereof which can be used
to modify or modulate the activity of IL-6Rc. Such structures can be synthesized chemically or
expressed in biological systems. This approach has been reviewed in Capsey et al. Genetically
Engineered Human Therapeutic Drugs (Stockton Press, NY (1988)). Further, combinatorial libraries

can be designed and synthesized and used in screening programs, such as high throughput screening

efforts.
[00372] Screening Methods
[00373] In certain embodiments, a method is provided comprising identifying a compound

that interferes with the binding of CD47 to SIRPa by identifying a compound that disrupts the
interaction of CD47 and SIRPa. These methods (also referred to herein as “screening assays™) are
used for identifying modulators, i.e., candidate or test compounds or agents (e.g., peptides,
peptidomimetics, small molecules or other drugs) that modulate or otherwise interfere with the
binding of CD47 to SIRPa, or candidate or test compounds or agents that modulate or otherwise
interfere with the signaling function of CD47 and/or CD47-SIRPa. Also provided are methods of
identifying compounds useful to treat disorders associated with aberrant CD47 and/or CD47-SIRPa
expression, activity and/or signaling. The screening methods can include those known or used in the
art or those described herein. For example, CD47 can be immobilized on a microtiter plate and
incubated with a candidate or test compound, e.g., a CD47 antibody, in the presence of SIRPa.
Subsequently, bound SIRPa can be detected using a secondary antibody, and absorbance can be
detected on a plate reader.

[00374] In certain embodiments, a method is provided comprising identifying a compound
that promotes phagocytosis of tumor cells to macrophages. These methods can include those known
or used in the art or those described herein. For example, macrophages are incubated with labeled
tumor cells in the presence of a candidate compound, e.g., a CD47 antibody. After a period of time,
the macrophages can be observed for internalization of the tumor label to identify phagocytosis.
Additional details regarding these methods, ¢.g., SIRPa blocking assays and phagocytosis assays, are
provided in the Examples.

[00375] In certain embodiments, assays are provided comprising screening candidate or test
compounds that modulate the signaling function of CD47. The test compounds can be obtained using
any of the numerous approaches in combinatorial library methods known in the art, including
biological libraries; spatially addressable parallel solid phase or solution phase libraries; synthetic
library methods requiring deconvolution; the “one-bead one-compound” library method; and synthetic
library methods using affinity chromatography selection. The biological library approach is limited to
peptide libraries, while the other four approaches are applicable to peptide, non-peptide oligomer or

small molecule libraries of compounds. (See, e.g., Lam, 1997. Anticancer Drug Design 12: 145).
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[00376] A “small molecule” as used herein, is meant to refer to a composition that has a
molecular weight of less than about 5 kD and most preferably less than about 4 kD. Small molecules
can be, e.g., nucleic acids, peptides, polypeptides, peptidomimetics, carbohydrates, lipids or other
organic or inorganic molecules. Libraries of chemical and/or biological mixtures, such as fungal,
bacterial, or algal extracts, are known in the art and can be screened with any of the assays disclosed
herein or known in the art.

[00377] Examples of methods for the synthesis of molecular libraries can be found in the art,
for example in: DeWitt, ef al., 1993. Proc. Natl. Acad. Sci. U.S.A. 90: 6909; Erb, et al., 1994. Proc.
Natl. Acad. Sci. U.S.A. 91: 11422.

[00378] Libraries of compounds may be presented in solution (see e.g., Houghten, 1992.
Biotechniques 13: 412-421), or on beads (see Lam, 1991. Nature 354: 82-84), on chips (see Fodor,
1993. Nature 364: 555-556), bacteria (see U.S. Patent No. 5,223,409), spores (see U.S. Patent
5,233,409), plasmids (see Cull, et al., 1992. Proc. Natl. Acad. Sci. USA 89: 1865-1869) or on phage
(see Scott and Smith, 1990. Science 249: 386-390 and U.S. Patent No. 5,233,409).

[00379] In certain embodiments, a method is provided comprising identifying a compound
that disrupts an anti-CD47/CD47 complex. In some embodiments, a candidate compound is
introduced to an antibody-antigen complex and determining whether the candidate compound disrupts
the antibody-antigen complex, wherein a disruption of this complex indicates that the candidate
compound modulates the signaling function of CD47 and/or the interaction between CD47 and
SIRPa. In other embodiments, a soluble CD47 and/or both CD47 and SIRPa protein are provided and
exposed to at least one neutralizing monoclonal antibody. Formation of an antibody-antigen complex
is detected, and one or more candidate compounds are introduced to the complex. If the antibody-
antigen complex is disrupted following introduction of the one or more candidate compounds, the
candidate compounds is useful to treat disorders associated with aberrant CD47 and/or CD47-SIRPa
signaling.

[00380] Determining the ability of the test compound to interfere with or disrupt the antibody-
antigen complex can be accomplished, for example, by coupling the test compound with a
radioisotope or enzymatic label such that binding of the test compound to the antigen or biologically-
active portion thereof can be determined by detecting the labeled compound in a complex. For
example, test compounds can be labeled with I'®, $*, C', or H, either directly or indirectly, and the
radioisotope detected by direct counting of radioemission or by scintillation counting. Alternatively,
test compounds can be enzymatically-labeled with, for example, horseradish peroxidase, alkaline
phosphatase, or luciferase, and the enzymatic label detected by determination of conversion of an
appropriate substrate to product.

[00381] In some embodiments, the assay comprises contacting an antibody-antigen complex

with a test compound, and determining the ability of the test compound to interact with the antigen or
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otherwise disrupt the existing antibody- antigen complex. Determining the ability of the test
compound to interact with the antigen and/or disrupt the antibody- antigen complex comprises
determining the ability of the test compound to preferentially bind to the antigen or a biologically-
active portion thereof, as compared to the antibody.

[00382] In other embodiments, the assay comprises contacting an antibody-antigen complex
with a test compound and determining the ability of the test compound to modulate the antibody-
antigen complex. Determining the ability of the test compound to modulate the antibody- antigen
complex can be accomplished, for example, by determining the ability of the antigen to bind to or
interact with the antibody, in the presence of the test compound.

[00383] In any of the screening methods disclosed herein, the antibody may be a neutralizing
antibody, which modulates or otherwise interferes with CD47 activity and/or signaling.

[00384] The screening methods disclosed herein may be performed as a cell-based assay or as
a cell-free assay. The cell-free assays are amenable to use of either the soluble form or the membrane-
bound form of CD47 and fragments thereof. In the case of cell-free assays comprising the membrane-
bound form of CD47, a solubilizing agent may be used such that the membrane-bound form of the
proteins is maintained in solution. Examples of such solubilizing agents include non-ionic detergents
such as n-octylglucoside, n-dodecylglucoside, n-dodecylmaltoside, octanoyl-N- methylglucamide,
decanoyl-N-methylglucamide, Triton® X-100, Triton® X-114, Thesit®, Isotridecypoly(ethylene
glycol ether)n, N-dodecyl-N,N-dimethyl-3-ammonio-1-propane sulfonate, 3-(3-cholamidopropyl)
dimethylamminiol-1 -propane sulfonate (CHAPS), or 3-(3- cholamidopropyl)dimethylamminiol-2-
hydroxy- 1 -propane sulfonate (CHAPSO).

[00385] In certain embodiments, either the antibody or the antigen is immobilized to facilitate
separation of complexed from uncomplexed forms of one or both following introduction of the
candidate compound, and to accommodate automation of the assay. Observation of the antibody-
antigen complex in the presence and absence of a candidate compound can be accomplished in any
vessel suitable for containing the reactants. Examples of such vessels include microtiter plates, test
tubes, and micro- centrifuge tubes. In some embodiments, a fusion protein that adds a domain that
allows one or both of the proteins to be bound to a matrix can be provided. For example, GST-
antibody fusion proteins or GST-antigen fusion proteins can be adsorbed onto glutathione sepharose
beads (Sigma Chemical, St. Louis, MO) or glutathione derivatized microtiter plates, that are then
combined with the test compound, and the mixture is incubated under conditions conducive to
complex formation (e.g., at physiological conditions for salt and pH).

[00386] Following incubation, the beads or microtiter plate wells are washed to remove any
unbound components, the matrix immobilized in the case of beads, complex determined either
directly or indirectly. Alternatively, the complexes can be dissociated from the matrix, and the level of

antibody- antigen complex formation can be determined using standard techniques.
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[00387] Other techniques for immobilizing proteins on matrices can also be used in the
screening assays. For example, either the antibody (e.g., an antibody having a variable heavy chain
selected from SEQ ID NOs: 349, 351, 353, 355, 357, 359, 361-373, 380-383, 388-392 and a variable
light chain selected from SEQ ID NOs: 350, 352, 354, 356, 358, 360, 374-379, 384-387 and 393-396)
or the antigen (e.g. CD47 protein) can be immobilized utilizing conjugation of biotin and streptavidin.
Biotinylated antibody or antigen molecules can be prepared from biotin-NHS (N-hydroxy-
succinimide) using techniques well-known within the art (e.g., biotinylation kit, Pierce Chemicals,
Rockford, 1L, USA), and immobilized in the wells of streptavidin-coated 96 well plates (Pierce
Chemicals). Alternatively, other antibodies reactive with the antibody or antigen of interest, but which
do not interfere with the formation of the antibody-antigen complex of interest, can be derivatized to
the wells of the plate, and unbound antibody or antigen trapped in the wells by antibody conjugation.
Methods for detecting such complexes, in addition to those described above for the GST-immobilized
complexes, include immunodetection of complexes using such other antibodies reactive with the

antibody or antigen.

[00388] The compounds identified by these screening assays are also provided.
[00389] Diagnostic and Prophylactic Formulations
[00390] The disclosed anti-CD47 antibodies may be used in diagnostic and prophylactic

formulations. In some embodiments, a disclosed anti-CD47 antibody is administered to patients that
are at risk of developing one or more of the aforementioned diseases, such as for example, without
limitation, cancer or other neoplastic condition. A patient's or organ's predisposition to one or more of
the aforementioned cancers or other neoplastic conditions can be determined using genotypic,
serological or biochemical markers.

[00391] In other embodiments, the disclosed anti-CD47 antibody is administered to human
individuals diagnosed with a clinical indication associated with one or more of the aforementioned
diseases, such as for example, without limitation, cancer or other neoplastic condition. Upon
diagnosis, the disclosed anti-CD47 antibody is administered to mitigate or reverse the effects of the
clinical indication associated with one or more of the aforementioned diseases.

[00392] The disclosed anti-CD47 antibodies are also useful in the detection of CD47 and/or
SIRPa in patient samples and accordingly are useful as diagnostics. For example, the disclosed anti-
CD47 antibodies may be used in in vitro assays, e.g., ELISA, to detect CD47 and/or SIRPa levels in a
patient sample.

[00393] In some embodiments, a disclosed anti-CD47 antibody is immobilized on a solid
support (e.g., the well(s) of a microtiter plate). The immobilized antibody serves as a capture antibody
for any CD47 and/or SIRPa that may be present in a test sample. Prior to contacting the immobilized
antibody with a patient sample, the solid support is rinsed and treated with a blocking agent such as

milk protein or albumin to prevent nonspecific adsorption of the analyte.
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[00394] Subsequently the wells are treated with a test sample suspected of containing the
antigen, or with a solution containing a standard amount of the antigen. Such a sample is, e.g., a
serum sample from a subject suspected of having levels of circulating antigen considered to be
diagnostic of a pathology. After rinsing away the test sample or standard, the solid support is treated
with a second antibody that is detectably labeled. The labeled second antibody serves as a detecting
antibody. The level of detectable label is measured, and the concentration of CD47 and/or SIRPa in
the test sample is determined by comparison with a standard curve developed from the standard
samples.

[00395] Based on the results obtained using the disclosed anti-CD47 antibodies in an in vitro
diagnostic assay, it is possible to stage a disease (e.g., a clinical indication associated with ischemia,
an autoimmune or inflammatory disorder) in a subject based on expression levels of CD47 and/or
SIRPa. For a given disease, samples of blood are taken from subjects diagnosed as being at various
stages in the progression of the disease, and/or at various points in the therapeutic treatment of the
disease. Using a population of samples that provides statistically significant results for each stage of
progression or therapy, a range of concentrations of the antigen that may be considered characteristic
of each stage is designated.

[00396] Citation of publications and patent documents is not intended as an admission that
any is pertinent prior art, nor does it constitute any admission as to the contents or date of the same.
[00397] The invention having now been described by way of written description, those of skill
in the art will recognize that the invention can be practiced in a variety of embodiments and that the
foregoing description and examples below are for purposes of illustration and not limitation of the

claims that follow.
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[00398] EXAMPLES
[00399] Example 1. Generation and Selection of Anti-CD47 Antibodies
[00400] Anti-CD47 antibodies were generated by immunizing mice with an extra-cellular

domain of recombinant human CD47 with an Fc tag (CD47-Fc). 200ul of equally premixed 50ug of
CD47-Fc protein and Complete Freud Adjuvant (Sigma-Aldrich) were used to immunize mice
subcutaneously. Subsequently, these mice were boosted with 200l of equally premixed 25ug of
CD47-Fc protein and Incomplete Freud Adjuvant (Sigma-Aldrich), alternating intraperitoneally and
subcutaneously, every two weeks for three times. Four days before fusion, the selected mouse was
boosted with 25ug CD47-Fc without adjuvant intraperitoneally. Following the immunization
schedule, lymph nodes form all mice were harvested and dissociated, thereby enabling B-cell isolation
and subsequent fusion to mouse myeloma cells. Both hybridoma supernatants and purified murine
CD47 monoclonal antibodies were screened for binding to CD47 by ELISA (FIG. 1A) and by flow
cytometry on Raji cells (FIG. 1B).

[00401] Example 2. In vitro Characterization of Murine CD47 Antibodies
[00402] Hemagglutination activity of anti-CD47 antibodies
[00403] To evaluate the hemagglutination capacity of murine antibodies, human RBCs were

incubated with a dose range of anti-CD47 antibodies or control in a 96-well plate. Evidence of
hemagglutination was demonstrated by the presence of non-settled RBCs, appearing as a haze
compared to a punctate dot of non-hemagglutinated RBCs. As shown in FIG. 2A and FIG. 2B, most
of the murine antibodies did not exhibit hemagglutination activity at any of the concentration tested
despite presence of B6H12 antibody, which is known to cause hemagglutination.

[00404] Briefly, human red blood cells (RBCs) were isolated from healthy donors in the day
of experiment. The cells were washed with PBS several times and the RBCs were diluted to 200
million cells per ml in assay buffer. 50 ul of the cell solution and 2 x antibody solution were placed in
a round bottom 96-well plate, and mixed gently. After incubating the plate in 37°C /5% CO, incubator
for 2 hours, photos were taken of the assay plates.

[00405] Binding to human CD47

[00406] The ability of murine CD47 antibodies to bind to human CD47 was assessed. As
shown in FIG. 3, murine CD47 antibodies binds to human CD47.

[00407] Binding to cell-expressed human CD47 was evaluated on human CD47 over-
expressing CHO cells (GenScript, Cat# M00581). Anti-CD47 antibody dilution series was prepared in
FACS buffer. CHO-K1/human CD47 cells were transferred to a 96-well U-bottom plate and anti-
CDA47 antibody dilution was added. After 30 minutes incubation at 4°C, cells were washed twice with
FACS buffer, goat anti-Human IgG (H+L) Secondary Antibody, Alexa Fluor® 647 (Thermo Fisher,

cat#A-21445), was added or PE goat anti-mouse IgG (minimal cross-reactivity) Antibody
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(BioLegend, Cat#405307), was added, incubate at 4°C for 30 minutes. The cells were then washed
twice with wash buffer. Cells were analyzed for binding by FACSCalibur (BD Bioscience, San Jose,
CA) and Flowjo software.

[00408] Binding to cynomolgus monkey CD47

[00409] The ability of murine CD47 antibodies to bind to cynomolgus (cyno) monkey CD47
was assessed. As shown in FIG. 4A and FIG. 4B, murine CD47 antibodies binds to cyno CD47.
[00410] Briefly, binding to cell-expressed cyno CD47 was evaluated on cynomolgus monkey
CD47 over-expressing CHO cells. Anti-CD47 antibody dilution series was prepared in FACS buffer.
CHO-K1/cynomolgus monkey CD47 cell were transferred to a 96-well U-bottom plate and add CD47
antibody dilution. After 30 minutes incubation at 4°C, cells were washed twice with FACS buffer.
Then goat anti-Human IgG (H+L) Secondary Antibody, Alexa Fluor® 647 (Thermo Fisher, cat#A-
21445), was added or PE Goat anti-mouse IgG (minimal x-reactivity) Antibody (BioLegend,
Cat#405307) was added; the reactions were incubated at 4°C for 30 minutes (min). The cells were
washed twice with wash buffer, and then analyzed for binding by using FACSCalibur (BD
Bioscience, San Jose, CA) and Flowjo software.

[00411] SPR affinities of Anti-CD47 antibodies

[00412] SPR analyses were carried out using a BIACORE™ T200 instrument (GE
Healthcare), and kinetic constants were determined using the BIACORE™ T200 evaluation software.
Experimental parameters were chosen to ensure that saturation would be reached at the highest
antigen concentrations and that Rmax values would be kept under 100 RU. GE anti-Human IgG (Fc-
specific, approximately 7,000 RU) was immobilized on a BIACORE™ CMS5 chip using EDC-
activated amine coupling chemistry. Anti-CD47 antibodies (5 ng/mL, 60 seconds capture time) were
then captured using this surface. Next, human CD47-His protein was flowed over captured antibody
using a serial dilution series concentration. Captured antibody and antigen were removed between
each cycle using 50 mM HCI to ensure a fresh binding surface for each concentration of antigen. The
resulting sensorgrams were fit globally using a 1:1 binding model to calculate on- and off-rates (ka,
and kg, respectively), and affinities (Kp). The results are shown in FIG. 5.

[00413] SIRPo. blocking activity of CD47 antibodies

[00414] SIRPq is a natural ligand of CD47. The ability of murine antibodies to block the
CD47-SIRPa interaction was measured using a flow cytometry based assay. CHO-K1/huCD47, which
overexpress human CD47, were incubated with murine CD47 antibodies or a control antibody
(B6H12). As shown in FIG. 6, murine antibodies potently blocked the CD47-SIRPa interaction.
[00415] In brief, human CD47 transfected CHO cells (GenScript, Cat# M00581) were
incubated with human SIRPa, (R&D, Cat#4546-SA-050) andante- CD47 antibody dilution. After 30
minutes incubation at 4°C, cells were washed twice with FACS buffer. Then Human SIRP alpha PE-
conjugated Antibody (R&D, cat FAB4546P) was added, incubated at 4°C for 30 min; cells were
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washed twice with wash buffer, cells were analyzed for binding by using FACSCalibur (BD
Bioscience, San Jose, CA) and Flowjo software.

[00416] Phagocytosis of target cancer cell line

[00417] CD47 is a cell surface receptor that is upregulated on tumor cells and is also thought
to contribute to immune evasion through its interaction with its natural ligand SIPRa. The effect of
the murine antibodies on the phagocytosis of target cells were assessed.

[00418] Briefly, target cells (PKH26-labeled CCRF/CEM) were treated with anti-CD47
antibody or isotype control for 1 hour, then co-cultured with effector cells (primary human
macrophages which were isolated form human peripheral blood and differentiated with M-CSF for
12-14 days in vitro) at a ratio of 1:5 for 1 hour in 37°C/5% CO? incubator. After co-culture, cells were

trypsinized and stained with anti-CD11-APC and analyzed by flow cytometry.

[00419] Phagocytosis percentage (%) was measured as CD11* PKH26" events as percent of
the total PKH26" cells as measured by flow cytometry.

[00420] Further, as shown in FIG. 7A and FIG. 7B, these murine CD47 antibodies increased
the phagocytosis of the tumor cell line CCRF-CEM.

[00421] Phagocytosis of red blood cells

[00422] To evaluate the phagocytosis capacity of the murine CD47 antibodies, the ability of

murine anti-CD47 antibodies to bind to CD47 on RBC was assessed at first (FIG. 8). All the murine
CD47 antibodies bind to RBCs. As shown in FIG. 9, all the murine antibodies increased phagocytic
uptake by macrophages.

[00423] Briefly, human red blood cells were isolated from healthy donors and labeled with
CEFSE. Labeled RBCs were pre-incubated with anti-CD47 antibody or isotype control for 1 hour, then
co-cultured with human macrophage (isolated form human peripheral blood and differentiated with
M-CSF for 12-14 days in vitro) for 1 hour in 37°C /5% CO2 incubator at target-to-effector ratio of

5:1. After co-culture, cells were trypsinized and stained with anti-CD11-APC and analyzed by flow

cytometry.

[00424] Phagocytosis% was quantitated as CD11" CESE" events as percent of the total CFSE*
cells as measured by flow cytometry.

[00425] Example 3. Sequencing of Anti-CD47 Antibodies

[00426] To identify the sequences of the variable regions of the heavy (Vy) and light (V1)

chains of 13 murine antibodies (55F2C4, 98E2E7, 98E2E12, 98G5F6, 98GSF11, 107F11B11,
107F11C4, 107F11F10, 108C10A6, 108C10F5, 112E5D9, 112E5F2, 112E5H7). Total RNA was
isolated from the hybridoma cells and reverse transcribed into cDNA. The variable region of heavy
chain and light chain were amplified by mixed specific primers. Sequences were analyzed by
IMGT/V-QUEST. The sequences are disclosed in SEQ ID NOs: 349 to 360.

[00427] Example 4. Chimeric Antibody Generation
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[00428] The DNA of the murine antibodies described above were modified by substituting the
coding sequence for human heavy- and light-chain constant domains in place of the homologous
murine sequences to generate chimeric antibodies (see U.S. Pat. No. 4,816,567; Morrison, et al.,
1984, Proc. Natl. Acad. Sci. USA, 81:6851). The constructs were transfected into mammalian cell
lines for chimeric antibodies expression. Secreted antibodies in the condition medium were loaded
onto protein A column. After several washes and elute steps, the purified chimeric antibodies were
buffer exchanged into 1X PBS buffer. The concentration and purity of the purified chimeric
antibodies protein were determined by OD280 and SEC-HPLC, respectively.

[00429] Heavy chain sequences of three chimeric antibodies (108C10A6, 98E2E12, and
107F11F10) are disclosed in SEQ ID NOs: 397, 404 and 406. Light chain sequences of three chimeric
antibodies (108C10A6, 98E2E12, and 107F11F10) are disclosed in SEQ ID NOs: 398, 405 and 407.

[00430] As shown in FIG. 10 and FIG. 11, these chimeric CD47 antibodies increased the
phagocytosis of the tumor cell line CCRF-CEM without RBC hemagglutination.

[00431] Example 5. Antibody Humanization

[00432] The 108C10A6, 107F11B11 and 98E2E7 antibodies were humanized using CDR

grafting technology (see, e.g., U.S. Pat. No. 5,225,539). Briefly, the variable chain sequences of the
murine antibody 108C10A6, 107F11B11 and 98E2E7 were compared to those available in the
Research Collaboratory for Structural Bioinformatics (RCSB) protein databank. A homology model
of 108C10A6, 107F11B11 and 98E2E7 were generated based on the nearest Vy and Vi structures.
Human sequences with highest identity to 108C10A6, 107F11B11 and 98E2E7 were identified and
analyzed. Foote and Winter, J. Mol. Biol. 224:487-499 (1992); Morea V. et al., Methods 20:267-279
(2000); Chothia C. et al., J. Mol. Biol. 186:651-663 (1985). The most appropriate human frameworks
on which to build the CDR grafted heavy and light chains were identified.

[00433] For the heavy chain, the framework encoded by Genbank accession # BAH04539 was
determined to be the most appropriate for all three antibodies. For the light chain, the frameworks
encoded by Genbank accession #AAC41992, AAZ09096 and ADU32611were determined to be the
most appropriate for 108C10A6, 107F11B11 and 98E2E7, respectively. Straight grafts were
performed to generate expression constructs for each chain. The DNA and protein sequences of
108Vul, 108V 1, 107Vu1, 107VL1, 98Vul and 98V 1 are disclosed in the Sequence Listing (SEQ ID
NOs: 18, 27,33, 37, 41 and 46).

[00434] In case of affinity loss of the humanized antibodies, several framework residues were
mutated back to their murine counterparts to restore the binding affinity of the antibodies. For Vy of
108C10A6, humanized variants 108Vu2, 108 V3, 108Vu4 and 108 Vya were made (SEQ ID NOs: 9,
19, 20, 22 and 21). Proline 53 of the CDR2 of 108Vu4 was mutated to Alanine to remove the potential
acid-labile Asp-Pro hotspot (i.e. 108VH4.M4, SEQ ID NO: 25). For V. of 108C10A6, humanized
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variants 108 VL1.M1, 108VL2.M1 and 108 VL3.M1 (SEQ ID NOs: 10, 29, 30, 31) were made. Lysine
24 of the VL-CDR1 was mutated to Arginine in these humanized Vy variants.

[00435] In case of affinity loss of the humanized antibodies, several framework residues were
mutated back to their murine counterparts to restore the binding affinity of the antibodies. For Vy of
107F11B11, humanized variants 107VH2 and 107VH3 were made (SEQ ID NOs: 7, 34, 35). For VL
of 107F11B11, humanized variants 107VL1.M1 and 107VL2.M1 (SEQ ID NOs: 8, 38, 39) were
made. Histidine 24 of the VL-CDR1 was mutated to Arginine in these humanized V. variants.
[00436] In case of affinity loss of the humanized antibodies, several framework residues were
mutated back to their murine counterparts to restore the binding affinity of the antibodies. For Vu of
98E2E7, humanized variants 98Vy2, 98Vy3 and 98 Vua were made (SEQ ID NOs: 3, 42, 43, 44). For
Vi of 98E2E7, humanized variants 98V2 and 98V.3 (SEQ ID NOs: 4, 47, 48) were made.

[00437] Humanized heavy chains and light chains of the same antibody were mixed and
matched to make a series of humanized antibodies. These antibodies were transiently produced using
HEK?293 cells. Supernatant were collect and subjected to affinity assessment using SPR. Finally,
humanized antibody 108VH4.M4_VL1.M1 and 108VH1_VL1.M1 were selected for large-scale
production and functional profiling.

[00438] Four versions of the humanized antibodies were constructed, namely IgG4P (with the
stabilizing Adair mutation (Angal S. et al., Mol. Immuol. 30:105-108 (1993)), where serine 228
(Kabat numbering) is converted to proline), IgG4PE (IgG4P with an addition L235E mutation to
further reduce antibody dependent cellular phagocytosis (ADCP) effect), IgG, and IgGi. The heavy
chain sequences of IgG1, IgG2, IgG4P and IgG4PE isotypes of the humanized antibodies are disclosed
in SEQ ID NOs: 399, 400, 403 and 401. The light chain sequence is disclosed in SEQ ID NO:402.

[00439] Example 6. In vitro characterization of humanized Anti-CD47 antibodies
[00440] Hemagglutination activity of anti-CD47 antibodies
[00441] To evaluate whether hemagglutination activity of humanized anti-CD47 antibodies,

hemagglutination assay similar to those described in Example 2 above were performed, using human
RBCs as targets. As shown in FIG. 12, all the humanized CD47 antibodies did not exhibit
hemagglutination activity.

[00442] SPR affinities of anti-CD47 antibodies

[00443] To measure the binding affinity of humanized anti-CD47 antibodies, SPR assay
similar to those described in Example 2 above were performed. As shown in FIG. 13 and table 1, all
the humanized CD47 antibodies show Kp of 1-2 nM.

[00444] Binding to human CD47

[00445] To measure the binding affinity of humanized anti-CD47 antibodies, flow cytometry

assay similar to those described in Example 2 above was performed. As shown in FIG. 14 and FIG.
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15, all the humanized anti-CD47 antibodies bind to human CD47 over-expressed in CHO-K1 cells
(FIG. 14) and RBC (FIG. 15).

[00446] Binding to cynomolgus monkey CD47

[00447] To evaluate the binding of humanized anti-CD47 antibodies to cynomolgus monkey
CD47, flow cytometry assay similar to those described in Example 2 above was performed. As shown
in FIG. 16, humanized anti-CD47 antibodies binds to cynomolgus monkey CD47.

[00448] SIRPo blocking activity of anti-CD47 antibodies

[00449] To evaluate the ability of humanized anti-CD47 antibodies to block the CD47-SIRPq,
interaction, flow cytometry assay similar to those described in Example 2 above was performed. As
shown in FIG. 17, the humanized anti-CD47 antibodies blocked the CD47-SIRPa interaction.
[00450] Phagocytosis of target cancer cell lines

[00451] To evaluate the ability of humanized anti-CD47 antibody to enhance the phagocytosis
of target cell lines, phagocytosis assay was performed similar to those described in Example 2. As
shown in FIG. 18 and FIG. 19, the humanized anti-CD47 antibodies enhanced phagocytosis of
CCRF-CEM (FIG. 18) and Raji cells (FIG. 19).

[00452] Phagocytosis of red blood cells

[00453] To evaluate whether humanized CD47 antibodies enhance the phagocytosis of RBCs,
phagocytosis assay was performed similar to those described in Example 2. As shown in FIG. 20,

unexpectedly, IgG, and IgG4PE isotypes of the humanized 108§VH4.M4_VL1.M1 did not enhance

phagocytosis of RBCs.

[00454] Example 7. Antitumor Activity of Humanized anti-CD47 Antibodies in Mice
Model

[00455] The anti-tumor activity of the humanized anti-CD47 antibodies was evaluated in a

Raji model of lymphoma. Raji cells were implanted subcutaneously in NOD/SCID mice and
randomized into 5 groups (8 mice per group, day 0). Group 1: vehicle (PBS only); Group 2: B6H12
(positive control); Group 3: 108 VH4.M4_VL1.M1-hlgG1-Ka; Group 4: 108VH4.M4_VL1.M1-
hIgG2-Ka; Group 5: 108VH4.M4_VL1.M1-hlgG4PE-Ka. Treatment with each antibody or vehicle
(PBS only) began when tumors were palpable (100 mm?) and mice were euthanized when their tumor
volumes reached about 3000 mm®. Tumor volumes were measured 3 times per week. Antibodies were
dosed intraperitoneally (i.p.) with 10 mg/kg 3 times per week for 3 weeks (9 total doses per mouse).
[00456] As shown in FIG. 21, IgG,, IgG; and IgG4PE isotypes of the humanized antibodies
demonstrated anti-tumor activity in this animal model of lymphoma.

[00457] The data indicated that the humanized anti-CD47 antibodies were significantly more
potent that the positive antibody B6H12, which was known to bind CD47, block CD47 binding with

SIRPa, and suppress tumor growth in mouse models of human cancer.
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[00458] Anti-tumor activity of these humanized CD47 antibodies were not observed to
correlate with their potency of binding CD47, blocking CD47 interaction with SIRPa, or enhancing

phagocytosis of tumor cells.

[00459] The anti-tumor activity of the humanized anti-CD47 antibody 108VH4.M4_VL1.M1-
hIgG4PE was also evaluated in a SHP-77 model of small cell lung cancer.

[00460] As shown in FIG. 23, IgG4PE isotype of the humanized antibody demonstrated anti-
tumor activity in this animal model of small cell lung cancer.

[00461] Example 8. Pharmacokinetics Studies of Humanized CD47 Antibodies in Mice
[00462] Pharmacokinetic Studies

[00463] A mouse PK study was performed with SPF grade female C57BL/6 mice at 7-8

weeks of age (average weight, 20 g). The humanized anti-CD47 antibodies were administered to mice
at 3 mg/Kg (volume 10 ml/kg) by i.v. bolus infusion via lateral tail vein. Following i.v. injection,
blood samples were taken via the retro-orbital sinus in each group (n=3) at time intervals (15 min, 1
hour (h), 2h,4h, 10 h, 12 h, 24 h, and days 2, 3, 5, 7, 10, 14, 21, 28 and 35 post-injection). Whole
blood was immediately taken through capillaries and collected at each time point into microcentrifuge
tubes containing heparin. Plasma was extracted and stored at -80°C until assayed.

[00464] Measurement of anti-CD47 Antibody in Plasma

[00465] Anti-CD47 antibody in plasma was measured by enzyme-linked immunosorbent
assay (ELISA). Microtiter plates (Costar, Corning) were coated with the capture antibody, goat anti-
human IgG Fc fragment specific antibody (Jackson ImmunoResearch), in phosphate buffered saline
(PBS). The detection system consisted of peroxidase-conjugated goat anti-human IgG F(ab"),
fragment specific antibody (Jackson ImmunoResearch) with tetramethylbenzidine as substrate. Color
development was allowed to proceed at room temperature and then terminated with 1 M HCI. The
absorbance at 450 nm was determined for all wells using a MK3 microplate reader (ThermoFisher). A
standard curve was generated, and samples were quantified by interpolation from the standard curve.
Plasma standards were prepared by adding known amounts of anti-CD47 antibody to plasma. These
standards were used to calculate the proportion of anti-CD47 antibody recovered by the assay in
plasma. A linear regression of anti-CD47 antibody concentration measured by ELISA versus added
antibody concentration was performed, and the calculated slope was used as the fractional recovery.
The plasma concentrations of anti-CD47 antibody in the samples were then corrected for the recovery.
[00466] Pharmacokinetic Analysis

[00467] Absorbance units were converted to micrograms per milliliters (ug/ml) of each
antibody using the standard curves. Pharmacokinetics parameters were obtained by fitting a non-
compartment model to plasma concentration in pg/ml against the time of blood drawing, using
WinNonlin Software (WinNonlin ver. 5.2, Pharsight Co.). These include the following parameters:

t1/2, terminal half-life; CL, clearance; Cmax, maximal concentration; Vss, volume of the distribution
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at a steady state; MRT, mean residence time; AUC, area under the curve. The pharmacokinetics of the

tested antibodies were shown in FIG. 22.

[00468] Table 1. SPR of humanized antibodies
kigand Analyts k. {31/Ms} ¥, {175} K (M)  Ruvex {RU}  Ch (R} Uwalue
I0SCI0AS 83805 28 PRRA0 2997 nos? 2
IDEVHE A VLI higil frman RIE05 AIEVR 1AEDD 3R 6.832 1
IOAVHEME VI MT-higlQe CHRET-His I REHS 44804 15808 JR.2% L0682 1
FGBVHA RE VEL M I-higQaPrt 318405 A.58-(4 15808 LIS £33 i

[00469] Table 2.

ti2_Terminall Cl_pred |Cmax |Vss_pred| AUC_last | AUC_inf

Parameter M) | miikg) [(pg/mb| @nlkg) | (h-pgml) | (h-pg/mi)

108VH4.M4_VL1.MI1-

hIgG1 306443 0.2340.02 | 5548 | 11849 | 10,615£702 |13,041£1,036,

108VH4.M4_VL1.MI1-

higG2 3354103 | 0.2040.03 | 55414 | 10815 (11,934+1,249(14,979+1,776

108VH4.M4_VL1.M1-

+ H + + it +
hIgG4PE 381481 0.1740.00 | 72415 | 9715 | 13,808+934 | 17,919+374

[00470] NUCLEIC ACIDS AND AMINO ACID SEQUENCES
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SEQ [FR1 SEQ [CDR1 [SEQ [FR2 SEQ|CDR2 [SEQ |FR3 SEQ [CDR3 |ISEQ [FR4
D 1D D D 1D D 1D
INO: INO: INO: INO: INO: INO: INO:
55F2C4- |1 QVQLQQKUY |GYSF 97 [WMKQ|145 MIDP 193 [KATLAVD 41 [LGRY 89 [WGQG
[VH SGPQLV TNYW,| RPGQG SDSE KSSSTAY IYFDY [TTLTV
RPGASV MH LEWIG TRLN MQLSSPTS SS
KISCKA QQFK EDSAVYY
S D CAR
55F2C4-2 INIVMTQ [S0 [RASEI]98 [WYQQ [146 |GASN [194 |GVPDRFT P42 |GQSY P90 |FGGGT
VL SPKSMY VGTY KPEQS RYT GSRSATDF IDSPY KLEIK
[VSVGER VS IPKLLI SLTISNVQ T
[VTLIC Y AEDLADY
L.C
O8E2E7/ |3 QVQLQQ>1 |GYSF |99 [WMKQ|147 [MIDP (195 |KATLTVD 243 |[LGRY 291 |WGQG
O8E2E12 SGPQLV TNHW,| RPGQG SDSE KSSSTAY IYFDY [TTLTV
-VH RPGASV MH LEWIG TRLN MQLSSPTS SS
KISCKA QQFK EDSAVFY
S D CAR
O8E2E7/ {4 INIVMTQ|[52 |[RASDI100 [WYQQ [148 |GASN [196 |[GVPDRFT P44 |GQSY P92 |[FGGGT
O8E2E12 SPKSMS VGTY KPEQS RYT GSRSATDF IDSPY KLEIK
-VL VSVGER VS IPKLLI SLTISNVQ T
[VTLSC Y AEDLADY
L.C
08GSF6/ |5 QVQLQQ53 |GYSF |101 [WMKQ|149 [MIDP (197 |[KATLTVD 45 [LGRY 293 |[WGQG
08GSF11 SGPQLV TNYW,| RPGQG SDSE KSSSTAY 'YFDF [TTLTV
-VH RPGASV MH LEWIG [TRLN MQLSSPTS SS
KISCKA QQFK EDSAVYY
S D CAR
98GSF6/ |6 INIVMTQ [54 |RASEI[102 [WYQQ [150 |GASN [198 |GVPDRFT P46 |GQSY P94 [FGGGT
98GS5F11 SPKSMS VGTY KPEQS RFT GSRSATDF IDSPY KLEIK
-VL [VSVGER VS IPKLLI SLTISNVQ T
[VTLSC Y AEDLADY
LC
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107F11B |7 [EVQLQQ[55 |GFNIE[103 [WVKQ [151 [MIDP [199 [KATVTAD P47 |GIGY P95 [WGQG
11/107F1 SGAEFV DTYM RPEQG ANGK TSSNTANL Y VGA [TSVTV
1C4/107 KPGASV H LEWIG TKYG QLSSLTSE MDY SS
F11F10- KLSCTA PRFQ DTAVYYC
VH S D AD
107F11B |8  |IDIQMNQ|56 [HASQ |[104 [WYQQ [152 [KASN R00O [GVPSRFSGPR48 [QQGH|296 [FGGGT
11/107F1 SPSSLSA ININV [KPGNI LHT SGSGTGFT SYPY KLEIK
1C4/107 SLGDTIT [WLS PKLLI LTISSLQPE T
F11F10- ITC Y DIATYYC
VL
108C10A[9  [QMQLQ [57 |GYSF [105 [WMKQ|153 MIDP P01 [KATLTVD P49 [LGRY P97 [WGQG
6/108C10 QSGPQL THHW RPGQG SDSE ASSSTAY YFDY [TTLTV
F5-VH [VRPGAS TH LEWIG TRLS MQLNSPTS SS
[VKISCK QKFK EDSALYFC
TS D AR
108C10AJ10 INIVMTQ[58 [KASE [106 WYQQ [154 |GASN P02 |GVPDRFT P50 |[GESY P98 |FGGGT
6/108C10 SPRSMS NVGT KPDQS RYT GSGSGTDF GHLY KLEIK
F5-VL MSVGER YIS PKLLI TLTISTVQ T
[VILSC Y AEDLADY
HC
112E5D9|11  |QVQLQQ)59 |GYSF (107 [WMKQ[155 MIDP P03 [KATLTVD P51 [LGRY 299 |[WGLG
112E5F2, SGPQLV TNNW| RPGQG SDSE KTSSTAY YFDY [TTLTV
112ES5H RPGASV MH LEWIG TRLN MQLSSPTS SS
[7-VH KISCKA QQFR EDSAVYY
S D CAR
112E5D912  [NIVMTQ [60 [RASEI|108 WYQQ [156 |[GAFN 04 |[GVPDRFT P52 |[GQSY 00 [FGGGT
112E5F2, SPKSMS VGTY KPEQS RYT GSRSGTDF DSPY KLEIK
112E5H [VSVGER VS PKLLI SLNISNVQ T
7-VL [VIMNC Y AEDLADY
LC
108VH |13 |QMQLQ [61 |GYSF [109 WMKQ|157 MIDP P05 [KATLTVD P53 |LGRY 301 [WGQG
QSGPQL THHW,| RPGQG SDSE ASSSTAY YFDY [TTLTV
[VRPGAS TH LEWIG TRLS MQLNSPTS SS
[VKISCK QKFK EDSALYFC
TS D AR
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108VH. (14 [QMQLQ [62 |GYSF [110 [WMKQ|158 [[IDPS P06 [KATLTVD P54 [LGRY 302 [WGQG

M1 QSGPQL THHW,| RPGQG DSET ASSSTAY YFDY TTLTV
[VRPGAS TH LEWIG RLSQ MQLNSPTS SS
[VKISCK KFKD EDSALYFC
TS AR

108VH. |15 |QMQLQ 63 |GYSF [111 [WMKQ[159 |MIEPSP07 [KATLTVD 55 [LGRY 303 [WGQG

M2 QSGPQL THHW]| RPGQG DSET ASSSTAY YFDY [TTLTV
[VRPGAS TH LEWIG RLSQ MQLNSPTS SS
[VKISCK KFKD EDSALYFC
TS AR

108VH. |16 [QMQLQ [64 |GYSF [112 [WMKQ|160 [MISPSP08 [KATLTVD P56 [LGRY 304 [WGQG

M3 QSGPQL THHW RPGQG DSET ASSSTAY YFDY [TTLTV
[VRPGAS TH LEWIG RLSQ MQLNSPTS SS
[VKISCK KFKD EDSALYFC
TS AR

108VH. |17 |QMQLQ [65 |GYSF [113 WMKQ|161 MIDA P09 [KATLTVD R57 |LGRY 305 [WGQG

M4 QSGPQL THHW,| RPGQG SDSE ASSSTAY YFDY [TTLTV
VRPGAS TH LEWIG TRLS MQLNSPTS SS
[VKISCK QKFK EDSALYFC
TS D AR

108VHI |18 |QVQLVQ66 |GYSF (114 [WVRQ [162 MIDP 210 [RVTITADKPS8 [LGRY 306 [WGQG
SGAEVK THHW]| IAPGQG SDSE STSTAYM YFDY [TTVTV
KPGSSV TH LEWM TRLS ELSSLRSE SS
KVSCKA G QKFK DTAVYYC
S D AR

108VH2 |19 |[EVQLVQI67 |GYSF [115 WMRQ|163 MIDP P11 |RVIITADKPRS9 |LGRY 307 [WGQG
SGAEVK THHW IAPGQG SDSE STSTAYM YFDY [TTVTV
KPGSSV TH LEWIG TRLS ELSSLRSE SS
KVSCKA QKFK DTAVYFC
S D AR

108VH3 R0 |[EVQLVQI68 [|GYSF [116 WMRQ 164 MIDP P12 |RATLTVD P60 |LGRY 308 [WGQG
SGAEVK THHW, IAPGQG SDSE KSTSTAY YFDY [TTVIV
KPGSSV TH LEWIG TRLS MELSSLRS SS
KVSCKA QKFK EDTAVYF
S D CAR
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108Vha P1 |[EVQLVQI69 [GYSF [117 WMKQ|165 MIDP P13 [KATLTVD P61 |LGRY 309 [WGQG
SGAEVK THHW,| IAPGQG SDSE KSTSTAY YFDY [TTVITV
KPGSSV TH LEWIG TRLS MELSSLRS SS
KVSCKT QKFK EDTAVYF
S D CAR
108VH4 P2 [EVQLVQ[70 |GYSF [118 WVRQ [166 MIDP P14 |RVIITADKPR62 |LGRY 310 [WGQG
SGAEVK THHW IAPGQG SDSE STSTAYM YFDY [TTVTV
KPGSSV TH LEWM TRLS ELSSLRSE SS
KVSCKA G QKFK DTAVYYC
S D AR
108VH4. 23 [EVQLVQ[71 |GYSF [119 WVRQ [167 MIEPSP15 |RVIITADKP63 |LGRY 311 [WGQG
M2 SGAEVK THHW IAPGQG DSET STSTAYM YFDY [TTVIV
KPGSSV TH LEWM RLSQ ELSSLRSE SS
KVSCKA G KFKD DTAVYYC
S AR
108VH4. P4 |[EVQLVQ[72 |GYSF [120 [WVRQ [168 MISPSP16 |RVIITADKP64 |LGRY 312 [WGQG
M3 SGAEVK THHW IAPGQG DSET STSTAYM YFDY [TTVIV
KPGSSV TH LEWM RLSQ ELSSLRSE SS
KVSCKA G KFKD DTAVYYC
S AR
108VH4. 25 |[EVQLVQ[73 |GYSF [121 WVRQ [169 MIDA P17 |RVIITADKR6S5 |LGRY 313 [WGQG
M4 SGAEVK THHW IAPGQG SDSE STSTAYM [YFDY [TTVIV
KPGSSV TH LEWM TRLS ELSSLRSE SS
KVSCKA G QKFK DTAVYYC
S D AR
108VL R6 INIVMTQ|[74 [KASE [122 WYQQ [170 |GASN P18 |GVPDRFT P66 |[GESY 314 |FGGGT
SPRSMS NVGT KPDQS RYT GSGSGTDF GHLY KLEIK
MSVGER YIS PKLLI TLTISTVQ T
[VITLSC Y AEDLADY
HC
108VL1 R7 [EIVLTQS[75 [KASE [123 WYQQ [171 |GASN P19 |GIPARFSG P67 |[GESY 315 |FGGGT
PATLSLS NVGT KPGQA RYT SGSGTDFT GHLY KVEIK
PGERAT YIS PRLLI LTISSLEPE T
LSC Y DFAVYYC
108VL. P8 [EIVLTQS[76 |RASE [|124 WYQQ [172 |[GASN P20 |GIPARFSG R68 |GESY 316 [FGGGT
M1 PATLSLS INVGT KPGQA RYT SGSGTDFT GHLY KVEIK
PGERAT YIS PRLLI L TISSLEPE T
LSC Y DFAVYYC
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108VL1. P9 [EIVLTQS[77 [RASE [125 WYQQ [173 |GASN P21 |GIPARFSG P69 |[GESY 317 |[FGGGT

M1 PATLSLS NVGT KPGQA RYT SGSGTDFT GHLY KVEIK
PGERAT YIS PRLLI LTISSLEPE T
LSC Y DFAVYYC

108VL2. 30 [EIVLTQS|[78 |RASE |126 WYQQ [174 |[GASN P22 |IGVPARFSGR70 |GESY 318 [FGGGT

M1 PATLSLS NVGT KPGQA RYT SGSGTDFT GHLY KVEIK
PGERAT YIS PRLLI L TISSLEPE T
LSC Y DFAVYHC

108VL3. 31 |[EIVLTQS[79 |RASE [127 [WYQQ [175 |GASN P23 [GVPARFSGR71 |GESY B19 [FGGGT

M1 PATLSLS NVGT KPGQA RYT SGSGTDFT GHLY KLEIK
PGERVT YIS PRLLI LTISSVEPE T
LSC Y DFAVYHC

107VvH B2 [EVQLQQ[80 |[GFNIE|[128 WVKQ [176 MIDP P24 [KATVTAD P72 |[GIGY 320 [WGQG
SGAEFV DTYM RPEQG ANGK TSSNTANL Y VGA [TSVTV
KPGASV H LEWIG TKYG QLSSLTSE MDY SS
KLSCTA PRFQ DTAVYYC
S D AD

107VH1 B3 |[EVQLVQ[81 [GFNIE|[129 WVRQ [177 MIDP P25 |RVIITADKP73 [GIGY [321 [WGQG
SGAEVK DTYM IAPGQG ANGK STSTAYM 'Y VGA [TTVIV
KPGSSV H LEWM TKYG ELSSLRSE MDY SS
KVSCKA G PRFQ DTAVYYC
S D AR

107VH2 34 |[EVQLVQ|[82 |[GFNIE|[130 WVRQ [178 MIDP P26 |RVIITADKPR74 |[GIGY [322 [WGQG
SGAEVK DTYM IAPGQG ANGK STSTAYM Y VGA [TTVITV
KPGSSV H LEWIG TKYG ELSSLRSE MDY SS
KVSCKA PRFQ DTAVYYC
S D AD

107VH3 35 |[EVQLVQ[83 |[GFNIE|[131 WVRQ [179 MIDP P27 |RATVTAD R75 |[GIGY 323 [WGQG
SGAEVK DTYM IAPGQG ANGK KSTSTAY YVGA TTVTV
KPGSSV H LEWIG TKYG MELSSLRS MDY SS
KVSCKA PRFQ EDTAVYY
S D CAD

107VL B6 [DIQMNQ[84 [HASQ 132 WYQQ [180 |[KASN P28 |GVPSRFSGR76 [QQGH[324 |FGGGT
SPSSLSA ININV KPGNI LHT SGSGTGFT SYPY KLEIK
SLGDTIT [WLS PKLLI LTISSLQPE T
ITC Y DIATYYC

107VL1 37 [DIQMTQ 85 [HASQ |133 WYQQ [181 [KASN P29 |IGVPSRFSGR77 |QQGH]325 [FGGGT
SPSSLSA ININV KPGKA LHT SGSGTDFT SYPY KVEIK
SVGDRV [WLS PKLLI L TISSLQPE T
TITC Y DFATYYC
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107VL1-B8 [pIQMTQR6 [RASQ 134 WYQQ [182 [KASN P30 [GVPSRFSG]R78 [QQGHP26 [FGGGT

M1 SPSSLSA NINV KPGKA|  |LHT SGSGTDFT SYPY KVEIK
SVGDRV WLS PKLLI LTISSLQPE T
TITC Y DFATYYC

107VL2. B9 [DIQMTQ[87 [RASQ[135 WYQQ [183 [KASN 31 [GVPSRESGP79 |[QQGHB27 [FGGGT

M1 SPSSLSA NINV KPGKA LHT SGSGTDFT SYPY KLEIK
SVGDRI WLS PKLLI LTISSLQPE T
TITC Y DFATYYC

0sVH [0 [QVQLQQIs8 [GYSF [136 [WMKQ|184 [MIDP p32 [KATLTVD P80 [LGRY 328 [WGQG
SGPQLV TNHW| [RPGQG SDSE KSSSTAY YFDY TTLTV
RPGASV MH LEWIG TRLN MQLSSPTS SS
KISCKA QQFK EDSAVFY
S D CAR

osVHI |1 [QvQLVQIs9 |[GYSF [137 [WVRQ [185 [MIDP p33 [RVTITADKPS! [LGRY 29 [WGQG
SGAEVK TNHW|  |[APGQG SDSE STSTAYM YFDY TTVTV
KPGSSV MH LEWM TRLN ELSSLRSE SS
KVSCKA G QQFK DTAVYYC
S D AR

osVH2 |2 [EVQLVQPO |[GYSF [138 [WMRQ[186 [MIDP p34 [RVTITADKPS2 [LGRY B30 [WGQG
SGAEVK TNHW|  |APGQG SDSE STSTAYM YFDY TTVTV
KPGSSV MH LEWIG TRLN ELSSLRSE SS
KVSCKA QQFK DTAVFYC
S D AR

osvH3 |3 [EVQLVQP1 [GYSF [139 [WMRQ[187 [MIDP p35 [RATLTVD P83 [LGRY B31 [WGQG
SGAEVK TNHW|  |[APGQG SDSE KSTSTAY YFDY TTVTV
KPGSSV MH LEWIG TRLN MELSSLRS SS
KVSCKA QQFK EDTAVFY
S D CAR

08VHa |4 [EVQLVQ2 [GYSF [140 [WMKQJ188 [MIDP P36 [KATLTVD P84 [LGRY 332 [WGQG
SGAEVK TNHW|  |APGQG SDSE KSTSTAY YFDY TTVTV
KPGSSV MH LEWIG TRLN MELSSLRS SS
KVSCKA QQFK EDTAVYY
S D CAR

osVL 5 [NIVMTQ 93 [RASDI[141 [WYQQ [189 |GASN P37 |[GVPDRFT P85 |GQSY B33 [FGGGT
SPKSMS VGTY KPEQS RYT GSRSATDF DSPY KLEIK
VSVGER 'S PKLLI SLTISNVQ T
VTLSC Y AEDLADY

LC
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O8VL1 H6 |EIVMTQ 94 |RASDI[142 [WYQQ |190 |GASN 238 |GIPARFSG P86 [GQSY 334 |FGGGT
SPATLS VGTY [KPGQA| RYT SGSGTEFT IDSPY KVEIK
[VSPGER VS IPRLLI LTISSLQSE T
ATLSC Y DFAVYYC
O8VL2 W7 [EIVMTQ |95 [RASDIJ143 [WYQQ [191 |GASN 239 |GVPARFSGR87 [GQSY [335 [FGGGT
SPATLS VGTY KPGQA RYT SGSGTEFT IDSPY [KVEIK
VSPGER VS IPRLLI LTISSLQSE T
ATLSC Y DFAVYLC
O8VL3 K8 |EIVMTQ 96 |RASDI[144 WYQQ [192 |GASN 240 |GVPARFSGR88 |IGQSY 336 |FGGGT
SPATLS VGTY KPGQA RYT SGSGTEFT IDSPY KLEIK
[VSPGER VS IPRLLI LTISSVQS [T
[VTLSC Y EDFAVYL
C
[00471] Nucleic acid sequences of exemplary disclosed antibodies (Vu/VLy)
SEQ ID NO:337- | CAGGTGCAACTGCAGCAGTCTGGGCCTCAGCTGGTTAGGCCTGGGGCT
55F2C4-VH TCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTCATTCACCAACTACT

GGATGCACTGGATGAAGCAGAGGCCTGGACAAGGTCTTGAATGGATTG
GCATGATTGATCCTTCCGATAGTGAGACTAGGTTAAATCAGCAGTTCAA
GGACAAGGCCACATTGGCTGTTGACAAATCCTCCAGCACAGCCTACAT
GCAACTCAGCAGCCCGACATCTGAGGACTCTGCGGTCTATTACTGTGCA
AGATTAGGGCGGTATTATTTTGACTACTGGGGCCAAGGCACCACTCTCA
CAGTCTCCTCA

SEQ ID NO:338-
SSF2C4-VL

AACATTGTAATGACCCAATCTCCCAAATCCATGTACGTGTCAGTCGGGG
AGAGGGTCACCTTGATCTGCAGGGCCAGTGAGATTGTGGGCACTTATG
TTTCCTGGTATCAACAGAAACCAGAGCAGTCTCCTAAATTGCTGATATA
CGGGGCATCCAACCGGTACACTGGGGTCCCCGATCGCTTCACAGGCAG
TAGATCTGCAACAGATTTCAGTCTGACCATCAGTAATGTGCAGGCTGA
AGACCTTGCAGATTATCTCTGTGGACAGAGTTACGACTCTCCGTACACG
TTCGGAGGGGGGACCAAGCTGGAAATAAAA

SEQ ID NO:339-
98E2E7/98E2E7
-VH

CAGGTGCAACTGCAGCAGTCTGGGCCTCAGCTAGTTAGGCCTGGGGCT
TCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTCATTCACCAACCACT
GGATGCACTGGATGAAGCAGAGGCCTGGACAAGGTCTTGAATGGATTG
GCATGATTGATCCTTCCGATAGTGAGACTAGGTTAAATCAGCAGTTCAA
GGACAAGGCCACATTGACTGTTGACAAATCCTCCAGCACAGCCTACAT
GCAACTCAGCAGCCCGACATCTGAGGACTCTGCGGTCTTTTACTGTGCA
AGATTAGGGCGGTATTATTTTGACTACTGGGGCCAAGGCACCACTCTCA
CAGTCTCCTCA

SEQ ID NO:340-
98E2E7/98E2ET
VL

AACATTGTAATGACCCAATCTCCCAAATCCATGTCCGTGTCAGTCGGGG
AGAGGGTCACCTTGAGCTGCAGGGCCAGTGACATTGTGGGCACTTATG
TTTCCTGGTATCAACAGAAACCAGAGCAGTCTCCTAAATTGCTGATATA
TGGGGCATCCAACCGGTACACTGGGGTCCCCGATCGCTTCACAGGCAG
TAGATCTGCAACAGATTTCAGTCTGACCATCAGTAATGTGCAGGCTGA
AGACCTTGCAGATTATCTCTGTGGACAGAGTTACGACTCTCCGTACACG
TTCGGAGGGGGGACCAAGCTGGAAATAAAA
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SEQ ID NO:341-
98G5F6/98GS5F1
1-VH

CAGGTGCAACTGCAGCAGTCTGGGCCTCAGCTAGTTAGGCCTGGGGCT
TCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTCATTCACCAACTACT
GGATGCACTGGATGAAGCAGAGGCCTGGACAAGGTCTTGAATGGATTG
GCATGATTGATCCTTCCGATAGTGAGACTAGGTTAAATCAGCAGTTCAA
GGACAAGGCCACATTGACTGTTGACAAATCCTCCAGCACAGCCTACAT
GCAACTCAGCAGCCCGACATCTGAGGACTCTGCGGTCTATTATTGTGCA
AGATTAGGGAGGTATTATTTTGACTTCTGGGGCCAAGGCACCACTCTCA
CAGTCTCCTCA

SEQ ID NO:342-
98GS5F6/98GS5F1
1-VL

AACATTGTAATGACCCAATCTCCCAAATCCATGTCCGTGTCAGTCGGGG
AGAGGGTCACCTTGAGCTGCAGGGCCAGTGAGATTGTGGGCACTTATG
TTTCCTGGTATCAACAGAAACCAGAGCAGTCTCCTAAATTGCTGATATA
TGGGGCATCCAACCGGTTCACTGGGGTCCCCGATCGCTTCACAGGCAG
TAGATCTGCAACAGATTTCAGTCTGACCATCAGTAATGTGCAGGCTGA
AGACCTTGCAGATTATCTCTGTGGACAGAGTTACGACTCTCCGTACACG
TTCGGAGGGGGGACCAAGCTGGAAATAAAG

SEQ ID NO:343-
108C10A6/108C
10F5-VH

CAGATGCAACTGCAGCAGTCTGGGCCTCAACTGGTTAGGCCTGGGGCT
TCAGTGAAGATATCCTGCAAGACTTCTGGTTACTCATTCACCCACCACT
GGATACACTGGATGAAGCAGAGGCCTGGACAAGGTCTTGAGTGGATTG
GCATGATTGATCCCTCCGATAGTGAAACTAGATTAAGTCAGAAGTTCA
AGGACAAGGCCACATTGACTGTAGACGCATCCTCCAGCACAGCCTACA
TGCAACTCAACAGCCCGACATCTGAAGACTCTGCGCTCTATTTCTGTGC
AAGATTAGGGCGGTACTACTTTGACTACTGGGGCCAAGGAACCACTCT
CACAGTCTCCTCA

SEQ ID NO:344-
108C10A6/108C
10F5-VL

AACATTGTCATGACCCAGTCTCCCAGATCCATGTCCATGTCAGTTGGAG
AGAGGGTCACCTTGAGCTGCAAGGCCAGTGAGAATGTGGGTACTTATA
TATCCTGGTATCAACAGAAACCAGACCAGTCTCCTAAACTGCTGATATA
CGGGGCATCCAACCGGTACACTGGGGTCCCCGATCGCTTCACAGGCAG
TGGATCTGGAACAGATTTCACTCTGACCATCAGCACTGTGCAGGCTGA
AGACCTTGCAGATTATCACTGTGGAGAGAGTTATGGTCATCTGTACACG
TTCGGAGGGGGGACCAAGCTGGAAATAAAA

SEQ ID NO:345-
112E5D9/112E5
F2/112ESH7-VH

CAGGTGCAACTGCAGCAGTCTGGGCCTCAACTGGTTAGGCCTGGGGCT
TCAGTGAAGATTTCCTGCAAGGCTTCTGGTTACTCTTTCACCAATAACT
GGATGCACTGGATGAAACAGAGGCCTGGACAAGGTCTTGAATGGATTG
GCATGATTGATCCTTCCGATAGTGAGACCAGGTTAAATCAGCAGTTCA
GGGACAAGGCCACATTGACTGTTGACAAAACCTCCAGCACAGCCTACA
TGCAACTCAGCAGCCCGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGATTAGGGCGGTATTATTTTGACTACTGGGGCCTAGGCACCACTCTC
ACAGTCTCCTCA

SEQ ID NO:346-
112E5D9/112E5
F2/112ESH7-VL

AATATTGTAATGACCCAATCTCCCAAATCCATGTCCGTGTCAGTCGGGG
AGAGGGTCACAATGAACTGCAGGGCCAGTGAGATTGTGGGCACTTATG
TTTCCTGGTATCAACAAAAACCAGAGCAGTCTCCTAAATTGCTAATATA
CGGGGCATTCAACCGCTACACTGGGGTCCCCGATCGCTTCACTGGCAGT
AGATCTGGAACAGATTTCAGTCTGAACATCAGTAATGTGCAGGCTGAA
GACCTTGCAGATTATCTCTGTGGACAGAGTTACGACTCTCCGTACACGT
TCGGAGGGGGGACCAAGCTGGAAATAAAA

SEQ ID NO:347-
107F11B11/107F
11C4/107F11F10
-VH

GAGGTTCAGCTGCAGCAGTCTGGGGCAGAGTTTGTGAAGCCAGGGGCC
TCAGTCAAGTTGTCCTGCACAGCTTCTGGCTTCAATATTGAAGACACCT
ATATGCACTGGGTGAAGCAGAGGCCTGAACAGGGCCTGGAGTGGATTG
GAATGATTGATCCTGCGAATGGTAAAACTAAATATGGCCCGAGGTTCC
AGGACAAGGCCACTGTAACAGCAGACACATCCTCCAACACAGCCAACC
TGCAGCTCAGCAGCCTGACATCTGAGGACACTGCCGTCTATTACTGTGC
TGACGGAATTGGTTACTACGTAGGGGCTATGGACTACTGGGGTCAAGG
AACCTCAGTCACCGTCTCCTCA
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SEQ ID NO:348-
107F11B11/107F
11C4/107F11F10
VL

GACATCCAGATGAACCAGTCTCCATCCAGTCTGTCTGCATCCCTTGGAG
ACACAATTACCATCACTTGCCATGCCAGTCAGAACATTAATGTTTGGTT
AAGCTGGTACCAGCAGAAACCAGGAAATATTCCTAAACTATTGATCTA
TAAGGCTTCCAACTTGCACACAGGCGTCCCATCAAGGTTTAGTGGCAGT
GGATCTGGAACAGGTTTCACATTAACCATCAGCAGCCTGCAGCCTGAA
GACATTGCCACTTACTACTGTCAACAGGGTCACAGTTATCCGTACACGT
TCGGAGGGGGGACCAAGCTGGAAATAAAA

[00472]

amino acid sequences of exemplary disclosed antibody (Vu/Vy); CDRs are

underlined; HUMAN CD47

SEQ ID NO:
349- 55F2C4-VH

QVQLQQSGPQLVRPGASVKISCKASGYSFINYWMHWMKQRPGQGLEWI
GMIDPSDSETRLNQQFKDKATLAVDKSSSTAYMQLSSPTSEDSAVYYCAR
LGRYYFDYWGQGTTLTVSS

SEQ ID NO:
350- SSF2C4-VL

NIVMTQSPKSMYVSVGERVTLICRASEIVGTYVSWYQQKPEQSPKLLIYGA
SNRYTGVPDRFTGSRSATDFSLTISNVQAEDLADYLCGQSYDSPYTFGGGT
KLEIK

SEQ ID NO: QVQLQQSGPQLVRPGASVKISCKASGYSFTNHWMHWMKQRPGQGLEWI
351- GMIDPSDSETRLNQQFKDKATLTVDKSSSTAYMQLSSPTSEDSAVFYCARL
98E2E7/98E2E1 | GRYYFDYWGQGTTLTVSS

2-VH

SEQ ID NO: NIVMTQSPKSMSVSVGERVTLSCRASDIVGTYVSWYQQKPEQSPKLLIYGA
352- SNRYTGVPDRFTGSRSATDFSLTISNVQAEDLADYLCGQSYDSPYTFGGGT
98E2E7/98E2E1 | KLEIK

2-VL

SEQ ID NO: QVQLQQSGPQLVRPGASVKISCKASGYSFTNY WMHWMKQRPGQGLEWI
353- GMIDPSDSETRLNQQFKDKATLTVDKSSSTAYMQLSSPTSEDSAVYYCAR
98GSF6/98GSF1 | LGRY YEDFWGQGTTLTVSS

1-VH

SEQ ID NO: NIVMTQSPKSMSVSVGERVTLSCRASEIVGTYVSWYQQKPEQSPKLLIYGA
354- SNRFTGVPDRFTGSRSATDFSLTISNVQAEDLADYLCGQSYDSPYTFGGGT
98G5F6/98GSF1 | KLEIK

1-VL

SEQ ID NO: EVQLQQSGAEFVKPGASVKLSCTASGFNIEDTYMHW VKQRPEQGLEWIG
355- MIDPANGKTKYGPRFODKATVTADTSSNTANLQLSSLTSEDTAVYYCADG
107F11B11/107F | IGYYVGAMDYWGQGTSVTVSS

11C4/107F11F10

-VH

SEQ ID NO: DIQMNQSPSSLSASLGDTITITCHASQNINVWLSWYQQKPGNIPKLLIYKAS
356- NLHTGVPSRFSGSGSGTGFTLTISSLQPEDIATY YCQQGHSYPYTFGGGTKL
107F11B11/107F | EIK

11C4/107F11F10

VL

SEQ ID NO: QMQLQQSGPQLVRPGASVKISCKTSGYSFTHHWIHWMKQRPGQGLEWIG
357- MIDPSDSETRLSQKFKDKATLTVDASSSTAYMQLNSPTSEDSALYFCARLG
108C10A6/108C | RYYFDYWGQGTTLTVSS

10F5-VH

SEQ ID NO: NIVMTQSPRSMSMSVGERVTLSCKASENVGTYISWYQQKPDQSPKLLIYG
358- ASNRYTGVPDRFTGSGSGTDFTLTISTVQAEDLADYHCGESYGHLYTFGG
108C10A6/108C | GTKLEIK

10F5-VL

SEQ ID NO: QVQLQQSGPQLVRPGASVKISCKASGYSFTNNWMHWMKQRPGQGLEWI

359-

GMIDPSDSETRLNOQQFRDKATLTVDKTSSTAYMQLSSPTSEDSAVYYCAR
LGRYYFDYWGLGTTLTVSS
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112E5D9/112E5
F2/112ESH7-VH

SEQ ID NO: NIVMTQSPKSMSVSVGERVTMNCRASEIVGTYVSWYQQKPEQSPKLLIYG

360- AFNRYTGVPDRFTGSRSGTDFSLNISNVQAEDLADYLCGQSYDSPYTFGGG

112E5D9/112E5 | TKLEIK

F2/112E5H7-VL

SEQ ID NO: QMQLQQSGPQLVRPGASVKISCKTSGYSFTHHWIHWMKQRPGQGLEWIG

361- 108VH MIDPSDSETRLSQKFKDKATLTVDASSSTAYMQLNSPTSEDSALYFCARLG
RYYFDYWGQGTTLTVSS

SEQ ID NO: QMQLQQSGPQLVRPGASVKISCKTSGYSFTHHWIHWMKQRPGQGLEWIGI

362- 108VH.M1

IDPSDSETRLSQKFKDKATLTVDASSSTAYMQLNSPTSEDSALYFCARLGR
YYEFDYWGQGTTLTVSS

SEQ ID NO:
363- 108VH.M2

QMOQLQQSGPQLVRPGASVKISCKTSGYSFTHHWIHWMKQRPGQGLEWIG
MIEPSDSETRLSQKFKDKATLTVDASSSTAYMQLNSPTSEDSALYFCARLG
RYYFDYWGQGTTLTVSS

SEQ ID NO:
364- 108VH.M3

QMQLQQSGPQLVRPGASVKISCKTSGYSFTHHWIHWMKQRPGQGLEWIG
MISPSDSETRLSQKFKDKATLTVDASSSTAYMQLNSPTSEDSALYFCARLG
RYYFDYWGQGTTLTVSS

SEQ ID NO:
365- 108VH.M4

QMQLQQSGPQLVRPGASVKISCKTSGYSFTHHWIHWMKQRPGQGLEWIG
MIDASDSETRLSQKFKDKATLTVDASSSTAYMQLNSPTSEDSALYFCARLG
RYYFDYWGQGTTLTVSS

SEQ ID NO: QVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWVRQAPGQGLEWM

366- 108VHI GMIDPSDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARL
GRYYFDYWGQGTTVTVSS

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWMRQAPGQGLEWIG

367- 108VH2 MIDPSDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYFCARLG
RYYFDYWGQGTTVTVSS

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWMRQAPGQGLEWIG

368- 108VH3 MIDPSDSETRLSQKFKDRATLTVDKSTSTAYMELSSLRSEDTAVYFCARLG
RYYFDYWGQGTTVTVSS

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKTSGYSFTHHWIHWMKQAPGQGLEWIG

369- 108Vha MIDPSDSETRLSQKFKDKATLTVDKSTSTAYMELSSLRSEDTAVYFCARLG
RYYFDYWGQGTTVTVSS

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWVRQAPGQGLEWM

370- 108VH4 GMIDPSDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARL
GRYYFDYWGQGTTVTVSS

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWVRQAPGQGLEWM

371- 108 VH4.M2

GMIEPSDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARL
GRYYFDYWGQGTTVTVSS

SEQ ID NO:
372- 108VH4.M3

EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWVRQAPGQGLEWM
GMISPSDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARL
GRYYFDYWGQGTTVTVSS

SEQ ID NO:
373- 108VH4.M4

EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWVRQAPGQGLEWM
GMIDASDSETRLSOQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARL
GRYYFDYWGQGTTVTVSS

SEQ ID NO: NIVMTQSPRSMSMSVGERVTLSCKASENVGTYISWYQQKPDQSPKLLIYG

374- 108 VL ASNRYTGVPDRFTGSGSGTDFTLTISTVQAEDLADYHCGESYGHL YTFGG
GTKLEIK

SEQ ID NO: EIVLTQSPATLSLSPGERATLSCKASENVGTYISWYQQKPGQAPRLLIYGAS

375- 108VL1 NRYTGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCGESYGHLYTFGGGTKV

EIK
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SEQ ID NO:
376- 108VL.M1

EIVLTQSPATLSLSPGERATLSCRASENVGTYISWYQQKPGQAPRLLIYGAS
NRYTGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCGESYGHLYTFGGGTKV
EIK

SEQ ID NO:
377- 108VL1.M1

EIVLTQSPATLSLSPGERATLSCRASENVGTYISWYQQKPGQAPRLLIYGAS
NRYTGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCGESYGHLYTFGGGTKV
EIK

SEQ ID NO:
378- 108VL2.M1

EIVLTQSPATLSLSPGERATLSCRASENVGTYISWY QQKPGQAPRLLIYGAS
NRYTGVPARFSGSGSGTDFTLTISSLEPEDFAVYHCGESYGHLYTFGGGTK
VEIK

SEQ ID NO:
379- 108VL3.M1

EIVLTQSPATLSLSPGERVTLSCRASENVGTYISWY QQKPGQAPRLLIYGAS
NRYTGVPARFSGSGSGTDFTLTISSVEPEDFAVYHCGESYGHLYTFGGGTK
LEIK

SEQ ID NO: EVQLQQSGAEFVKPGASVKLSCTASGENIEDTYMHWVKQRPEQGLEWIG

380- 107VH MIDPANGKTKYGPRFQDKATVTADTSSNTANLQLSSLTSEDTAVYYCADG
IGYYVGAMDYWGQGTSVTVSS

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKASGENIEDTYMHWVRQAPGQGLEWM

381- 107VHI | GMIDPANGKTKYGPRFQDRVTITADKSTSTAYMELSSLRSEDTAVYYCAR
GIGYYVGAMDYWGQGTTVTVSS

SEQ ID NO- EVQLVQSGAEVKKPGSSVKVSCKASGENIEDTYMHWVRQAPGQGLEWIG

382- 107VH2 | MIDPANGKTKYGPRFQDRVTITADKSTSTAYMELSSLRSEDTAVYYCADGI
GYYVGAMDYWGQGTTVTVSS

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKASGENIEDTYMHWVRQAPGQGLEWIG

383- 107VH3 | MIDPANGKTKYGPRFQDRATVTADKSTSTAYMELSSLRSEDTAVYYCAD
GIGYYVGAMDYWGQGTTVTVSS

SEQ ID NO: DIQMNQSPSSLSASLGDTITITCHASONINVWLSWY QQKPGNIPKLLIYKAS

384- 107VL NLHTGVPSRFSGSGSGTGFTLTISSLQPEDIATY YCQQGHSYPYTFGGGTKL
EIK

SEQ ID NO: DIQMTQSPSSLSASVGDRVTITCHASONINVWLSWY QQKPGKAPKLLIYKA

385- 107VLI SNLHTGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGHSYPYTFGGGTK
VEIK

SEQ ID NO: DIQMTQSPSSLSASVGDRVTITCRASONINVWLSWY QQKPGKAPKLLIYKA

386- 107VL1-M1

SNLHTGVPSRFSGSGSGTDFTLTISSLQPEDFATY YCQOGHSYPYTFGGGTK
VEIK

SEQ ID NO:
387- 107VL2.M1

DIQMTQSPSSLSASVGDRITITCRASONINVWLSWY QQKPGKAPKLLIYKA
SNLHTGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQOQGHSYPYTFGGGTK
LEIK

SEQ ID NO: QVQLQQSGPQLVRPGASVKISCKASGYSFINHWMHWMKQRPGQGLEWI

388- 98VH GMIDPSDSETRLNQOQFKDKATLTVDKSSSTAYMQLSSPTSEDSAVFYCARL
GRYYFDYWGQGTTLTVSS

SEQ ID NO: QVQLVQSGAEVKKPGSSVKVSCKASGYSFTNHWMHWVRQAPGQGLEW

389- 98VH1 MGMIDPSDSETRLNQOQFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCA
RLGRYYFDYWGQGTTVTVSS

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKASGYSFTNHWMHWMRQAPGQGLEWI

390- 98VH2 GMIDPSDSETRLNQOQFKDRVTITADKSTSTAYMELSSLRSEDTAVFYCARL
GRYYFDYWGQGTTVTVSS

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKASGYSFTNHWMHWMRQAPGQGLEWI

391- 98VH3 GMIDPSDSETRLNQQFKDRATLTVDKSTSTAYMELSSLRSEDTAVFYCARL

GRYYFDYWGQGTTVTVSS
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SEQ ID NO- EVOLVOSGAEVKKPGSSVKVSCKASGYSFINHWMHWMKQAPGQGLEWI

392- 98VHa GMIDPSDSETRLNOOFKDKATLTVDKSTSTAYMELSSLRSEDTAV Y YCAR
LGRYYFDYWGQGTTVTVSS

SEQ ID NO: NIVMTQSPKSMSVSVGERVTLSCRASDIVGTYVSWYQOKPEQSPKLLIYGA

303- 98 VL SNRYTGVPDRFTGSRSATDFSLTISNVQAEDLADYLCGOSYDSPYTFGGGT
KLEIK

SEQ ID NO: EIVMTQSPATLSVSPGERATLSCRASDIVGTYVSWY QQKPGQAPRLLIYGAS

394- 98VLI NRYTGIPARFSGSGSGTEFTLTISSLQSEDFAVYY CGQSYDSPYTFGGGTKV
EIK

SEQ ID NO: EIVMTQSPATLSVSPGERATLSCRASDIVGTY VSWYQQKPGQAPRLLIYGA

395- 98VL2 SNRYTGVPARFSGSGSGTEFTLTISSLQSEDFAVYLCGOSYDSPYTFGGGTK
VEIK

SEQ ID NO: EIVMTQSPATLSVSPGERVTLSCRASDIVGTYVSWY QQKPGQAPRLLIYGA

396- 98VL3 SNRYTGVPARFSGSGSGTEFTLTISSVQSEDFAVYLCGQSYDSPYTFGGGTK
LEIK

SEQ ID NO- QMOLQQSGPQLVRPGASVKISCKTSGYSFTHHWIHWMKQRPGQGLEWIG

397- MIDPSDSETRLSOKFKDKATLTVDASSSTAYMQLNSPTSEDSALYFCARLG

108C10A6_VH- | RYYFDYWGQGTTLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFP

huleG1CH EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNV
NHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV Y TLP
PSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: NIVMTQSPRSMSMSVGERVTLSCKASENVGTYISWYQQKPDQSPKLLIYG

308- ASNRYTGVPDRFTGSGSGTDFTLTISTVQAEDLADYHCGESYGHLYTFGG

108C10A6_VL- | GTKLEIKRTVAAPSVFIFPPSDEQLKSGTASYVCLLNNFYPREAKVQWKVD

higKCL NALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL
SSPVTKSFNRGEC

SEQ ID NO: EVOLVQSGAEVKKPGSSVKYSCKASGY SFTHHWIHWVRQAPGQGLEWM

399- GMIDASDSETRLSOKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARL

108VH4.M4- GRYYFDYWGQGTTVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDY

hulgG1 FPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICN
VNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: EVQLVQSGAEVKKPGSSVKYVSCKASGYSFTHHWIHWVRQAPGQGLEWM

400- GMIDASDSETRLSOKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARL

108VH4 M4- GRYYFDYWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDY

hIgG2 FPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNEGTQTYTC

NVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISR
TPEVICVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVS
VLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPS

REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSF
FLYSKLTVDKSRWQQGNVFESCSVMHEALHNHYTQKSLSLSPGK

82



WO 2019/144895

PCT/CN2019/072929

SEQ ID NO:
401-

EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWVRQAPGQGLEWM
GMIDASDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARL

108VH4.M4- GRYYFDYWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDY

hIgG4PE FPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTC
NVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQ
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

SEQ ID NO: EIVLTQSPATLSLSPGERATLSCRASENVGTYISWYQQKPGQAPRLLIYGAS

402- NRYTGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCGESYGHLYTFGGGTKV

108VL1.M1- EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ

hIgKCL SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT
KSFNRGEC

SEQ ID NO: EVQLVQSGAEVKKPGSSVKVSCKASGYSFTHHWIHWVRQAPGQGLEWM

403- GMIDASDSETRLSQKFKDRVTITADKSTSTAYMELSSLRSEDTAVYYCARL

108VH4.M4- GRYYFDYWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDY

hIgG4P FPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTC
NVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQ
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

SEQ ID NO: QVQLQQSGPQLVRPGASVKISCKASGYSFTNHWMHWMKQRPGQGLEWI

404- GMIDPSDSETRLNQQFKDKATLTVDKSSSTAYMQLSSPTSEDSAVFYCARL

98E2E12 VH- | GRYYFDYWGQGTTLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDY

hulgG1CH FPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICN
VNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: NIVMTQSPKSMSVSVGERVTLSCRASDIVGTYVSWYQQKPEQSPKLLIYGA

405- SNRYTGVPDRFTGSRSATDFSLTISNVQAEDLADYLCGQSYDSPYTFGGGT

98E2E12 VL- KLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNA

hIgKCL LQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSP
VTKSFNRGEC

SEQ ID NO: EVQLQQSGAEFVKPGASVKLSCTASGENIEDTYMHW VKQRPEQGLEWIG

406- 107F11F10-
VH-hulgG1CH

MIDPANGKTKYGPRFODKATVTADTSSNTANLQLSSLTSEDTAVYYCADG
IGYYVGAMDYWGQGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV
KDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ
VYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:
407- 107F11F10-
VL-hIgkCL

DIQMNQSPSSLSASLGDTITITCHASQNINVWLSWYQQKPGNIPKLLIYKAS
NLHTGVPSRFSGSGSGTGFTLTISSLQPEDIATY YCQQGHSYPYTFGGGTKL
EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT
KSFNRGEC
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SEQ ID NO:
412-human CD47

MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVINMEAQN
TTEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKM

DKSDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIVIFPIFAIL
LFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKN
ATGLGLIVTSTGILILLHY Y VFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIA
ACIPMHGPLLISGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAF
KESKGMMNDE

[00473] NUCLEIC ACID SEQUENCES OF EXEMPLARY ANTIBODIES OF THIS
DISCLOSURE

[00474] VH 108VH4.M4_VL1.M1-hlgG2

[00475] Set 1:

[00476] >108VH4.M4-hIgG2 (SEQ ID NO: 413)

[00477] GAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGAAGAAGCCAGGATCCA

GCGTGAAGGTGAGCTGCAAGGCTAGCGGCTACTCTTTCACCCACCATTGGATCCACTGGG
TGAGGCAGGCTCCTGGACAGGGACTGGAGTGGATGGGCATGATCGACGCTTCCGATAGC
GAGACAAGACTGTCTCAGAAGTTTAAGGACCGCGTGACCATCACAGCCGATAAGTCTAC
CTCCACAGCTTACATGGAGCTGTCTTCCCTGAGATCCGAGGACACCGCCGTGTACTATTG
TGCTAGGCTGGGCCGGTACTATTTCGATTATTGGGGCCAGGGCACCACAGTGACAGTGA
GCTCTGCCTCCACCAAGGGACCTAGCGTGTTTCCCCTGGCTCCTTGCAGCCGGTCTACAT
CCGAGAGCACCGCCGCTCTGGGATGTCTGGTGAAGGATTATTTCCCTGAGCCAGTGACAG
TGTCTTGGAACTCCGGCGCCCTGACAAGCGGAGTGCACACCTTTCCAGCTGTGCTGCAGT
CTTCCGGCCTGTATTCTCTGAGCTCTGTGGTGACCGTGCCTTCCAGCAATTTCGGCACCCA
GACATACACCTGCAACGTGGACCATAAGCCATCCAATACAAAGGTGGATAAGACCGTGG
AGAGAAAGTGCTGCGTGGAGTGCCCACCTTGTCCTGCTCCACCAGTGGCTGGACCAAGC
GTGTTCCTGTTTCCTCCAAAGCCCAAGGACACACTGATGATCTCCCGCACACCTGAGGTG
ACCTGCGTGGTGGTGGACGTGAGCCACGAGGATCCCGAGGTGCAGTTTAACTGGTACGT
GGATGGCGTGGAGGTGCATAATGCTAAGACCAAGCCTAGGGAGGAGCAGTTCAACTCTA
CATTTCGGGTGGTGTCCGTGCTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAGGAG
TACAAGTGCAAGGTGTCTAATAAGGGCCTGCCCGCTCCTATCGAGAAGACAATCTCCAA
GACCAAGGGCCAGCCAAGAGAGCCCCAGGTGTATACCCTGCCCCCTAGCCGCGAGGAGA
TGACAAAGAACCAGGTGTCTCTGACCTGTCTGGTGAAGGGCTTCTACCCATCTGACATCG
CCGTGGAGTGGGAGTCCAATGGCCAGCCCGAGAACAATTATAAGACCACACCACCCATG
CTGGACAGCGATGGCTCTTTCTTTCTGTACAGCAAGCTGACAGTGGATAAGTCTAGGTGG
CAGCAGGGCAACGTGTTTTCTTGCTCCGTGATGCATGAGGCTCTGCACAATCATTACACC
CAGAAGAGCCTGTCTCTGTCCCCTGGCAAG

[00478] > VL 108VL1.M1-hIgKCL (SEQ ID NO: 414)

[00479] GAGATCGTGCTGACCCAGTCTCCAGCCACACTGTCTCTGTCCCCAGGAGA
GAGGGCCACCCTGAGCTGCCGGGCTTCTGAGAACGTGGGCACATACATCTCCTGGTATCA
GCAGAAGCCAGGACAGGCTCCTAGGCTGCTGATCTACGGCGCTAGCAATAGATATACCG
GCATCCCTGCTCGCTTCAGCGGATCTGGATCCGGCACAGACTTTACCCTGACAATCTCCA
GCCTGGAGCCAGAGGATTTCGCCGTGTACTATTGTGGCGAGTCCTACGGCCACCTGTATA
CCTTTGGCGGCGGCACAAAGGTGGAGATCAAGCGAACGGTGGCTGCACCATCTGTCTTC
ATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTG
AATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATC
GGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCA
GCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAA
GTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

[00480] Set 2:
[00481] > VH 108VH4.M4-hIgG2 (SEQ ID NO: 415)
[00482] GAGGTGCAGCTGGTGCAGAGCGGAGCAGAGGTGAAGAAGCCTGGCAGCT

CCGTGAAGGTGTCCTGCAAGGCCTCCGGCTACTCTTTCACACACCACTGGATCCACTGGG
TGCGGCAGGCACCAGGACAGGGACTGGAGTGGATGGGCATGATCGACGCCAGCGATTCC
GAGACCAGGCTGTCCCAGAAGTTTAAGGACCGCGTGACCATCACAGCCGATAAGTCTAC
CAGCACAGCCTACATGGAGCTGTCTAGCCTGAGGAGCGAGGACACCGCCGTGTACTATT
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GTGCCCGGCTGGGCAGATACTATTTCGATTATTGGGGCCAGGGCACCACAGTGACAGTGT
CCTCTGCCTCCACCAAGGGACCAAGCGTGTTCCCACTGGCACCATGCTCCCGCTCTACAA
GCGAGTCCACCGCCGCCCTGGGATGTCTGGTGAAGGACTATTTCCCTGAGCCAGTGACAG
TGAGCTGGAACTCCGGCGCCCTGACATCTGGCGTGCACACCTTTCCTGCCGTGCTGCAGA
GCTCCGGCCTGTACAGCCTGTCTAGCGTGGTGACCGTGCCCTCCTCTAATTTCGGCACCC

AGACATATACCTGCAACGTGGACCACAAGCCTTCCAATACAAAGGTGGATAAGACCGTG
GAGAGGAAGTGCTGCGTGGAGTGCCCACCTTGTCCAGCACCACCAGTGGCAGGCCCTAG
CGTGTTCCTGTTTCCTCCAAAGCCAAAGGACACACTGATGATCTCTAGAACACCCGAGGT
GACCTGCGTGGTGGTGGACGTGAGCCACGAGGATCCAGAGGTGCAGTTTAACTGGTACG
TGGATGGCGTGGAGGTGCACAATGCCAAGACCAAGCCCCGGGAGGAGCAGTTCAACAGC
ACCTTCCGGGTGGTGTCCGTGCTGACCGTGGTGCACCAGGATTGGCTGAACGGCAAGGA

GTATAAGTGCAAGGTGTCCAATAAGGGCCTGCCCGCCCCTATCGAGAAGACAATCTCTA

AGACCAAGGGCCAGCCTAGGGAGCCACAGGTGTACACCCTGCCCCCTAGCCGCGAGGAG
ATGACAAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTATCCTTCCGACATC
GCCGTGGAGTGGGAGTCTAATGGCCAGCCAGAGAACAATTACAAGACCACACCACCCAT
GCTGGACTCTGATGGCAGCTTCTTTCTGTATTCTAAGCTGACAGTGGATAAGAGCAGATG
GCAGCAGGGCAACGTGTTITTCTTGCAGCGTGATGCACGAGGCCCTGCACAATCACTACAC
CCAGAAGTCCCTGTCTCTGAGCCCCGGCAAG

[00483] > VL 108VL1.M1-hIgKCL (SEQ ID NO: 416)

[00484] GAGATCGTGCTGACCCAGTCCCCTGCCACACTGAGCCTGTCCCCAGGAGA
GAGGGCCACCCTGTCTTGCAGAGCAAGCGAGAACGTGGGCACATACATCTCTTGGTATC

AGCAGAAGCCAGGACAGGCACCAAGGCTGCTGATCTACGGAGCAAGCAATAGGTATACC
GGCATCCCCGCACGCTTCTCTGGAAGCGGATCCGGCACAGACTTTACCCTGACAATCAGC
TCCCTGGAGCCTGAGGATTTCGCCGTGTACTATTGCGGCGAGAGCTACGGCCACCTGTAT
ACCTTTGGCGGCGGCACAAAGGTGGAGATCAAGAGGACCGTGGCAGCACCAAGCGTGTT
CATCTTTCCCCCTTCCGACGAGCAGCTGAAGTCCGGCACCGCCTCTGTGGTGTGCCTGCT

GAACAATTTCTACCCCAGAGAGGCCAAGGTGCAGTGGAAGGTGGATAACGCCCTGCAGT
CTGGCAATAGCCAGGAGTCCGTGACCGAGCAGGACTCTAAGGATAGCACATATTCCCTG

TCTAGCACCCTGACACTGTCCAAGGCCGACTACGAGAAGCACAAGGTGTATGCATGCGA

GGTGACCCACCAGGGACTGTCCTCTCCTGTGACAAAGTCTTTTAACAGAGGCGAGTGT

[00485] Set 3:
[00486] > VH 108VH4.M4-hIgG2 (SEQ ID NO: 417)
[00487] GAGGTGCAGCTGGTGCAGAGCGGAGCAGAGGTGAAGAAGCCTGGCAGCT

CCGTGAAGGTGTCCTGCAAGGCCTCCGGCTACTCTTTCACACACCACTGGATCCACTGGG
TGCGGCAGGCACCAGGACAGGGACTGGAGTGGATGGGCATGATCGACGCCAGCGATTCC
GAGACCAGGCTGTCCCAGAAGTTTAAGGACCGCGTGACCATCACAGCCGATAAGTCTAC
CAGCACAGCCTACATGGAGCTGTCTAGCCTGAGGAGCGAGGACACCGCCGTGTACTATT
GTGCCCGGCTGGGCAGATACTATTTCGATTATTGGGGCCAGGGCACCACAGTGACAGTGT
CCTCTGCCTCCACCAAGGGCCCCTCTGTGTTTCCACTGGCCCCCTGCTCCAGGTCTACAAG
CGAGTCCACCGCAGCACTGGGATGTCTGGTGAAGGACTATTTCCCTGAGCCAGTGACAGT
GAGCTGGAACTCCGGCGCCCTGACATCTGGCGTGCACACCTTTCCTGCCGTGCTGCAGAG
CTCCGGCCTGTACAGCCTGTCTAGCGTGGTGACCGTGCCCTCCTCTAATTTCGGCACCCA
GACATATACCTGCAACGTGGACCACAAGCCTTCCAATACAAAGGTGGATAAGACCGTGG
AGCGGAAGTGCTGTGTGGAGTGCCCACCTTGTCCAGCACCACCAGTGGCAGGCCCTAGC
GTGTTCCTGTTTCCTCCAAAGCCAAAGGACACACTGATGATCTCTAGAACACCCGAGGTG
ACCTGTGTGGTGGTGGACGTGAGCCACGAGGATCCAGAGGTGCAGTTTAACTGGTACGT
GGATGGCGTGGAGGTGCACAATGCCAAGACCAAGCCCCGGGAGGAGCAGTTCAACAGC
ACCTTCCGGGTGGTGTCCGTGCTGACCGTGGTGCACCAGGATTGGCTGAACGGCAAGGA
GTATAAGTGCAAGGTGTCCAATAAGGGCCTGCCCGCCCCTATCGAGAAGACAATCTCTA
AGACCAAGGGCCAGCCTAGGGAGCCACAGGTGTACACCCTGCCCCCTAGCCGCGAGGAG
ATGACAAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTATCCTTCCGACATC
GCCGTGGAGTGGGAGTCTAATGGCCAGCCAGAGAACAATTACAAGACCACACCACCCAT
GCTGGACTCTGATGGCAGCTTCTTTCTGTATTCTAAGCTGACAGTGGATAAGAGCAGATG
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GCAGCAGGGCAACGTGTTTTCTTGCAGCGTGATGCACGAGGCCCTGCACAATCACTACAC
CCAGAAGTCCCTGTCTCTGAGCCCCGGCAAG

[00488] > VL 108VL1.M1-hIgKCL (SEQ ID NO: 418)

[00489] GAGATCGTGCTGACCCAGTCCCCTGCAACACTGAGCCTGTCCCCAGGAGA
GAGGGCAACCCTGTCTTGCAGAGCAAGCGAGAACGTGGGCACATACATCTCTTGGTATC
AGCAGAAGCCAGGACAGGCACCAAGGCTGCTGATCTACGGAGCAAGCAATAGGTATACC
GGCATCCCCGCACGCTTCTCTGGAAGCGGATCCGGCACAGACTTTACCCTGACAATCAGC
TCCCTGGAGCCTGAGGATTTCGCCGTGTACTATTGCGGCGAGAGCTACGGCCACCTGTAT
ACCTTTGGCGGCGGCACAAAGGTGGAGATCAAGAGGACCGTGGCAGCACCAAGCGTGTT
CATCTTTCCCCCTTCCGACGAGCAGCTGAAGTCCGGCACCGCCTCTGTGGTGTGTCTGCT
GAACAATTTCTACCCCAGAGAGGCCAAGGTGCAGTGGAAGGTGGATAACGCCCTGCAGT
CTGGCAATAGCCAGGAGTCCGTGACCGAGCAGGACTCTAAGGATAGCACATATTCCCTG
TCTAGCACCCTGACACTGTCCAAGGCCGACTACGAGAAGCACAAGGTGTATGCATGCGA
GGTGACCCACCAGGGACTGTCCTCTCCTGTGACAAAGTCTTTTAACAGAGGCGAGTGT

[00490] 108VH4.M4_VL1.M1-hIgG4PE

[00491] Set 1:

[00492] > VH 108VH4.M4-hIgG4PE (SEQ ID NO: 419)

[00493] GAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGAAGAAGCCAGGATCCA

GCGTGAAGGTGAGCTGCAAGGCTAGCGGCTACTCTTTCACCCACCATTGGATCCACTGGG
TGAGGCAGGCTCCTGGACAGGGACTGGAGTGGATGGGCATGATCGACGCTTCCGATAGC
GAGACAAGACTGTCTCAGAAGTTTAAGGACCGCGTGACCATCACAGCCGATAAGTCTAC
CTCCACAGCTTACATGGAGCTGTCTTCCCTGAGATCCGAGGACACCGCCGTGTACTATTG
TGCTAGGCTGGGCCGGTACTATTTCGATTATTGGGGCCAGGGCACCACAGTGACAGTGA
GCTCTGCCAGCACAAAGGGCCCTTCCGTGTTCCCACTGGCTCCCTGCTCCAGAAGCACAT
CTGAGTCCACCGCCGCTCTGGGCTGTCTGGTGAAGGACTACTTCCCTGAGCCAGTGACCG
TGTCCTGGAACAGCGGCGCCCTGACATCTGGCGTGCACACCTTTCCAGCTGTGCTGCAGT
CCAGCGGCCTGTACTCCCTGTCTTCCGTGGTGACAGTGCCCAGCTCTTCCCTGGGCACCA
AGACATATACCTGCAACGTGGACCATAAGCCTTCCAATACCAAGGTGGATAAGAGGGTG
GAGAGCAAGTACGGACCACCTTGCCCACCATGTCCAGCTCCTGAGTTTGAGGGAGGACC
ATCCGTGTTCCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCAGCCGGACACCTGA
GGTGACCTGCGTGGTGGTGGACGTGTCTCAGGAGGATCCAGAGGTGCAGTTCAACTGGT
ACGTGGATGGCGTGGAGGTGCACAATGCTAAGACCAAGCCAAGAGAGGAGCAGTTTAAT
TCCACATACCGCGTGGTGAGCGTGCTGACCGTGCTGCATCAGGATTGGCTGAACGGCAA
GGAGTATAAGTGCAAGGTGTCCAATAAGGGCCTGCCCAGCTCTATCGAGAAGACAATCA
GCAAGGCTAAGGGACAGCCTAGGGAGCCACAGGTGTACACCCTGCCCCCTTCTCAGGAG
GAGATGACAAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTATCCAAGCGA
CATCGCTGTGGAGTGGGAGTCTAATGGCCAGCCCGAGAACAATTACAAGACCACACCAC
CCGTGCTGGACTCTGATGGCTCCTTCTTTCTGTATTCTAGGCTGACAGTGGATAAGTCCCG
GTGGCAGGAGGGCAACGTGTTTAGCTGCTCTGTGATGCACGAGGCCCTGCACAATCATTA
TACCCAGAAGTCCCTGAGCCTGTCTCTGGGCAAG

[00494] > VL 108VL1.M1-hIgKCL (SEQ ID NO: 414)

[00495] GAGATCGTGCTGACCCAGTCTCCAGCCACACTGTCTCTGTCCCCAGGAGA
GAGGGCCACCCTGAGCTGCCGGGCTTCTGAGAACGTGGGCACATACATCTCCTGGTATCA
GCAGAAGCCAGGACAGGCTCCTAGGCTGCTGATCTACGGCGCTAGCAATAGATATACCG
GCATCCCTGCTCGCTTCAGCGGATCTGGATCCGGCACAGACTTTACCCTGACAATCTCCA
GCCTGGAGCCAGAGGATTITCGCCGTGTACTATTGTGGCGAGTCCTACGGCCACCTGTATA
CCTTTGGCGGCGGCACAAAGGTGGAGATCAAGCGAACGGTGGCTGCACCATCTGTCTTC
ATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTG
AATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATC
GGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCA
GCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAA
GTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT
[00496] Set 2:

[00497] > VH 108VH4.M4-hIgG4PE (SEQ ID NO: 420)

86



WO 2019/144895 PCT/CN2019/072929

[00498] GAGGTGCAGCTGGTGCAGTCTGGCGCCGAGGTGAAGAAGCCAGGCAGCT
CCGTGAAGGTGTCCTGCAAGGCCTCCGGCTACTCTTTCACACACCACTGGATCCACTGGG
TGCGGCAGGCACCAGGACAGGGACTGGAGTGGATGGGCATGATCGACGCCAGCGATTCC
GAGACCCGGCTGAGCCAGAAGTTTAAGGACAGAGTGACCATCACAGCCGATAAGTCTAC
CAGCACAGCCTACATGGAGCTGTCTAGCCTGAGGTCCGAGGACACCGCCGTGTACTATTG
TGCCCGGCTGGGCAGATACTATTTCGATTATTGGGGCCAGGGCACCACAGTGACAGTGTC
CTCTGCCTCCACCAAGGGACCAAGCGTGTTCCCACTGGCACCATGCTCCCGCTCTACAAG
CGAGTCCACCGCCGCCCTGGGATGTCTGGTGAAGGACTATTTCCCTGAGCCAGTGACCGT
GAGCTGGAACTCCGGCGCCCTGACAAGCGGAGTGCACACCTTTCCTGCCGTGCTGCAGA
GCTCCGGCCTGTACTCCCTGTCTAGCGTGGTGACAGTGCCCTCCTCTAGCCTGGGCACCA
AGACATATACCTGCAACGTGGACCACAAGCCTAGCAATACCAAGGTGGATAAGCGGGTG
GAGTCCAAGTACGGACCACCTTGCCCACCATGTCCAGCACCTGAGTTCGAGGGAGGACC
AAGCGTGTTCCTGTTTCCTCCAAAGCCTAAGGACACACTGATGATCTCCAGAACACCTGA
GGTGACCTGCGTGGTGGTGGACGTGTCTCAGGAGGATCCAGAGGTGCAGTTCAACTGGT
ACGTGGATGGCGTGGAGGTGCACAATGCCAAGACCAAGCCTAGGGAGGAGCAGTTTAAT
AGCACATACCGCGTGGTGTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAACGGCAA
GGAGTATAAGTGCAAGGTGAGCAATAAGGGCCTGCCATCCTCTATCGAGAAGACAATCT
CCAAGGCCAAGGGCCAGCCTAGAGAGCCACAGGTGTACACCCTGCCCCCTTCTCAGGAG
GAGATGACAAAGAACCAGGTGAGCCTGACCTGTCTGGTGAAGGGCTTCTATCCATCCGA
CATCGCCGTGGAGTGGGAGTCTAATGGCCAGCCCGAGAACAATTACAAGACCACACCAC
CCGTGCTGGACTCTGATGGCAGCTTCTTTCTGTATTCTAGGCTGACAGTGGATAAGAGCC
GCTGGCAGGAGGGCAACGTGTTTTCTTGCAGCGTGATGCACGAGGCCCTGCACAATCACT
ACACCCAGAAGTCCCTGTCTCTGAGCCTGGGCAAG

[00499] > VL 108VL1.M1-hIgKCL (SEQ ID NO: 416)

[00500] GAGATCGTGCTGACCCAGTCCCCTGCCACACTGAGCCTGTCCCCAGGAGA
GAGGGCCACCCTGTCTTGCAGAGCAAGCGAGAACGTGGGCACATACATCTCTTGGTATC
AGCAGAAGCCAGGACAGGCACCAAGGCTGCTGATCTACGGAGCAAGCAATAGGTATACC
GGCATCCCCGCACGCTTCTCTGGAAGCGGATCCGGCACAGACTTTACCCTGACAATCAGC
TCCCTGGAGCCTGAGGATTTCGCCGTGTACTATTGCGGCGAGAGCTACGGCCACCTGTAT
ACCTTTGGCGGCGGCACAAAGGTGGAGATCAAGAGGACCGTGGCAGCACCAAGCGTGTT
CATCTTTCCCCCTTCCGACGAGCAGCTGAAGTCCGGCACCGCCTCTGTGGTGTGCCTGCT
GAACAATTTCTACCCCAGAGAGGCCAAGGTGCAGTGGAAGGTGGATAACGCCCTGCAGT
CTGGCAATAGCCAGGAGTCCGTGACCGAGCAGGACTCTAAGGATAGCACATATTCCCTG
TCTAGCACCCTGACACTGTCCAAGGCCGACTACGAGAAGCACAAGGTGTATGCATGCGA
GGTGACCCACCAGGGACTGTCCTCTCCTGTGACAAAGTCTTTTAACAGAGGCGAGTGT

[00501] Set 3:
[00502] > VH 108VH4.M4-hIgG4PE (SEQ ID NO: 421)
[00503] GAGGTGCAGCTGGTGCAGTCTGGCGCCGAGGTGAAGAAGCCAGGCAGCT

CCGTGAAGGTGTCCTGCAAGGCCTCCGGCTACTCTTTCACACACCACTGGATCCACTGGG
TGCGGCAGGCACCAGGACAGGGACTGGAGTGGATGGGCATGATCGACGCCAGCGATTCC
GAGACCCGGCTGAGCCAGAAGTTTAAGGACAGAGTGACCATCACAGCCGATAAGTCTAC
CAGCACAGCCTACATGGAGCTGTCTAGCCTGAGGTCCGAGGACACCGCCGTGTACTATTG
TGCCCGGCTGGGCAGATACTATTTCGATTATTGGGGCCAGGGCACCACAGTGACAGTGTC
CTCTGCCTCCACCAAGGGCCCCTCTGTGTTTCCACTGGCCCCCTGCTCCAGGTCTACAAGC
GAGTCCACCGCAGCACTGGGATGTCTGGTGAAGGACTATTTCCCTGAGCCAGTGACCGTG
AGCTGGAACTCCGGAGCACTGACAAGCGGAGTGCACACCTTTCCTGCCGTGCTGCAGAG
CTCCGGCCTGTACTCCCTGTCTAGCGTGGTGACAGTGCCCTCCTCTAGCCTGGGCACCAA
GACATATACCTGCAACGTGGACCACAAGCCTAGCAATACCAAGGTGGATAAGCGGGTGG
AGTCCAAGTACGGACCACCTTGCCCACCATGTCCAGCACCTGAGTTCGAGGGAGGACCA
AGCGTGTTCCTGTTTCCTCCAAAGCCTAAGGACACACTGATGATCTCCAGAACACCTGAG
GTGACCTGTGTGGTGGTGGACGTGTCTCAGGAGGATCCAGAGGTGCAGTTCAACTGGTA
CGTGGATGGCGTGGAGGTGCACAATGCCAAGACCAAGCCTAGGGAGGAGCAGTTTAATA
GCACATACCGCGTGGTGTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGAACGGCAAG
GAGTATAAGTGCAAGGTGAGCAATAAGGGCCTGCCATCCTCTATCGAGAAGACAATCTC
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CAAGGCCAAGGGCCAGCCTAGAGAGCCACAGGTGTACACCCTGCCCCCTTCTCAGGAGG
AGATGACAAAGAACCAGGTGAGCCTGACCTGTCTGGTGAAGGGCTTCTATCCATCCGAC
ATCGCCGTGGAGTGGGAGTCTAATGGCCAGCCCGAGAACAATTACAAGACCACACCACC
CGTGCTGGACTCTGATGGCAGCTTCTTTCTGTATTCTAGGCTGACAGTGGATAAGAGCCG
CTGGCAGGAGGGCAACGTGTTTTCTTGCAGCGTGATGCACGAGGCCCTGCACAATCACTA
CACCCAGAAGTCCCTGTCTCTGAGCCTGGGCAAG

[00504] > VL 108VL1.M1-hIgKCL (SEQ ID NO: 418)

[00505] GAGATCGTGCTGACCCAGTCCCCTGCAACACTGAGCCTGTCCCCAGGAGA
GAGGGCAACCCTGTCTTGCAGAGCAAGCGAGAACGTGGGCACATACATCTCTTGGTATC
AGCAGAAGCCAGGACAGGCACCAAGGCTGCTGATCTACGGAGCAAGCAATAGGTATACC
GGCATCCCCGCACGCTTCTCTGGAAGCGGATCCGGCACAGACTTTACCCTGACAATCAGC
TCCCTGGAGCCTGAGGATTTCGCCGTGTACTATTGCGGCGAGAGCTACGGCCACCTGTAT
ACCTTTGGCGGCGGCACAAAGGTGGAGATCAAGAGGACCGTGGCAGCACCAAGCGTGTT
CATCTTTCCCCCTTCCGACGAGCAGCTGAAGTCCGGCACCGCCTCTGTGGTGTGTCTGCT
GAACAATTTCTACCCCAGAGAGGCCAAGGTGCAGTGGAAGGTGGATAACGCCCTGCAGT
CTGGCAATAGCCAGGAGTCCGTGACCGAGCAGGACTCTAAGGATAGCACATATTCCCTG
TCTAGCACCCTGACACTGTCCAAGGCCGACTACGAGAAGCACAAGGTGTATGCATGCGA
GGTGACCCACCAGGGACTGTCCTCTCCTGTGACAAAGTCTTTTAACAGAGGCGAGTGT

[00506] Other Embodiments
[00507] The foregoing description discloses only exemplary embodiments of the invention.
[00508] It is to be understood that while the invention has been described in conjunction with

the detailed description thereof, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims. Other aspects,
advantages, and modifications are within the scope of the appended claims. Thus, while only certain
features of the invention have been illustrated and described, many modifications and changes will
occur to those skilled in the art. It is therefore to be understood that the appended claims are intended

to cover all such modifications and changes as fall within the true spirit of the invention.
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