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MODIFIED IMMUNOGLOBULIN HINGE REGIONS TO REDUCE HEMAGGLUTINATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to the filing date of the United States Provisional Patent
Application Serial No. 62/413,018, filed October 26, 2016, the disclosure of which application is

herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The development of therapeutic mAbs has substantially impacted treatment of some
types of cancer. Conventionally these recombinant proteins specifically bind cancer cells and
either block signaling pathways or mark them for destruction by the immune system. However,
targeted mAbs exist for only a few cancers, even the most effective mAbs may require
combination therapy with conventional chemotherapy, and often produce an incomplete
therapeutic response. In many patients, the disease becomes resistant to mAb treatment by
loss of the antibody target (when the molecule is not essential for tumor cell survival) or by
developing resistance to tumor killing. Usually patients experience a relapse of their disease.

[0003] CD47 has been identified as a key molecule mediating cancer cell evasion of
phagocytosis by the innate immune system. CD47 appears to be an indispensable means by
which cancer cells, including cancer stem cells, overcome intrinsic expression of their
prophagocytic, “eat me,” signals. The progression from normal cell to cancer cell involves
changes in genes and/or gene expression that trigger programmed cell death (PCD) and
programmed cell removal (PCR). Many of the steps in cancer progression subvert the multiple
mechanisms of PCD, and the expression of the dominant antiphagocytic signal, CD47, may
represent an important checkpoint.

[0004] CD47 expression is increased on the surface of cancer cells from a large number of
diverse human tumor types including the following primary malignancies: head and neck,
melanoma, breast, lung, ovarian, pancreatic, colon, bladder, prostate, leiomyosarcoma,
glioblastoma, medulloblastoma, oligodendroglioma, glioma, lymphoma, leukemia, and multiple
myeloma. In murine xenograft studies, it has been shown that CD47-blocking antibodies inhibit
human cancer growth and metastasis by enabling the phagocytosis and elimination of cancer
stem cells and cancer cells from various hematologic malignancies and several solid tumors.

[0005] However, erythrocytes also express CD47 on the cell surface. The loss or blockade of
CD47 on the cell surface coupled with gain of prophagocytic signals leads to phagocytic

clearance of erythrocytes. An initial transient anemia can be caused by administration of the
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anti-CD47 antibody by clearing aged erythrocytes and inducing reticulocytosis. The blood
population of red blood cells then shifts to younger cells that express CD47 but do not have
prophagocytic signals. In addition to the extended effect of anemia and compensation, there can
be an acute effect of hemagglutination immediately after administration of an anti-CD47
antibody. To reduce acute hemagglutination it is therefore desirable to provide an antibody in a

manner that reduces undesirable hemagglutination.

[0006] The present invention provides antibodies having reduced hemagglutination in humans.
Publications.
[0007] United States Patent Application 20150239958, relates to a process for the modulation

of the antagonistic activity of a monoclonal antibody”. United States Patent Applications
20150018529, 20130323236 and 20150017169 relate to bispecific modified IgG4 antibodies.
United States Patent Application 20120238729 relates to modified antibody constant regions.
United States Patent Application 20110077383 relates to hinge domain engineering.

[0008] Modifications of the human IgG4 hinge region to block half molecule exchange,
specifically the S228P (Kabat numbering) substitution have been described in the art, e.g. Yang
et al. (2015) J. Pharm. Sci. doi: 10.1002/jps.24620; Silva et al. (2015) J. Biol. Chem.
290(9):5462-9.

[0009] Publications relating to the use of anti-CD47 agents are described, for example, in
published international application serial nos. US2009/000319; US2009/000224;
US2010/048992; US2011/036535; US2013/021937; US2014/038485; US2014/014905;
US2014/018743;, US2014/035167; US2014/055680; US2016/019633; US2015/010650;
US2015/049150; US2016/014334; US2016/049016; and in pending US provisional applications
serial nos. 62/380,177 and 62/301,981; each of which is herein specifically incorporated by

reference.

SUMMARY OF THE INVENTION
[0010] Polypeptide compositions, including antibody compositions, and methods of use thereof
are provided. The polypeptides of the invention comprise a human immunoglobulin constant
region with a modified 1gG4 hinge region having an N-terminal deletion of 1, 2, 3, 4, 5 amino
acids, relative to a native human 1gG4 hinge sequence. In some embodiments the hinge
sequence further comprises the amino acid substitution S228P (Kabat numbering). The
modified hinge sequence may be referred to herein as a “modified G4H”. Polypeptides

comprising a modified G4H, herein referred to as “modified G4H polypeptides” optionally
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comprise a binding moiety specific for an epitope that is present on hematopoietic cells; and can
provide for reduced agglutination of hematopoietic cells, e.g. hemagglutination, compared to a
comparable polypeptide with a native hinge region.

[0011] The epitope present on hematopoietic cells include, without limitation, a CD47 protein,
e.g. human CD47. The specific binding moiety may be, without limitation, a VL sequence that
binds specifically to CD47, a VH sequence that binds specifically to CD47, a VH-VL sequence
that binds specifically to CD47, a soluble SIRPa sequence that binds specifically to CD47, an
affinity matured soluble SIRPa sequence that binds specifically to CD47, and the like. Suitable
binding moieties include, without limitation, the variable region of HU5F9, CC-9002; TTI-621 and
bivalent, tetravalent, etc. high affinity SIRPa polypeptides.

[0012] In some embodiments of the invention, the modified G4H is directly fused to one or more
immunoglobulin constant region domains. The constant region domain sequences may be any
of the known constant region sequences, including without limitation human IgA, IgD, IgE, IgG,
IgM constant region domains. In some embodiments the constant region domain sequence is a
human IgG sequence, e.g. IgG1, 1gG2, 1gG3, 1gG4, etc. In some embodiments it is a human
IgG4 sequence. The modified G4H may be directly fused to one or both of CH2 and CH1
domains, for example where the CH1 sequence is fused to the amino terminus and the CH2
sequence is fused to the carboxy terminus of the hinge. The modified G4H may be directly
fused to a CH3 domain, e.g. in generating a minibody.

[0013] In some embodiments the modified G4H is incorporated into an intact heavy chain, e.g.
replacing the native hinge region in a polypeptide chain comprising a VH region fused to a CH1-
H-CH2-CHS3 constant region. In some embodiments the heavy chain thus formed is paired with
a suitable light chain. In some embodiments the heavy and light chain form a dimeric or
tetrameric protein, where the binding moiety formed by the VH and VL domains may provide a
binding moiety specific for an epitope present on red blood cells. An antibody may also be
provided as a bi-specific or multispecific antibody reactive with a second antigen, particularly
including cancer antigens.

[0014] In some embodiments, the modified G4H is directly fused to a CH2 or CH3 region at its
carboxy terminus, and is directly fused to a binding moiety on the amino terminus. Such a
modified G4H polypeptide may further comprise an antibody CH3 constant domain joined to the
CH2 domain, for example in a configuration of B-H-CH2-CH3, where B designates the specific
binding domain. The binding moiety may be specific for an epitope present on hematopoietic
cells, including without limitation CD47. The binding moiety may include, without limitation, a

soluble SIRPa sequence that specifically binds to CD47.
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[0015] Embodiments include isolated polypeptides comprising a modified G4H and derivatives
and fragments thereof, including labeled derivatives; pharmaceutical formulations comprising
one or more of the modified G4H comprising polypeptides; and cell lines that produce these
polypeptides. Modified G4H comprising polypeptides may be labeled with a detectable label,
immobilized on a solid phase and/or conjugated with a heterologous compound. Also provided
are amino acid sequences of the polypeptides. Where the modified G4H polypeptide is an
antibody, the antibody may be human, humanized, or chimeric, where the constant region
sequences, i.e. the CH1, CH2, CH3 sequences, are of human origin, including without limitation
IgG4 sequences.

[0016] The modified G4H polypeptides described herein can be used for any therapeutic
purpose suitable for the binding moiety of the polypeptide. In some embodiments, where the
binding moiety is specific for CD47, the compositions are used in therapeutic modalities as
known in the art concerning blockade or activation of CD47. In some embodiments, methods
are provided for enhancing phagocytosis of CD47 expressing cells by blockade of the
interaction between CD47 expressed on a cell targeted for phagocytosis, and SIRPa expressed
on a phagocytic cell. Such methods may comprise contacting a targeted cell with an effective
dose of modified G4H polypeptide comprising a CD47 binding moiety. The targeted cells may
be, without limitation, cancer cells, virus-infected cells, efc. Treatment may be systemic or
localized, e.g. delivery by intratumoral injection, efc.

[0017] The invention further provides: isolated nucleic acid encoding the modified G4H
polypeptides and variants thereof; a vector comprising that nucleic acid, optionally operably
linked to control sequences recognized by a host cell transformed with the vector; a host cell
comprising that vector; a process for producing the polypeptide comprising culturing the host
cell so that the nucleic acid is expressed and, optionally, recovering the antibody from the host
cell culture (e.g. from the host cell culture medium). The invention also provides a composition
comprising one or more of the modified G4H polypeptides and a pharmaceutically acceptable
carrier or diluent. This composition for therapeutic use is sterile and may be lyophilized, e.g.
being provided as a pre-pack in a unit dose with diluent and delivery device, e.g. inhaler,

syringe, efc.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] The invention is best understood from the following detailed description when read in
conjunction with the accompanying drawings. It is emphasized that, according to common

practice, the various features of the drawings are not to-scale. On the contrary, the dimensions
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of the various features are arbitrarily expanded or reduced for clarity. Included in the drawings
are the following figures.

[0019] Figure 1. Binding of anti-CD47 Ab Hu5F9-G4 with modified/truncated hinge region (TR)
to CD47 not reduced compared to parental HUSF9-G4 Ab with non-modified hinge region.
CD47 binding assay was done by coating a 96-well plate with 1 pg/ml huCD47/mFc fusion
protein in phosphate-buffered saline (PBS) for 16 hr at 4°C. After blocking for 1 hr with 0.4%
BSA in PBS at room temperature, 10 pg/ml of HUSF9-G4 or Hu5F9-G4 with truncated hinge was
added and in 1/3 sequential dilutions, and incubated for 1 hr at room temperature. Plates were
subsequently washed three times and incubated with HRP-conjugated goat anti-human kappa-
specific antibody for 1 hr at room temperature. After washing, plates were developed with OPT.
The reaction was stopped with 2N H,SO, , and OD was measured at 490 nM.

[0020] Figure 2. Modification/truncation of hinge region (TR) reduces agglutination of human
red blood cells by CD47-binding antibody Hu5F9-G4 compared to Hu5F9-G4 with non-modified
hinge region. Human blood was obtained from two healthy donors. Incubate 100 ul of the blood
with 10 ug/ml of antibodies as indicated above at 37°C for 2hr. Blood smear was done using 5 ul
of the blood/antibody mixture and stained with Giemsa. RBC agglutination was examined under
the microscope.

[0021] Figure 3. Modification/truncation of hinge region (TR) does not affect therapeutic
efficacy of CD47-binding antibody Hu5F9-G4 compared to Hu5F9-G4 with non-modified hinge
region. DLD1, SW620, and Raji cells were Calcein-labeled and incubated with human peripheral
blood-derived macrophages in the presence of 10 ug/ml of Hu5F9-G4, Hu5F9-G4 with truncated
hinge or an isotype control antibody for 2 hr at 37°C. Macrophages were then labelled with
AlexaFiuor 847 anti-human CD208. Celis were washed and analyzed using flow cytometry. The
percentage of phagocytosis was calculated as the percentage of FITC + target cells within
AlexaFluor 647 + macrophages.

[0022] Figure 4. Sequences of the native human IgG4 constant regions, and sequence of the
modified G4 hinge sequence.

[0023] Figure 5. (A-B) Sequences of 5F9 variable region constructs.

DETAILED DESCRIPTION OF THE INVENTION
[0024] The present invention relates to polypeptides comprising a modified 1gG4 hinge
sequence, which can provide for an unexpected reduction in hemagglutination, e.g. when the
antibody binds to a protein present on red blood cells. The modified hinge can be utilized in the

context of an intact antibody, or fragments thereof, e.g. Fc region sequences for fusion to a
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binding moiety of interest. Also disclosed are nucleic acid, and amino acid sequence of such

polypeptides.

[0025] "Native antibodies and immunoglobulins" are typically heterotetrameric glycoproteins of
about 150,000 daltons, composed of two light (L) chains and two heavy (H) chains. Each light
chain is linked to a heavy chain by one covalent disulfide bond, while the number of disulfide
linkages varies between the heavy chains of different immunoglobulin isotypes. Each heavy and
light chain also has regularly spaced intrachain disulfide bridges. Each heavy chain has at one
end a variable domain (Vy) followed by a number of constant domains, in the configuration Vu-
Cu1-H-Ch2-Chs. Each light chain has a variable domain at one end (V,) and a constant domain at
its other end; the constant domain of the light chain is aligned with the first constant domain of
the heavy chain, and the light chain variable domain is aligned with the variable domain of the
heavy chain. Particular amino acid residues are believed to form an interface between the light-
and heavy-chain variable domains (see, for example, Clothia et al., J. Mol. Biol. 186:651 (1985);
Novotny and Haber, Proc. Natl. Acad. Sci. U.S.A. 82:4592 (1985)).

[0026] The term "variable" refers to the fact that certain portions of the variable domains differ
extensively in sequence among antibodies and are used in the binding and specificity of each
particular antibody for its particular antigen. However, the variability is not evenly distributed
throughout the variable domains of antibodies. It is concentrated in three segments called
complementarity-determining regions (CDRs) or hypervariable regions both in the light-chain
and the heavy-chain variable domains. The more highly conserved portions of variable domains
are called the framework (FR). The variable domains of native heavy and light chains each
comprise four FR regions, largely adopting a B-sheet configuration, connected by three CDRs,
which form loops connecting, and in some cases forming part of, the pB-sheet structure. The
CDRs in each chain are held together in close proximity by the FR regions and, with the CDRs
from the other chain, contribute to the formation of the antigen-binding site of antibodies (see
Kabat et al., Sequences of Proteins of Immunological Interest, Fifth Edition, National Institute of
Health, Bethesda, Md. (1991)). The constant domains are not involved directly in binding an
antibody to an antigen, but exhibit various effector functions, such as participation of the
antibody in antibody-dependent cellular toxicity.

[0027] Immunoglobulin G (IgG) is one of the most abundant proteins in human serum,
accounting for about 10-20% of plasma protein. It is the major class of the five classes of
immunoglobulins in human beings, IgM, IgD, IgG, IgA, and IgE. IgG can be further divided in

four subclasses, named, in order of decreasing abundance 1gG1, 1gG2, 1gG3, and IgG4.
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Although they are more than 90% identical on the amino acid level, each subclass has a unique
profile with respect to antigen binding, immune complex formation, complement activation,
triggering of effector cells, half-life, and placental transport.

[0028] Similar to the other isotypes, the IgG 50 kDa y heavy (H) chain consists of an N-terminal
variable domain (VH) and three constant domains (CH1, CH2, CH3), with an additional “hinge
region” between CH1 and CH2. The residues most proximal to the hinge region in the CH2
domain of the Fc part are responsible for effector functions of antibodies as it contains a largely
overlapping binding site for C1q (complement) and IgG-Fc receptors (FcyR) on effector cells of
the innate immune system. A highly conserved N-linked glycosylation site at position 297 is
located at the interface between the two CH2/CH3. The interface between the CH2-CHS3
domains also contains the binding site for the neonatal Fc receptor (FcRn), responsible for the
prolonged half-life of IgG, placental passage, and transport of IgG to and from mucosal
surfaces.

[0029] The hinge region forms a flexible linker between the Fab arms and the Fc region. Length
and flexibility of the hinge region varies extensively among the IgG subclasses. For the
purposes of the present invention, the hinge is defined as the “genetic hinge”, i.e. the sequence
encoded by hinge exons. The N-terminus of the CH2 domain may be referred to as the “genetic
CH2, lower hinge”.

[0030] The native hinge sequence of 1IgG1 encompasses 15 amino acids and is very flexible.
IgG2 has a shorter hinge than IgG1, with 12 amino acid residues, and the hinges of 1gG2 are
more rigid due to a poly-proline helix, stabilized by inter-neavy chain disulfide bridges. The
native hinge region of 1gG4 also contains 12 amino acids and is thus shorter than that of IgG1.
Its flexibility is intermediate between that of IgG1 and 1gG2.

[0031] The native 1gG4 hinge sequence is as follows: (SEQ ID NO:2) ESKYGPPCPSCP. Two
isomers of 1gG4 differing in the disulfide bonding of hinge cysteines coexist. The core hinge of
IgG is formed by a CXXC motif, also found in redox-reactive proteins such as thioredoxins.
Compared to 1gG1, with a relatively rigid CPPC maoatif, intra-chain disulfide bonds are more
easily formed between these cysteines found at positions 226 and 229 in 1gG4, which
possesses a CPSC core hinge. The result is an observable amount of non-covalently linked
half-molecules (consisting of one heavy and one light chain, HL, as opposed to the classical
configuration of H,L;) in addition to covalently linked inter-chain isomers. An S228P mutant of
IgG4, thus with an 1gG1-core hinge, does not form half-molecules, which is in agreement with

the finding that this species does not occur in IgG1. The process is reversible but depends on
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redox conditions. Formation of the intra-chain isomer (half-molecules) is an important step in the
“Fab arm exchange.” Thus, the hinge of G4 may be defined as:
(SEQIDNO:B)ESKYGPPCP®RCP

[0032] The modified hinge provided herein has a deletion of 1, 2, 3, 4, or 5 amino acids at the
amino terminus of the G4 hinge (SEQ ID NO:8). In some embodiments the modified hinge has
a sequence:

(SEQIDNO:5S)PPCPSCP
The deleted amino acids correspond to residues 226, 227, 228, 229, and 230 of IGHG4 (Kabat
numbering).

[0033] The modified G4H is usually directly fused to a CH2 constant region domain at the
carboxy terminus, including without limitation a human 1gG1, 1gG2, I1gG3, IgG4 CH2 domain. By
direct fusion it is meant that the amino terminal proline of the modified G4H forms a bond with
the amino terminal residue of the CH2 domain. The modified G4H can also be fused to CH3, for
example, to make a minibody. Alternatively a CH2 domain may be directly fused to a CH3
domain, as in a native Fc configuration. The CH3 domain may be from the same source as the
CH2 domain, or may be heterologous. In some embodiments the CH2 and CH3 domains are a

human 1gG sequence.

[0034] "Specific binding moiety”, as used herein, refers to an agent, usually a polypeptide, that
interacts specifically to associate with a binding partner of interest where the relative binding
constant (Kd) is sufficiently strong to allow, for example, detection of binding to the protein by a
detection means; physiologically relevant association, etc. In some embodiments, the affinity of
one molecule for another molecule to which it specifically binds is characterized by a Kp
(dissociation constant) of 10° M or less (e.g., 10° M or less, 107 M or less, 10° M or less, 10°
°M orless, 10" M or less, 10" M or less, 10" M or less, 10" M or less, 10" M or less, 10
> M or less, or 10" M or less). "Affinity" refers to the strength of binding, increased binding
affinity being correlated with a lower K.

[0035] The term “specific binding member” as used herein refers to a member of a specific
binding pair (i.e., two molecules, usually two different molecules, where one of the molecules,
e.g., a first specific binding member, through non-covalent means specifically binds to the other
molecule, e.g., a second specific binding member). Suitable specific binding members include
agents that specifically bind CD47 and/or SIRPa (i.e., anti-CD47 agents), or that otherwise block
the interaction between CD47 and SIRPa..
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[0036] “‘Binding affinity” generally refers to the strength of the sum total of noncovalent
interactions between a single binding site of a molecule (e.g., an antibody or other binding
molecule) and its binding partner (e.g., an antigen or receptor). The affinity of a molecule X for
its partner Y can generally be represented by the dissociation constant (Kd). Affinity can be
measured by common methods known in the art, including those described herein. Low-affinity
antibodies bind antigen (or receptor) weakly and tend to dissociate readily, whereas high-affinity
antibodies bind antigen (or receptor) more tightly and remain bound longer.

[0037] Specific binding moieties of interest include an immunoglobulin variable region domain.
A native variable region comprises a dimer of one heavy chain and one light chain variable
domain in tight, non-covalent association. However a binding moiety in a polypeptide of the
invention may comprise a VH in the absence of a VL sequence, or a VL in the absence of a VH.
Even a single variable domain (i.e. half of an Fv comprising only three hypervariable regions
specific for an antigen) has the ability to recognize and bind antigen, although the affinity may
be lower than that of two domain binding site.

[0038] As is known in the art, variable regions are comprised of framework and hypervariable
sequences. The term “variable” refers to the fact that certain portions of the variable domains
differ extensively in sequence among antibodies and are used in the binding and specificity of
each particular antibody for its particular antigen. However, the variability is not evenly
distributed throughout the variable domains of antibodies. It is concentrated in three segments
called hypervariable regions both in the light chain and the heavy chain variable domains. The
more highly conserved portions of variable domains are called the framework regions (FRs).
The variable domains of native heavy and light chains each comprise four FRs, largely adopting
a beta-sheet configuration, connected by three hypervariable regions, which form loops
connecting, and in some cases forming part of, the beta-sheet structure. The hypervariable
regions in each chain are held together in close proximity by the FRs and, with the
hypervariable regions from the other chain, contribute to the formation of the antigen-binding
site of antibodies (see Kabat et al (1991) Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of Health, Bethesda, Md.).

[0039] Other specific binding moieties of interest include, for example, ligand/receptor, or
receptor and counter-receptor binding partners, where the binding moiety may be a native
binding partner, an affinity matured binding partner, etc.

[0040] In some embodiments, the binding moiety specifically binds to an epitope present on red
blood cells. As used in this invention, the term "epitope" means any antigenic determinant on an

antigen to which the paratope of an antibody, or a specific binding moiety, binds. Epitopic
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determinants usually consist of chemically active surface groupings of molecules such as amino
acids or sugar side chains and usually have specific three dimensional structural characteristics,
as well as specific charge characteristics.

[0041] In some embodiments, the epitope present on red blood cells is an epitope of CD47.
CD47 is a broadly expressed transmembrane glycoprotein with a single Ig-like domain and five
membrane spanning regions, which functions as a cellular ligand for SIRPa with binding
mediated through the NH2-terminal V-like domain of SIRPa. SIRPa is expressed primarily on
myeloid cells, including macrophages, granulocytes, myeloid dendritic cells (DCs), mast cells,
and their precursors, including hematopoietic stem cells. Structural determinants on SIRPa that
mediate CD47 binding are discussed by Lee et al. (2007) J. Immunol. 179:7741-7750; Hatherley
et al. (2007) J.B.C. 282:14567-75; and the role of SIRPa cis dimerization in CD47 binding is
discussed by Lee et al. (2010) J.B.C. 285:37953-63. In keeping with the role of CD47 to inhibit
phagocytosis of normal cells, there is evidence that it is transiently upregulated on
hematopoietic stem cells (HSCs) and progenitors just prior to and during their migratory phase,
and that the level of CD47 on these cells determines the probability that they are engulfed in
vivo. CDA47 is also expressed on red blood cells, particularly aged red blood cells; on tumor

cells, on virus-infected cells, etc.

[0042] Certain binding moieties specific for CD47, and modified-G4H polypeptides comprising
such binding moieties may be referred to herein as an “anti-CD47 agent”, which refers to an
agent that binds to CD47 and in doing so reduces the binding of CD47 to SIRPa. Non-limiting
examples of suitable anti-CD47 reagents include SIRPa reagents, including without limitation
high affinity SIRPa polypeptides and anti-CD47 antibodies or antibody fragments. Such an
agent may up-regulate phagocytosis by at least 10% (e.g., at least 20%, at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 100%, at
least 120%, at least 140%, at least 160%, at least 180%, or at least 200%) compared to
phagocytosis in the absence of the agent. In some embodiments, the anti-CD47 agent does not
activate CD47 upon binding. When CD47 is activated, a process akin to apoptosis (i.e.,
programmed cell death) may occur (Manna and Frazier, Cancer Research, 64, 1026-1036, Feb.
1 2004). Thus, in some embodiments, the anti-CD47 agent does not directly induce cell death of
a CD47-expressing cell.

[0043] A modified-G4H anti-CD47 agent, upon contact with red blood cells, will result in

reduced agglutination relative to a comparable agent comprising a native hinge sequence, e.g.
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reducing hemagglutination. The reduction in hemagglutination may be at least about 10%, at

least about 20%, at least about 30%, at least 40%, at least about 50%, or more.

[0044] Anti-CD47 antibodies. In some embodiments, a subject anti-CD47 agent is an antibody
that specifically binds CD47 (i.e., an anti-CD47 antibody) and reduces the interaction between
CD47 on one cell (e.g., an infected cell) and SIRPa on another cell (e.g., a phagocytic cell). In
some embodiments, a suitable anti-CD47 antibody does not activate CD47 upon binding. Non-
limiting examples of suitable antibodies include clones B6H12, 5F9, 8B6, and C3 (for example
as described in International Patent Publication WO 2011/143624, herein specifically
incorporated by reference). Clone CC-9002 is disclosed in W02013119714, herein specifically
incorporated by reference. Suitable anti-CD47 antibodies include fully human, humanized or
chimeric versions of such antibodies. Humanized antibodies (e.g., hu5F9) are especially useful
for in vivo applications in humans due to their low antigenicity. Similarly caninized, felinized, etc.
antibodies are especially useful for applications in dogs, cats, and other species respectively.
Antibodies of interest include humanized antibodies, or caninized, felinized, equinized,
bovinized, porcinized, etc., antibodies, and variants thereof.

[0045] In certain embodiments, an anti-CD47 antibody comprises a heavy chain sequence as
set forth in SEQ ID NO:6 or SEQ ID NO:7, which may be combined with a suitable light chain

sequence.

[0046] SIRPe« reagent. A SIRPa reagent comprises the portion of SIRPa that is sufficient to
bind CD47 at a recognizable affinity, which normally lies between the signal sequence and the
transmembrane domain, or a fragment thereof that retains the binding activity. A suitable SIRPa
reagent reduces (e.g., blocks, prevents, etc.) the interaction between the native proteins SIRPa
and CD47. The SIRPa reagent will usually comprise at least the d1 domain of SIRPa. A SIRPa
reagent is a fusion protein, e.g., directly fused to a modified G4H sequence provided herein. By
direct fusion, it is meant that the amino terminal residue of the modified-G4H peptide is joined to
the carboxy terminus of the SIRPa sequence, e.g. in the absence of a linker. The modified-G4H
may be directly fused to a CH2 sequence of an immunoglobulin, as described herein, to provide
part or whole of an immunoglobulin Fc region. An example of a SIRPa agent is TTI-621,
disclosed for use in clinical trial NCT02663518, which may be altered to utilize a modified-G4H

sequence.
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[0047] In some embodiments, a subject anti-CD47 agent is a “high affinity SIRPa reagent”,
which includes SIRPa -derived polypeptides and analogs thereof. High affinity SIRPa reagents
are described in international application PCT/US13/21937, which is hereby specifically
incorporated by reference. High affinity SIRPa reagents are variants of the native SIRPa
protein. In some embodiments, a high affinity SIRPa reagent is soluble, where the polypeptide
lacks the SIRPa transmembrane domain and comprises at least one amino acid change relative
to the wild-type SIRPa sequence, and wherein the amino acid change increases the affinity of
the SIRPa polypeptide binding to CD47, for example by decreasing the off-rate by at least 10-
fold, at least 20-fold, at least 50-fold, at least 100-fold, at least 500-fold, or more.

[0048] A high affinity SIRPa reagent comprises the portion of SIRPa that is sufficient to bind
CD47 at a recognizable affinity, e.g., high affinity, which normally lies between the signal
sequence and the transmembrane domain, or a fragment thereof that retains the binding
activity. The high affinity SIRPa reagent will usually comprise at least the d1 domain of SIRPa
with modified amino acid residues to increase affinity. A SIRPa reagent is a fusion protein, e.g.,
directly fused to a modified G4H sequence provided herein. By direct fusion, it is meant that the
amino terminal residue of the modified-G4H peptide is joined to the carboxy terminus of the
SIRPa sequence, e.g. in the absence of a linker. The modified-G4H may be directly fused to a
CH2 sequence of an immunoglobulin, as described herein, to provide part or whole of an

immunoglobulin Fc region.

[0049] The term "monoclonal antibody" (mAb) as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are identical except for possible naturally occurring mutations that
may be present in minor amounts. Monoclonal antibodies are highly specific, being directed
against a single antigenic site. Each mAb is directed against a single determinant on the
antigen. In addition to their specificity, the monoclonal antibodies are advantageous in that they
can be synthesized by hybridoma culture, uncontaminated by other immunoglobulins. The
modifier "monoclonal" indicates the character of the antibody as being obtained from a
substantially homogeneous population of antibodies, and is not to be construed as requiring
production of the antibody by any particular method. For example, the monoclonal antibodies to
be used in accordance with the present invention may be made in an immortalized B cell or

hybridoma thereof, or may be made by recombinant DNA methods.
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[0050] The monoclonal antibodies herein include hybrid and recombinant antibodies produced
by splicing a variable (including hypervariable) domain of an anti-CD47 antibody with a constant
domain (e.g. "humanized" antibodies), or a light chain with a heavy chain, or a chain from one
species with a chain from another species, or fusions with heterologous proteins, regardless of
species of origin or immunoglobulin class or subclass designation, as well as antibody
fragments (e.g., Fab, F(ab"),, and Fv), so long as they exhibit the desired biological activity.

[0051] The monoclonal antibodies herein specifically include "chimeric" antibodies
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or
homologous to corresponding sequences in antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the remainder of the chain(s) is
identical with or homologous to corresponding sequences in antibodies derived from another
species or belonging to another antibody class or subclass, as well as fragments of such
antibodies, so long as they exhibit the desired biological activity.

[0052] An "isolated" antibody is one which has been identified and separated and/or recovered
from a component of its natural environment. Contaminant components of its natural
environment are materials which would interfere with diagnostic or therapeutic uses for the
antibody, and may include enzymes, hormones, and other proteinaceous or nonproteinaceous
solutes. In some embodiments, the antibody will be purified (1) to greater than 75% by weight of
antibody as determined by the Lowry method, and most preferably more than 80%, 90% or 99%
by weight, or (2) to homogeneity by SDS-PAGE under reducing or nonreducing conditions using
Coomassie blue or, preferably, silver stain. Isolated antibody includes the antibody in situ within
recombinant cells since at least one component of the antibody's natural environment will not be
present. Ordinarily, however, isolated antibody will be prepared by at least one purification step.

[0053] The term "epitope tagged" when used herein refers to an anti-CD47 antibody fused to an
"epitope tag". The epitope tag polypeptide has enough residues to provide an epitope against
which an antibody can be made, yet is short enough such that it does not interfere with activity
of the CD47 antibody. The epitope tag preferably is sufficiently unique so that the antibody
specific for the epitope does not substantially cross-react with other epitopes. Suitable tag
polypeptides generally have at least 6 amino acid residues and usually between about 8-50
amino acid residues (preferably between about 9-30 residues). Examples include the c-myc tag
and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto (Evan et al., Mol. Cell. Biol.
5(12):3610-3616 (1985)); and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody
(Paborsky et al., Protein Engineering 3(6):547-553 (1990)).
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[0054] The word "label" when used herein refers to a detectable compound or composition
which is conjugated directly or indirectly to the antibody. The label may itself be detectable by
itself (e.g., radioisotope labels or fluorescent labels) or, in the case of an enzymatic label, may
catalyze chemical alteration of a substrate compound or composition which is detectable.

[0055] By "solid phase" is meant a non-aqueous matrix to which the antibody of the present
invention can adhere. Examples of solid phases encompassed herein include those formed
partially or entirely of glass (e.g. controlled pore glass), polysaccharides (e.g., agarose),
polyacrylamides, polystyrene, polyvinyl alcohol and silicones. In certain embodiments,
depending on the context, the solid phase can comprise the well of an assay plate; in others it is
a purification column (e.g. an affinity chromatography column). This term also includes a
discontinuous solid phase of discrete particles, such as those described in U.S. Pat. No.
4,275,149,

[0056] The terms "treatment”, "treating"”, "treat”" and the like are used herein to generally refer to
obtaining a desired pharmacologic and/or physiologic effect. The effect can be prophylactic in
terms of completely or partially preventing a disease or symptom(s) thereof and/or may be
therapeutic in terms of a partial or complete stabilization or cure for a disease and/or adverse
effect attributable to the disease. The term “treatment" encompasses any treatment of a disease
in a mammal, particularly a human, and includes: (a) preventing the disease and/or symptom(s)
from occurring in a subject who may be predisposed to the disease or symptom but has not yet
been diagnosed as having it; (b) inhibiting the disease and/or symptom(s), i.e., arresting their
development; or (c) relieving the disease symptom(s), i.e., causing regression of the disease
and/or symptom(s). Those in need of treatment include those already inflicted (e.g., those with
cancer, those with an infection, etc.) as well as those in which prevention is desired (e.g., those
with increased susceptibility to cancer, those with an increased likelihood of infection, those
suspected of having cancer, those suspected of harboring an infection, etc.)

[0057] As used herein, a "target cell" is a cell expressing CD47 on the surface, where masking
or otherwise altering the CD47 positive phenotype (e.g., by administration of an anti-CD47
agent) results in increased phagocytosis. Usually a target cell is a mammalian cell, for example
a human cell.

[0058] The terms “recipient’, “individual’, “subject”, “host’, and “patient”, are used
interchangeably herein and refer to any mammalian subject for whom diagnosis, treatment, or
therapy is desired, particularly humans. "Mammal" for purposes of treatment refers to any

animal classified as a mammal, including humans, domestic and farm animals, and zoo, sports,
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or pet animals, such as dogs, horses, cats, cows, sheep, goats, pigs, etc. Preferably, the
mammal is human.

[0059] A "therapeutically effective dose" or “therapeutic dose” is an amount sufficient to effect
desired clinical results (i.e., achieve therapeutic efficacy). A therapeutically effective dose can
be administered in one or more administrations. For purposes of this invention, a
therapeutically effective dose of an anti-CD47 agent is an amount that is sufficient to palliate,
ameliorate, stabilize, reverse, prevent, slow or delay the progression of the disease state (e.g.,
cancer) by increasing phagocytosis of a target cell (e.g., a target cell). Thus, a therapeutically
effective dose of an anti-CD47 agent reduces the binding of CD47 on an target cell, to SIRPa
on a phagocytic cell, at an effective dose for increasing the phagocytosis of the target cell.

[0060] A therapeutically effective dose of an anti-CD47 agent can depend on the specific agent
used, but is usually about 5 mg/kg body weight or more (e.g., about 8 mg/kg or more, about 10
mg/kg or more, about 15 mg/kg or more, about 20 mg/kg or more, about 25 mg/kg or more,
about 30 mg/kg or more, about 35 mg/kg or more, or about 40 mg/kg or more), or from about 10
mg/kg to about 40 mg/kg (e.g., from about 10 mg/kg to about 35 mg/kg, or from about 10 mg/kg
to about 30 mg/kg). The dose required to achieve and/or maintain a particular serum level is
proportional to the amount of time between doses and inversely proportional to the number of
doses administered. Thus, as the frequency of dosing increases, the required dose decreases.
The optimization of dosing strategies will be readily understood and practiced by one of ordinary
skill in the art.

[0061] In some embodiments, a priming dose is defined a dose (i.e., an amount) that is
sufficient to cause compensatory reticulocytosis, without undue anemia, and is administered
prior to a therapeutically effective dose. In some embodiments a priming dose is defined as a
dose that causes an anemia that is not worsened by subsequent doses.

[0062] The specific appropriate priming dose of an anti-CD47 agent can vary depending on the
nature of the agent used and on numerous subject-specific factors (e.g., age, weight, etc)).
Examples of suitable priming doses of an anti-CD47 agent include from about 0.5 mg/kg to
about 5 mg/kg, from about 0.5 mg/kg to about 4 mg/kg, from about 0.5 mg/kg to about 3 mg/kg,
from about 1 mg/kg to about 5 mg/kg, from about 1 mg/kg to about 4 mg/kg, from about 1 mg/kg
to about 3 mg/kg, about 1 mg/kg, about 2 mg/kg, about 3 mg/kg, about 4 mg/kg, about 5 mg/kg.

[0063] A “maintenance dose” is a dose intended to be a therapeutically effective dose. For
example, in experiments to determine the therapeutically effective dose, multiple different

maintenance doses may be administered to different subjects. As such, some of the
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maintenance doses may be therapeutically effective doses and others may be sub-therapeutic
doses.

[0064] A “loading dose” may be used to achieve a therapeutic level of antibody before switching
to a maintenance dose. A loading dose can be the same be the same or higher or lower than
the maintenance dose, but will generally provide for a higher overall delivery of the agent over a
given period of time. For example, a loading dose can be the same or lower than a
maintenance dose, but delivered more frequently, e.g. daily, every other day, every third day,
twice weekly, weekly, and the like. Alternatively a loading dose can be a higher dose than a
maintenance dose, and delivered at the same periodicity, or more frequently, e.g. daily, every

other day, every third day, twice weekly, weekly, and the like.

[0065] The terms “phagocytic cells” and “phagocytes” are used interchangeably herein to refer
to a cell that is capable of phagocytosis. There are three main categories of phagocytes:
macrophages, mononuclear cells (histiocytes and monocytes); polymorphonuclear leukocytes
(neutrophils) and dendritic cells.

[0066] The term “sample” with respect to a patient encompasses blood and other liquid
samples of biological origin, solid tissue samples such as a biopsy specimen or tissue cultures
or cells derived or isolated therefrom and the progeny thereof. The definition also includes
samples that have been manipulated in any way after their procurement, such as by treatment
with reagents; washed; or enrichment for certain cell populations, such as cancer cells. The
definition also includes samples that have been enriched for particular types of molecules, e.g.,
nucleic acids, polypeptides, efc.

[0067] The term “biological sample” encompasses a clinical sample, and also includes tissue
obtained by surgical resection, tissue obtained by biopsy, cells in culture, cell supernatants, cell
lysates, tissue samples, organs, bone marrow, blood, plasma, serum, and the like. A “biological
sample” includes a sample comprising target cells or normal control cells or suspected of
comprising such cells or biological fluids derived therefrom (e.g., cancerous cell, infected cell,
etc.), e.g., a sample comprising polynucleotides and/or polypeptides that is obtained from such
cells (e.g., a cell lysate or other cell extract comprising polynucleotides and/or polypeptides). A

biological sample comprising an inflicted cell from a patient can also include non-inflicted cells.

Compositions
[0068] In one aspect, the present invention is directed to polypeptides, including without

limitation antibodies and specific binding moieties fused to an antibody Fc sequence, which
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comprise a modified-G4H sequence as described above. In addition to intact antibodies, and
Fc constructions, the polypeptides can also include, for example, single heavy chains and
fragments thereof, provided that a modified-G4H sequence is included.

[0069] The invention also provides isolated nucleic acids encoding the modified-G4H
polypeptides, vectors and host cells comprising the nucleic acid, and recombinant techniques
for the production of the polypeptides. Nucleic acids of interest may be at least about 80%
identical to the provided nucleic acid sequences, at least about 85%, at least about 90%, at
least about 95%, at least about 99%, or identical.

[0070] For recombinant production of the polypeptide, the nucleic acid encoding it is inserted
into a replicable vector for further cloning (amplification of the DNA) or for expression. DNA
encoding the polypeptide is readily isolated and sequenced using conventional procedures
(e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding
the heavy chain constant regions). Many vectors are available. The vector components
generally include, but are not limited to, one or more of the following: a signal sequence, an
origin of replication, one or more marker genes, an enhancer element, a promoter, and a
transcription termination sequence.

[0071] The polypeptides may be produced recombinantly not only directly, but also as a fusion
polypeptide with a heterologous or homologous polypeptide, which include a signal sequence or
other polypeptide having a specific cleavage site at the N-terminus of the mature protein or
polypeptide, an immunoglobulin constant region sequence, and the like. A heterologous signal
sequence selected preferably may be one that is recognized and processed (i.e., cleaved by a
signal peptidase) by the host cell. For prokaryotic host cells that do not recognize and process
the native antibody signal sequence, the signal sequence is substituted by a prokaryotic signal
sequence selected.

[0072] An "isolated" nucleic acid molecule is a nucleic acid molecule that is identified and
separated from at least one contaminant nucleic acid molecule with which it is ordinarily
associated in the natural source of the antibody nucleic acid. An isolated nucleic acid molecule
is other than in the form or setting in which it is found in nature. Isolated nucleic acid molecules
therefore are distinguished from the nucleic acid molecule as it exists in natural cells. However,
an isolated nucleic acid molecule includes a nucleic acid molecule contained in cells that
ordinarily express the antibody where, for example, the nucleic acid molecule is in a
chromosomal location different from that of natural cells.

[0073] Suitable host cells for cloning or expressing the DNA are the prokaryote, yeast, or higher

eukaryote cells. Examples of useful mammalian host cell lines are monkey kidney CV1 line
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transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293
cells subcloned for growth in suspension culture, Graham et al., J. Gen Virol. 36:59 (1977));
baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR(CHO,
Urlaub et al., Proc. Natl. Acad. Sci. USA 77:4216 (1980)); mouse sertoli cells (TM4, Mather,
Biol. Reprod. 23:243-251 (1980)); monkey kidney cells (CV1 ATCC CCL 70); African green
monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical carcinoma cells (HELA,
ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A,
ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB
8065); mouse mammary tumor (MMT 060562, ATCC CCL51); TR1 cells (Mather et al., Annals
N.Y. Acad. Sci. 383:44-68 (1.982)); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep
G2). Host cells are transformed with the above-described expression or cloning vectors for
polypeptide production and cultured in conventional nutrient media modified as appropriate for
inducing promoters, selecting transformants, or amplifying the genes encoding the desired
sequences.

[0074] The polypeptide composition prepared from the cells can be purified using, for example,
hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with
affinity chromatography being the preferred purification technique. The suitability of protein A as
an affinity ligand depends on the species and isotype of any immunoglobulin Fc domain that is
present in the antibody. Protein A can be used to purify antibodies that are based on human y1,
v2, or y4 heavy chains (Lindmark et al., J. Immunol. Meth. 62:1-13 (1983)). Protein G is
recommended for human y3 (Guss et al., EMBO J. 5:15671575 (1986)). The matrix to which the
affinity ligand is attached is most often agarose, but other matrices are available. Mechanically
stable matrices such as controlled pore glass or poly(styrenedivinyl)benzene allow for faster
flow rates and shorter processing times than can be achieved with agarose. Where the
antibody comprises a CH; domain, the Bakerbond ABX™ resin (J. T. Baker, Phillipsburg, N.J.)
is useful for purification. Other techniques for protein purification such as fractionation on an
ion-exchange column, ethanol precipitation, Reverse Phase HPLC, chromatography on silica,
chromatography on heparin SEPHAROSE™ chromatography on an anion or cation exchange
resin (such as a polyaspartic acid column), chromatofocusing, SDS-PAGE, and ammonium
sulfate precipitation are also available depending on the antibody to be recovered.

[0075] Following any preliminary purification step(s), the mixture comprising the polypeptide of
interest and contaminants may be subjected to low pH hydrophobic interaction chromatography
using an elution buffer at a pH between about 2.5-4.5, preferably performed at low salt

concentrations (e.g., from about 0-0.25M salt).
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Methods of Use

[0076] The modified-G4H polypeptides can be used for any purpose suitable for the specific
binding moiety. Where the binding moiety is specific for CD47, e.g. a SIRP polypeptide, and
anti-CD47 variable region, the composition may find use in the modulation of phagocytosis,
including the methods set forth in International Application US2009/000319, herein specifically
incorporated by reference in its entirety. Of interest are embodiments where decreased
hemagglutination is desired. For example, the polypeptide compositions may be administered
in vivo to increase phagocytosis of cancer cells expressing CD47.

[0077] In some embodiments of the invention, an effective priming dose of an anti-CD47 agent
is provided. An initial dose of a CD47 binding agent, including but not limited to a priming dose,
may also lead to hemagglutination for a period of time immediately following infusion. Without
being bound by the theory, it is believed that the initial dose of a multivalent CD47 binding agent
may cause cross-linking of RBC bound to the agent. The use of the modified G4H reduces

hemagglutination.

[0078] The modified-G4H polypeptides can be used in vitro and in vivo as therapeutic agents,
to monitor the course of disease therapy, etc. Thus, for example, by measuring the increase or
decrease in the number of cells expressing CD47, particularly cancer cells expressing CD47, it
can be determined whether a particular therapeutic regimen aimed at ameliorating disease is
effective.

[0079] The polypeptides of the invention may be used in vifro in immunoassays in which they
can be utilized in liquid phase or bound to a solid phase carrier. In addition, the polypeptides in
these immunoassays can be detectably labeled in various ways. Examples of types of
immunoassays which can utilize monoclonal antibodies of the invention are flow cytometry, e.g.
FACS, MACS, immunohistochemistry, competitive and non-competitive immunoassays in either
a direct or indirect format, and the like. Detection of the antigens using the monoclonal
antibodies of the invention can be done utilizing immunoassays which are run in either the
forward, reverse, or simultaneous modes, including immunohistochemical assays on
physiological samples. Those of skill in the art will know, or can readily discern, other
immunoassay formats without undue experimentation.

[0080] The modified G4H polypeptides can be bound to many different carriers and used in
detection assays. Examples of well-known carriers include glass, polystyrene, polypropylene,
polyethylene, dextran, nylon, amylases, natural and modified celluloses, polyacrylamides,

agaroses and magnetite. The nature of the carrier can be either soluble or insoluble for
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purposes of the invention. Those skilled in the art will know of other suitable carriers for binding

monoclonal antibodies, or will be able to ascertain such, using routine experimentation.

[0081] Therapeutic formulations comprising one or more polypeptides of the invention are
prepared for storage by mixing the polypeptide having the desired degree of purity with optional
physiologically acceptable carriers, excipients or stabilizers (Remington's Pharmaceutical
Sciences 16th edition, Osol, A. Ed. (1980)), in the form of lyophilized formulations or aqueous
solutions. The composition will be formulated, dosed, and administered in a fashion consistent
with good medical practice. Factors for consideration in this context include the particular
disorder being treated, the particular mammal being treated, the clinical condition of the
individual patient, the cause of the disorder, the site of delivery of the agent, the method of
administration, the scheduling of administration, and other factors known to medical
practitioners. The "therapeutically effective amount" of the antibody to be administered will be
governed by such considerations, and is the minimum amount necessary to accomplish the
desired therapy.

[0082] A therapeutic dose may be at least about 0.01 ng/kg body weight, at least about 0.05
ng/kg body weight; at least about 0.1 pg/kg body weight, at least about 0.5 ng/kg body weight,
at least about 1 pg/kg body weight, at least about 2.5 ng/kg body weight, at least about 5 pg/kg
body weight, and not more than about 100 pg/kg body weight. It will be understood by one of
skill in the art that such guidelines will be adjusted for the molecular weight of the active agent,
e.g. in the use of antibody fragments, or in the use of antibody conjugates. The dosage may
also be varied for localized administration, e.g. intranasal, inhalation, efc., or for systemic
administration, e.g. i.m., i.p., i.v., and the like.

[0083] The polypeptide need not be, but is optionally formulated with one or more agents that
potentiate activity, or that otherwise increase the therapeutic effect. These are generally used in
the same dosages and with administration routes as used hereinbefore or about from 1 to 99%
of the heretofore employed dosages.

[0084] Acceptable carriers, excipients, or stabilizers are non-toxic to recipients at the dosages
and concentrations employed, and include buffers such as phosphate, citrate, and other organic
acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyidimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride,
benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl

paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight
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(less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides,
and other carbohydrates including glucose, mannose, or dextrins; chelating agents such as
EDTA,; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such
as sodium; metal complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as
TWEEN™, PLURONICS™ or polyethylene glycol (PEG). Formulations to be used for in vivo
administration must be sterile. This is readily accomplished by filtration through sterile filtration
membranes.

[0085] The active ingredients may also be entrapped in microcapsule prepared, for example, by
coacervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsule and poly-(methylmethacylate) microcapsule, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-
particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in
Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

[0086] The polypeptide is administered by any suitable means, including parenteral,
subcutaneous, intraperitoneal, intrapulmonary, and intranasal. Parenteral infusions include
intramuscular, intravenous, intraarterial, intraperitoneal, or subcutaneous administration. In
addition, the polypeptide is suitably administered by pulse infusion, particularly with declining
doses of the antibody.

[0087] For the prevention or treatment of disease, the appropriate dosage of polypeptide will
depend on the type of disease to be treated, as defined above, the severity and course of the
disease, whether the polypeptide is administered for preventive purposes, previous therapy, the
patient's clinical history and response to the polypeptide, and the discretion of the attending
physician. The polypeptide is suitably administered to the patient at one time or over a series of
treatments.

[0088] In another embodiment of the invention, an article of manufacture containing materials
useful for the treatment of the disorders described above is provided. The article of manufacture
comprises a container and a label. Suitable containers include, for example, bottles, vials,
syringes, and test tubes. The containers may be formed from a variety of materials such as
glass or plastic. The container holds a composition which is effective for treating the condition
and may have a sterile access port (for example the container may be an intravenous solution
bag or a vial having a stopper pierceable by a hypodermic injection needle). The active agent in

the composition is the modified-G4H polypeptide. The label on, or associated with, the container
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indicates that the composition is used for treating the condition of choice. The article of
manufacture may further comprise a second container comprising a pharmaceutically-
acceptable buffer, such as phosphate-buffered saline, Ringer's solution and dextrose solution. It
may further include other materials desirable from a commercial and user standpoint, including

other buffers, diluents, filters, needles, syringes, and package inserts with instructions for use.

[0089] The invention now being fully described, it will be apparent to one of ordinary skill in the
art that various changes and modifications can be made without departing from the spirit or

scope of the invention.

EXPERIMENTAL

[0090] The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the present invention, and
are not intended to limit the scope of what the inventors regard as their invention nor are they
intended to represent that the experiments below are all or the only experiments performed.
Efforts have been made to ensure accuracy with respect to numbers used (e.g. amounts,
temperature, efc.) but some experimental errors and deviations should be accounted for.
Unless indicated otherwise, parts are parts by weight, molecular weight is weight average
molecular weight, temperature is in degrees Centigrade, and pressure is at or near atmospheric.

[0091] All publications and patent applications cited in this specification are herein incorporated
by reference as if each individual publication or patent application were specifically and
individually indicated to be incorporated by reference.

[0092] The present invention has been described in terms of particular embodiments found or
proposed by the present inventor to comprise preferred modes for the practice of the invention.
It will be appreciated by those of skill in the art that, in light of the present disclosure, numerous
modifications and changes can be made in the particular embodiments exemplified without
departing from the intended scope of the invention. For example, due to codon redundancy,
changes can be made in the underlying DNA sequence without affecting the protein sequence.
Moreover, due to biological functional equivalency considerations, changes can be made in
protein structure without affecting the biological action in kind or amount. All such modifications

are intended to be included within the scope of the appended claims.
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Example 1
Modification of the hinge region (truncated hinge) of CD47-binding agents to mitigate cellular
agglutination

[0093] CD47-binding agents can cause agglutination of CD47-expressing cells, with
agglutination of red blood cells being the most prominent example. Therapy with such CD47-
binding agents, e.g. CD47-binding antibodies, can potentially cause significant side effects.
Hu5F9-g4 can also cause acute death in AML-engrafted mice, possibly due to agglutination of
AML cells. Preliminary data showed that hu5f9-g4 with truncated hinge reduced the acute death
of mice having high burden of the disease.

[0094] Hematopoietic cell agglutination can limit the therapeutic use of such agents or require
specific dosing strategies. Identified herein is a modification of the hinge region of CD47-binding
agents that reduces the agglutination of CD47 expressing cells. The hinge region is a portion of
the immunoglobulin heavy chain and connects the Fab with the Fc region. Thus the hinge
region is part of monoclonal antibodies but can also be engineered to connect other molecules
to Fc regions. Therefore, this invention applies to all antibody related molecules that contain a

hinge region, including CD47 binding agents.

[0095] The humanized anti-CD47 antibody, Hu5F9-G4, was tested for its effects on pre-
transfusion blood typing and cross-matching in preparation of strategies for management of
patients who might need transfusion during HU5F9-G4 treatment. Hu5F9-G4 was incubated
with RBCs from non-human primates and human donors. Hu5F9-G4 did not induce in vitro
hemolysis of human RBCs, even in the presence of complement-containing serum. The study
showed no evidence of hemagglutination (HA) in seven NHP specimens. However, HA was
observed in all 14 human donor blood samples in the presence of 10 micrograms/mL of HU5F9-
G4. Unlike most cases of agglutination-related autoimmune hemolytic anemia where HA is
caused by cold IgM agglutinins, the agglutination caused by HU5F9-G4, an 1gG4, occurred at
37°C but not at 4°C. While RBC agglutination can be seen in several conditions (usually in
association with infectious agents, both with and without clinical sequelae), the clinical

significance of the agglutination seen here is uncertain.
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VWHAT IS CLAIMED IS:

1. An immunoglobulin constant region polypeptide comprising a modified 1gG4 hinge
region with a deletion of from 1-5 amino acids in the hinge region corresponding to residues
226, 227, 228, 229, and 230 of IGHG4 (Kabat numbering).

2. The constant region polypeptide of claim 1, wherein comprising a human CH2 domain

joined to the modified IgG4 hinge region.

3. The constant region polypeptide of claim 1, wherein comprising a human CH3 domain

joined to the modified IgG4 hinge region.

4. The constant region polypeptide of claim 1 or claim 2, wherein the human CH2 or

CH3 domain is an 1gG sequence.

5. The constant region polypeptide of claim 4, wherein the human CH2 or CH3 domain is

an 1gG4 sequence.

6. The constant region polypeptide of claim 1, comprising a human CH2-CH3 sequence

joined to the modified IgG4 hinge region.

7. The constant region polypeptide of claim 6, wherein the human CH2-CH3 sequence is

an 1gG4 sequence.

8. The constant region polypeptide of any one of claims 1-7, wherein the modified 1gG4
hinge consists of SEQ ID NO:5,PPCP $/CP.

9. The constant region polypeptide of any one of claims 1-8, comprising a binding moiety

directly fused to the amino terminus of the modified IgG4 hinge.

10. The polypeptide of claim 9, wherein the binding moiety specifically binds to an

epitope present on red blood cells.

11. The polypeptide of claim 10, wherein the binding moiety specifically binds to CD47.
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12. The polypeptide of claim 10, wherein CD47 is human CD47.

13. The polypeptide of any of claims 8-12, wherein the binding moiety is an

immunoglobulin variable region sequence.

14. The polypeptide of claim 13 further comprising an immunoglobulin light chain

sequence.

15. The polypeptide of any of claims 8-12, wherein the binding moiety comprises a

SIRPa sequence.

16. The polypeptide of any of claims 1-15, wherein the polypeptide provides for reduced

cell agglutination relative to a native hinge region.

17. A polynucleotide encoding a polypeptide set forth in any one of claims 1-16.

18. A cell that produces a polypeptide set forth in any one of claims 1-17.

19. A pharmaceutical composition comprising a polypeptide set forth in any one of
Claims 1-16.

20. A method of modulating phagocytosis, the method comprising the step of
administering to a subject a therapeutically effective amount of a polypeptide set forth in any

one of claims 10-12, in a dose effective to modulate phagocytosis.

21. The method of claim 19, wherein the subject is human.

25



WO 2018/081448

PCT/US2017/058569

1/5

ELISA 02/06/15

2.0~
-0~ hubF8-g4 hinge TR
-+ hubSF9-g4
e 1 _o—b
15“ e T
E
ot
& 1.0+
<
£
o
0 ) 5 4 L , ........................
FAY
0.0 | | | i
104 103 10-2 o o,
log ug/m
Coating: hCD47-mkFc

Detection: HRP anti human kappa

FIG. 1

SUBSTITUTE SHEET (RULE 26)



215

o s
. \\\\\\\ \\\W \

. . :
.

-
. \\\\\w
.

¢ Old

7
\

.
.

.

i

.
.

7 s i
. i i . :

_ ..
-

\ 2

L JOUOC(] POOIS UBWINK

SUBSTITUTE SHEET (RULE 26)



WO 2018/081448 PCT/US2017/058569

375

husF9-G4
74 hubFo-G4-truncated hinge

ntibody concentration: 10 ug/mi

<
Q3
[=3

w[ — NN

E

Raji

FIG. 3

IR
| (s

;

Truncated hinge

SWB20
Cell line

| T2

DLDA

i E—x\\\\\\\\\\\\*

in vitro phagocytosis of human cancer cells by human macrophages

{ ] i i
GGGGGG
OOOOO

s1s03AS00BU 4 [RWIXEW %

SUBSTITUTE SHEET (RULE 26)



PCT/US2017/058569

WO 2018/081448

4175

¥ Old

A AHNHIYHHEHNAST
SHANDHOMISIAALTASATAASDG \,,@@%%v; NNEJODONS
AMAAYIASAXADIATO LTS AONM I TLAADIZTIA0D P-ON dI O4dS | L

MOTSTSTS

N
™
]
—
[QN
[QN
™M
]
[

NS TS Hn:wm&A NS AMDMAAMD]
TMAOHTALTASAASALSNACHIIAMIAYNHATADTAZN .Lr,@\/
1d >

HdIAOSAQAANDLATA NS INTLAAdAIdATAASADDTATAY ON

-
H

0dS | 02g-TIT| THD

o
oe

N
4
-
1

d0 d/s dbhdd ON 0as O0TT-66 H

[EQ]
.
ps
[

-

SHOAMINSIYHAIA
NOLAIMISDTISSSdALAASSTISA cm&o.@, @.é:\,ywmpgmdm
NMSAIAdSdIATIATODTIYY LS HS LSHUSOdVIdEASIDHLEY T:ON QI 0OHs o

(o)

uoifal Weisuod 5Bi-ny paijipow jo asusnbag

~

ADTCISTSHOLAHNHTYHHRNASD
Qru,h SOOSATIAdALIMANNEJODNS
@7&:25; SAITLAADIFIA0D PrON dI OHS | L2e-T12¢ CHD

»PL.UM ‘\Evt .&Qy\v

T:L YIASdAADANTOL

k—-+

LAATSSATTOHMNS AN DHAANDN
TMAOHTALTASAAE A LENA Mﬁ@&%&fgSP&MNW@QK\K MNAOA

HdAA0SATAAADLATA LIS TWILAMAAddATIASIDDTATAY

£
o)
]
[¥p)]
()
]
-
—
—
o
[QN]
o
)

™

.o
O
=3

ala
-

&)

A

[ep]

(-

—

—

<

s

dO5dOddnANEY ¢« ON

VIAANINGS IMHAA
NDOLALMEL wam&,\wT;t\/mm_.un% I58S0TAYAALHADS LTYOS

NMEALA AADAATODIVY LSHS LSHEDdY TdAASI DAL 5 T:0ON

o
-
R
5]
0]
c
o
s
-
==t
[
(“

SUBSTITUTE SHEET (RULE 26)



PCT/US2017/058569

WO 2018/081448

575

G Ol

MOTSTSTISHOLAHNHTYHHNAS DS AANDHOME SHGALTIS A TAAS20S

HMM NNAZOONSHMIATIASIXADTATOLTS \,FLMHL“\/EH@W& ATLAADITIIDONVIST

ITIDMNSAMDMAES ; TMAOHTALTASAAMALSNAOHTI IAYNHATADAAIMNAOAA

AQANADIAAI NS IRTLANAI N ddATAASI DD TAL O“H,J ATINSJMHAAND
AN AT D

DTISSSdALAASSTSATOSSOTAVAALHADSLTVOSN Nﬂ_f" ATDODIVVYLEHES

)]

N
r) [_.

()]
i
:‘\
; [an
[an
\/) o

[
e
]

r
U
=
».'[

(Al
[
=]
g (R H
D‘\
Lu
O
4

B
+*?‘(
-1

---&

B
P
-
f'l )
e

£
P~

=
AN

;..1
]

£
§p]

o e
10§ 10
)

m
TAINASIDALS YA THANLIDDALAdAHSDOADHAADAC dmbw SIMTLAALDEDSDE A
) .. NSAMATTTIHASODIMOTAMD TAINONSAATISOSSHOS ISYAEARAdLAL TS TIS0L

N
(LTON dI 0OHS)

[

~

[N
P,

e

{

[4p] K8
by

[

AOTSTSTSHCLARNHTYAHNAS D SAANDHOMESUAAL TISATAASOHASATAA LL

K - N A T TN T T O T T A N G T T APA TrTAT N T TG -
MANNAAOONSHMAAYTIASAdAADMATOLTISAD /\L IHHOSAdTIANDATIAODMVHIS T v_ﬁwrumlﬂ
TOMNSAMOYATMONTMAOHTALTASAAGALSNAO I AN IIVYNHATADAAIMNAOATICHDS

ANADIATAIES INTLANANAJATAASADDTAAAYIDdd DddA HH>MBZm.mz;>zouuHMFag
SSSAALIAASSTISATOSSOTAYAALHADS I'TVOSNMS ALA A AXAAATODTYY LS HSISES0dY
qmp>ﬁxuvhm<wﬂ>H>nmggmsﬂngmwbwmmumw\4Hmuq TTSSTHHNAVISVSLAYL I LAY
AMONAS LAANDE X T LOWMETIODA YOI AMHRNAN LI LADSTADSAMASYOIMMAAYOSOATOAD
(g:oN a1 OHS)

(pauiepun abuly PRIIPOW PUB HA) I0NIISUCD HyD PBUIPOW PUE HA 645

v

=

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US17/58569

A.
IPC
CPC -

CLASSIFICATION OF SUBJECT MATTER

- CO7K 16/18, 16/28, 14/705, 16/46; GO1N 33/53; C12N 5/10, 15/85; A61K 38/19 (2017.01)

CO7K 16/18, 16/28, 16/46, 16/2866, 14/705, 14/70503, 16/468, 14/70596, 16/2803, 16/2863,
16/2839; A61K 39/00, 38/19; GO1N 33/53; C12N 5/10, 15/85

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0263830 A1 (GOETSCH, L et al.) 27 October 2011; paragraphs [0005], {0019), [0056], | 1-3, 4/1-2, 5/4/1-2, 6-7
[0075), [0162), {0198]
X (GLASER, SM et al.) Novel Antibody Hinge Regions for Efficient Production of CH2 1-3, 4/1-2, 5/4/1-2, 6-7
Domain-deleted Antibodies. The Journal of Biological Chemistry. 16 December 2005, Epub 12
October 2004, Vol. 280, No. 50; pages 41494-41503; DOI 10.1074/jbc.M508739200
A US 2015/0018529 A1 (UCB PHARMA S.A.) 15 January 2015; entire document 1-3, 4/1-2, 5/4/1-2, 6-7
A US 2015/0183874 A1 (THE BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR
UNIVERSITY) 02 July 2015; entire docuineiit 1-3, 4/1-2, 5/4/1-2, 0-7
A US 2014/0271582 A1 (CITY OF HOPE) 18 September 2014; entire document 1-3, 4/1-2, 5/4/1-2, 6-7
P, X US 2017/0166645 A1 (THE BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR 1-3, 4/1-2, 5/4/1-2, 6-7
UNIVERSITY) 15 June 2017; entire document
P, X WO 2017/055582 A1 (NOVO NORDISK) 06 April 2017; entire document 1-3, 4/1-2, 5/4/1-2, 6-7

[I Further documents are listed in the continuation of Box C.

[I See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance
“E™ earlier application or patent but published on or after the international

filing date

“L*  documem which may throw doubts on priority claim(s) or which I3
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means
“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is tahei aluuc

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

18 December 2017 (18.12.2017)

Date of mailing of the international search report

09 JAN 2018

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US17/58569

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:l Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. ﬁ Claims Nos.: 8-21
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. [:] No required additional search fees were timely paid by the applicant. Consequently, this international search report is
testricted to the invention hirst mentioned 1n the claims; it is covered by claims Nos.:

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

L 5ER
HAh A TF 30k
ShEpEELE

E)

&4 EY R R ERE B 7 X LR 2

EP3532497A4 K (2E)R
EP2017865245 iR
HriBfg K ZF

THER= -HiEE , FFRRRAFESS
THERI= -Hii81%8 , SFFRRRAFESS

LIU JIE
WEISSMAN IRVING L
MAJETI RAVINDRA

LIU, JIE
WEISSMAN, IRVING L.
MAJETI, RAVINDRA

patsnap

2020-05-13

2017-10-26

C07K16/18 CO7K16/28 CO7K14/705 CO7K16/46 GO1N33/53 C12N5/10 C12N15/85 A61K38/19

A61K38/00 A61K2039/505 C07K16/2803 CO7K2317/24 CO7K2317/52 CO7K2317/53 CO7K2317/71

C07K2319/30 C07K14/705 C07K16/18 C07K16/28 CO7K16/46

62/413018 2016-10-26 US
EP3532497A1

Espacenet

RETZHAEY , HEEARRREAEEXMAN T XA A4
HEFHIMNKRIFRK, 2, 3, 4, SPREBNVBHNIQGIRHER, &
—EXHEART , REFIH —-SBEEEMENS228P ( EuRS ) »

BEBMNFINSREEHIENFETLAR LNRVEERRME
WEARY , SEARAREXN TSR | T84 & 4l ik

%,


https://share-analytics.zhihuiya.com/view/bbcb5690-d61d-49de-996a-b76bf3798cf2
https://worldwide.espacenet.com/patent/search/family/062025462/publication/EP3532497A4?q=EP3532497A4

