NON-HUMAN ANIMALS HAVING A HUMANIZED
CLUSTER OF DIFFERENTIATION 47 GENE

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of U.S. Provisional Patent Application Serial
No. 62/087,992, filed December 5, 2014, which is incorporated herein by reference in its

entirety.
INCORPORATION BY REFERENCE OF SEQUENCE LISTING

[002] The Sequence Listing in the ASCII text file, named as
32584 10108WOO01_SequenceListing.txt of 96.0 KB, created on November 23, 2015, and
submitted to the United States Patent and Trademark Office via EFS-Web, is incorporated

herein by reference.

BACKGROUND
[003] Cancer therapy can be separated into four main categories: chemo/radio therapy,
hormone therapy, targeted therapy, and immunotherapy. An intense focus of medical
research and development has focused on targeted therapy and significant improvements
have been made, yet cancer remains a major challenge to patients and to the healthcare
industry worldwide. This major challenge is due, in part, to the ability of cancer cells to
evade the monitoring mechanisms of theinnate and adaptive immune systems, which is
partly the result of inhibition of phagocytic clearance. Currently, no in vivo system exists
to optimally determine the therapeutic potential of new cancer therapies that are designed
to activa
how cancer cells provide inhibitory signals to macrophages and phagocytic cells. Such a
system provides a source for assays in phagocytosis and macrophage functions in vivo, and
identification of new cancer therapies that are targeted at providing an anti-tumor

enviroment by promoting pro-phagocytic signals to the immune system.



SUMMARY
[004] The present invention encompasses the recognition that it is desirable to engineer
non-human animals to permit improved systems for identifying and developing new cancer
therapeutics. The present invention also encompasses the recognition that it is desirable to
engineer non-human animals to permit improved engraftment of human hematopoietic
stem cells. Further, the present invention also encompasses the recognition that non-
human animals having a humanized CD47 gene and/or otherwise expressing, containing,
or producing a human or humanized CD47 polypeptide are desirable, for example for use
in identifying and developing cancer therapeutics that overcome systemic toxicity
associated with blockade of CD47 and overcome CD47-mediated inhibition of
phagocytosis of tumor cells, and provide a more efficient in vivo system for engraftment of
human hemotopoietic stem cells that provides an increase in homeostasis of a broader
number of human cell types.
[005] In some embodiments, the present invention provides a non-human animal having a
genome comprising a CD47 gene that includes genetic material from two different species
(e.g., a human and a non-human). In some embodiments, the CD47 gene of the non-

human animals as described herein encodes a CD47 polypeptide that contains human and

form a functional CD47 polypeptide.

[006] In some embodiments, a non-human animal of the present invention comprises a
CD47 gene that comprises an endogenous portion and a human portion, wherein the
endogenous and human portions are operably linked to an endogenous promoter.

[007] In some embodiments, an endogenous portion comprises exon 1 and the exons
downstream of exon 7 of an endogenous CD47 gene. In some certain embodiments, exon
1 and the exons downstream of exon 7 of an endogenous CD47 gene are at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, or at least 98% identical to the corresponding exon 1 and the
exons downstream of exon 7 of a mouse CD47 gene that appears in Table 3. In some

embodiments, exon 1 and the exons downstream of exon 7 of an endogenous CD47 gene



are identical to the corresponding exon 1 and the exons downstream of exon 7 of a mouse
CD47 gene that appears in Table 3.

[008] In some embodiments, a human portion encodes amino acids 16-292 of a human
CD47 polypeptide. In some embodiments, a human portion encodes amino acids 19-292 of
a human CD47 polypeptide. In some embodiments, a human portion encodes amino
acides 19-141 of a human CD47 polypeptide. In some embodiments, a human portion
encodes amino acids 19-127 of a human CD47 polypeptide. In some embodiments, a
human portion comprises exons 2-7 of a human CD47 gene.

[009] In some embodiments, exons 2-7 of a human CD47 gene are at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, or at least 98% identical to the corresponding exons 2-7 of a

human CD47 gene that appears in Table 3. In some embodiments, exons 2-7 of a human
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CD47 gene are identical t exons 2-7 of a human CD47 gene that
appears in Table 3.

[010] In some embodiments, a non-human animal of the present invention expresses a
CDA47 polypeptide comprising an extracellular portion of a human CD47 polypeptide and
an intracellular portion of an endogenous CD47 polypeptide. In some embodiments, a

f a human CD4
other embodiments, a CD47 polypeptide comprises a transmembrane portion of a non-
human CD47 polypeptide. In some embodiments, a CD47 polyeptide is translated in a cell
of a non-human animal with a non-human signal peptide. In some certain embodiments, a
non-human signal peptide is a rodent (e.g., a mouse or a rat) signal peptide.

[011] In some embodiments, a CD47 polypeptide of the present invention is expressed
from an endogenous non-human CD47 gene.

[012] In some embodiments, an intracellular portion of an endogenous CD47 polypeptide
comprises an intracytoplasmic tail that has an amino acid sequence that is at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, or at least 98% identical to an intracytoplasmic tail of a mouse
CD47 polypeptide that appears in Table 3. In some embodiments, an intracellular portion

of the endogenous CD47 polypeptide comprises an intracytoplasmic tail that has an amino



acid sequence that is identical to an intracytoplasmic tail of a mouse CD47 polypeptide
that appears in Table 3.

[013] In some embodiments, an extracellular portion of a human CD47 polypeptide
comprises amino acids corresponding to residues 19-141 of a human CD47 polypeptide.
In some embodiments, an extracellular portion of a human CD47 polypeptide comprises
amino acids corresponding to residues 19-127 of a human CD47 polypeptide. In some
embodiments, the extracellular portion of a human CD47 polypeptide comprises an amino
acid sequence that is at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identical
to a corresponding amino acid sequence of an extracellular portion of a human CD47

polypeptide that appears in Table 3. In some embodiments, an extracellular portion of a
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n amino acid sequence that is identical to a

ortion of a human CD47
polypeptide that appears in Table 3.

[014] In some embodiments, the present invention provides a CD47 polypeptide encoded
by the CD47 gene of a non-human animal as described herein. In some certain

embodiments, an encoded CD47 polypeptide comprises an amino acid sequence that is at

at least 85%, at least 90%, at least 95%, or at least 98% identical to SEQ ID NO: 17, SEQ
ID NO: 18, SEQ ID NO: 19 or SEQ ID NO: 20. In some certain embodiments, an encoded
CD47 polypeptide comprises an amino acid sequence that is identical to SEQ ID NO: 17,
SEQ ID NO: 18, SEQ ID NO: 19 or SEQ ID NO: 20.

[015] In some embodiments, the present invention provides a humanized CD47 gene
comprising one or more exons of a non-human CD47 gene operably linked to one or more
exons of a human CD47 gene. In some certain embodiments, a humanized CD47 gene of
the present invention comprises non-human exons that encode an intracellular portion of a
CD47 polypeptide and human exons that encode an extracellular portion of a human CD47
polypeptide. In some embodiments, a humanized CD47 gene also comprises human exons
that encode a transmembrane portion of a human CD47 polypeptide. In some certain

embodiments, a humanized CD47 gene of the present invention comprises non-human



exons that encode a signal peptide, in whole or in part, and an intracellular portion of a
CDA47 polypeptide, and human exons that encode an extracellular portion and optionally a
transmembrane portion of a CD47 polypeptide.

[016] In some embodiments, the present invention provides an isolated cell or tissue from
a non-human animal as described herein. In some embodiments, the present invention
provides an isolated cell or tissue comprising a CD47 gene as described herein. In some
embodiments, a cell is selected from a dendritic cell, lymphocyte (e.g., a B or T cell),
macrophage and a monocyte. In some embodiments, a tissue is selected from adipose,
bladder, brain, breast, bone marrow, eye, heart, intestine, kidney, liver, lung, lymph node,
muscle, pancreas, plasma, serum, skin, spleen, stomach, thymus, testis, ovum, and a
combination thereof.

[017] In some embodiments, the present invention provides a non-human embyronic stem

non-human embyronic stem cell is a mouse embyronic stem cell and is from a 129 strain,
C57BL/6 strain or a BALB/c strain. In some embodiments, a non-human embyronic stem
cell is a mouse embyronic stem cell and is from a mixture of 129 and C57BL/6 strains.
[018] In some embodiments, the present invention provides the use of a non-human

make a non-human animal. |
embodiments, a non-human embryonic stem cell is a mouse embyronic stem cell and is
used to make a mouse comprising a CD47 gene as described herein. In some certain
embodiments, a non-human embryonic stem cell is a rat embyronic stem cell and is used to
make a rat comprising a CD47 gene as described herein.

comprising, made from, obtained from, or generated from a non-human embyronic stem
cell comprising a CD47 gene as described herein. In some certain embodiments, a non-
human embryo is a rodent embyro. In some embodiments, a rodent embryo is a mouse
embryo. In some embodiments, a rodent embryo is a rat embryo.

[020] In some embodiments, the present invention provides a method of making a non-
human animal that expresses a CD47 polypeptide from an endogenous CD47 gene,

wherein the CD47 polypeptide comprises a human sequence, the method comprising



inserting a genomic fragment into an endogenous CD47 gene in a non-human embryonic
stem cell, said genomic fragment comprising a nucleotide sequence that encodes a human
CDA47 polypeptide in whole or in part; obtaining a non-human embryonic stem cell
comprising an endogenous CD47 gene that comprises the nucleotide sequence that encodes
a human CD47 polypeptide in whole or in part; and creating a non-human animal using the
non-human embryonic stem cell comprising said nucleotide sequence that encodes a
human CD47 polypeptide in whole or in part.

[021] In some embodiments, a human sequence comprises amino acids corresponding to
residues 19-141 (or 19-292) of a human CD47 polypeptide. In some embodiments, a
human sequence comprises amino acids corresponding to residues 19-127 of a human

CD47 polypeptide.

CDA47 gene. In some embodiments, a nucleotide sequence comprises one or more selection
markers. In some embodiments, a nucleotide sequence comprises one or more site-specific
recombination sites.

[023] In some embodiments, the method further comprises a step of inserting a genomic
fragment into an endogenous SIRPa gene of a non-human embryonic stem cell, said
genomic fragment comprising a nucieotide sequence that encodes a human SIRPa
polypeptide in whole or in part (e.g., encodes an extracellular portion of a human SIRPo
polypeptide). In some certain embodiments, a genomic fragment comprising a nucleotide
sequence that encodes a human SIRPa polypeptidein whole or in part (e.g., encodes an
extracellular portion of a human SIRPa polypeptide) is inserted into an endogenous SIRPa

gene of the non-human embryonic stem cell prior to an insertion into an endogenous CD47
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comprising an endogenous CD47 gene that includes a nucleotide sequence that encodes a
human CD47 polypeptide, in whole or in part, with a second non-human animal, said
second non-human animal having a genome comprising a SIRPa gene that encodes a

SIRPa polypeptide comprising an extracellular portion of a human SIRPa polypeptide



(e.g., amino acids corresponding to residues 28-362 of a human SIRPa polypeptide) and
an intracellular portion of an endogenous SIRPa polypeptide.

[025] In some embodiments, the present invention provides a method of providing a non-
human animal whose genome comprises a CD47 gene that encodes an extracellular portion
of a human CD47 polypeptide linked to an intracellular portion of an endogenous CD47
polypeptide, the method comprising modifying the genome of a non-human animal so that
it comprises a CD47 gene that encodes the extracellular portion of a human CD47
polypeptide linked to the intracellular portion of an endogenous CD47 polypeptide thereby
providing said non-human animal. In some embodiments, a CD47 gene encodes a CD47
polypeptide that comprises an extracellular portion and a transmembrane portion of a
human CD47 polypeptide linked to an intracellular portion of an endogenous non-human
CD47 polypeptide. In other embodiments, a CD47 gene encodes a CD47 polypeptide that
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inked to a
transmembrane portion and an intracellular portion of an endogenous non-human CD47
polypeptide.

[026] In some embodiments, the modifying the genome of a non-human animal is
performed in a non-human embryonic stem cell. In some certain embodiments, the non-
human embryonic stem cell is a rodent embryonic stem cell; in some embodiments, a
mouse embryonic stem cell; in some embodiments, a rat embryonic stem cell.

[027] In some embodiments, the method further comprises modifying the genome of the
non-human animal so that it comprises a SIRPo. gene that encodes the extracellular portion
of'a human SIRPa polypeptide (e.g., amino acids corresponding to residues 28-362 of a
human SIRPa polypeptide) linked to the intracellular portion of an endogenous SIRPa

polypeptide. In some certain embodiments, the modifying the genome of the non-human
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animal an

SIRPa polypeptide (e.g., amino acids corresponding to residues 28-362 of a human SIRPa
polypeptide) linked to the intracellular portion of an endogenous SIRPa polypeptide is
performed prior to modifying the genome of the non-human animal so that it comprises a

CD47 gene that encodes the extracellular portion and optionally a transmembrane portion



of a human CD47 polypeptide linked to the intracellular portion of an endogenous CD47
polypeptide.

[028] In some embodiments, the method further comprises breeding a non-human animal
whose genome comprises a CD47 gene that encodes an extracellular portion of a human
CD47 polypeptide linked to an intracellular portion of an endogenous CD47 polypeptide
with a second non-human animal, said second non-human animal having a genome
comprising a SIRPa gene that encodes a SIRPa polypeptide comprising an extracellular
portion of a human SIRPa polypeptide (e.g., amino acids corresponding to residues 28-362
of a human SIRPa polypeptide) and an intracellular portion of an endogenous SIRPa.
polypeptide.

[029] In some embodiments, the present invention provides a non-human animal
obtainable by methods as described herein.
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human cells into a non-human animal, the method comprising steps of providing a non-
human animal whose genome comprises a CD47 gene that encodes the extracellular
portion of a human CD47 polypeptide linked to the intracellular portion of an endogenous
CD47 polypeptide; and transplanting one or more human cells into said non-human
animal. In some certain embodiments, the method further comprises a step of assaying
engraftment of the one or more human cells in said non-human animal. In some certain
embodiments, a step of assaying comprises comparing the engraftment of the one or more
human cells to the engraftment in one or more wild-type non-human animals or in one or
more non-human animals whose genome does not comprise a CD47 gene that encodes the
extracellular portion of a human CD47 polypeptide linked to the intracellular portion of an
endogenous CD47 polypeptide.

[031] In some embodiments, human cells are hematopoietic stem cells. In some
embodiments, human cells are transplanted intravenously. In some embodiments, human
cells are transplanted intraperitoneally. In some embodiments, human cells are
transplanted subcutaneously.

[032] In some embodiments, the present invention provides a method of assessing the

therapeutic efficacy of a drug targeting human cells, the method comprising providing a



non-human animal whose genome comprises a CD47 gene that encodes an extracellular
portion of a human CD47 polypeptide linked to an intracellular portion of an endogenous
CD47 polypeptide; transplanting one or more human cells into said non-human animal;
administering a drug candidate to said non-human animal; and monitoring the human cells
in the non-human animal to determine the therapeutic efficacy of the drug candidate.

[033] In some embodiments, human cells are cancer cells and the drug candidate is an
anti-cancer drug candidate. In some certain embodiments, a drug candidate is an antibody.
[034] In some embodiments, a non-human animal further comprises human immune
cells. In some certain embodiments, a drug candidate is a bi-specific antibody that binds
human CD47 and an antigen on transplanted human cancer cells.

[035] In some embodiments, the present invention provides a method comprising
providing one or more cells whose genome includes a CD47 gene that encodes an

ortion of a human CD47 pol
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ypeptide linked to an intracellular portion of an
endogenous CD47 polypeptide; incubating the one or more cells with a labeled substrate;
and measuring phagocytosis of the labeled substrate by the one or more cells. In some
embodiments, the substrate is fluorescently labeled. In some embodiments, the substrate is
labeled with an antibody. In some embodiments, the substrate is one or more red blood
cells. In some embodiments, the substi:
embodiments, the substrate is one or more tumor cells.

[036] In some embodiments, the present invention provides a method comprising
providing a non-human animal whose genome includes a CD47 gene that encodes an
extracellular portion of a human CD47 polypeptide linked to an intracellular portion of an
endogenous CD47 polypeptide; exposing the non-human animal to an antigen; and
measuring phagocytosis of the antigen by one or more cells of the non-human animal. In
some embodiments, the step of exposing comprises exposing the non-human animal to an
antigen that is fluorescently labeled. In some embodiments, the step of exposing
comprises exposing the non-human animal to one or more cells that comprise the antigen.
In some embodiments, the step of exposing comprises exposing the non-human animal to
one or more human cells comprising the antigen or to one or more bacterial cells

comprising the antigen. In some embodiments, the step of exposing comprises exposing



the non-human animal to one or more cells that have been transformed with the antigen so
that the antigen is expressed on the surface of the one or more transformed cells. In some
embodiments, the step of exposing comprises exposing the non-human animal to one or
more tumor cells that comprise the antigen.

[037] In some embodiments, the present invention provides methods for identification or
validation of a drug or vaccine, the method comprising the steps of delivering a drug or
vaccine to a non-human animal whose genome includes a CD47 gene that encodes an
extracellular portion of a human CD47 polypeptide linked to an intracellular portion of an
endogenous CD47 polypeptide, and monitoring one or more of the immune response to the
drug or vaccine, the safety profile of the drug or vaccine, or the effect on a disease or
condition. In some embodiments, monitoring the safety profile includes determining if the
non-human animal exhibits a side effect or adverse reaction as a result of delivering the
drug or vaccine. In some embodiments, a side effect or adverse reaction is selected from
morbidity, mortality, alteration in body weight, alteration of the level of one or more
enzymes (e.g., liver), alteration in the weight of one or more organs, loss of function (e.g.,
sensory, motor, organ, etc.), increased susceptibility to one or more diseases, alterations to
the genome of the non-human animal, increase or decrease in food consumption and
complications of one or more diseases.

[038] In some embodiments, the present invention provides use of a non-human animal
as described herein in the development of a drug or vaccine for use in medicine, such as
use as a medicament.

[039] In some embodiments, the present invention provides use of a non-human animal
as described herein in the manufacture of a medicament for the treatment of cancer or a
neoplasm.

[040] In some embodiments, the present invention provides use of a non-human animal
as described herein to assess the efficacy of a therapeutic drug targeting human cells. In
various embodiments, a non-human animal of the present invention is transplanted with
human cells and a drug candidate targeting said human cells is administered to the animal.

In some embodiments, efficacy of the drug is determined by monitoring the human cells in

the non-human animal after the administration of the drug.
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[041] In some embodiments, the present invention provides a non-human animal or cell
as described herein for use in the development and/or identification of a drug (e.g., an
antibody) for therapy or diagnosis.

[042] In some embodiments, the present invention provides a non-human animal or cell
as described herein for use in the development and/or identification of a drug (e.g., an
antibody) for the treatment, prevention or amelioration of cancer or a neoplasm.

[043] In some embodiments, the present invention provides a method of assessing the
pharmacokinetics of a drug targeting human CD47, the method comprising the steps of
administering the drug to a non-human animal as described herein, and performing an
assay to determine one or more pharmacokinetic properties of the drug targeting human
CD47.

[044] In some embodiments, the present invention provides a method of assessing the on-
drug targeting human CD47, the method comprisin
administering the drug to a non-human animal as described herein, and performing an
assay for one or more parameters associated with on-target toxicity of a drug.

[045] In some embodiments, the present invention provides a method of assessing the
off-target toxicity of a drug targeting human CD47, the method comprising the steps of
administering the dirug to a non-human animal as Crib i
assay for one or more parameters associated with off-target toxicity of a drug.

[046] In many embodiments, a non-human animal as described herein is a rodent whose
genome includes a CD47 gene that encodes an extracellular portion of a human CD47
polypeptide linked to an intracellular portion of an endogenous CD47 polypeptide; in some
embodiments, a rodent is a mouse; in some embodiments, a rodent is a rat.

[047] In some embodiments, a drug targeting human CD47 is a CD47 antagonist. In
some certain embodiments, a CD47 antagonsit is an anti-CD47 antibody. In some
embodiments, a drug targeting human CD47 is a CD47 agonist.

[048] In various embodiments, a CD47 gene of the present invention includes a CD47
gene as described herein. In various embodiments, a CD47 polypeptide of the present

invention includes a CD47 polypeptide as described herein.
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[049] In various embodiments, a non-human animal of the present invention does not
detectably express a full-length endogenous non-human CD47 polypeptide. In various
embodiments, a non-human animal of the present invention does not detectably express an
extracellular portion of an endogenous CD47 polypeptide. In various embodiments, a non-
human animal of the present invention does not detectably express an extracellular portion
of both an endogenous CD47 polypeptide and an endogenous SIRPa polypeptide.

[050] In various embodiments, an extracellular portion of a human CD47 polypeptide
comprises amino acids corresponding to residues 19-141 of a human CD47 polypeptide as
described herein.

[051] In various embodiments, an N-terminal immunoglobulin V domain of a human
CD47 polypeptide comprises amino acids corresponding to residues 19-127 of a human
CD47 polypeptide as described herein.
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and/or embryos of the present invention have a genome that further comprises a SIRPa.
gene that encodes a SIRPa. polypeptide comprising an extracellular portion of a human
SIRPa. polypeptide (e.g., amino acids corresponding to residues 28-362 of a human SIRPa.
polypeptide) and an intracellular portion of an endogenous SIRPa polypeptide.

[053] In various embodiments, a non-human animal of the present invention is a rodent;
in some embodiments, a mouse; in some embodiments, a rat.

are used as

[054] As used in this application

LU+ L3S

and “annroximatelv”
a “approximate!l Y

equivalents. Any numerals used in this application with or without about/approximately
are meant to cover any normal fluctuations appreciated by one of ordinary skill in the
relevant art.

[055] Other features, objects, and advantages of the present invention are apparent in the
detailed description that follows. It should
description, while indicating embodiments of the present invention, is given by way of
illustration only, not limitation. Various changes and modifications within the scope of the

invention will become apparent to those skilled in the art from the detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS
[056] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be
provided by the Office upon request and payment of the necessary fee.
[057] The Drawings included herein, which are composed of the following Figures, are
for illustration purposes only and not for limitation.
[058] Figure 1 shows a diagram, not to scale, of the genomic organization of a non-
human (e.g., mouse) and human Cluster of Differentiation 47 (CD47) genes. Exons are
numbered beneath each exon.
[059] Figure 2 shows a diagram, not to scale, of an exemplary method for humanization
of a non-human Cluster of Differentiation 47 (CD47) gene.
[060] Figure 3 shows a diagram, not to scale, of the genomic orgainzation of a mouse
ifferentiation 47 (CD47) genes. tions of pr u an
assay described in Example 1 are indicated.

[061] Figure 4 shows an exemplary histogram of CD47 expression in red blood cells
from humanized CD47 mice detected by anti-CD47 antibodies. Ab A, Ab B, AbC, AbD
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irrelevant specificity.

[062] Figure 5 shows exemplary hemagglutination of mouse red blood cells from wild-
type (n=2) and humanized CD47 (n=2) mice by anti-CD47 antibodies. WT: wild-type;
HuCD47: humanized CD47; Ab A, Ab B, Ab C, Ab D and Ab E: anti-CD47 antibodies;
higGds: human IgG4 of irrelevant specificity with modified Fc region that has reduced
effector function; hIgG4: human IgG4 antibody of irrelevant specificity.

[063] Figure 6 shows exemplary pharmacokinetic profiles of anti-CD47 antibodies in
humanized CD47 mice represented as antibody concentration (in ug/mL, y-axis) over time
(in days, x-axis); Ab F, Ab G, Ab H and Ab I: anti-CD47 antibodies; hIgG4s: human IgG4
antibody of irrelevant specificity with modified Fc region that has reduced effector

function.
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[064] Figure 7 shows exemplary pharmacokinetic profiles of anti-CD47 antibodies in
humanized CD47/SIRPo. mice (CD47™™SIRPo™™) represented as antibody
concentration (in mcg/mL, y-axis) over time (in days, x-axis). Ab J, Ab F, Ab GandAb I:
anti-CD47 antibodies; hIgG4s: human [gG4 antibody of irrelevant specificity with
modified Fc region that has reduced effector function.

[065] Figure 8 shows exemplary pharmacokinetic profiles of anti-CD47 antibodies in
humanized CD47/SIRPo. mice (CD47™™SIRPo™™) represented as antibody
concentration (in mcg/mL, y-axis) over time (in days, x-axis). Ab J, Ab F: anti-CD47
antibodies; Ab Fs: Ab F with modified Fc region that has reduced effector function; Ab
Fmono: monovalent version of Ab F; hlgG4s: human IgG4 antibody of irrelevant
specificity with modified Fc region that has reduced effector function.

axis) over time (in
days, x-axis). Mice demonstrating mouse anti-human antibody response (MAHA) were
excluded. Ab J, Ab F, Ab I and Ab G: anti-CD47 antibodies; hIgG4s: human IgG4
antibody of irrelevant specificity with modified Fc region that has reduced effector

function (star: all points after 15 days were excluded from hlgG4s treatment group due to

DEFINITIONS
[067] This invention is not limited to particular methods and experimental conditions
described herein, as such methods and conditions may vary. It is also to be understood that
the terminology used herein is for the purpose of describing particular embodiments only,
and is not intended to be limiting, since the scope of the present invention is defined by the
claims.
[068] Unless defined otherwise, all terms and phrases used herein include the meanings
that the terms and phrases have attained in the art, unless the contrary is clearly indicated
or clearly apparent from the context in which the term or phrase is used. Although any

methods and materials similar or equivalent to those described herein can be used in the
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practice or testing of the present invention, particular methods and materials are now
described. All publications mentioned herein are hereby incorporated by reference.

[069] The term “approximately”, as applied herein to one or more values of interest,
refers to a value that is similar to a stated reference value. In certain embodiments, the
term “approximately” or “about” refers to a range of values that fall within 25%, 20%,
19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, or less in either direction (greater than or less than) of the stated reference value
unless otherwise stated or otherwise evident from the context (except where such number
would exceed 100% of a possible value).

[070] The term “biologically active”, as used herein, refers to a characteristic of any
agent that has activity in a biological system, in vitro or in vivo (e.g., in an organism). For
instance, an agent that, when present in an organism, has a biological effect within that
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protein or polypeptide is biologically active, a portion of that protein or polypeptide that
shares at least one biological activity of the protein or polypeptide is typically referred to
as a “biologically active” portion.

[071] The term “comparable”, as used herein, refers to two or more agents, entities,

ne another but that ar
sufficiently similar to permit comparison there between so that conclusions may
reasonably be drawn based on differences or similarities observed. Those of ordinary skill
in the art will understand, in context, what degree of identity is required in any given
circumstance for two or more such agents, entities, situations, sets of conditions, etc. to be
considered comparable.

[072] The term "conservative", as used herein to describe a conservative amino acid
substitution, refers to substitution of an amino acid residue by another amino acid residue
having a side chain R group with similar chemical properties (e.g., charge or
hydrophobicity). In general, a conservative amino acid substitution will not substantially
change the functional properties of interest of a protein, for example, the ability of a

receptor to bind to a ligand. Examples of groups of amino acids that have side chains with

similar chemical properties include: aliphatic side chains such as glycine, alanine, valine,
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leucine, and isoleucine; aliphatic-hydroxyl side chains such as serine and threonine; amide-
containing side chains such as asparagine and glutamine; aromatic side chains such as
phenylalanine, tyrosine, and tryptophan; basic side chains such as lysine, arginine, and
histidine; acidic side chains such as aspartic acid and glutamic acid; and, sulfur-containing
side chains such as cysteine and methionine. Conservative amino acids substitution groups
include, for example, valine/leucine/isoleucine, phenylalanine/tyrosine, lysine/arginine,
alanine/valine, glutamate/aspartate, and asparagine/glutamine. In some embodiments, a
conservative amino acid substitution can be a substitution of any native residue in a protein
with alanine, as used in, for example, alanine scanning mutagenesis. In some
embodiments, a conservative substitution is made that has a positive value in the PAM250
log-likelihood matrix disclosed in Gonnet et al. (1992) Exhaustive Matching of the Entire
Protein Sequence Database, Science 256:1443-45, hereby incorporated by reference. In
some embodiments, th
substitution has a nonnegative value in the PAM250 log-likelihood matrix.

[073] The term “control”, as used herein, refers to the art-understood meaning of a

“control” being a standard against which results are compared. Typically, controls are

used to augment integrity in experiments by isolating variables in order to make a

that is performed simultaneously with a test reaction or assay to provide a comparator. As
used herein, a “control” may refer to a “control animal”. A “control animal” may have a
modification as described herein, a modification that is different as described herein, or no
modification (i.e., a wild-type animal). In one experiment, the "test" (i.e., the variable
being tested) is applied. In the second experiment, the "control," the variabie being tested
is not applied. In some embodiments, a control is a historical control (i.e., of a test or assay
performed previously, or an amount or result that is previously known). In some
embodiments, a control is or comprises a printed or otherwise saved record. A control may
be a positive control or a negative control.

[074] The term "disruption", as used herein, refers to the result of a homologous
recombination event with a DNA molecule (e.g., with an endogenous homologous

sequence such as a gene or gene locus. In some embodiments, a disruption may achieve or
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represent an insertion, deletion, substitution, replacement, missense mutation, or a frame-
shift of a DNA sequence(s), or any combination thereof. Insertions may include the
insertion of entire genes or fragments of genes, e.g., exons, which may be of an origin
other than the endogenous sequence (e.g., a heterologous sequence). In some
embodiments, a disruption may increase expression and/or activity of a gene or gene
product (e.g., of a protein encoded by a gene). In some embodiments, a disruption may
decrease expression and/or activity of a gene or gene product. In some embodiments, a
disruption may alter sequence of a gene or an encoded gene product (e.g., an encoded
protein). In some embodiments, a disruption may truncate or fragment a gene or an
encoded gene product (e.g., an encoded protein). In some embodiments, a disruption may
extend a gene or an encoded gene product; in some such embodiments, a disruption may
achieve assembly of a fusion protein. In some embodiments, a disruption may affect level

hut not activity of a
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gene or
activity but not level of a gene or gene product. In some embodiments, a disruption may
have no significant effect on level of a gene or gene product. In some embodiments, a
disruption may have no significant effect on activity of a gene or gene product. In some
embodiments, a disruption may have no significant effect on either level or activity of a
gene or gene product.

[075] The terms “determining”, “measuring”, “evaluating”, “assessing”, “assaying” and
“analyzing” are used interchangeably herein to refer to any form of measurement, and
include determining if an element is present or not. These terms include both quantitative
and/or qualitative determinations. Assaying may be relative or absolute. “Assaying for the
presence of’ can be determining the amount of something present and/or determining
whether or not it is present or absent.

[076] The phrase "endogenous locus" or “endogenous gene”, as used herein, refers to a
genetic locus found in a parent or reference organism prior to introduction of a disruption,
deletion, replacement, alteration, or modification as described herein. In some
embodiments, the endogenous locus has a sequence found in nature. In some
embodiments, the endogenous locus is a wild type locus. In some embodiments, the

reference organism is a wild-type organism. In some embodiments, the reference organism
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is an engineered organism. In some embodiments, the reference organism is a laboratory-
bred organism (whether wild-type or engineered).

[077] The phrase "endogenous promoter" refers to a promoter that is naturally associated,
e.g., in a wild-type organism, with an endogenous gene.

[078] The term "heterologous", as used herein, refers to an agent or entity from a
different source. For example, when used in reference to a polypeptide, gene, or gene
product or present in a particular cell or organism, the term clarifies that the relevant
polypeptide, gene, or gene product: 1) was engineered by the hand of man; 2) was
introduced into the cell or organism (or a precursor thereof) through the hand of man (e.g.,
via genetic engineering); and/or 3) is not naturally produced by or present in the relevant
cell or organism (e.g., the relevant cell type or organism type).

[079] The term "host cell", as used herein, refers to a cell into which a heterologous (e.g.,
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disclosure will understand that such terms refer not only to the particular subject cell, but
also is used to refer to the progeny of such a cell. Because certain modifications may occur
in succeeding generations due to either mutation or environmental influences, such

progeny may not, in fact, be identical to the parent cell, but are still included within the
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the term "fiost cell" as used herein. In some embodiments, a host cell is or
comprises a prokaryotic or eukaryotic cell. In general, a host cell is any cell that is suitable
for receiving and/or producing a heterologous nucleic acid or protein, regardless of the
Kingdom of life to which the cell is designated. Exemplary cells include those of
prokaryotes and eukaryotes (single-cell or multiple-cell), bacterial cells (e.g., strains of E.
coli, Bacillus spp., Streptomyces spp., etc.), mycobacteria celis, fungal cells, yeast celis
(e.g., S. cerevisiae, S. pombe, P. pastoris, P. methanolica, etc.), plant cells, insect cells
(e.g., SF-9, SF-21, baculovirus-infected insect cells, Trichoplusia ni, etc.), non-human
animal cells, human cells, or cell fusions such as, for example, hybridomas or quadromas.
In some embodiments, the cell is a human, monkey, ape, hamster, rat, or mouse cell. In
some embodiments, the cell is eukaryotic and is selected from the following cells: CHO
(e.g., CHO K1, DXB-11 CHO, Veggie-CHO), COS (e.g., COS-7), retinal cell, Vero, CV1,
kidney (e.g., HEK293, 293 EBNA, MSR 293, MDCK, HaK, BHK), HeLa, HepG2, WI38,
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MRC 5, Colo205, HB 8065, HL-60, (e.g., BHK21), Jurkat, Daudi, A431 (epidermal), CV-
1, U937, 3T3, L cell, C127 cell, SP2/0, NS-0, MMT 060562, Sertoli cell, BRL 3A cell,
HT1080 cell, myeloma cell, tumor cell, and a cell line derived from an aforementioned
cell. In some embodiments, the cell comprises one or more viral genes, e.g., a retinal cell
that expresses a viral gene (e.g., a PER.C6™ cell). In some embodiments, a host cell is or
comprises an isolated cell. In some embodiments, a host cell is part of a tissue. In some
embodiments, a host cell is part of an organism.

[080] The term "humanized”, is used herein in accordance with its art-understood
meaning to refer to nucleic acids or proteins whose structures (i.e., nucleotide or amino
acid sequences) include portions that correspond substantially or identically with structures
of a particular gene or protein found in nature in a non-human animal, and also include

portions that differ from that found in the relevant particular non-human gene or protein

human gene or protein. In some embodiments, a “humanized” gene is one that encodes a
polypeptide having substantially the amino acid sequence as that of a human polypeptide
(e.g., a human protein or portion thereof — e.g., characteristic portion thereof). To give but
one example, in the case of a membrane receptor, a “humanized” gene may encode a

ptide having an extracellular portion having an amino acid sequence as tha
human extracellular portion and the remaining sequence as that of a non-human (e.g.,
mouse) polypeptide. In some embodiments, a humanized gene comprises at least a portion
of a DNA sequence of a human gene. In some embodiment, a humanized gene comprises
an entire DNA sequence of a human gene. In some embodiments, a humanized protein
comprises a sequence having a portion that appears in a human protein. In some
embodiments, a humanized protein comprises an entire sequence of a human protein and is
expressed from an endogenous locus of a non-human animal that corresponds to the
homolog or ortholog of the human gene.

[081] The term "identity", as used herein in connection with a comparison of sequences,
refers to identity as determined by a number of different algorithms known in the art that
can be used to measure nucleotide and/or amino acid sequence identity. In some

embodiments, identities as described herein are determined using a ClustalW v. 1.83
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(slow) alignment employing an open gap penalty of 10.0, an extend gap penalty of 0.1, and
using a Gonnet similarity matrix (MACVECTOR™ 10.0.2, MacVector Inc., 2008).

[082] The term "isolated", as used herein, refers to a substance and/or entity that has been
(1) separated from at least some of the components with which it was associated when
initially produced (whether in nature and/or in an experimental setting), and/or (2)
designed, produced, prepared, and/or manufactured by the hand of man. Isolated
substances and/or entities may be separated from about 10%, about 20%, about 30%, about
40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or
more than about 99% of the other components with which they were initially associated.

In some embodiments, isolated agents are about 80%, about 85%, about 90%, about 91%,

about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about
99%, or more than about
substantially free of other components. In some embodiments, as will be understood by
those skilled in the art, a substance may still be considered “isolated” or even “pure”, after
having been combined with certain other components such as, for example, one or more
carriers or excipients (e.g., buffer, solvent, water, etc.); in such embodiments, percent
isolation or purity o
excipients. To give but one example, in some embodiments, a biological polymer such as
a polypeptide or polynucleotide that occurs in nature is considered to be “isolated” when:
a) by virtue of its origin or source of derivation is not associated with some or all of the
components that accompany it in its native state in nature; b) it is substantially free of other
polypeptides or nucieic acids of the same species from the species that produces it in
nature; or ¢) is expressed by or is otherwise in association with components from a cell or
other expression system that is not of the species that produces it in nature. Thus, for
instance, in some embodiments, a polypeptide that is chemically synthesized or is
synthesized in a cellular system different from that which produces it in nature is
considered to be an "isolated" polypeptide. Alternatively or additionally, in some
embodiments, a polypeptide that has been subjected to one or more purification techniques

may be considered to be an “isolated” polypeptide to the extent that it has been separated
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from other components: a) with which it is associated in nature; and/or b) with which it
was associated when initially produced.

[083] The phrase "non-human animal", as used herein, refers to any vertebrate organism
that is not a human. In some embodiments, a non-human animal is acyclostome, a bony
fish, a cartilaginous fish (e.g., a shark or a ray), an amphibian, a reptile, a mammal, or a
bird. In some embodiments, a non-human mammal is a primate, a goat, a sheep, a pig, a
dog, a cow, or a rodent. In some embodiments, a non-human animal is a rodent such as a
rat or a mouse.

[084] The phrase "nucleic acid", as used herein, in its broadest sense, refers to any
compound and/or substance that is or can be incorporated into an oligonucleotide chain. In
some embodiments, a “nucleic acid” i1s a compound and/or substance that is or can be
incorporated into an oligonucleotide chain via a phosphodiester linkage. As will be clear
from context, in some embodiments, “nuc
residues (e.g., nucleotides and/or nucleosides); in some embodiments, “nucleic acid” refers
to an oligonucleotide chain comprising individual nucleic acid residues. In some
embodiments, a “nucleic acid” is or comprises RNA; in some embodiments, a “nucleic
acid” 1s or comprises DNA. In some embodiments, a “nucleic acid” is, comprises, or
consists of one or more natural nucleic acid residues. In some embodiments, a
acid”’ 1s, comprises, or consists of one or more nucleic acid analogs. In some
embodiments, a nucleic acid analog differs from a “nucleic acid” in that it does not utilize
a phosphodiester backbone. For example, in some embodiments, a “nucleic acid” is,
comprises, or consists of one or more “peptide nucleic acids”, which are known in the art
and have peptide bonds instead of phosphodiester bonds in the backbone, are considered
within the scope of the present invention. Alternatively or additionally, in some
embodiments, a “nucleic acid” has one or more phosphorothioate and/or 5°-N-
phosphoramidite linkages rather than phosphodiester bonds. In some embodiments, a
“nucleic acid” is, comprises, or consists of one or more natural nucleosides (e.g.,
adenosine, thymidine, guanosine, cytidine, uridine, deoxyadenosine, deoxythymidine,
deoxyguanosine, and deoxycytidine). In some embodiments, a “nucleic acid” is,

comprises, or consists of one or more nucleoside analogs (e.g., 2-aminoadenosine, 2-
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thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl adenosine, 5-methylcytidine, C-5
propynyl-cytidine, C-5 propynyl-uridine, 2-aminoadenosine, C5-bromouridine, C5-
fluorouridine, C5-iodouridine, C5-propynyl-uridine, C5-propynyl-cytidine, C5-
methylcytidine, 2-aminoadenosine, 7-deazaadenosine, 7-deazaguanosine, 8-oxoadenosine,
8-oxoguanosine, O(6)-methylguanine, 2-thiocytidine, methylated bases, intercalated bases,
and combinations thereof). In some embodiments, a “nucleic acid” comprises one or more
modified sugars (e.g., 2’-fluororibose, ribose, 2’-deoxyribose, arabinose, and hexose) as
compared with those in natural nucleic acids. In some embodiments, a “nucleic acid” has
a nucleotide sequence that encodes a functional gene product such as an RNA or protein.
In some embodiments, a “nucleic acid”’ includes one or more introns. In some
embodiments, a “nucleic acid” is prepared by one or more of isolation from a natural

source, enzymatic synthesis by polymerization based on a complementary template (in vivo

50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 20,
225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 600, 700, 800, 900, 1000,
1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 or more residues long. In some

leic acid”’ is single stranded; in some embodiments, a “nuicl
is double stranded. In some embodiments, a “nucleic acid” has a nucleotide sequence
comprising at least one element that encodes, or is the complement of a sequence that
encodes, a polypeptide. In some embodiments, a “nucleic acid’ has enzymatic activity.
[085] The phrase "operably linked", as used herein, refers to a juxtaposition wherein the
components described are in a relationship permitting them to function in their intended
manner. A control sequence "operably linked" to a coding sequence is ligated in such a
way that expression of the coding sequence is achieved under conditions compatible with
the control sequences. "Operably linked" sequences include both expression control
sequences that are contiguous with the gene of interest and expression control sequences
that act in trans or at a distance to control the gene of interest. The term "expression
control sequence", as used herein, refers to polynucleotide sequences, which are necessary

to effect the expression and processing of coding sequences to which they are ligated.
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“Expression control sequences” include: appropriate transcription initiation, termination,
promoter and enhancer sequences; efficient RNA processing signals such as splicing and
polyadenylation signals; sequences that stabilize cytoplasmic mRNA; sequences that
enhance translation efficiency (i.e., Kozak consensus sequence); sequences that enhance
protein stability; and when desired, sequences that enhance protein secretion. The nature
of such control sequences differs depending upon the host organism. For example, in
prokaryotes, such control sequences generally include promoter, ribosomal binding site,
and transcription termination sequence, while in eukaryotes, typically, such control
sequences include promoters and transcription termination sequence. The term "control
sequences" is intended to include components whose presence is essential for expression
and processing, and can also include additional components whose presence is
advantageous, for example, leader sequences and fusion partner sequences.

1086] The term "polypeptide", as used herein, refers to any
acids. In some embodiments, a polypeptide has an amino acid sequence that occurs in
nature. In some embodiments, a polypeptide has an amino acid sequence that does not

occur in nature. In some embodiments, a polypeptide has an amino acid sequence that

contains portions that occur in nature separately from one another (i.e., from two or more

=

different organisms, for example, human and non-human portions). In some embodiments,
a polypeptide has an amino acid sequence that is engineered in that it is designed and/or
produced through action of the hand of man.

[087] The term "recombinant", as used herein, is intended to refer to polypeptides (e.g.,
CD47polypeptides as described herein) that are designed, engineered, prepared, expressed,
created or isolated by recombinant means, such as polypeptides expressed using a
recombinant expression vector transfected into a host cell, polypeptides isolated from a
recombinant, combinatorial human polypeptide library (Hoogenboom H. R., (1997) TIB
Tech. 15:62-70; Azzazy H., and Highsmith W. E., (2002) Clin. Biochem. 35:425-445;
Gavilondo J. V., and Larrick J. W. (2002) BioTechniques 29:128-145; Hoogenboom H.,
and Chames P. (2000) Immunology Today 21:371-378), antibodies isolated from an animal
(e.g., a mouse) that is transgenic for human immunoglobulin genes (see ¢.g., Taylor, L. D.,

et al. (1992) Nucl. Acids Res. 20:6287-6295; Kellermann S-A., and Green L. L. (2002)
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Current Opinion in Biotechnology 13:593-597; Little M. et al. (2000) Immunology Today
21:364-370; Murphy, A.J.,et al. (2014) Proc. Natl. Acad. Sci. U. S. A. 111(14):5153-5158)
or polypeptides prepared, expressed, created or isolated by any other means that involves
splicing selected sequence elements to one another. In some embodiments, one or more of
such selected sequence elements is found in nature. In some embodiments, one or more of
such selected sequence elements is designed in silico. In some embodiments, one or more
such selected sequence elements result from mutagenesis (e.g., in vivo or in vitro) of a
known sequence element, e.g., from a natural or synthetic source. For example, in some
embodiments, a recombinant polypeptide is comprised of sequences found in the genome
of a source organism of interest (e.g., human, mouse, etc.). In some embodiments, a
recombinant polypeptide has an amino acid sequence that resulted from mutagenesis (e.g.,
in vitro or in vivo, for example in a non-human animal), so that the amino acid sequences

of th

1e recombinan
polypeptides sequences, may not naturally exist within the genome of a non-human animal
in vivo.

[088] The term "replacement" is used herein to refer to a process through which a

“replaced” nucleic acid sequence (e.g., a gene) found in a host locus (e.g., in a genome) is
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In some embodiments, the replaced nucleic acid sequence and the replacement nucleic acid
sequences are comparable to one another in that, for example, they are homologous to one
another and/or contain corresponding elements (e.g., protein-coding elements, regulatory
elements, etc.). In some embodiments, a replaced nucleic acid sequence includes one or
more of a promoter, an enhancer, a splice donor site, a splice receiver site, an intron, an
exon, an untranslated region (UTR); in some embodiments, a replacement nucleic acid
sequence includes one or more coding sequences. In some embodiments, a replacement
nucleic acid sequence is a homolog of the replaced nucleic acid sequence. In some
embodiments, a replacement nucleic acid sequence is an ortholog of the replaced sequence.
In some embodiments, a replacement nucleic acid sequence is or comprises a human
nucleic acid sequence. In some embodiments, including where the replacement nucleic

acid sequence is or comprises a human nucleic acid sequence, the replaced nucleic acid
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sequence 1S or comprises a rodent sequence (e.g., a mouse or rat sequence). The nucleic
acid sequence so placed may include one or more regulatory sequences that are part of
source nucleic acid sequence used to obtain the sequence so placed (e.g., promoters,
enhancers, 5'- or 3'-untranslated regions, etc.). For example, in various embodiments, the
replacement is a substitution of an endogenous sequence with a heterologous sequence that
results in the production of a gene product from the nucleic acid sequence so placed
(comprising the heterologous sequence), but not expression of the endogenous sequence;
the replacement is of an endogenous genomic sequence with a nucleic acid sequence that
encodes a protein that has a similar function as a protein encoded by the endogenous
sequence (e.g., the endogenous genomic sequence encodes a CD47 protein, and the DNA
fragment encodes one or more human CD47 proteins). In various embodiments, an
endogenous gene or fragment thereof is replaced with a corresponding human gene or
fragment thereof. A corresponding human gen ragment there uman gen:
fragment that is an ortholog of, or is substantially similar or the same in structure and/or
function, as the endogenous gene or fragment thereof that is replaced.

[089] The phrase "cluster of differentiation 47protein" or “CD47 protein”, as used herein,
refers to a multi-pass transmembrane protein that belongs to the immunoglobulin
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superfamily and has an extracellul:
transmembrane domains and a short carboxyl-terminal intracellular tail. CD47 is
expressed on the cell surface and is involved in interactions between membrane surface
proteins such as, for example, integrins, SIRPa. and thrombospondin-1 (TSP-1). CD47 is
expressed in normal tissues and up-regulated in many human cancers. CD47 has been
shown to be involved in several cellular processes such as, for example, apoptosis,
proliferation, adhesion and migration. Several alternatively spliced CD47 isoforms have
been identified between mouse and man. By way of illustration, nucleotide and amino
acid sequences of mouse and human CD47 genes are provided in Table 3. Persons of skill
upon reading this disclosure will recognize that one or more endogenous CD47 genes in a
genome (or all) can be replaced by one or more heterologous CD47 genes (e.g.,

polymorphic variants, subtypes or mutants, genes from another species, humanized forms,

etc.).
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[090] A "CD47-expressing cell", as used herein, refers to a cell that expresses a CD47
transmembrane protein. In some embodiments, a CD47-expressing cell expresses a CD47
transmembrane protein on its surface. In some embodiments, a CD47 protein expressed on
the surface of the cell in an amount sufficient to mediate cell-to-cell interactions via the
CD47 transmembrane protein expressed on the surface of the cell. Exemplary CD47-
expressing cells include neurons, immune cells, keratinocytes, and circulating cells.
CD47-expressing cells regulate the interaction of immune cells and circulating cells to
regulate various cellular processes such as adhesion, cell proliferation and/or apoptosis,
angiogenesis and inflammation. In some embodiments, non-human animals of the present
invention demonstrate regulation of various cellular processes (as described herein) via
humanized CD47 proteins expressed on the surface of one more cells of the non-human

animal.
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individual, population, sample, sequence or value against which an agent, animal, cohort,
individual, population, sample, sequence or value of interest is compared. In some
embodiments, a reference agent, cohort, individual, population, sample, sequence or value
is tested and/or determined substantially simultaneously with the testing or determination
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0 interest. In some
embodiments, a reference agent, cohort, individual, population, sample, sequence or value
is a historical reference, optionally embodied in a tangible medium. In some
embodiments, a reference may refer to a control. As used herein, a “reference” may refer
to a “reference animal”. A “reference animal” may have a modification as described
herein, a modification that is different as described herein or no modification (i.e., a wild-
type animal). Typically, as would be understood by those skilled in the art, a reference
agent, animal, cohort, individual, population, sample, sequence or value is determined or
characterized under conditions comparable to those utilized to determine or characterize
the agent, animal (e.g., a mammal), cohort, individual, population, sample, sequence or
value of interest.

[092] The term “substantially”, as used herein, refers to the qualitative condition of

exhibiting total or near-total extent or degree of a characteristic or property of interest.
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One of ordinary skill in the biological arts will understand that biological and chemical
phenomena rarely, if ever, go to completion and/or proceed to completeness or achieve or
avoid an absolute result. The term “substantially” is therefore used herein to capture the
potential lack of completeness inherent in many biological and chemical phenomena.

[093] The phrase “substantial homology”, as used herein, refers to a comparison between
amino acid or nucleic acid sequences. As will be appreciated by those of ordinary skill in
the art, two sequences are generally considered to be “substantially homologous” if they
contain homologous residues in corresponding positions. Homologous residues may be
identical residues. Alternatively, homologous residues may be non-identical residues will
appropriately similar structural and/or functional characteristics. For example, as is well

known by those of ordinary skill in the art, certain amino acids are typically classified as

considered a “homologous” substitution. Typical amino acid categorizations are

summarized in Table 1 and 2.

TABLE 1
Alanine Ala A Nonpolar Neutral 1.8
Arginine Arg R Polar Positive  -4.5
Asparagine Asn N Polar Neutral  -3.5
Aspartic acid Asp D Polar Negative  -3.5
Cysteine Cys C Nonpolar Neutral 2.5
Glutamic acid Glu E Polar Negative  -3.5
Glutamine Gln Q Polar Neutral  -3.5
Glycine Gly G Nonpolar Neutral  -0.4
Histidine His H Polar Positive  -3.2
Isoleucine lle I Nonpolar Neutral 4.5
Leucine Leu L  Nonpolar Neutral 3.8
Lysine Lys K Polar Positive  -3.9
Methionine Met M Nonpolar Neutral 1.9
Phenylalanine Phe F  Nonpolar Neutral 2.8
Proline Pro P  Nonpolar Neutral  -1.6
Serine Ser S Polar Neutral  -0.8
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Threonine Thr T Polar Neutral -0.7

Tryptophan Trp W Nonpolar Neutral -0.9
Tyrosine Tyr Y Polar Neutral -1.3
Valine Val V  Nonpolar Neutral 4.2
TABLE 2
Ambiguous Amino Acids 3 -
gt Letter Letter
Asparagine or aspartic acid Asx B
Glutamine or glutamic acid Glx Z
Leucine or Isoleucine Xle J
ifi nkn. i
:lJcril(sipem ied or unknown amino Xaa X

[094] As is well known in this art, amino acid or nucleic acid sequences may be
compared using any of a variety of algorithms, including those available in commercial
computer programs such as BLASTN for nucleotide sequences and BLASTP, gapped
BLAST, and PSI-BLAST for amino acid sequences. Exemplary such programs are
described in Altschul et al. (1990) Basic local alignment search tool, J. Mol. Biol., 215(3):
403-410; Altschul et al. (1997) Methods in Enzymology; Altschul et al., "Gapped BLAST
and PSI-BLAST: a new generation of protein database search programs", Nucleic Acids
Res. 25:3389-3402; Baxevanis et al. (1998) Bioinformatics: A Practical Guide to the
Analysis of Genes and Proteins, Wiley; and Misener et al. (eds.) (1999) Bioinformatics
Methods and Protocols (Methods in Molecular Biology, Vol. 132), Humana Press. In
addition to identifying homologous sequences, the programs mentioned above typically
provide an indication of the degree of homology. In some embodiments, two sequences
are considered to be substantially homologous if at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more of their
corresponding residues are homologous over a relevant stretch of residues. In some
embodiments, the relevant stretch is a complete sequence. In some embodiments, the

relevant stretch is at least 9, 10, 11, 12, 13, 14, 15, 16, 17 or more residues. In some
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embodiments, the relevant stretch includes contiguous residues along a complete sequence.
In some embodiments, the relevant stretch includes discontinuous residues along a
complete sequence. In some embodiments, the relevant stretch is at least 10, 15, 20, 25,
30, 35, 40, 45, 50, or more residues.

[095] The phrase “substantial identity”, as used herein, refers to a comparison between
amino acid or nucleic acid sequences. As will be appreciated by those of ordinary skill in
the art, two sequences are generally considered to be “substantially identical” if they
contain identical residues in corresponding positions. As is well known in this art, amino
acid or nucleic acid sequences may be compared using any of a variety of algorithms,
including those available in commercial computer programs such as BLASTN for
nucleotide sequences and BLASTP, gapped BLAST, and PSI-BLAST for amino acid
sequences. Exemplary such programs are described in Altschul et al. (1990) Basic local

J. Mol. Biol., 215(3): 403-410;
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Enzymology; Altschul et al. (1997) Nucleic Acids Res. 25:3389-3402; Baxevanis ef al.

Altschul et al., Methods in
(1998) Bioinformatics: A Practical Guide to the Analysis of Genes and Proteins, Wiley;
and Misener et al., (eds.) (1999) Bioinformatics Methods and Protocols (Methods in
Molecular Biology, Vol. 132), Humana Press. In addition to identifying identical

identity. In some embodiments, two sequences are considered to be substantially identical
if at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or more of their corresponding residues are identical over a relevant
stretch of residues. In some embodiments, the relevant stretch is a complete sequence. In
some embodiments, the relevant stretch is at least 10, 15, 20, 25, 30, 35, 40, 45, 50, or
more residues.

[096] The phrase "targeting vector" or "targeting construct", as used herein, refers to a
polynucleotide molecule that comprises a targeting region. A targeting region comprises a
sequence that is identical or substantially identical to a sequence in a target cell, tissue or
animal and provides for integration of the targeting construct into a position within the
genome of the cell, tissue or animal via homologous recombination. Targeting regions that

target using site-specific recombinase recognition sites (e.g., loxP or Frt sites) are also
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included. In some embodiments, a targeting construct of the present invention further
comprises a nucleic acid sequence or gene of particular interest, a selectable marker,
control and or regulatory sequences, and other nucleic acid sequences that allow for
recombination mediated through exogenous addition of proteins that aid in or facilitate
recombination involving such sequences. In some embodiments, a targeting construct of
the present invention further comprises a gene of interest in whole or in part, wherein the
gene of interest is a heterologous gene that encodes a protein, in whole or in part, that has a
similar function as a protein encoded by an endogenous sequence. In some embodiments,
a targeting construct of the present invention further comprises a humanized gene of
interest, in whole or in part, wherein the humanized gene of interest encodes a protein, in
whole or in part, that has a similar function as a protein encoded by the endogenous
sequence.

[097] The term “variant
structural identity with a reference entity, but differs structurally from the reference entity
in the presence or level of one or more chemical moieties as compared with the reference
entity. In many embodiments, a “variant” also differs functionally from its reference

entity. In general, whether a particular entity is properly considered to be a “variant” of a

will be appreciated by those skilled in the art, any biological or chemical reference entity
has certain characteristic structural elements. A “variant”, by definition, is a distinct
chemical entity that shares one or more such characteristic structural elements. To give but
a few examples, a small molecule may have a characteristic core structural element (e.g., a
macrocycie core) and/or one or more characteristic pendent moieties so that a variant of the
small molecule is one that shares the core structural element and the characteristic pendent
moieties but differs in other pendent moieties and/or in types of bonds present (single vs.
double, E vs. Z, etc.) within the core, a polypeptide may have a characteristic sequence
element comprised of a plurality of amino acids having designated positions relative to one
another in linear or three-dimensional space and/or contributing to a particular biological
function, a nucleic acid may have a characteristic sequence element comprised of a

plurality of nucleotide residues having designated positions relative to on another in linear
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or three-dimensional space. For example, a “variant polypeptide” may differ from a
reference polypeptide as a result of one or more differences in amino acid sequence and/or
one or more differences in chemical moieties (e.g., carbohydrates, lipids, etc.) covalently
attached to the polypeptide backbone. In some embodiments, a “variant polypeptide”
shows an overall sequence identity with a reference polypeptide that is at least 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, or 99%. Alteratively or
additionally, in some embodiments, a “variant polypeptide” does not share at least one
characteristic sequence element with a reference polypeptide. In some embodiments, the
reference polypeptide has one or more biological activities. In some embodiments, a
“variant polypeptide” shares one or more of the biological activities of the reference
polypeptide. In some embodiments, a “variant polypeptide” lacks one or more of the

biological activities of the reference polypeptide. In some embodiments, a “variant

the reference polypeptide. In many embodiments, a polypeptide of interest is considered to
be a “variant” of a parent or reference polypeptide if the polypeptide of interest has an
amino acid sequence that is identical to that of the parent but for a small number of

sequence alterations at particular positions. Typically, fewer than 20%, 15%, 10%, 9%,

Q/ st it « 1l s

with the parent. In some embodiments, a “variant” has 10,9, 8,7,6,5,4,3,2,0r 1
substituted residue as compared with a parent. Often, a “variant” has a very small number
(e.g., fewer than 5, 4, 3, 2, or 1) number of substituted functional residues (i.e., residues
that participate in a particular biological activity). Furthermore, a “variant” typically has
not more than 3, 4, 3, 2, or 1 additions or deletions, and often has no additions or deletions,
as compared with the parent. Moreover, any additions or deletions are typically fewer than
about 25, about 20, about 19, about 18, about 17, about 16, about 15, about 14, about 13,
about 10, about 9, about 8, about 7, about 6, and commonly are fewer than about 5, about
4, about 3, or about 2 residues. In some embodiments, the parent or reference polypeptide
is one found in nature. As will be understood by those of ordinary skill in the art, a
plurality of variants of a particular polypeptide of interest may commonly be found in

nature, particularly when the polypeptide of interest is an infectious agent polypeptide.
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[098] The term “vector”, as used herein, refers to a nucleic acid molecule capable of
transporting another nucleic acid to which it is associated. In some embodiment, vectors
are capable of extra-chromosomal replication and/or expression of nucleic acids to which
they are linked in a host cell such as a eukaryotic and/or prokaryotic cell. Vectors capable
of directing the expression of operatively linked genes are referred to herein as “expression
vectors.”
[099] The term “wild-type”, as used herein, has its art-understood meaning that refers to
an entity having a structure and/or activity as found in nature in a “normal” (as contrasted
with mutant, diseased, altered, etc.) state or context. Those of ordinary skill in the art will
appreciate that wild- type genes and polypeptides often exist in multiple different forms
(e.g., alleles).

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
[0100] The present invention provides, among other things, improved and/or engineered
non-human animals having humanized genetic material encoding a cluster of
differentiation 47 (CD47) gene for determining the therapeutic efficacy of CD47
antagonists (e.g., an anti-CD47 antibody) for the treatment of cancer, and assays in
1al transduction. It is
contemplated that such non-human animals provide an improvement in determining the
therapeutic efficacy of CD47 antagonists and their potential for CD47 blockade. It is also
contemplated that such non-human animals provide an improvement in transplant
engraftment of human cells. Therefore, the present invention is particularly useful for the
development of anti-CD47 therapies for the treatment of various cancers, as well as for
maintaining human hematopoietic cells in non-human animals. In particular, the present
invention encompasses the humanization of a murine CD47 gene resulting in expression of
a humanized CD47 protein on the surface of cells of the non-human animal. Such
humanized CD47 proteins have the capacity to provide a source of human CD47" cells for
determining the efficacy of anti-CD47 therapeutics to activate phagocytosis of tumor cells.
Further, such humanized CD47 proteins have the capacity to recognize engrafted human

cells via engagement of other cell surface proteins and ligands present on the surface of the
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engrafted human cells (e.g., SIRPa). In some embodiments, non-human animals of the
present invention are capable of activating phagocytosis via blockade of CD47 signaling
through the humanized CD47 protein expressed on the surface of cells of the non-human
animal. In some embodiments, non-human animals of the present invention are capable of
receiving transplanted human hematopoietic cells; in some embodiments, such non-human
mammals develop and/or have an immune system comprising human cells. In some
embodiments, humanized CD47 proteins have a sequence corresponding to the N-terminal
immunoglobulin V domain of a human CD47 protein. In some embodiments, humanized
CD47 proteins have a sequence corresponding to an N-terminal portion of a human CD47
protein that comprises an extracellular portion and a transmembrane portion of a human
CD47 protein, wherein the extracellular portion includes the N-terminal immunoglobulin

V domain of the human CD47 protein and the transmembrane portion includes the five

trancmamhrane domaing of the hiiman CNDAT nratein In T mhadimante hiimanize, A
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CD47 proteins have a sequence corresponding to the intracytoplasmic tail of a non-human
(e.g., murine) CD47 protein. In some embodiments, humanized CD47 proteins have a
sequence corresponding to amino acid residues 19-292 (or 19-141, or 19-127) of a human
CD47 protein. In some embodiments, non-human animals of the present invention
comprise an endogenous CD47 gene that contains genetic material from the non-human
animal and a heterologous species (e.g., a human). In some embodiments, non-human
animals of the present invention comprise a humanized CD47 gene, wherein the
humanized CD47 gene comprises exons of a human CD47 gene that encode an
extracellular portion including the N-terminal immunoglobulin V domain of a human
CD47 gene. In some embodiments, the humanized CD47 gene comprises human CD47
exons, €.g., exons 2-7, encoding an N-terminal portion of a human CD47 protein that
comprises an extracellular portion and a transmembrane portion of a human CD47 protein,
wherein the extracellular portion includes the N-terminal immunoglobulin V domain of the
human CD47 protein and the transmembrane portion includes the five transmembrane
domains of the human CD47 protein. In some embodiments, the humanized CD47 gene
comprises non-human CD47 exons that encode the signal peptide, in whole or in part, and

the intracytoplasmic tail of a non-human CD47 protein. In some embodiments, the
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humanized CD47 gene comprises non-human CD47 exon 1 and exon(s) downstream of
exon 7 that encode the intracytoplasmic tail and the 3' UTR. Depending on the isoforms,
there may be one or more exons downstream of exon 7, with the stop codon and the 3'
UTR being present in the last exon for all isoforms. For example, isoform 2 of both mouse
and human CD47 shown in Table 3 have two exons downstream of exon 7, designated as
exon 8 and 9.

[0101] Various aspects of the invention are described in detail in the following sections.
The use of sections is not meant to limit the invention. Each section can apply to any
aspect of the invention. In this application, the use of “or” means “and/or” unless stated

otherwise.

Cluster of Differentiation 47 (CD47) Gene
[0102] CD47
transduction from integrins on immune cells, is a transmembrane protein that includes an
N-terminal immunoglobulin V (IgV) domain, five transmembrane domains, and a short C-
terminal intracytoplasmic tail. The intracytoplasmic tail differs in length according to four
alternatively spliced isoforms that have been identified. CD47 (or IAP) was initially

all £iaarrinn ficnfarms N Ay
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keratinocytes and macrophages (isoform 1; see Reinhold et al. (1995) J. Cell Sci.
108:3419-3425). Little is known about isoform 3 despite this form having the second
longest intracytoplasmic tail among the four isoforms. In addition to integrins, CD47 is
known to interact with several other cell surface proteins such as, for example,
thrombospondin and members of the SIRP family. Most notably, CD47 interacts with
SIRPa and leads to bidirectional signaling that regulates a variety of cell-to-cell responses
such as, for example, inhibition of phagocytosis and T cell activation. Indeed, CD47-
SIRPa interaction has come into focus in recent years for its role in providing tumor cells
with the capacity to evade immune surveillance. CD47 binding to SIRPa. normally
provides protection through anti-phagocytic signals (“don’t eat me”) for normal cells.
However, it has been discovered that tumors also express anti-phagocytic signals,

including CD47, to evade destruction by phagocytosis. Interestingly, CD47 is known to be
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upregulated in several hematologic cancers and contribute to both the growth and
dissemination of tumors (Chao et al. (2012) Curr Opin Immunol.24(2): 225-232).
[0103] The complete effects of targeting CD47 and the CD47-SIRPa. pathway as a new
treatment for cancer are unknown and some possible toxicitites have been explored. A
more thorough and detailed understanding of CD47 signaling and the CD47-SIRPa

pathway is needed to develop better targeted therapies for cancer treatment of the future.

CD47 Sequences

[0104] Exemplary CD47 sequences for mouse and human are set forth in Table 3. For
mRNA sequences, bold font indicates coding sequence, and consecutive exons, where
indicated, are separated by alternating underlined text. For mouse and human protein

sequences, signal peptides are underlined, extracellular sequences are bold font and

sequences are indicated in regular font, human sequences are indicated in bold font, and
signal peptides are underlined. As shown, the isoforms differ in the number of exons. For
example, isoforms 1-4 of the human CD47 gene have a total of 8, 9, 10 and 11 exons,
respectively, with exons 2-7 of each isoform encoding the extracellular domain and the
five transmembrane domains.

TABLE 3

- e VA VALY T

Mouse CD47 mRNA isoform 1 (XM_006521810.1)
GCCTACACCGGGAGAGCAGGGAGGAGGAGTTGGACTGAGGTTGGGCGGCTC
CGAGGTCCAGGGCGAGCTTGGCCAGAGGGAGTAGAGAGCAGCGGGGCTGC
GCAGGGACGCGTGCCGTGAGTTCCGGTGAGCGTGTGTGTCCCATGCTCCCGT
CTTTCAGGCCGGCCCAGGACACGAAGCCGGAAGAGAGCTGGCTGGAGGGAC
GGGGGCCGTGAGCAGAGAGTGCAACCCGCGCAGCCCCGGGGACAGGCTGA

TTCTTGGCGCTCTCCGCCGGAGCCTGCCCAGGGCTGGGTGTGAGGCTGGCGT
CACGTCAACGAGCAGAGGCGGCCAGGCGOGGAGCOGAGTGCGCAETOGCGCOAOG

GCGGCGAGCACGCGCGCGCGCGCACCCCCGGGCAGCCTGGGCAGGCCGCTCC
TGCCTGTCACTGCTGCGGCGCTGCTGGTCGGTCGTTTCCCTTGAAGGCAGCA
GCGGAGGCGGCGGCTGCTCCAGACACCTGCGGCGGCGACCCCCCGGCGGCG
CGGAGATGTGGCCCTTGGCGGCGGCGCTGTTGCTGGGCTCCTGCTGCT
GCGGTTCAGCTCAACTACTGTTTAGTAACGTCAACTCCATAGAGTTCAC
TTCATGCAATGAAACTGTGGTCATCCCTTGCATCGTCCGTAATGTGGAG
GCGCAAAGCACCGAAGAAATGTTTGTGAAGTGGAAGTTGAACAAATCG

TATATTTTCATCTATGATGGAAATAAAAATAGCACTACTACAGATCAAA
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ACTTTACCAGTGCAAAAATCTCAGTCTCAGACTTAATCAATGGCATTGC
CTCTTTGAAAATGGATAAGCGCGATGCCATGGTGGGAAACTACACTTGC
GAAGTGACAGAGTTATCCAGAGAAGGCAAAACAGTTATAGAGCTGAAA
AACCGCACGGCCTTCAACACTGACCAAGGATCAGCCTGTTCTTACGAGG
AGGAGAAAGGAGGTTGCAAATTAGTTTCGTGGTTTTCTCCAAATGAAAA
GATCCTCATTGTTATTTTCCCAATTTTGGCTATACTCCTGTTCTGGGGAA
AGTTTGGTATTTTAACACTCAAATATAAATCCAGCCATACGAATAAGAG
AATCATTCTGCTGCTCGTTGCCGGGCTGGTGCTCACAGTCATCGTGGTT
GTTGGAGCCATCCTTCTCATCCCAGGAGAAAAGCCCGTGAAGAATGCTT
CTGGACTTGGCCTCATTGTAATCTCTACGGGGATATTAATACTACTTCA
GTACAATGTGTTTATGACAGCTTTTGGAATGACCTCTTTCACCATTGCC
ATATTGATCACTCAAGTGCTGGGCTACGTCCTTGCTTTGGTCGGGCTGT
GTCTCTGCATCATGGCATGTGAGCCAGTGCACGGCCCCCTTTTGATTTC
AGGTTTGGGGATCATAGCTCTAGCAGAACTACTTGGATTAGTTTATATG
AAGTTTGTCGAATAGGTGAAGGGAAGTGACGGACTGTAACTTGGAAGTCA
GAAATGGAAGAATACAGTTGTCTAAGCACCAGGTCTTCACGACTCACAGCT
GGAAGGAACAGACAACAGTAACTGACTTCCATCCAGGAAAACATGTCACAT

AAATGATTACTAAGTTTATATTCAAAGCAGCTGTACTTTACATAATAAAAAA
AATATGATGTGCTGTGTAACCAATTGGAATCCCATTTTTCTATTGTTTCTACT

fava S UaSR UG UE RIS UE B U s Va| U1 678 Ve U IS S U AU Fa Va U G W4 W1 994 P UL 7 W § W

CAACTAGGGGCAAACGTTTCAGGGGCAACTTCCAAGAATGATGCTTGTTAG
ATCCTAGAGTCTCTGAACACTGAGTTTAAATTGATTCCGAGTGAGACTCGCC
AAGCACTAACCTGAGGGTTAGTTACCCAGAGATACCTATGAAAAACAGTGG
TATCCAGCAAGCCTTAGTAAACTCAGGTTGCCAGCAGCTTTGCCACTTCCGC
TGCTAGCTGAATAACAAGACTGCCACTTCTGGGTCATAGTGATAGAGACTG
AAGTAGAAAAACGAATGTGGTTGGGCAAATCCCGTGTGGCCCCTCTGTGTG
CTATGATATTGATGGCACTGGTGTCTTCATTCTTGGGGGTTGCCATCATTCAC
ACACACCCCTTTGACATACAGTGCACCCCAGTTTTGAATACATTTTTTTTGCA
CCCTGTCCCGTTCTGCTACTTTGATTTGCGTTATGATATATATATATATATAT

AATACCTTTTCTCCTCTTTAAACATGGTCCTGTGACACAATAGTCAGTTGCA
GAAAGGAGCCAGACTTATTCGCAAAGCACTGTGCTCAAACTCTTCAGAAAA

(S FaVaVvaluiUialU iR U LU Fa L W 3 (AN LA VaVvalulve LI VU BBV U7 5 08 Va Va L U7 3 U0 B 3 G \N Fa Va Ve Va §

AAAGGAAAAAAAAAAAAAGCTATAGTTGTAACATATGTATTCCAGACCTCT
GGTTTAAAGGCAAAAGAAAAAAAATCTACAGTGTTTCTTCTCATGTTTTCTG
ATCGGAGGCATGACAAAGCAAGACTGAAATCTGAACTGTGTCTCCTGCATG
GCAACACGTGTCTCCGTCAGGCCCTCGCAAGGCCCGGGGAGGGGGTTCTAC
GCCTCTTGTCTCTTTGTTGCATGCTGAACACTCATCGCCTTCCTACTGTATCC
TGCCTCCTGCAGCCTCCCTCTTCCTCCTCCTCTTCCTCTTCCTCCTCTTCCTCC
TCCTCCTCCTCTTCCTCCAAGTTTGAAAGGTCAAACAAAACTACCACATTCC

CTACCCAGTTAGAAGAAAACCACCGTCCTGACAGTTGTGATCGCATGGAGT

ACTTTTAGATTATTAGCACCTGTTTTTACCTCGTTTGTGGGCGTGTTTGTATG

TGCACATGTATGAAGTCGGCACATGCACCTTCTGTATGGGCAGAGGCGTGG
CATCTACAGAAGAGCAGATGCCAACTTTGTGCTTTTAGTGAATACATTAAAA

(SRS UALITALUIAVALUIALU LA LU/ SRV LIV VALUS SIS B U E VLS N S S VAL G H AV VA VA T VAL G775 U I VA Va Va VA ¥

AAAAAAAACCAACGGTCCTTATTGAGTGGAATTCTATTTGATGCAAATATTT
GAGCTCTTTAAGACTTTAAAACTAGATAATGTGCCAAGCTTTTAGGACTGCT
CACCAGTGCCCTCTGAAGAAACACCAGTACTTTTTCCTGTTTGTGTAATAAA
GGCATATTTGTATTTGTGTTTGCATCACTAATGGTTATTTCTTCTTAGTCCAC
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TGAATGTTTCCATGTGCCTCTCGTATGCCAAACTTTTTGTCATCTTTCATGTG
GGGACCAAATGGTTTGTCTGTGGCAAACCTAAACCTATGACCTGCTGAGGCC
TCTCAGAAAACTGACCACAGTACCAAGATAGTACTTCGCAAAGAAAAGTAG
GTTCCCTCCCTGGTTTTGTAGCTGTCGCCAATATTAGCGTAATTCCAAGGAG
CTGAACGCCTTTATATAAATCTGATGGCACCTGATGCTTTTAGTTCTGAAAA
TATTTACACTCGGATCATGTTGTTGATGACTTAAACAAAGTTTTGATGAAGA
GAGCAAAAAAAAAGCAGGTGGATTTGGAACAGTTTCAGGGTTTTTTTTGTTT
TTTGTTTTTTGTTTTTGTTTTTTTTTTTTTATTTTTGTTTTTCTGTTCTCTGTTAG
AAAAGTCAGGTGTTCTCTGTCAGGCTATCTTTATAGTCAATTTTTTTTACGAA
CTAAAGTAGTACCTTTTAATATGTAGTCAACGCCCCTCTGCTCGGGGTTCAG
TTTTGGGTCTTAACCAGCTGTCATGTTCTCTATGCTGCCTGCCACTTGAGGCA
CTGAGTGCCCTAGACAGTCCCATCGGTGGTAGCCAGGGAAACGAAAGACGA
ACTCAACTCTTGCTCCTAATAATCAACTCTCTGTATGAAGGATGGCAGCATT
AAGAGTCCTCCTGCCTGGGCATTATTGGGCCAGTTCACCCTCTTTAAATCAA
ACCCGCAGTGGCTCCCAGTTCTCGTCCCATCAGATTTAAATTGCTAACAGTA
TGGGGGGCACCACGCATCTGTTTTGTCCCACAATGCGCTTTTCTCTCCCAAA
TCCCGATTTCTGCTGTCATAGCCTCTATTCAATTTTTATTTATTGTCTGCCCTC

CACTTATACAATCGTAGAGAGCAATGCCATTTGTCACTTTCTGCAACAGTTT
TTTGAGCCTTTATGGCTGAATCCCATTTTTCTTCTCTTTCAAACTGTTTGCTCC

NI LANIN N (SAUE B e Va Ul AN 1 RN RN PR 7 Vava iy ae |

ATTGCTCCTCCCGCACGGCTGTCCGTACAGTCATCCCATCCATCTGGGGGCC
TCTTTCATCTCTCACCCTTCCTGGTGCTTCGTGGATCTCTGCTTACCTCTGTG
GGTTTTTTTTTTTTTTTTTGACTTATTCTTCTCACTGGACTTTAAGATTACTTC
CACAGCGAAAGTGCTGCCTCCCTTTTCTGCCCGCAGTGTTCTGCGTACTTTA
GATACTACTCAGTGCTGACATTTGATGGCAAAAGTTGCCTGCACTTAAATTT
CTCTTTTTAATAGGGTGAACTAGAGTTGGAGTTTTTTTCTCTTTTTTCTCTTTT
CTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCCCTCCCTCCCTC
CCTCCCTCCCTCCCTCCCTCTCTCTCTCTTTTTCTTTCTTTCTTTCTTTCTTTCT
TTCTTTCTTTCTTTCTTTCTTTCTTTCTTTTTTTGACAAATCTCACAGGCTTTGA

GAATTATAAAAGGTGACAGTTCACCTGAAAATCACAGGTCTGGTCTGTTTAA
ATTGTTGAGAAATATCCGATTAAAAGTCTTGTGGCTGTGTCCTAATAGGCTC

IR Vel iaVaVaS VaG R AN Ffa Ui VaVavaValu iy IR VE S UIULUS R UE AN B A\ "2 Vava S WFalVuie | W7

TCTTTCAGGACGTTGTAGTCAATAGAGTGGCTGAACCATACTTGAGTTTATA
AAGCTCAAAAACTGATGCACCCACTCTGCTATTATCGTGTTAGTAAGAGTTC
AGCTGTATATCATTGTCTAGGTTTATCTTGTCCTACAGTGGGTATTCAAATAT
GGCCACCAGAGGATATGTGTAAATATAAGCACCTGTATTTGCCTGTTGTTGA
GAACTGGAGGGAAAACAAAAAATGTCTGGCAACCCTTTGCCTTTTTAACCGT
AATTAATTGACAGTTTATTTAGAGATAAGAGTTTTCAAAAATCTCTTAACTG
CCACAACCCACAGAGGGTCTTGTTTTGCCATCTTCAGTGGCTCACAGATATG
ATCCAAGTTAACTTGAAAGAGATGAGCAGTACCCAGGAAATTGTCCTGCCTT
TAACTCTGGCTGTCCTTAATTATGACTGTTTAATGCTGAATTTTCCATCCGTC

TAGTGTTTGAGGGTAAAGAAAAGCCTTTTTTAAATAAGTATTTCTGTAAAAC
GGCATCGGTGGGATCTTCTGTGTTGCTATCACGGGTGAAAGAGGGAAACAT

NANL R A NUNANT B NJNINIL R R W R A A VE AV AN NG "2 30 Wa Ll ULV IVE AV A VA VA LUV LU VLU /aVa Ve LTS U §

TTCTTATTTTTATTAAGCAGAGCATTATTTACAGAAAGCCATTGTTGAGAATT
AGTTCCCACATCATATAAATATCCATTAACCATTCTAAATTGTAAGAGAACT
CCAGTGTTGCTATGCACAAGGAACTCTCCTGGGGGCCTTTTTTTGCATAGCA
ATTAAAGGTATGCTATTTGTCAGTAGCCATTTTTTGCAGTGATTTAAAGACC
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AAAGTTGTTTTACAGCTGTGTTACCCTTAAAGGTTTTTTTTTTATGTATTAAA

TCAATTTATCACTGTTTGAAGCTTTGAATACCTGCAATCTTTGCCAAGATACT
TTTTTATTTAAAAAAATAACTGTGTAAATATTACCCTGTAATATTATATATAC
TTAATAAAACATTTTAAGCTA (SEQ ID NO: 1)

Mouse CD47 amino acid isoform 1 (XP_006521873.1)
MWPLAAALLLGSCCCGSAQLLFSNVNSIEFTSCNETVVIPCIVRNVEAQSTEE
MFVKWKLNKSYIFIYDGNKNSTTTDQNFTSAKISVSDLINGIASLKMDKRDA
MVGNYTCEVTELSREGKTVIELKNRTAFNTDQGSACSYEEEKGGCKLVSW
FSPNEKILIVIFPILAILLFWGKFGILTLKYKSSHTNKRIILLLVAGLVLTVIVVVG
AILLIPGEKPVKNASGLGLIVISTGILILLQYNVFMTAFGMTSFTIAILITQVLGYV
LALVGLCLCIMACEPVHGPLLISGLGIIALAELLGLVYMKFVE(SEQ ID NO: 2)

Mouse CD47 mRNA isoform 2 (XM_006521811.1)
GCCTACACCGGGAGAGCAGGGAGGAGGAGTTGGACTGAGGTTGGGCGGCTC
CGAGGTCCAGGGCGAGCTTGGCCAGAGGGAGTAGAGAGCAGCGGGGCTGC
GCAGGGACGCGTGCCGTGAGTTCCGGTGAGCGTGTGTGTCCCATGCTCCCGT

CTTTCAGGCCGGCCCAGGACACGAAGCCGGAAGAGAGCTGGCTGGAGGGAC
GGGGGCCGTGAGCAGAGAGTGCAACCCGCGCAGCCCCGGGGACAGGCTGA

(SAGAVIGL ML VR AV IalUiWalUlialUialUl B L U7, ARV LTA G LA LV LR IR ALV LU LN Fa L7 LU LU LU QU F

TTCTTGGCGCTCTCCGCCGGAGCCTGCCCAGGGCTGGGTGTGAGGCTGGCGT
CACGTCAACGAGCAGAGGCGGCCAGGCGGGGCGGAGTGCGCAGTGCGCGGG
GCGGCGAGCACGCGCGCGCGCGCACCCCCGGGCAGCCTGGGCGGCCGCTCC
TGCCTGTCACTGCTGCGGCGCTGCTGGTCGGTCGTTTCCCTTGAAGGCAGCA
GCGGAGGCGGCGGCTGCTCCAGACACCTGCGGCGGCGACCCCCCGGCGGCG
CGGAGATGTGGCCCTTGGCGGCGGCGCTGTTGCTGGGCTCCTGCTGCT
GCGGTTCAGCTCAACTACTGTTTAGTAACGTCAACTCCATAGAGTTCAC
TTCATGCAATGAAACTGTGGTCATCCCTTGCATCGTCCGTAATGTGGAG
GCGCAAAGCACCGAAGAAATGTTTGTGAAGTGGAAGTTGAACAAATCG

TATATTTTCATCTATGATGGAAATAAAAATAGCACTACTACAGATCAAA
ACTTTACCAGTGCAAAAATCTCAGTCTCAGACTTAATCAATGGCATTGC

AN/ B2 2 B iAN/N/LRNT B NFNL PR VN Qs AS B AYE L s\ N Jo L UL I Ve Ve U B Ue Ve Ul B U AW LUV U BN LW |

CTCTTTGAAAATGGATAAGCGCGATGCCATGGTGGGAAACTACACTTGC
GAAGTGACAGAGTTATCCAGAGAAGGCAAAACAGTTATAGAGCTGAAA
AACCGCACGGTTTCGTGGTTTTCTCCAAATGAAAAGATCCTCATTGTTA
TTTTCCCAATTTTGGCTATACTCCTGTTCTGGGGAAAGTTTGGTATTTTA
ACACTCAAATATAAATCCAGCCATACGAATAAGAGAATCATTCTGCTGC
TCGTTGCCGGGCTGGTGCTCACAGTCATCGTGGTTGTTGGAGCCATCCT
TCTCATCCCAGGAGAAAAGCCCGTGAAGAATGCTTCTGGACTTGGCCTC
ATTGTAATCTCTACGGGGATATTAATACTACTTCAGTACAATGTGTTTAT
GACAGCTTTTGGAATGACCTCTTTCACCATTGCCATATTGATCACTCAA

GTGCTGGGCTACGTCCTTGCTTTGGTCGGGCTGTGTCTCTGCATCATGG
CATGTGAGCCAGTGCACGGCCCCCTTTTGATTTCAGGTTTGGGGATCAT

Nl B NF A NFLANFN N L AN B AT AL AN ATAT A NFinm m NoLANFNF 2 2 B NFAFANFAFLA B oL

AGCTCTAGCAGAACTACTTGGATTAGTTTATATGAAGTTTGTCGCTTCC
AACCAGAGGACTATCCAACCTCCTAGGAATAGGTGAAGGGAAGTGACGG
ACTGTAACTTGGAAGTCAGAAATGGAAGAATACAGTTGTCTAAGCACCAGG
TCTTCACGACTCACAGCTGGAAGGAACAGACAACAGTAACTGACTTCCATC
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CAGGAAAACATGTCACATAAATGATTACTAAGTTTATATTCAAAGCAGCTGT
ACTTTACATAATAAAAAAAATATGATGTGCTGTGTAACCAATTGGAATCCCA
TTTTTCTATTGTTTCTACTCAACTAGGGGCAAACGTTTCAGGGGCAACTTCCA
AGAATGATGCTTGTTAGATCCTAGAGTCTCTGAACACTGAGTTTAAATTGAT
TCCGAGTGAGACTCGCCAAGCACTAACCTGAGGGTTAGTTACCCAGAGATA
CCTATGAAAAACAGTGGTATCCAGCAAGCCTTAGTAAACTCAGGTTGCCAG
CAGCTTTGCCACTTCCGCTGCTAGCTGAATAACAAGACTGCCACTTCTGGGT
CATAGTGATAGAGACTGAAGTAGAAAAACGAATGTGGTTGGGCAAATCCCG
TGTGGCCCCTCTGTGTGCTATGATATTGATGGCACTGGTGTCTTCATTCTTGG
GGGTTGCCATCATTCACACACACCCCTTTGACATACAGTGCACCCCAGTTTT
GAATACATTTTTTTTGCACCCTGTCCCGTTCTGCTACTTTGATTTGCGTTATG
ATATATATATATATATATAATACCTTTTCTCCTCTTTAAACATGGTCCTGTGA
CACAATAGTCAGTTGCAGAAAGGAGCCAGACTTATTCGCAAAGCACTGTGC
TCAAACTCTTCAGAAAAAAAGGAAAAAAAAAAAAAGCTATAGTTGTAACAT
ATGTATTCCAGACCTCTGGTTTAAAGGCAAAAGAAAAAAAATCTACAGTGT
TTCTTCTCATGTTTTCTGATCGGAGGCATGACAAAGCAAGACTGAAATCTGA
ACTGTGTCTCCTGCATGGCAACACGTGTCTCCGTCAGGCCCTCGCAAGGCCC

GGGGAGGGGGTTCTACGCCTCTTGTCTCTTTGTTGCATGCTGAACACTCATC
GCCTTCCTACTGTATCCTGCCTCCTGCAGCCTCCCTCTTCCTCCTCCTCTTCCT

(SAA S S S TS VLI LU Ve U 5 WA TS LU L WA U S VA AN LT LU LT I B W L O S L L L O LA U L O O e .

CTTCCTCCTCTTCCTCCTCCTCCTCCTCTTCCTCCAAGTTTGAAAGGTCAAAC
AAAACTACCACATTCCCTACCCAGTTAGAAGAAAACCACCGTCCTGACAGTT
GTGATCGCATGGAGTACTTTTAGATTATTAGCACCTGTTTTTACCTCGTTTGT
GGGCGTGTTTGTATGTGCACATGTATGAAGTCGGCACATGCACCTTCTGTAT
GGGCAGAGGCGTGGCATCTACAGAAGAGCAGATGCCAACTTTGTGCTTTTA
GTGAATACATTAAAAAAAAAAAACCAACGGTCCTTATTGAGTGGAATTCTA
TTTGATGCAAATATTTGAGCTCTTTAAGACTTTAAAACTAGATAATGTGCCA
AGCTTTTAGGACTGCTCACCAGTGCCCTCTGAAGAAACACCAGTACTTTTTC
CTGTTTGTGTAATAAAGGCATATTTGTATTTGTGTTTGCATCACTAATGGTTA

TTTCTTCTTAGTCCACTGAATGTTTCCATGTGCCTCTCGTATGCCAAACTTTT
TGTCATCTTTCATGTGGGGACCAAATGGTTTGTCTGTGGCAAACCTAAACCT

P UL U7 § IR VE S UAVLIUAV Fa LR W VaVa R ULN | VRS GE AS ALV L7 Ve Ve | WY j e Ve Ve LW

ATGACCTGCTGAGGCCTCTCAGAAAACTGACCACAGTACCAAGATAGTACT
TCGCAAAGAAAAGTAGGTTCCCTCCCTGGTTTTGTAGCTGTCGCCAATATTA
GCGTAATTCCAAGGAGCTGAACGCCTTTATATAAATCTGATGGCACCTGATG
CTTTTAGTTCTGAAAATATTTACACTCGGATCATGTTGTTGATGACTTAAACA
AAGTTTTGATGAAGAGAGCAAAAAAAAAGCAGGTGGATTTGGAACAGTTTC
AGGGTTTTTTTTGTTTTTTGTTTTTTGTTTTTGTTTTTTTTTTTTTATTTTTGTTT
TTCTGTTCTCTGTTAGAAAAGTCAGGTGTTCTCTGTCAGGCTATCTTTATAGT
CAATTTTTTTTACGAACTAAAGTAGTACCTTTTAATATGTAGTCAACGCCCCT
CTGCTCGGGGTTCAGTTTTGGGTCTTAACCAGCTGTCATGTTCTCTATGCTGC

CTGCCACTTGAGGCACTGAGTGCCCTAGACAGTCCCATCGGTGGTAGCCAG
GGAAACGAAAGACGAACTCAACTCTTGCTCCTAATAATCAACTCTCTGTATG

(S VA VALV IAVAVALU ALV VA VALUB B UIA Ve LU B U BN L U L O 3 WA S VA VA S IV VA U WIS Ya LU L S R VS AN B Va2 U §

AAGGATGGCAGCATTAAGAGTCCTCCTGCCTGGGCATTATTGGGCCAGTTCA
CCCTCTTTAAATCAAACCCGCAGTGGCTCCCAGTTCTCGTCCCATCAGATTT

AAATTGCTAACAGTATGGGGGGCACCACGCATCTGTTTTGTCCCACAATGCG
CTTTTCTCTCCCAAATCCCGATTTCTGCTGTCATAGCCTCTATTCAATTTTTAT
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TTATTGTCTGCCCTCCACTTATACAATCGTAGAGAGCAATGCCATTTGTCACT
TTCTGCAACAGTTTTTTGAGCCTTTATGGCTGAATCCCATTTTTCTTCTCTTTC
AAACTGTTTGCTCCATTGCTCCTCCCGCACGGCTGTCCGTACAGTCATCCCAT
CCATCTGGGGGCCTCTTTCATCTCTCACCCTTCCTGGTGCTTCGTGGATCTCT
GCTTACCTCTGTGGGTTTTTTTTTTTTTTTTTGACTTATTCTTCTCACTGGACT
TTAAGATTACTTCCACAGCGAAAGTGCTGCCTCCCTTTTCTGCCCGCAGTGTT
CTGCGTACTTTAGATACTACTCAGTGCTGACATTTGATGGCAAAAGTTGCCT
GCACTTAAATTTCTCTTTTTAATAGGGTGAACTAGAGTTGGAGTTTTTTTCTC
TTTTTTCTCTTTTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCT
CCCTCCCTCCCTCCCTCCCTCCCTCCCTCCCTCTCTCTCTCTTTTTCTTTCTTTC
TTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTTTTTGACAAATCT
CACAGGCTTTGAGAATTATAAAAGGTGACAGTTCACCTGAAAATCACAGGT
CTGGTCTGTTTAAATTGTTGAGAAATATCCGATTAAAAGTCTTGTGGCTGTG
TCCTAATAGGCTCTCTTTCAGGACGTTGTAGTCAATAGAGTGGCTGAACCAT
ACTTGAGTTTATAAAGCTCAAAAACTGATGCACCCACTCTGCTATTATCGTG
TTAGTAAGAGTTCAGCTGTATATCATTGTCTAGGTTTATCTTGTCCTACAGTG
GGTATTCAAATATGGCCACCAGAGGATATGTGTAAATATAAGCACCTGTATT

TGCCTGTTGTTGAGAACTGGAGGGAAAACAAAAAATGTCTGGCAACCCTTT
GCCTTTTTAACCGTAATTAATTGACAGTTTATTTAGAGATAAGAGTTTTCAA

L8 U U 4 V. L WA WA N | A2 2 4alh 2 A NSGLOANCO AN 1 | S Vavaluiale iy 2 S wd

AAATCTCTTAACTGCCACAACCCACAGAGGGTCTTGTTTTGCCATCTTCAGT
GGCTCACAGATATGATCCAAGTTAACTTGAAAGAGATGAGCAGTACCCAGG
AAATTGTCCTGCCTTTAACTCTGGCTGTCCTTAATTATGACTGTTTAATGCTG
AATTTTCCATCCGTCTAGTGTTTGAGGGTAAAGAAAAGCCTTTTTTAAATAA
GTATTTCTGTAAAACGGCATCGGTGGGATCTTCTGTGTTGCTATCACGGGTG
AAAGAGGGAAACATTTCTTATTTTTATTAAGCAGAGCATTATTTACAGAAAG
CCATTGTTGAGAATTAGTTCCCACATCATATAAATATCCATTAACCATTCTA
AATTGTAAGAGAACTCCAGTGTTGCTATGCACAAGGAACTCTCCTGGGGGC
CTTTTTTTGCATAGCAATTAAAGGTATGCTATTTGTCAGTAGCCATTTTTTGC

AGTGATTTAAAGACCAAAGTTGTTTTACAGCTGTGTTACCCTTAAAGGTTTT
TTTTTTATGTATTAAATCAATTTATCACTGTTTGAAGCTTTGAATACCTGCAA

1 G VaVaVa Ul UYe Va WY PO U7\ WS ¥ 2 NI LRORNINO 1 F O G Fa Ve U Wa § W1 JO N LT Vs

TCTTTGCCAAGATACTTTTTTATTTAAAAAAATAACTGTGTAAATATTACCCT
GTAATATTATATATACTTAATAAAACATTTTAAGCTA (SEQ ID NO: 3)

Mouse CD47 amino acid isoform 2 (XP_006521874.1)
MWPLAAALLLGSCCCGSAQLLFSNVNSIEFTSCNETVVIPCIVRNVEAQSTEE
MFVKWKLNKSYIFIYDGNKNSTTTDQNFTSAKISVSDLINGIASLKMDKRDA
MVGNYTCEVTELSREGKTVIELKNRTVSWFSPNEKILIVIFPILAILLFWGKFG
ILTLKYKSSHTNKRIILLLVAGLVLTVIVVVGAILLIPGEKPVKNASGLGLIVISTG
ILILLQYNVFMTAFGMTSFTIAILITQVLGY VLALVGLCLCIMACEPVHGPLLISG
LGHALAELLGLVYMKFVASNQORTIQPPRNR(SEQ ID NO: 4)

Mouse CD47 mRNA isoform 3 (XM_006521807.1)
GCCTACACCGGGAGAGCAGGGAGGAGGAGTTGGACTGAGGTTGGGCGGCTC
CGAGGTCCAGGGCGAGCTTGGCCAGAGGGAGTAGAGAGCAGCGGGGCTGC
GCAGGGACGCGTGCCGTGAGTTCCGGTGAGCGTGTGTGTCCCATGCTCCCGT
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CTTTCAGGCCGGCCCAGGACACGAAGCCGGAAGAGAGCTGGCTGGAGGGAC
GGGGGCCGTGAGCAGAGAGTGCAACCCGCGCAGCCCCGGGGACAGGCTGA
TTCTTGGCGCTCTCCGCCGGAGCCTGCCCAGGGCTGGGTGTGAGGCTGGCGT
CACGTCAACGAGCAGAGGCGGCCAGGCGGGGCGGAGTGCGCAGTGCGCGGG
GCGGCGAGCACGCGCGCGCGCGCACCCCCGGGCAGCCTGGGCAGGCCGCTCC
TGCCTGTCACTGCTGCGGCGCTGCTGGTCGGTCGTTTCCCTTGAAGGCAGCA
GCGGAGGCGGCGGCTGCTCCAGACACCTGCGGCGGCGACCCCCCGGCGGCG
CGGAGATGTGGCCCTTGGCGGCGGCGCTGTTGCTGGGCTCCTGCTGCT
GCGGTTCAGCTCAACTACTGTTTAGTAACGTCAACTCCATAGAGTTCAC
TTCATGCAATGAAACTGTGGTCATCCCTTGCATCGTCCGTAATGTGGAG
GCGCAAAGCACCGAAGAAATGTTTGTGAAGTGGAAGTTGAACAAATCG
TATATTTTCATCTATGATGGAAATAAAAATAGCACTACTACAGATCAAA
ACTTTACCAGTGCAAAAATCTCAGTCTCAGACTTAATCAATGGCATTGC
CTCTTTGAAAATGGATAAGCGCGATGCCATGGTGGGAAACTACACTTGC
GAAGTGACAGAGTTATCCAGAGAAGGCAAAACAGTTATAGAGCTGAAA
AACCGCACGGCCTTCAACACTGACCAAGGATCAGCCTGTTCTTACGAGG
AGGAGAAAGGAGGTTGCAAATTAGTTTCGTGGTTTTCTCCAAATGAAAA

GATCCTCATTGTTATTTTCCCAATTTTGGCTATACTCCTGTTCTGGGGAA
AGTTTGGTATTTTAACACTCAAATATAAATCCAGCCATACGAATAAGAG

P LU B BN BN W LGS Vs U 3 B I Ve Vs A\ s\ VT B W Ve Ve U Ve U Ve Ve Ve Ul LA We LW LWL We U Ve L WS o Ve U Ve Ve LW Ve LW |

AATCATTCTGCTGCTCGTTGCCGGGCTGGTGCTCACAGTCATCGTGGTT
GTTGGAGCCATCCTTCTCATCCCAGGAGAAAAGCCCGTGAAGAATGCTT
CTGGACTTGGCCTCATTGTAATCTCTACGGGGATATTAATACTACTTCA
GTACAATGTGTTTATGACAGCTTTTGGAATGACCTCTTTCACCATTGCC
ATATTGATCACTCAAGTGCTGGGCTACGTCCTTGCTTTGGTCGGGCTGT
GTCTCTGCATCATGGCATGTGAGCCAGTGCACGGCCCCCTTTTGATTTC
AGGTTTGGGGATCATAGCTCTAGCAGAACTACTTGGATTAGTTTATATG
AAGTTTGTCGCTTCCAACCAGAGGACTATCCAACCTCCTAGGAAAGCTG
TAGAGGAACCCCTTAACGAATAGGTGAAGGGAAGTGACGGACTGTAACTT

GGAAGTCAGAAATGGAAGAATACAGTTGTCTAAGCACCAGGTCTTCACGAC
TCACAGCTGGAAGGAACAGACAACAGTAACTGACTTCCATCCAGGAAAACA

VAL WWalUi B AV LG /FaValuiuliaVali7a LU iali0a ValialU B WaVvalUR B U e L W9 § 1 SR MU ULV Fa Ve Ve Va | U7,

TGTCACATAAATGATTACTAAGTTTATATTCAAAGCAGCTGTACTTTACATA
ATAAAAAAAATATGATGTGCTGTGTAACCAATTGGAATCCCATTTTTCTATT
GTTTCTACTCAACTAGGGGCAAACGTTTCAGGGGCAACTTCCAAGAATGATG
CTTGTTAGATCCTAGAGTCTCTGAACACTGAGTTTAAATTGATTCCGAGTGA
GACTCGCCAAGCACTAACCTGAGGGTTAGTTACCCAGAGATACCTATGAAA
AACAGTGGTATCCAGCAAGCCTTAGTAAACTCAGGTTGCCAGCAGCTTTGCC
ACTTCCGCTGCTAGCTGAATAACAAGACTGCCACTTCTGGGTCATAGTGATA
GAGACTGAAGTAGAAAAACGAATGTGGTTGGGCAAATCCCGTGTGGCCCCT
CTGTGTGCTATGATATTGATGGCACTGGTGTCTTCATTCTTGGGGGTTGCCAT

CATTCACACACACCCCTTTGACATACAGTGCACCCCAGTTTTGAATACATTT
TTTTTGCACCCTGTCCCGTTCTGCTACTTTGATTTGCGTTATGATATATATAT

AR R NANSL AN NS R NI R NN ANJIN R LAN 2 & 2 NALxx ANIN NS 2 2 fxaNJinadlxadixaidinandinag

ATATATATAATACCTTTTCTCCTCTTTAAACATGGTCCTGTGACACAATAGTC
AGTTGCAGAAAGGAGCCAGACTTATTCGCAAAGCACTGTGCTCAAACTCTTC
AGAAAAAAAGGAAAAAAAAAAAAAGCTATAGTTGTAACATATGTATTCCAG
ACCTCTGGTTTAAAGGCAAAAGAAAAAAAATCTACAGTGTTTCTTCTCATGT
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TTTCTGATCGGAGGCATGACAAAGCAAGACTGAAATCTGAACTGTGTCTCCT
GCATGGCAACACGTGTCTCCGTCAGGCCCTCGCAAGGCCCGGGGAGGGGGT
TCTACGCCTCTTGTCTCTTTGTTGCATGCTGAACACTCATCGCCTTCCTACTG
TATCCTGCCTCCTGCAGCCTCCCTCTTCCTCCTCCTCTTCCTCTTCCTCCTCTT
CCTCCTCCTCCTCCTCTTCCTCCAAGTTTGAAAGGTCAAACAAAACTACCAC
ATTCCCTACCCAGTTAGAAGAAAACCACCGTCCTGACAGTTGTGATCGCATG
GAGTACTTTTAGATTATTAGCACCTGTTTTTACCTCGTTTGTGGGCGTGTTTG
TATGTGCACATGTATGAAGTCGGCACATGCACCTTCTGTATGGGCAGAGGCG
TGGCATCTACAGAAGAGCAGATGCCAACTTTGTGCTTTTAGTGAATACATTA
AAAAAAAAAAACCAACGGTCCTTATTGAGTGGAATTCTATTTGATGCAAAT
ATTTGAGCTCTTTAAGACTTTAAAACTAGATAATGTGCCAAGCTTTTAGGAC
TGCTCACCAGTGCCCTCTGAAGAAACACCAGTACTTTTTCCTGTTTGTGTAAT
AAAGGCATATTTGTATTTGTGTTTGCATCACTAATGGTTATTTCTTCTTAGTC
CACTGAATGTTTCCATGTGCCTCTCGTATGCCAAACTTTTTGTCATCTTTCAT
GTGGGGACCAAATGGTTTGTCTGTGGCAAACCTAAACCTATGACCTGCTGAG
GCCTCTCAGAAAACTGACCACAGTACCAAGATAGTACTTCGCAAAGAAAAG
TAGGTTCCCTCCCTGGTTTTGTAGCTGTCGCCAATATTAGCGTAATTCCAAG

GAGCTGAACGCCTTTATATAAATCTGATGGCACCTGATGCTTTTAGTTCTGA
AAATATTTACACTCGGATCATGTTGTTGATGACTTAAACAAAGTTTTGATGA

Fa Ve Ve U Ve U U A7 LUV B WA U AW Fa W B O PV Fa LU U VA VA Va LW a Va Va LU i§ 3 (S Ve S RN P,

AGAGAGCAAAAAAAAAGCAGGTGGATTTGGAACAGTTTCAGGGTTTTTTTT
GTTTTTTGTTTTTTGTTTTTGTTTTTTTTTTTTTATTTTTGTTTTTCTGTTCTCTG
TTAGAAAAGTCAGGTGTTCTCTGTCAGGCTATCTTTATAGTCAATTTTTTTTA
CGAACTAAAGTAGTACCTTTTAATATGTAGTCAACGCCCCTCTGCTCGGGGT
TCAGTTTTGGGTCTTAACCAGCTGTCATGTTCTCTATGCTGCCTGCCACTTGA
GGCACTGAGTGCCCTAGACAGTCCCATCGGTGGTAGCCAGGGAAACGAAAG
ACGAACTCAACTCTTGCTCCTAATAATCAACTCTCTGTATGAAGGATGGCAG
CATTAAGAGTCCTCCTGCCTGGGCATTATTGGGCCAGTTCACCCTCTTTAAA
TCAAACCCGCAGTGGCTCCCAGTTCTCGTCCCATCAGATTTAAATTGCTAAC

AGTATGGGGGGCACCACGCATCTGTTTTGTCCCACAATGCGCTTTTCTCTCC
CAAATCCCGATTTCTGCTGTCATAGCCTCTATTCAATTTTTATTTATTGTCTG

(e Ve Ve WY NAN RN RN P 75 Va U U §

CCCTCCACTTATACAATCGTAGAGAGCAATGCCATTTGTCACTTTCTGCAAC
AGTTTTTTGAGCCTTTATGGCTGAATCCCATTTTTCTTCTCTTTCAAACTGTTT
GCTCCATTGCTCCTCCCGCACGGCTGTCCGTACAGTCATCCCATCCATCTGG
GGGCCTCTTTCATCTCTCACCCTTCCTGGTGCTTCGTGGATCTCTGCTTACCT
CTGTGGGTTTTTTTTTTTTTTTTTGACTTATTCTTCTCACTGGACTTTAAGATT
ACTTCCACAGCGAAAGTGCTGCCTCCCTTTTCTGCCCGCAGTGTTCTGCGTA
CTTTAGATACTACTCAGTGCTGACATTTGATGGCAAAAGTTGCCTGCACTTA
AATTTCTCTTTTTAATAGGGTGAACTAGAGTTGGAGTTTTTTTCTCTTTTTTCT
CTTTTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCCCTCCCT

CCCTCCCTCCCTCCCTCCCTCCCTCTCTCTCTCTTTTTCTTTCTTTCTTTCTTTC
TTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTTTTTGACAAATCTCACAGGC

A & & 2 R NJLRNTL AL AR R N R NTL AL ANING

TTTGAGAATTATAAAAGGTGACAGTTCACCTGAAAATCACAGGTCTGGTCTG
TTTAAATTGTTGAGAAATATCCGATTAAAAGTCTTGTGGCTGTGTCCTAATA
GGCTCTCTTTCAGGACGTTGTAGTCAATAGAGTGGCTGAACCATACTTGAGT
TTATAAAGCTCAAAAACTGATGCACCCACTCTGCTATTATCGTGTTAGTAAG
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AGTTCAGCTGTATATCATTGTCTAGGTTTATCTTGTCCTACAGTGGGTATTCA
AATATGGCCACCAGAGGATATGTGTAAATATAAGCACCTGTATTTGCCTGTT
GTTGAGAACTGGAGGGAAAACAAAAAATGTCTGGCAACCCTTTGCCTTTTTA
ACCGTAATTAATTGACAGTTTATTTAGAGATAAGAGTTTTCAAAAATCTCTT
AACTGCCACAACCCACAGAGGGTCTTGTTTTGCCATCTTCAGTGGCTCACAG
ATATGATCCAAGTTAACTTGAAAGAGATGAGCAGTACCCAGGAAATTGTCC
TGCCTTTAACTCTGGCTGTCCTTAATTATGACTGTTTAATGCTGAATTTTCCA
TCCGTCTAGTGTTTGAGGGTAAAGAAAAGCCTTTTTTAAATAAGTATTTCTG
TAAAACGGCATCGGTGGGATCTTCTGTGTTGCTATCACGGGTGAAAGAGGG
AAACATTTCTTATTTTTATTAAGCAGAGCATTATTTACAGAAAGCCATTGTT
GAGAATTAGTTCCCACATCATATAAATATCCATTAACCATTCTAAATTGTAA
GAGAACTCCAGTGTTGCTATGCACAAGGAACTCTCCTGGGGGCCTTTTTTTG
CATAGCAATTAAAGGTATGCTATTTGTCAGTAGCCATTTTTTGCAGTGATTT
AAAGACCAAAGTTGTTTTACAGCTGTGTTACCCTTAAAGGTTTTTTTTTTATG
TATTAAATCAATTTATCACTGTTTGAAGCTTTGAATACCTGCAATCTTTGCCA
AGATACTTTTTTATTTAAAAAAATAACTGTGTAAATATTACCCTGTAATATTA
TATATACTTAATAAAACATTTTAAGCTA (SEQ ID NO: 5)

Mouse CD47 aming acid isoform 3 (XP 00652187 9_1\

ivaUADY s mrs T GRIIIIIEY GVIU ASUVLIVE Il O (4Rl VUV a20/

MWPLAAALLLGSCCCGSAQLLFSNVNSIEFTSCNETVVIPCIVRNVEAQSTEE
MFVKWKLNKSYIFIYDGNKNSTTTDQNFTSAKISVSDLINGIASLKMDKRDA
MVGNYTCEVTELSREGKTVIELKNRTAFNTDQGSACSYEEEKGGCKLVSW
FSPNEKILIVIFPILAILLFWGKFGILTLKYKSSHTNKRIILLLVAGLVLTVIVVVG
AILLIPGEKPVKNASGLGLIVISTGILILLQYNVFMTAFGMTSFTIAILITQVLGYV
LALVGLCLCIMACEPVHGPLLISGLGIIALAELLGLVYMKFVASNQRTIQPPRKAV
EEPLNE(SEQ ID NO: 6)

Mouse CD47 mRNA isoform 4 (XM_006521808.1)

GCCTACACCGGGAGAGCAGGGAGGAGGAGTTGGACTGAGGTTGGGCGGCTC
CGAGGTCCAGGGCGAGCTTGGCCAGAGGGAGTAGAGAGCAGCGGGGCTGC

(S FalViGE R MUY lULVLULWANY Fa LW L WY JR GAN LM 7alSialUiViN o VB ValVUIalVUialUiWalU iAW LULV LY L7 ¥

GCAGGGACGCGTGCCGTGAGTTCCGGTGAGCGTGTGTGTCCCATGCTCCCGT
CTTTCAGGCCGGCCCAGGACACGAAGCCGGAAGAGAGCTGGCTGGAGGGAC
GGGGGCCGTGAGCAGAGAGTGCAACCCGCGCAGCCCCGGGGACAGGCTGA
TTCTTGGCGCTCTCCGCCGGAGCCTGCCCAGGGCTGGGTGTGAGGCTGGCGT
CACGTCAACGAGCAGAGGCGGCCAGGCGGGGCGGAGTGCGCAGTGCGCGGG
GCGGCGAGCACGCGCGCGCGCGCACCCCCGGGCAGCCTGGGCAGGCCGCTCC
TGCCTGTCACTGCTGCGGCGCTGCTGGTCGGTCGTTTCCCTTGAAGGCAGCA
GCGGAGGCGGCGGCTGCTCCAGACACCTGCGGCGGCGACCCCCCGGCGGCG
CGGAGATGTGGCCCTTGGCGGCGGCGCTGTTGCTGGGCTCCTGCTGCT

GCGGTTCAGCTCAACTACTGTTTAGTAACGTCAACTCCATAGAGTTCAC
TTCATGCAATGAAACTGTGGTCATCCCTTGCATCGTCCGTAATGTGGAG

NsimEm NFusiminm NFianialin A NF 2 NFF 2 winnm F AN BN LU R VASE LV VIS B VaVa U B U B BN LE

GCGCAAAGCACCGAAGAAATGTTTGTGAAGTGGAAGTTGAACAAATCG
TATATTTTCATCTATGATGGAAATAAAAATAGCACTACTACAGATCAAA
ACTTTACCAGTGCAAAAATCTCAGTCTCAGACTTAATCAATGGCATTGC
CTCTTTGAAAATGGATAAGCGCGATGCCATGGTGGGAAACTACACTTGC
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GAAGTGACAGAGTTATCCAGAGAAGGCAAAACAGTTATAGAGCTGAAA
AACCGCACGGTTTCGTGGTTTTCTCCAAATGAAAAGATCCTCATTGTTA
TTTTCCCAATTTTGGCTATACTCCTGTTCTGGGGAAAGTTTGGTATTTTA
ACACTCAAATATAAATCCAGCCATACGAATAAGAGAATCATTCTGCTGC
TCGTTGCCGGGCTGGTGCTCACAGTCATCGTGGTTGTTGGAGCCATCCT
TCTCATCCCAGGAGAAAAGCCCGTGAAGAATGCTTCTGGACTTGGCCTC
ATTGTAATCTCTACGGGGATATTAATACTACTTCAGTACAATGTGTTTAT
GACAGCTTTTGGAATGACCTCTTTCACCATTGCCATATTGATCACTCAA
GTGCTGGGCTACGTCCTTGCTTTGGTCGGGCTGTGTCTCTGCATCATGG
CATGTGAGCCAGTGCACGGCCCCCTTTTGATTTCAGGTTTGGGGATCAT
AGCTCTAGCAGAACTACTTGGATTAGTTTATATGAAGTTTGTCGCTTCC
AACCAGAGGACTATCCAACCTCCTAGGAAAGCTGTAGAGGAACCCCTTA
ACGCATTTAAAGAGTCAAAAGGAATGATGAATGACGAATAGGTGAAGGG
AAGTGACGGACTGTAACTTGGAAGTCAGAAATGGAAGAATACAGTTGTCTA
AGCACCAGGTCTTCACGACTCACAGCTGGAAGGAACAGACAACAGTAACTG
ACTTCCATCCAGGAAAACATGTCACATAAATGATTACTAAGTTTATATTCAA
AGCAGCTGTACTTTACATAATAAAAAAAATATGATGTGCTGTGTAACCAATT

GGAATCCCATTTTTCTATTGTTTCTACTCAACTAGGGGCAAACGTTTCAGGG
GCAACTTCCAAGAATGATGCTTGTTAGATCCTAGAGTCTCTGAACACTGAGT

(7 Va | WA 3 \7avalViaVa SRl VSl /e G R S VAl ia LUl U 5 S SV FaVal 78 LU AV FaL U i §

TTAAATTGATTCCGAGTGAGACTCGCCAAGCACTAACCTGAGGGTTAGTTAC
CCAGAGATACCTATGAAAAACAGTGGTATCCAGCAAGCCTTAGTAAACTCA
GGTTGCCAGCAGCTTTGCCACTTCCGCTGCTAGCTGAATAACAAGACTGCCA
CTTCTGGGTCATAGTGATAGAGACTGAAGTAGAAAAACGAATGTGGTTGGG
CAAATCCCGTGTGGCCCCTCTGTGTGCTATGATATTGATGGCACTGGTGTCT
TCATTCTTGGGGGTTGCCATCATTCACACACACCCCTTTGACATACAGTGCA
CCCCAGTTTTGAATACATTTTTTTTGCACCCTGTCCCGTTCTGCTACTTTGATT
TGCGTTATGATATATATATATATATATAATACCTTTTCTCCTCTTTAAACATG
GTCCTGTGACACAATAGTCAGTTGCAGAAAGGAGCCAGACTTATTCGCAAA

GCACTGTGCTCAAACTCTTCAGAAAAAAAGGAAAAAAAAAAAAAGCTATAG
TTGTAACATATGTATTCCAGACCTCTGGTTTAAAGGCAAAAGAAAAAAAAT

(VB VaVaLlUve Ul F R WA 72 LU e | W4 U 5 WO AN AN | VA ValUiU il WaVavaValUliaVaVaVaVava Ve Vel

CTACAGTGTTTCTTCTCATGTTTTCTGATCGGAGGCATGACAAAGCAAGACT
GAAATCTGAACTGTGTCTCCTGCATGGCAACACGTGTCTCCGTCAGGCCCTC
GCAAGGCCCGGGGAGGGGGTTCTACGCCTCTTGTCTCTTTGTTGCATGCTGA
ACACTCATCGCCTTCCTACTGTATCCTGCCTCCTGCAGCCTCCCTCTTCCTCC
TCCTCTTCCTCTTCCTCCTCTTCCTCCTCCTCCTCCTCTTCCTCCAAGTTTGAA
AGGTCAAACAAAACTACCACATTCCCTACCCAGTTAGAAGAAAACCACCGT
CCTGACAGTTGTGATCGCATGGAGTACTTTTAGATTATTAGCACCTGTTTTTA
CCTCGTTTGTGGGCGTGTTTGTATGTGCACATGTATGAAGTCGGCACATGCA
CCTTCTGTATGGGCAGAGGCGTGGCATCTACAGAAGAGCAGATGCCAACTT

TGTGCTTTTAGTGAATACATTAAAAAAAAAAAACCAACGGTCCTTATTGAGT
GGAATTCTATTTGATGCAAATATTTGAGCTCTTTAAGACTTTAAAACTAGAT

(S Va U I A S Ve U AV ISRV L AVAVAS VAU AN VAN N " " S B ravalu ialUS S IS VA VA VA VALUS U LY Fa U Y

AATGTGCCAAGCTTTTAGGACTGCTCACCAGTGCCCTCTGAAGAAACACCAG
TACTTTTTCCTGTTTGTGTAATAAAGGCATATTTGTATTTGTGTTTGCATCAC
TAATGGTTATTTCTTCTTAGTCCACTGAATGTTTCCATGTGCCTCTCGTATGC
CAAACTTTTTGTCATCTTTCATGTGGGGACCAAATGGTTTGTCTGTGGCAAA
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CCTAAACCTATGACCTGCTGAGGCCTCTCAGAAAACTGACCACAGTACCAA
GATAGTACTTCGCAAAGAAAAGTAGGTTCCCTCCCTGGTTTTGTAGCTGTCG
CCAATATTAGCGTAATTCCAAGGAGCTGAACGCCTTTATATAAATCTGATGG
CACCTGATGCTTTTAGTTCTGAAAATATTTACACTCGGATCATGTTGTTGATG
ACTTAAACAAAGTTTTGATGAAGAGAGCAAAAAAAAAGCAGGTGGATTTGG
AACAGTTTCAGGGTTTTTTTTGTTTTTTGTTTTTTGTTTTTGTTTTTTTTTTTTT
ATTTTTGTTTTTCTGTTCTCTGTTAGAAAAGTCAGGTGTTCTCTGTCAGGCTA
TCTTTATAGTCAATTTTTTTTACGAACTAAAGTAGTACCTTTTAATATGTAGT
CAACGCCCCTCTGCTCGGGGTTCAGTTTTGGGTCTTAACCAGCTGTCATGTTC
TCTATGCTGCCTGCCACTTGAGGCACTGAGTGCCCTAGACAGTCCCATCGGT
GGTAGCCAGGGAAACGAAAGACGAACTCAACTCTTGCTCCTAATAATCAAC
TCTCTGTATGAAGGATGGCAGCATTAAGAGTCCTCCTGCCTGGGCATTATTG
GGCCAGTTCACCCTCTTTAAATCAAACCCGCAGTGGCTCCCAGTTCTCGTCC
CATCAGATTTAAATTGCTAACAGTATGGGGGGCACCACGCATCTGTTTTGTC
CCACAATGCGCTTTTCTCTCCCAAATCCCGATTTCTGCTGTCATAGCCTCTAT
TCAATTTTTATTTATTGTCTGCCCTCCACTTATACAATCGTAGAGAGCAATGC
CATTTGTCACTTTCTGCAACAGTTTTTTGAGCCTTTATGGCTGAATCCCATTT

TTCTTCTCTTTCAAACTGTTTGCTCCATTGCTCCTCCCGCACGGCTGTCCGTA
CAGTCATCCCATCCATCTGGGGGCCTCTTTCATCTCTCACCCTTCCTGGTGCT

A8 LU I U7e U I WA WA WA U S s S OS RV LV LV AV LG LM S L S I A2 S0 L VS L W7 LA M S I A VA"Z L. U LU B B U | U7 §

TCGTGGATCTCTGCTTACCTCTGTGGGTTTTTTTTTTTTTTTTTGACTTATTCTT
CTCACTGGACTTTAAGATTACTTCCACAGCGAAAGTGCTGCCTCCCTTTTCTG
CCCGCAGTGTTCTGCGTACTTTAGATACTACTCAGTGCTGACATTTGATGGC
AAAAGTTGCCTGCACTTAAATTTCTCTTTTTAATAGGGTGAACTAGAGTTGG
AGTTTTTTTCTCTTTTTTCTCTTTTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCT
CTCTCTCTCTCTCCCTCCCTCCCTCCCTCCCTCCCTCCCTCCCTCTCTCTCTCT
TTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTT
TTTGACAAATCTCACAGGCTTTGAGAATTATAAAAGGTGACAGTTCACCTGA
AAATCACAGGTCTGGTCTGTTTAAATTGTTGAGAAATATCCGATTAAAAGTC

TTGTGGCTGTGTCCTAATAGGCTCTCTTTCAGGACGTTGTAGTCAATAGAGT
GGCTGAACCATACTTGAGTTTATAAAGCTCAAAAACTGATGCACCCACTCTG

(B BN Ve Va | WA DY 2 NJLRNT 1 1 G VaVaValUilUB LW VavaVaVval Ul B U ie U B U L UYe | W WA W9 e | W1

CTATTATCGTGTTAGTAAGAGTTCAGCTGTATATCATTGTCTAGGTTTATCTT
GTCCTACAGTGGGTATTCAAATATGGCCACCAGAGGATATGTGTAAATATA
AGCACCTGTATTTGCCTGTTGTTGAGAACTGGAGGGAAAACAAAAAATGTC
TGGCAACCCTTTGCCTTTTTAACCGTAATTAATTGACAGTTTATTTAGAGATA
AGAGTTTTCAAAAATCTCTTAACTGCCACAACCCACAGAGGGTCTTGTTTTG
CCATCTTCAGTGGCTCACAGATATGATCCAAGTTAACTTGAAAGAGATGAGC
AGTACCCAGGAAATTGTCCTGCCTTTAACTCTGGCTGTCCTTAATTATGACT
GTTTAATGCTGAATTTTCCATCCGTCTAGTGTTTGAGGGTAAAGAAAAGCCT
TTTTTAAATAAGTATTTCTGTAAAACGGCATCGGTGGGATCTTCTGTGTTGCT

ATCACGGGTGAAAGAGGGAAACATTTCTTATTTTTATTAAGCAGAGCATTAT
TTACAGAAAGCCATTGTTGAGAATTAGTTCCCACATCATATAAATATCCATT

I USLIALGIaVAValG L M IVAS I LU EN S UIALGIaVAa S I VALV E IS AN IR IVl G R WIa U Ve U Ve Ve Ve U Ve U B W WF e W §

AACCATTCTAAATTGTAAGAGAACTCCAGTGTTGCTATGCACAAGGAACTCT
CCTGGGGGCCTTTTTTTGCATAGCAATTAAAGGTATGCTATTTGTCAGTAGC

CATTTTTTGCAGTGATTTAAAGACCAAAGTTGTTTTACAGCTGTGTTACCCTT
AAAGGTTTTTTTTTTATGTATTAAATCAATTTATCACTGTTTGAAGCTTTGAA
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TACCTGCAATCTTTGCCAAGATACTTTTTTATTTAAAAAAATAACTGTGTAA
ATATTACCCTGTAATATTATATATACTTAATAAAACATTTTAAGCTA (SEQ ID
NO: 7)

Mouse CD47 amino acid isoform 4 (XP_006521871.1)
MWPLAAALLLGSCCCGSAQLLFSNVNSIEFTSCNETVVIPCIVRNVEAQSTEE
MFVKWKLNKSYIFIYDGNKNSTTTDQNFTSAKISVSDLINGIASLKMDKRDA
MVGNYTCEVTELSREGKTVIELKNRTVSWFSPNEKILIVIFPILAILLFWGKFG
ILTLKYKSSHTNKRIILLLVAGLVLTVIVVVGAILLIPGEKPVKNASGLGLIVISTG
ILILLQYNVFMTAFGMTSFTIAILITQVLGYVLALVGLCLCIMACEPVHGPLLISG
LGHALAELLGLVYMKFVASNQORTIQPPRKAVEEPLNAFKESKGMMNDE(SEQ ID
NO: 8)

Human CD47 mRNA isoform 1 (XM_005247909.1)
AGTGGGAGCGCGCGTGCGCGCGGCCGTGCAGCCTGGGCAGTGGGTCCTGCC
TGTGACGCGCGGCGGCGGTCGGTCCTGCCTGTAACGGCGGCGGCGGCTGCT
GCTCCGGACACCTGCGGCGGCGGCGGCGACCCCGCGGCGGGCGCGGAGAT

GTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATC
AGCTCAGCTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTA

LANF N B N iANFN/ B iR B L | Vs Vs QG Ve Vs Vs m \F aiaNFininm BN/ iAN NF a2 m m = \FaLil

ATGACACTGTCGTCATTCCATGCTTTGTTACTAATATGGAGGCACAAAA
CACTACTGAAGTATACGTAAAGTGGAAATTTAAAGGAAGAGATATTTAC
ACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGTA
GTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAA
GATGGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAA
GTAACAGAATTAACCAGAGAAGGTGAAACGATCATCGAGCTAAAATATC
GTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTCTTATTGTTATTTTC
CCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACAC
TTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGT

TGCTGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTC
GTCCCAGGTGAATATTCATTAAAGAATGCTACTGGCCTTGGTTTAATTG

NN N L ANFNF 2 \Fianinmsinm eV Fa Vo U B G LU Fe QO UN BW AW LWL U S B U A6 4 Ve Ve U 8

TGACTTCTACAGGGATATTAATATTACTTCACTACTATGTGTTTAGTACA
GCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTATTCAGGTGA

TAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTG
TATACCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCT

CTAGCACAATTACTTGGACTAGTTTATATGAAATTTGTGGAATAACTGAA
GTGAAGTGATGGACTCCGATTTGGAGAGTAGTAAGACGTGAAAGGAATACA
CTTGTGTTTAAGCACCATGGCCTTGATGATTCACTGTTGGGGAGAAGAAACA
AGAAAAGTAACTGGTTGTCACCTATGAGACCCTTACGTGATTGTTAGTTAAG
TTTTTATTCAAAGCAGCTGTAATTTAGTTAATAAAATAATTATGATCTATGTT

GTTTGCCCAATTGAGATCCAGTTTTTTGTTGTTATTTTTAATCAATTAGGGGC
AATAGTAGAATGGACAATTTCCAAGAATGATGCCTTTCAGGTCCTAGGGCCT

4 xinddaNg 2 LA N2 %A NINSAL AN L AL R A & RN N4 R RANILRE R A NJL R A NI 2 A N4 ANANT A N R L ANINININ N

CTGGCCTCTAGGTAACCAGTTTAAATTGGTTCAGGGTGATAACTACTTAGCA
CTGCCCTGGTGATTACCCAGAGATATCTATGAAAACCAGTGGCTTCCATCAA
ACCTTTGCCAACTCAGGTTCACAGCAGCTTTGGGCAGTTATGGCAGTATGGC
ATTAGCTGAGAGGTGTCTGCCACTTCTGGGTCAATGGAATAATAAATTAAGT
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ACAGGCAGGAATTTGGTTGGGAGCATCTTGTATGATCTCCGTATGATGTGAT
ATTGATGGAGATAGTGGTCCTCATTCTTGGGGGTTGCCATTCCCACATTCCC
CCTTCAACAAACAGTGTAACAGGTCCTTCCCAGATTTAGGGTACTTTTATTG
ATGGATATGTTTTCCTTTTATTCACATAACCCCTTGAAACCCTGTCTTGTCCT
CCTGTTACTTGCTTCTGCTGTACAAGATGTAGCACCTTTTCTCCTCTTTGAAC
ATGGTCTAGTGACACGGTAGCACCAGTTGCAGGAAGGAGCCAGACTTGTTC
TCAGAGCACTGTGTTCACACTTTTCAGCAAAAATAGCTATGGTTGTAACATA
TGTATTCCCTTCCTCTGATTTGAAGGCAAAAATCTACAGTGTTTCTTCACTTC
TTTTCTGATCTGGGGCATGAAAAAAGCAAGATTGAAATTTGAACTATGAGTC
TCCTGCATGGCAACAAAATGTGTGTCACCATCAGGCCAACAGGCCAGCCCTT
GAATGGGGATTTATTACTGTTGTATCTATGTTGCATGATAAACATTCATCAC
CTTCCTCCTGTAGTCCTGCCTCGTACTCCCCTTCCCCTATGATTGAAAAGTAA
ACAAAACCCACATTTCCTATCCTGGTTAGAAGAAAATTAATGTTCTGACAGT
TGTGATCGCCTGGAGTACTTTTAGACTTTTAGCATTCGTTTTTTACCTGTTTG
TGGATGTGTGTTTGTATGTGCATACGTATGAGATAGGCACATGCATCTTCTG
TATGGACAAAGGTGGGGTACCTACAGGAGAGCAAAGGTTAATTTTGTGCTT
TTAGTAAAAACATTTAAATACAAAGTTCTTTATTGGGTGGAATTATATTTGA

TGCAAATATTTGATCACTTAAAACTTTTAAAACTTCTAGGTAATTTGCCACG
CTTTTTGACTGCTCACCAATACCCTGTAAAAATACGTAATTCTTCCTGTTTGT

R S eV S e S A AN VAV VeV Ve U

GTAATAAGATATTCATATTTGTAGTTGCATTAATAATAGTTATTTCTTAGTCC
ATCAGATGTTCCCGTGTGCCTCTTTTATGCCAAATTGATTGTCATATTTCATG
TTGGGACCAAGTAGTTTGCCCATGGCAAACCTAAATTTATGACCTGCTGAGG
CCTCTCAGAAAACTGAGCATACTAGCAAGACAGCTCTTCTTGAAAAAAAAA
ATATGTATACACAAATATATACGTATATCTATATATACGTATGTATATACAC
ACATGTATATTCTTCCTTGATTGTGTAGCTGTCCAAAATAATAACATATATA
GAGGGAGCTGTATTCCTTTATACAAATCTGATGGCTCCTGCAGCACTTTTTC
CTTCTGAAAATATTTACATTTTGCTAACCTAGTTTGTTACTTTAAAAATCAGT
TTTGATGAAAGGAGGGAAAAGCAGATGGACTTGAAAAAGATCCAAGCTCCT

ATTAGAAAAGGTATGAAAATCTTTATAGTAAAATTTTTTATAAACTAAAGTT
GTACCTTTTAATATGTAGTAAACTCTCATTTATTTGGGGTTCGCTCTTGGATC

2LAN N 2 2 2 ARl R A LA ARSI A LA R LR AN AN A a2 2 R AR A A NINININI L A SNONIN AN 2 R NINILR R

TCATCCATCCATTGTGTTCTCTTTAATGCTGCCTGCCTTTTGAGGCATTCACT
GCCCTAGACAATGCCACCAGAGATAGTGGGGGAAATGCCAGATGAAACCAA
CTCTTGCTCTCACTAGTTGTCAGCTTCTCTGGATAAGTGACCACAGAAGCAG
GAGTCCTCCTGCTTGGGCATCATTGGGCCAGTTCCTTCTCTTTAAATCAGATT
TGTAATGGCTCCCAAATTCCATCACATCACATTTAAATTGCAGACAGTGTTT
TGCACATCATGTATCTGTTTTGTCCCATAATATGCTTTTTACTCCCTGATCCC
AGTTTCTGCTGTTGACTCTTCCATTCAGTTTTATTTATTGTGTGTTCTCACAGT
GACACCATTTGTCCTTTTCTGCAACAACCTTTCCAGCTACTTTTGCCAAATTC
TATTTGTCTTCTCCTTCAAAACATTCTCCTTTGCAGTTCCTCTTCATCTGTGTA

GCTGCTCTTTTGTCTCTTAACTTACCATTCCTATAGTACTTTATGCATCTCTGC
TTAGTTCTATTAGTTTTTTGGCCTTGCTCTTCTCCTTGATTTTAAAATTCCTTC

A4 AN\J % & N AiRE R4ERNSAE A 2 & NAN N B P S A NJixx 2 & xdxiadxina mNsNA

TATAGCTAGAGCTTTTCTTTCTTTCATTCTCTCTTCCTGCAGTGTTTTGCATAC
ATCAGAAGCTAGGTACATAAGTTAAATGATTGAGAGTTGGCTGTATTTAGAT
TTATCACTTTTTAATAGGGTGAGCTTGAGAGTTTTCTTTCTTTCTGTTTTTTTT
TTTTGTTTTTTTTTTTTTTTTTTTTTITTTTTTTTTTTGACTAATTTCACATGCTCT
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AAAAACCTTCAAAGGTGATTATTTTTCTCCTGGAAACTCCAGGTCCATTCTG
TTTAAATCCCTAAGAATGTCAGAATTAAAATAACAGGGCTATCCCGTAATTG
GAAATATTTCTTTTTTCAGGATGCTATAGTCAATTTAGTAAGTGACCACCAA
ATTGTTATTTGCACTAACAAAGCTCAAAACACGATAAGTTTACTCCTCCATC
TCAGTAATAAAAATTAAGCTGTAATCAACCTTCTAGGTTTCTCTTGTCTTAA
AATGGGTATTCAAAAATGGGGATCTGTGGTGTATGTATGGAAACACATACT
CCTTAATTTACCTGTTGTTGGAAACTGGAGAAATGATTGTCGGGCAACCGTT
TATTTTTTATTGTATTTTATTTGGTTGAGGGATTTTTTTATAAACAGTTTTACT
TGTGTCATATTTTAAAATTACTAACTGCCATCACCTGCTGGGGTCCTTTGTTA
GGTCATTTTCAGTGACTAATAGGGATAATCCAGGTAACTTTGAAGAGATGA
GCAGTGAGTGACCAGGCAGTTTTTCTGCCTTTAGCTTTGACAGTTCTTAATTA
AGATCATTGAAGACCAGCTTTCTCATAAATTTCTCTTTTTGAAAAAAAGAAA
GCATTTGTACTAAGCTCCTCTGTAAGACAACATCTTAAATCTTAAAAGTGTT
GTTATCATGACTGGTGAGAGAAGAAAACATTTTGTTTTTATTAAATGGAGCA
TTATTTACAAAAAGCCATTGTTGAGAATTAGATCCCACATCGTATAAATATC
TATTAACCATTCTAAATAAAGAGAACTCCAGTGTTGCTATGTGCAAGATCCT
CTCTTGGAGCTTTTTTGCATAGCAATTAAAGGTGTGCTATTTGTCAGTAGCC

ATTTTTTTGCAGTGATTTGAAGACCAAAGTTGTTTTACAGCTGTGTTACCGTT
AAAGGTTTTTTTTTTTATATGTATTAAATCAATTTATCACTGTTTAAAGCTTT

L 2L RIANINI 4 & & U Va Ve G R S iava Ul S VaVaiu|

GAATATCTGCAATCTTTGCCAAGGTACTTTTTTATTTAAAAAAAAACATAAC
TTTGTAAATATTACCCTGTAATATTATATATACTTAATAAAACATTTTAAGCT
A(SEQ ID NO: 9)

Human CD47 amino acid isoform 1 (XP_005247966.1)
MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNT
TEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDK
SDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIVIFPIFAILLFW
GQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKNATGLGLI

VTSTGILILLHYY VFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACIPMHGPLLI
SGLSILALAQLLGLVYMKFVE

SOA NI AR LR ITING AR NI A 4 aVaiha

(SEQ ID NO: 10)

Human CD47 mRNA isoform 2 (NM_198793.2)
GGGGAGCAGGCGGGGGAGCGGGCGGGAAGCAGTGGGAGCGCGCGTGCGCG
CGGCCGTGCAGCCTGGGCAGTGGGTCCTGCCTGTGACGCGCGGCGGCGGTC
GGTCCTGCCTGTAACGGCGGCGGCGGCTGCTGCTCCAGACACCTGCGGCGG
CGGCGGCGACCCCGCGGCGGGCGCGGAGATGTGGCCCCTGGTAGCGGCG
CTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTACTATTTAATA
AAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCC

ATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTA
AAGTGGAAATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAA

LimiBNF B NF\FiAimiAE B B iRiA{BANF\FiRiANF/iANFiA B iR E B B{iRAN/iRAN/N\/ B B B \FimnENFLFLiANFN B N\ & inin

ACAAGTCCACTGTCCCCACTGACTTTAGTAGTGCAAAAATTGAAGTCTC
ACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGAGTGATGCT
GTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAG
AAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTC
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TCCAAATGAAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCC
TGTTCTGGGGACAGTTTGGTATTAAAACACTTAAATATAGATCCGGTGG
TATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAGTGATCACT
GTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATT
AAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTA
ATATTACTTCACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTT
CGTCATTGCCATATTGGTTATTCAGGTGATAGCCTATATCCTCGCTGTG
GTTGGACTGAGTCTCTGTATTGCGGCGTGTATACCAATGCATGGCCCTC
TTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGGACTA
GTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTA
GGAATAACTGAAGTGAAGTGATGGACTCCGATTTGGAGAGTAGTAAGACG
TGAAAGGAATACACTTGTGTTTAAGCACCATGGCCTTGATGATTCACTGTTG
GGGAGAAGAAACAAGAAAAGTAACTGGTTGTCACCTATGAGACCCTTACGT
GATTGTTAGTTAAGTTTTTATTCAAAGCAGCTGTAATTTAGTTAATAAAATA
ATTATGATCTATGTTGTTTGCCCAATTGAGATCCAGTTTTTTGTTGTTATTTTT
AATCAATTAGGGGCAATAGTAGAATGGACAATTTCCAAGAATGATGCCTTT
CAGGTCCTAGGGCCTCTGGCCTCTAGGTAACCAGTTTAAATTGGTTCAGGGT

GATAACTACTTAGCACTGCCCTGGTGATTACCCAGAGATATCTATGAAAACC
AGTGGCTTCCATCAAACCTTTGCCAACTCAGGTTCACAGCAGCTTTGGGCAG

SV B U LU L U2 B U W4 U745 U 3 U7 Va Va | W4 W4 (S AR U ValUy B alUiUl S R U7 LU LU L U7 LW L WY A NININIS L RN

TTATGGCAGTATGGCATTAGCTGAGAGGTGTCTGCCACTTCTGGGTCAATGG
AATAATAAATTAAGTACAGGCAGGAATTTGGTTGGGAGCATCTTGTATGATC
TCCGTATGATGTGATATTGATGGAGATAGTGGTCCTCATTCTTGGGGGTTGC
CATTCCCACATTCCCCCTTCAACAAACAGTGTAACAGGTCCTTCCCAGATTT
AGGGTACTTTTATTGATGGATATGTTTTCCTTTTATTCACATAACCCCTTGAA
ACCCTGTCTTGTCCTCCTGTTACTTGCTTCTGCTGTACAAGATGTAGCACCTT
TTCTCCTCTTTGAACATGGTCTAGTGACACGGTAGCACCAGTTGCAGGAAGG
AGCCAGACTTGTTCTCAGAGCACTGTGTTCACACTTTTCAGCAAAAATAGCT
ATGGTTGTAACATATGTATTCCCTTCCTCTGATTTGAAGGCAAAAATCTACA

GTGTTTCTTCACTTCTTTTCTGATCTGGGGCATGAAAAAAGCAAGATTGAAA
TTTGAACTATGAGTCTCCTGCATGGCAACAAAATGTGTGTCACCATCAGGCC

A S aVa LUl Ve U RV Fa LU i 3 W9 4 G RVAV AL VAl VaVaVa S R U BB UE BN NG U7 | WA U7 W ) G758\ U AV |

AACAGGCCAGCCCTTGAATGGGGATTTATTACTGTTGTATCTATGTTGCATG
ATAAACATTCATCACCTTCCTCCTGTAGTCCTGCCTCGTACTCCCCTTCCCCT
ATGATTGAAAAGTAAACAAAACCCACATTTCCTATCCTGGTTAGAAGAAAA
TTAATGTTCTGACAGTTGTGATCGCCTGGAGTACTTTTAGACTTTTAGCATTC
GTTTTTTACCTGTTTGTGGATGTGTGTTTGTATGTGCATACGTATGAGATAGG
CACATGCATCTTCTGTATGGACAAAGGTGGGGTACCTACAGGAGAGCAAAG
GTTAATTTTGTGCTTTTAGTAAAAACATTTAAATACAAAGTTCTTTATTGGGT
GGAATTATATTTGATGCAAATATTTGATCACTTAAAACTTTTAAAACTTCTA
GGTAATTTGCCACGCTTTTTGACTGCTCACCAATACCCTGTAAAAATACGTA

ATTCTTCCTGTTTGTGTAATAAGATATTCATATTTGTAGTTGCATTAATAATA
GTTATTTCTTAGTCCATCAGATGTTCCCGTGTGCCTCTTTTATGCCAAATTGA

A 432 2 RN R ALRNS R NUNIL R A NVLANIL R A NI L R NN N AN A R L R4RANININILALALR R A NIl

TTGTCATATTTCATGTTGGGACCAAGTAGTTTGCCCATGGCAAACCTAAATT
TATGACCTGCTGAGGCCTCTCAGAAAACTGAGCATACTAGCAAGACAGCTC
TTCTTGAAAAAAAAAATATGTATACACAAATATATACGTATATCTATATATA
CGTATGTATATACACACATGTATATTCTTCCTTGATTGTGTAGCTGTCCAAAA
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TAATAACATATATAGAGGGAGCTGTATTCCTTTATACAAATCTGATGGCTCC
TGCAGCACTTTTTCCTTCTGAAAATATTTACATTTTGCTAACCTAGTTTGTTA
CTTTAAAAATCAGTTTTGATGAAAGGAGGGAAAAGCAGATGGACTTGAAAA
AGATCCAAGCTCCTATTAGAAAAGGTATGAAAATCTTTATAGTAAAATTTTT
TATAAACTAAAGTTGTACCTTTTAATATGTAGTAAACTCTCATTTATTTGGGG
TTCGCTCTTGGATCTCATCCATCCATTGTGTTCTCTTTAATGCTGCCTGCCTTT
TGAGGCATTCACTGCCCTAGACAATGCCACCAGAGATAGTGGGGGAAATGC
CAGATGAAACCAACTCTTGCTCTCACTAGTTGTCAGCTTCTCTGGATAAGTG
ACCACAGAAGCAGGAGTCCTCCTGCTTGGGCATCATTGGGCCAGTTCCTTCT
CTTTAAATCAGATTTGTAATGGCTCCCAAATTCCATCACATCACATTTAAATT
GCAGACAGTGTTTTGCACATCATGTATCTGTTTTGTCCCATAATATGCTTTTT
ACTCCCTGATCCCAGTTTCTGCTGTTGACTCTTCCATTCAGTTTTATTTATTGT
GTGTTCTCACAGTGACACCATTTGTCCTTTTCTGCAACAACCTTTCCAGCTAC
TTTTGCCAAATTCTATTTGTCTTCTCCTTCAAAACATTCTCCTTTGCAGTTCCT
CTTCATCTGTGTAGCTGCTCTTTTGTCTCTTAACTTACCATTCCTATAGTACTT
TATGCATCTCTGCTTAGTTCTATTAGTTTTTTGGCCTTGCTCTTCTCCTTGATT
TTAAAATTCCTTCTATAGCTAGAGCTTTTCTTTCTTTCATTCTCTCTTCCTGCA

GTGTTTTGCATACATCAGAAGCTAGGTACATAAGTTAAATGATTGAGAGTTG
GCTGTATTTAGATTTATCACTTTTTAATAGGGTGAGCTTGAGAGTTTTCTTTC

PO U7\ WS ¥ 1A S WalVUiGLGE RS ¥

TTTCTGTTTTTTTTTTTTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGACTA
ATTTCACATGCTCTAAAAACCTTCAAAGGTGATTATTTTTCTCCTGGAAACTC
CAGGTCCATTCTGTTTAAATCCCTAAGAATGTCAGAATTAAAATAACAGGGC
TATCCCGTAATTGGAAATATTTCTTTTTTCAGGATGCTATAGTCAATTTAGTA
AGTGACCACCAAATTGTTATTTGCACTAACAAAGCTCAAAACACGATAAGTT
TACTCCTCCATCTCAGTAATAAAAATTAAGCTGTAATCAACCTTCTAGGTTT
CTCTTGTCTTAAAATGGGTATTCAAAAATGGGGATCTGTGGTGTATGTATGG
AAACACATACTCCTTAATTTACCTGTTGTTGGAAACTGGAGAAATGATTGTC
GGGCAACCGTTTATTTTTTATTGTATTTTATTTGGTTGAGGGATTTTTTTATA

AACAGTTTTACTTGTGTCATATTTTAAAATTACTAACTGCCATCACCTGCTGG
GGTCCTTTGTTAGGTCATTTTCAGTGACTAATAGGGATAATCCAGGTAACTT

NI R NN ANINT & Sod IRl E AV Fa LB VaVaS ValUiViV/ia G VaVa U R WA U7 LU LU I Ve Va L WO ¥

TGAAGAGATGAGCAGTGAGTGACCAGGCAGTTTTTCTGCCTTTAGCTTTGAC
AGTTCTTAATTAAGATCATTGAAGACCAGCTTTCTCATAAATTTCTCTTTTTG
AAAAAAAGAAAGCATTTGTACTAAGCTCCTCTGTAAGACAACATCTTAAAT
CTTAAAAGTGTTGTTATCATGACTGGTGAGAGAAGAAAACATTTTGTTTTTA
TTAAATGGAGCATTATTTACAAAAAGCCATTGTTGAGAATTAGATCCCACAT
CGTATAAATATCTATTAACCATTCTAAATAAAGAGAACTCCAGTGTTGCTAT
GTGCAAGATCCTCTCTTGGAGCTTTTTTGCATAGCAATTAAAGGTGTGCTAT
TTGTCAGTAGCCATTTTTTTGCAGTGATTTGAAGACCAAAGTTGTTTTACAGC
TGTGTTACCGTTAAAGGTTTTTTTTTTTATATGTATTAAATCAATTTATCACT

GTTTAAAGCTTTGAATATCTGCAATCTTTGCCAAGGTACTTTTTTATTTAAAA
AAAAACATAACTTTGTAAATATTACCCTGTAATATTATATATACTTAATAAA

O VAVAVAVALWA B UAVALUE I A VEVAVAVAU VAU WA LA IA IS U A VE U IV U G VS U VA U VS U VA | O B Ve VE U IV 3 VA VA ¥

ACATTTTAAGCTATTTTGTTGGGCTATTTCTATTGCTGCTACAGCAGACCACA
AGCACATTTCTGAAAAATTTAATTTATTAATGTATTTTTAAGTTGCTTATATT
CTAGGTAACAATGTAAAGAATGATTTAAAATATTAATTATGAATTTTTTGAG
TATAATACCCAATAAGCTTTTAATTAGAGCAGAGTTTTAATTAAAAGTTTTA
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AATCAGTC
(SEQ ID NO: 11)

Human CD47 amino acid isoform 2 (NP_942088.1)
MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNT
TEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDK
SDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIVIFPIFAILLFW
GQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKNATGLGLI
VTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACIPMHGPLLI
SGLSILALAQLLGLVYMKFVASNQKTIQPPRNN(SEQ ID NO: 12)

Human CD47 mRNA isoform 3 (XM_005247908.1)
AGTGGGAGCGCGCGTGCGCGCGGCCGTGCAGCCTGGGCAGTGGGTCCTGCC
TGTGACGCGCGGCGGCGGTCGGTCCTGCCTGTAACGGCGGCGGCGGCTGCT
GCTCCGGACACCTGCGGCGGCGGCGGCGACCCCGCGGCGGGCGCGGAGAT
GTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATC
AGCTCAGCTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTA

ATGACACTGTCGTCATTCCATGCTTTGTTACTAATATGGAGGCACAAAA
CACTACTGAAGTATACGTAAAGTGGAAATTTAAAGGAAGAGATATTTAC

N iAN/ B iAN/ A NFLiR{ANF B iA B LiBAN/\F B iRiAiBANF B \F FiAininE B BiniRiANF\FLi AL A NFLiANFiA D inm 5 BinN/

ACCTTTGATGGAGCTCTAAACAAGTCCACTGTCCCCACTGACTTTAGTA
GTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATGCCTCTTTGAA
GATGGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTGAA
GTAACAGAATTAACCAGAGAAGGTGAAACGATCATCGAGCTAAAATATC
GTGTTGTTTCATGGTTTTCTCCAAATGAAAATATTCTTATTGTTATTTTC
CCAATTTTTGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACAC
TTAAATATAGATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTGT
TGCTGGACTAGTGATCACTGTCATTGTCATTGTTGGAGCCATTCTTTTC
GTCCCAGGTGAATATTCATTAAAGAATGCTACTGGCCTTGGTTTAATTG

TGACTTCTACAGGGATATTAATATTACTTCACTACTATGTGTTTAGTACA
GCGATTGGATTAACCTCCTTCGTCATTGCCATATTGGTTATTCAGGTGA

N NFimnE BENFAFLiAE BLiR{AN/N/ B N/N /B BN /\FEN inm B NFN N ianninm mNF\Fa N L ANFNF B \FL

TAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTG
TATACCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCT
CTAGCACAATTACTTGGACTAGTTTATATGAAATTTGTGGCTTCCAATC
AGAAGACTATACAACCTCCTAGGAAAGCTGTAGAGGAACCCCTTAATGA
ATAACTGAAGTGAAGTGATGGACTCCGATTTGGAGAGTAGTAAGACGTGAA
AGGAATACACTTGTGTTTAAGCACCATGGCCTTGATGATTCACTGTTGGGGA
GAAGAAACAAGAAAAGTAACTGGTTGTCACCTATGAGACCCTTACGTGATT
GTTAGTTAAGTTTTTATTCAAAGCAGCTGTAATTTAGTTAATAAAATAATTAT
GATCTATGTTGTTTGCCCAATTGAGATCCAGTTTTTTGTTGTTATTTTTAATC

AATTAGGGGCAATAGTAGAATGGACAATTTCCAAGAATGATGCCTTTCAGG
TCCTAGGGCCTCTGGCCTCTAGGTAACCAGTTTAAATTGGTTCAGGGTGATA

A NN AL ANINIANIN N R W R NSNS N R N R4 ANINS B4 AL AN N4 AN A 2 &4 AL RE R A NINS R A N/d ANININI L NJL22in

ACTACTTAGCACTGCCCTGGTGATTACCCAGAGATATCTATGAAAACCAGTG
GCTTCCATCAAACCTTTGCCAACTCAGGTTCACAGCAGCTTTGGGCAGTTAT

GGCAGTATGGCATTAGCTGAGAGGTGTCTGCCACTTCTGGGTCAATGGAATA
ATAAATTAAGTACAGGCAGGAATTTGGTTGGGAGCATCTTGTATGATCTCCG
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TATGATGTGATATTGATGGAGATAGTGGTCCTCATTCTTGGGGGTTGCCATT
CCCACATTCCCCCTTCAACAAACAGTGTAACAGGTCCTTCCCAGATTTAGGG
TACTTTTATTGATGGATATGTTTTCCTTTTATTCACATAACCCCTTGAAACCC
TGTCTTGTCCTCCTGTTACTTGCTTCTGCTGTACAAGATGTAGCACCTTTTCT
CCTCTTTGAACATGGTCTAGTGACACGGTAGCACCAGTTGCAGGAAGGAGC
CAGACTTGTTCTCAGAGCACTGTGTTCACACTTTTCAGCAAAAATAGCTATG
GTTGTAACATATGTATTCCCTTCCTCTGATTTGAAGGCAAAAATCTACAGTG
TTTCTTCACTTCTTTTCTGATCTGGGGCATGAAAAAAGCAAGATTGAAATTT
GAACTATGAGTCTCCTGCATGGCAACAAAATGTGTGTCACCATCAGGCCAA
CAGGCCAGCCCTTGAATGGGGATTTATTACTGTTGTATCTATGTTGCATGAT
AAACATTCATCACCTTCCTCCTGTAGTCCTGCCTCGTACTCCCCTTCCCCTAT
GATTGAAAAGTAAACAAAACCCACATTTCCTATCCTGGTTAGAAGAAAATT
AATGTTCTGACAGTTGTGATCGCCTGGAGTACTTTTAGACTTTTAGCATTCGT
TTTTTACCTGTTTGTGGATGTGTGTTTGTATGTGCATACGTATGAGATAGGCA
CATGCATCTTCTGTATGGACAAAGGTGGGGTACCTACAGGAGAGCAAAGGT
TAATTTTGTGCTTTTAGTAAAAACATTTAAATACAAAGTTCTTTATTGGGTGG
AATTATATTTGATGCAAATATTTGATCACTTAAAACTTTTAAAACTTCTAGGT

AATTTGCCACGCTTTTTGACTGCTCACCAATACCCTGTAAAAATACGTAATT
CTTCCTGTTTGTGTAATAAGATATTCATATTTGTAGTTGCATTAATAATAGTT

PR ASE S S S D AN P VavVa U VavaLu), IR YaVa QY Va UV

ATTTCTTAGTCCATCAGATGTTCCCGTGTGCCTCTTTTATGCCAAATTGATTG
TCATATTTCATGTTGGGACCAAGTAGTTTGCCCATGGCAAACCTAAATTTAT
GACCTGCTGAGGCCTCTCAGAAAACTGAGCATACTAGCAAGACAGCTCTTCT
TGAAAAAAAAAATATGTATACACAAATATATACGTATATCTATATATACGTA
TGTATATACACACATGTATATTCTTCCTTGATTGTGTAGCTGTCCAAAATAAT
AACATATATAGAGGGAGCTGTATTCCTTTATACAAATCTGATGGCTCCTGCA
GCACTTTTTCCTTCTGAAAATATTTACATTTTGCTAACCTAGTTTGTTACTTT
AAAAATCAGTTTTGATGAAAGGAGGGAAAAGCAGATGGACTTGAAAAAGA
TCCAAGCTCCTATTAGAAAAGGTATGAAAATCTTTATAGTAAAATTTTTTAT

AAACTAAAGTTGTACCTTTTAATATGTAGTAAACTCTCATTTATTTGGGGTTC
GCTCTTGGATCTCATCCATCCATTGTGTTCTCTTTAATGCTGCCTGCCTTTTG

P AN S s S S s A S s S A s S A D Y P N A T R Y v P R S A A A AT T Y

AGGCATTCACTGCCCTAGACAATGCCACCAGAGATAGTGGGGGAAATGCCA
GATGAAACCAACTCTTGCTCTCACTAGTTGTCAGCTTCTCTGGATAAGTGAC
CACAGAAGCAGGAGTCCTCCTGCTTGGGCATCATTGGGCCAGTTCCTTCTCT
TTAAATCAGATTTGTAATGGCTCCCAAATTCCATCACATCACATITAAATTG
CAGACAGTGTTTTGCACATCATGTATCTGTTTTGTCCCATAATATGCTTTTTA
CTCCCTGATCCCAGTTTCTGCTGTTGACTCTTCCATTCAGTTTTATTTATTGTG
TGTTCTCACAGTGACACCATTTGTCCTTTTCTGCAACAACCTTTCCAGCTACT
TTTGCCAAATTCTATTTGTCTTCTCCTTCAAAACATTCTCCTTTGCAGTTCCTC
TTCATCTGTGTAGCTGCTCTTTTGTCTCTTAACTTACCATTCCTATAGTACTTT

ATGCATCTCTGCTTAGTTCTATTAGTTTTTTGGCCTTGCTCTTCTCCTTGATTT
TAAAATTCCTTCTATAGCTAGAGCTTTTCTTTCTTTCATTCTCTCTTCCTGCAG

A4 AR R4 R A RN NS A AN AdRALRNINS A4 ANILANIN R & & KN & & RN/ R & R NfRAANTENSANS R A NSNS A NSNS ANS

TGTTTTGCATACATCAGAAGCTAGGTACATAAGTTAAATGATTGAGAGTTGG
CTGTATTTAGATTTATCACTTTTTAATAGGGTGAGCTTGAGAGTTTTCTTTCT
TTCTGTTTTTTTTTTTTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGACTAA
TTTCACATGCTCTAAAAACCTTCAAAGGTGATTATTTTTCTCCTGGAAACTCC
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AGGTCCATTCTGTTTAAATCCCTAAGAATGTCAGAATTAAAATAACAGGGCT
ATCCCGTAATTGGAAATATTTCTTTTTTCAGGATGCTATAGTCAATTTAGTAA
GTGACCACCAAATTGTTATTTGCACTAACAAAGCTCAAAACACGATAAGTTT
ACTCCTCCATCTCAGTAATAAAAATTAAGCTGTAATCAACCTTCTAGGTTTC
TCTTGTCTTAAAATGGGTATTCAAAAATGGGGATCTGTGGTGTATGTATGGA
AACACATACTCCTTAATTTACCTGTTGTTGGAAACTGGAGAAATGATTGTCG
GGCAACCGTTTATTTTTTATTGTATTTTATTTGGTTGAGGGATTTTTTTATAA
ACAGTTTTACTTGTGTCATATTTTAAAATTACTAACTGCCATCACCTGCTGGG
GTCCTTTGTTAGGTCATTTTCAGTGACTAATAGGGATAATCCAGGTAACTTT
GAAGAGATGAGCAGTGAGTGACCAGGCAGTTTTTCTGCCTTTAGCTTTGACA
GTTCTTAATTAAGATCATTGAAGACCAGCTTTCTCATAAATTTCTCTTTTTGA
AAAAAAGAAAGCATTTGTACTAAGCTCCTCTGTAAGACAACATCTTAAATCT
TAAAAGTGTTGTTATCATGACTGGTGAGAGAAGAAAACATTTTGTTTTTATT
AAATGGAGCATTATTTACAAAAAGCCATTGTTGAGAATTAGATCCCACATCG
TATAAATATCTATTAACCATTCTAAATAAAGAGAACTCCAGTGTTGCTATGT
GCAAGATCCTCTCTTGGAGCTTTTTTGCATAGCAATTAAAGGTGTGCTATTT
GTCAGTAGCCATTTTTTTGCAGTGATTTGAAGACCAAAGTTGTTTTACAGCT

GTGTTACCGTTAAAGGTTTTTTTTTTTATATGTATTAAATCAATTTATCACTG
TTTAAAGCTTTGAATATCTGCAATCTTTGCCAAGGTACTTTTTTATTTAAAAA

YRV Ve LU LN A NJininad AV G R U \AZSvalViUE Ve OB I IR YaVavVaVaVal

AAAACATAACTTTGTAAATATTACCCTGTAATATTATATATACTTAATAAAA
CATTTTAAGCTA(SEQ ID NO: 13)

Human CD47 amino acid isoform 3 (XP_005247965.1)
MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNT
TEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDK
SDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIVIFPIFAILLFW
GQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKNATGLGLI
VTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACIPMHGPLLI
SGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNE(SEQ ID NO: 14)

Human CD47 mRNA isoform 4 (NM_001777.3)
GGGGAGCAGGCGGGGGAGCGGGCGGGAAGCAGTGGGAGCGCGCGTGCGCG
CGGCCGTGCAGCCTGGGCAGTGGGTCCTGCCTGTGACGCGCGGCGGCGGTC
GGTCCTGCCTGTAACGGCGGCGGCGGCTGCTGCTCCAGACACCTGCGGCGG
CGGCGGCGACCCCGCGGCGGGCGCGGAGATGTGGCCCCTGGTAGCGGCG
CTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAGCTACTATTTAATA
AAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCATTCC
ATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTA
AAGTGGAAATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAA

ACAAGTCCACTGTCCCCACTGACTTTAGTAGTGCAAAAATTGAAGTCTC
ACAATTACTAAAAGGAGATGCCTCTTTGAAGATGGATAAGAGTGATGCT

LiAN/iBRi{A E EiBRN/ B i{BR{BR{BRiANFNFLiANFiA E \FN /N 8 N/ 5 8 8 \FiR{ANFiA E \F\FinmiAliR\FiANF A \Fiam\FN n

GTCTCACACACAGGAAACTACACTTGTGAAGTAACAGAATTAACCAGAG
AAGGTGAAACGATCATCGAGCTAAAATATCGTGTTGTTTCATGGTTTTC
TCCAAATGAAAATATTCTTATTGTTATTTTCCCAATTTTTGCTATACTCC
TGTTCTGGGGACAGTTTGGTATTAAAACACTTAAATATAGATCCGGTGG
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TATGGATGAGAAAACAATTGCTTTACTTGTTGCTGGACTAGTGATCACT
GTCATTGTCATTGTTGGAGCCATTCTTTTCGTCCCAGGTGAATATTCATT
AAAGAATGCTACTGGCCTTGGTTTAATTGTGACTTCTACAGGGATATTA
ATATTACTTCACTACTATGTGTTTAGTACAGCGATTGGATTAACCTCCTT
CGTCATTGCCATATTGGTTATTCAGGTGATAGCCTATATCCTCGCTGTG
GTTGGACTGAGTCTCTGTATTGCGGCGTGTATACCAATGCATGGCCCTC
TTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATTACTTGGACTA
GTTTATATGAAATTTGTGGCTTCCAATCAGAAGACTATACAACCTCCTA
GGAAAGCTGTAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAAT
GATGAATGATGAATAACTGAAGTGAAGTGATGGACTCCGATTTGGAGAGT
AGTAAGACGTGAAAGGAATACACTTGTGTTTAAGCACCATGGCCTTGATGA
TTCACTGTTGGGGAGAAGAAACAAGAAAAGTAACTGGTTGTCACCTATGAG
ACCCTTACGTGATTGTTAGTTAAGTTTTTATTCAAAGCAGCTGTAATTTAGTT
AATAAAATAATTATGATCTATGTTGTTTGCCCAATTGAGATCCAGTTTTTTGT
TGTTATTTTTAATCAATTAGGGGCAATAGTAGAATGGACAATTTCCAAGAAT
GATGCCTTTCAGGTCCTAGGGCCTCTGGCCTCTAGGTAACCAGTTTAAATTG
GTTCAGGGTGATAACTACTTAGCACTGCCCTGGTGATTACCCAGAGATATCT

ATGAAAACCAGTGGCTTCCATCAAACCTTTGCCAACTCAGGTTCACAGCAGC
TTTGGGCAGTTATGGCAGTATGGCATTAGCTGAGAGGTGTCTGCCACTTCTG

A NINININ LRSS & ANININ LR 2 R LANINS R NI SV L GG I WA I U | W4 U9\ S5 § S~

GGTCAATGGAATAATAAATTAAGTACAGGCAGGAATTTGGTTGGGAGCATC
TTGTATGATCTCCGTATGATGTGATATTGATGGAGATAGTGGTCCTCATTCTT
GGGGGTTGCCATTCCCACATTCCCCCTTCAACAAACAGTGTAACAGGTCCTT
CCCAGATTTAGGGTACTTTTATTGATGGATATGTTTTICCTTTTATTCACATAA
CCCCTTGAAACCCTGTCTTGTCCTCCTGTTACTTGCTTCTGCTGTACAAGATG
TAGCACCTTTTCTCCTCTTTGAACATGGTCTAGTGACACGGTAGCACCAGTT
GCAGGAAGGAGCCAGACTTGTTCTCAGAGCACTGTGTTCACACTTTTCAGCA
AAAATAGCTATGGTTGTAACATATGTATTCCCTTCCTCTGATTTGAAGGCAA
AAATCTACAGTGTTTCTTCACTTCTTTTCTGATCTGGGGCATGAAAAAAGCA

AGATTGAAATTTGAACTATGAGTCTCCTGCATGGCAACAAAATGTGTGTCAC
CATCAGGCCAACAGGCCAGCCCTTGAATGGGGATTTATTACTGTTGTATCTA

A SR WIalVLG LA NS Ve LIVl ULV LW DYe LW L W2 IR S /aVa SR VLULE AN F, Fa U U

TGTTGCATGATAAACATTCATCACCTTCCTCCTGTAGTCCTGCCTCGTACTCC
CCTTCCCCTATGATTGAAAAGTAAACAAAACCCACATTTCCTATCCTGGTTA
GAAGAAAATTAATGTTCTGACAGTTGTGATCGCCTGGAGTACTTTTAGACTT
TTAGCATTCGTTTTTTACCTGTTTGTGGATGTGTGTTTGTATGTGCATACGTA
TGAGATAGGCACATGCATCTTCTGTATGGACAAAGGTGGGGTACCTACAGG
AGAGCAAAGGTTAATTTTGTGCTTTTAGTAAAAACATTTAAATACAAAGTTC
TTTATTGGGTGGAATTATATTTGATGCAAATATTTGATCACTTAAAACTTTTA
AAACTTCTAGGTAATTTGCCACGCTTTTTGACTGCTCACCAATACCCTGTAA
AAATACGTAATTCTTCCTGTTTGTGTAATAAGATATTCATATTTGTAGTTGCA

TTAATAATAGTTATTTCTTAGTCCATCAGATGTTCCCGTGTGCCTCTTTTATG
CCAAATTGATTGTCATATTTCATGTTGGGACCAAGTAGTTTGCCCATGGCAA

N4 Rd Al R RANALR R RANIANSLRAALRA & R NULRE NI L RNININIL I WL RL ANS B4 ANS B & & NINSNWNINSL R R NANIN L AL R

ACCTAAATTTATGACCTGCTGAGGCCTCTCAGAAAACTGAGCATACTAGCAA
GACAGCTCTTCTTGAAAAAAAAAATATGTATACACAAATATATACGTATATC
TATATATACGTATGTATATACACACATGTATATTCTTCCTTGATTGTGTAGCT

GTCCAAAATAATAACATATATAGAGGGAGCTGTATTCCTTTATACAAATCTG
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ATGGCTCCTGCAGCACTTTTTCCTTCTGAAAATATTTACATTTTGCTAACCTA
GTTTGTTACTTTAAAAATCAGTTTTGATGAAAGGAGGGAAAAGCAGATGGA
CTTGAAAAAGATCCAAGCTCCTATTAGAAAAGGTATGAAAATCTTTATAGTA
AAATTTTTTATAAACTAAAGTTGTACCTTTTAATATGTAGTAAACTCTCATTT
ATTTGGGGTTCGCTCTTGGATCTCATCCATCCATTGTGTTCTCTTTAATGCTG
CCTGCCTTTTGAGGCATTCACTGCCCTAGACAATGCCACCAGAGATAGTGGG
GGAAATGCCAGATGAAACCAACTCTTGCTCTCACTAGTTGTCAGCTTCTCTG
GATAAGTGACCACAGAAGCAGGAGTCCTCCTGCTTGGGCATCATTGGGCCA
GTTCCTTCTCTTTAAATCAGATTTGTAATGGCTCCCAAATTCCATCACATCAC
ATTTAAATTGCAGACAGTGTTTTGCACATCATGTATCTGTTTTGTCCCATAAT
ATGCTTTTTACTCCCTGATCCCAGTTTCTGCTGTTGACTCTTCCATTCAGTTTT
ATTTATTGTGTGTTCTCACAGTGACACCATTTGTCCTTTTCTGCAACAACCTT
TCCAGCTACTTTTGCCAAATTCTATTTGTCTTCTCCTTCAAAACATTCTCCTTT
GCAGTTCCTCTTCATCTGTGTAGCTGCTCTTTTGTCTCTTAACTTACCATTCCT
ATAGTACTTTATGCATCTCTGCTTAGTTCTATTAGTTTTTTGGCCTTGCTCTTC
TCCTTGATTTTAAAATTCCTTCTATAGCTAGAGCTTTTCTTTCTTTCATTCTCT
CTTCCTGCAGTGTTTTGCATACATCAGAAGCTAGGTACATAAGTTAAATGAT

TGAGAGTTGGCTGTATTTAGATTTATCACTTTTTAATAGGGTGAGCTTGAGA
GTTTTCTTTCTTTCTGTTTTTTTTTTTTGTTTTTTTTTTTTITTTTTTTTTITTTTTIT

P R S N LSO Ul e O R O Y T L S D S Y S

TTTTGACTAATTTCACATGCTCTAAAAACCTTCAAAGGTGATTATTTTTCTCC
TGGAAACTCCAGGTCCATTCTGTTTAAATCCCTAAGAATGTCAGAATTAAAA
TAACAGGGCTATCCCGTAATTGGAAATATTTCTTTTTTCAGGATGCTATAGT
CAATTTAGTAAGTGACCACCAAATTGTTATTTGCACTAACAAAGCTCAAAAC
ACGATAAGTTTACTCCTCCATCTCAGTAATAAAAATTAAGCTGTAATCAACC
TTCTAGGTTTCTCTTGTCTTAAAATGGGTATTCAAAAATGGGGATCTGTGGT
GTATGTATGGAAACACATACTCCTTAATTTACCTGTTGTTGGAAACTGGAGA
AATGATTGTCGGGCAACCGTTTATTTTTTATTGTATTTTATTTGGTTGAGGGA
TTTTTTTATAAACAGTTTTACTTGTGTCATATTTTAAAATTACTAACTGCCAT

CACCTGCTGGGGTCCTTTGTTAGGTCATTTTCAGTGACTAATAGGGATAATC
CAGGTAACTTTGAAGAGATGAGCAGTGAGTGACCAGGCAGTTTTTCTGCCTT

SV LG Ve Va | W7 (S FaValVialUia BB GIialUiWa LU B RW b AN OANONG SO LA

TAGCTTTGACAGTTCTTAATTAAGATCATTGAAGACCAGCTTTCTCATAAAT
TTCTCTTTTTGAAAAAAAGAAAGCATTTGTACTAAGCTCCTCTGTAAGACAA
CATCTTAAATCTTAAAAGTGTTGTTATCATGACTGGTGAGAGAAGAAAACAT
TTTGTTTITTATTAAATGGAGCATTATTTACAAAAAGCCATTGTTGAGAATTA
GATCCCACATCGTATAAATATCTATTAACCATTCTAAATAAAGAGAACTCCA
GTGTTGCTATGTGCAAGATCCTCTCTTGGAGCTTTTTTGCATAGCAATTAAA
GGTGTGCTATTTGTCAGTAGCCATTTTTTTGCAGTGATTTGAAGACCAAAGT
TGTTTTACAGCTGTGTTACCGTTAAAGGTTTTTTTTTTTATATGTATTAAATC
AATTTATCACTGTTTAAAGCTTTGAATATCTGCAATCTTTGCCAAGGTACTTT

TTTATTTAAAAAAAAACATAACTTTGTAAATATTACCCTGTAATATTATATAT
ACTTAATAAAACATTTTAAGCTATTTTGTTGGGCTATTTCTATTGCTGCTACA

IS\OS IS VAVA U UAVAVAVALIYA SIS IS I UAVALU LS TSI S S S U S R U AGAG LS VS SN S VAU N AN N L\ . ra LU7 8 |

GCAGACCACAAGCACATTTCTGAAAAATTTAATTTATTAATGTATTTTTAAG
TTGCTTATATTCTAGGTAACAATGTAAAGAATGATTTAAAATATTAATTATG
AATTTTTTGAGTATAATACCCAATAAGCTTTTAATTAGAGCAGAGTTTTAATT
AAAAGTTTTAAATCAGTC(SEQ ID NO: 15)
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Human CD47 amino acid isoform 4 (NP_001768.1)
MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNT
TEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDK
SDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIVIFPIFAILLFW
GQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKNATGLGLI
VTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACIPMHGPLLI
SGLSILALAQLLGLVYMKFVASNQKTIQPPRKAVEEPLNAFKESKGMMNDE(SEQ
ID NO: 16)

Humanized CD47 amino acid isoform 1
MWPLAAALLLGSCCCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNT
TEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDK
SDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIVIFPIFAILLF
WGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKNAT
GLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACI
PMHGPLLISGLSILALAQLLGLVYMKFVE(SEQ ID NO: 17)

Humanized CD47 aming acid isoform 2

A EAREEGR ALV N mS CREEEAEEYS CRNALE AV ANSE NEE A

MWPLAAALLLGSCCCGSAQLLFNKTKSVEFTFCNDTVVIPCFVINMEAQNT
TEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDK
SDAVSHTGNYTCEVTELTREGETIIELKYRVVSWFSPNENILIVIFPIFAILLF
WGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKNAT
GLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACI
PMHGPLLISGLSILALAQLLGLVYMKFVASNQORTIQPPRNR(SEQ ID NO: 18)

Humanized CD47 amino acid isoform 3
MWPLAAALLLGSCCCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNT

TEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDK
SDAVSHTGNYTCEVTELTREGETIHHELKYRVVSWESPNENILIVIFPIFAILLF

im ¥ hFmm m \F1 IS AN VIV I VE B EEVIFL S 8 LN hFE 1 NmJiilNmmim AR AR mimd

WGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKNAT
GLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACI
PMHGPLLISGLSILALAQLLGLVYMKFVASNQORTIQPPRKAVEEPLNE (SEQ ID
NO: 19)

Humanized CD47 amino acid isoform 4
MWPLAAALLLGSCCCGSAQLLFNKTKSVEFTFCNDTVVIPCFVTNMEAQNT
TEVYVKWKFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDK
SDAVSHTGNYTCEVTELTREGETIHHELKYRVVSWFSPNENILIVIFPIFAILLF

WGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPGEYSLKNAT
GLGLIVTSTGILILLHYYVFSTAIGLTSFVIAILVIQVIAYILAVVGLSLCIAACI

NFainFain A NFam/smimimm x & WomimaNFaimisa mimmmid mim m mmiim NFaiismisons

PMHGPLLISGLSILALAQLLGLVYMKFVASNOR TIQPPRKA VEEPLNAFKESKG
MMNDE (SEQ ID NO: 20)
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Humanized CD47 Non-Human Animals

[0105] Non-human animals are provided that express humanized CD47 proteins on the
surface of cells of the non-human animals resulting from a genetic modification of an
endogenous locus of the non-human animal that encodes a CD47 protein. Suitable
examples described herein include rodents, in particular, mice.

[0106] A humanized CD47 gene, in some embodiments, comprises genetic material from a
heterologous species (e.g., humans), wherein the humanized CD47 gene encodes a CD47
protein that comprises the encoded portion of the genetic material from the heterologous
species. In some embodiments, a humanized CD47 gene of the present invention
comprises genomic DNA of a heterologous species that encodes the extracellular portion
of'a CD47 protein that is expressed on the plasma membrane of a cell. In some

embodiments, a humanized CD47 gene of the present invention comprises genomic DNA

portion of a CD47 protein that is expressed on the plasma membrane of a cell. Non-human
animals, embryos, cells and targeting constructs for making non-human animals, non-
human embryos, and cells containing said humanized CD47 gene are also provided.

[0107] In some embodiments, an endogenous CD47 gene is deleted. In some

1.

=h
N

CD47 gene is replaced with a heterologous sequence (e.g., a human CD47 sequence, in
whole or in part). In some embodiments, all or substantially all of an endogenous CD47
gene is replaced with a heterologous gene (e.g., a human CD47 gene). In some
embodiments, a portion of a heterologous CD47 gene is inserted into an endogenous non-
human CD47 gene at an endogenous CD47 locus. In some embodiments, the heteroiogous
gene is a human gene. In some embodiments, the modification or humanization is made to
one of the two copies of the endogenous CD47 gene, giving rise to a non-human animal
that is heterozygous with respect to the humanized CD47 gene. In other embodiments, a
non-human animal is provided that is homozygous for a humanized CD47 gene.

[0108] A non-human animal of the present invention contains a human CD47 gene, in
whole or in part, at an endogenous non-human CD47 locus. Thus, such non-human

animals can be described as having a heterologous CD47 gene. The replaced, inserted,
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modified or altered CD47 gene at the endogenous CD47 locus can be detected using a
variety of methods including, for example, PCR, Western blot, Southern blot, restriction
fragment length polymorphism (RFLP), or a gain or loss of allele assay. In some
embodiments, the non-human animal is heterozygous with respect to the humanized CD47
gene. In some embodiments, the non-human animal is homozygous for the humanized
CDA47 gene.

[0109] In various embodiments, a humanized CD47 gene according to the present
invention includes a CD47 gene that has a second, third, fourth, fifth, sixth and seventh
exon each having a sequence at least 50% (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more) identical to a
second, third, fourth, fifth, sixth and seventh exon that appear in a human CD47 gene of
Table 3.

[0110] In various embodiments, a humanized CD47
invention includes a CD47 gene that has a first exon and exon(s) downstream of exon 7
(e.g., eighth and ninth exons of isoform 2) each having a sequence at least 50% (e.g., 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or more) identical to a respective exon that appears in a mouse CD47 gene of
Table 3.

[0111] In various embodiments, a humanized CD47 gene according to the present
invention includes a CD47 gene that has a 5° untranslated region and a 3’ untranslated
region each having a sequence at least 50% (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more) identical to a 5’
untransiated region and a 3° untransiated region that appear in a mouse CD47 gene of
Table 3.

[0112] In various embodiments, a humanized CD47 gene according to the present
invention includes a CD47 gene that has a nucleotide coding sequence (e.g., a cDNA
sequence) at least 50% (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more) identical to a nucleotide coding

sequence that appears in a human CD47 nucleotide coding sequence of Table 3.
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[0113] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an extracellular portion having an amino acid sequence
that is at least 50% (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more) identical to an extracellular portion of a
human CD47 protein that appears in Table 3.

[0114] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an extracellular portion having an amino acid sequence
that is identical to amino acid residues 19-141 that appear in a human CD47 protein of
Table 3.

[0115] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an N-terminal immunoglobulin V domain having an
amino acid sequence that is at least 50% (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more) identical to an N-
terminal immunoglobulin V domain of a human CD47 protein that appears in Table 3.
[0116] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an N-terminal immunoglobulin V domain having an

amino acid sequence that is identical to amino acid residues 19-127 that appear in a human

[0117] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an N-terminal immunoglobulin V domain and five
transmembrane domains each having a sequence that is at least 50% (e.g., 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%., 99% or
more) identical to an N-terminal immunogiobuiin V domain and five transmembrane
domains of a human CD47 protein that appears in Table 3.

[0118] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an intracytoplasmic tail having a sequence that is at
least 50% (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more) identical to an intracytoplasmic tail of a mouse CD47
protein that appears in Table 3.
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[0119] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an amino acid sequence that is at least 50% (e.g., 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, 99% or more) identical to amino acid residues 16-292 that appear in a human CD47
protein of Table 3.

[0120] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an amino acid sequence that is at least 50% (e.g., 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or more) identical to amino acid residues 19-292 that appear in a human CD47
protein of Table 3.

[0121] In various embodiments, a humanized CD47 protein produced by a non-human

animal of the present invention has an amino acid sequence that is identical to amino acid

[0122] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an amino acid sequence that is at least 50% (e.g., 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or more) identical to an amino acid sequence of a humanized CD47 protein that

gimimana 1 Talal
dappeals 11l 1 avl

e 3.

[0123] In various embodiments, a humanized CD47 protein produced by a non-human
animal of the present invention has an amino acid sequence that is identical to an amino
acid sequence of a humanized CD47 protein that appears in Table 3.

[0124] Compositions and methods for making non-human animals that express a
humanized CD47 protein, including specific polymorphic forms, alielic variants (e.g.,
single amino acid differences) or alternatively spliced isoforms, are provided, including
compositions and methods for making non-human animals that express such proteins from
a human promoter and a human regulatory sequence. In some embodiments, compositions
and methods for making non-human animals that express such proteins from an
endogenous promoter and an endogenous regulatory sequence are also provided. The

methods include inserting the genetic material encoding a human CD47 protein in whole or

in part at a precise location in the genome of a non-human animal that corresponds to an
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endogenous CD47 gene thereby creating a humanized CD47 gene that expresses a CD47
protein that is human in whole or in part. In some embodiments, the methods include
inserting genomic DNA corresponding to exons 2-7 of a human CD47 gene into an
endogenous CD47 gene of the non-human animal thereby creating a humanized gene that
encodes a CD47 protein that contains a human portion containing amino acids encoded by
the inserted exons.

[0125] Where appropriate, the coding region of the genetic material or polynucleotide
sequence(s) encoding a human CD47 protein in whole or in part may be modified to
include codons that are optimized for expression in the non-human animal (e.g., see U.S.
Patent No.’s 5,670,356 and 5,874,304). Codon optimized sequences are synthetic
sequences, and preferably encode the identical polypeptide (or a biologically active

fragment of a full length polypeptide which has substantially the same activity as the full

embodiments, the coding region of the genetic material encoding a human CD47 protein,
in whole or in part, may include an altered sequence to optimize codon usage for a
particular cell type (e.g., a rodent cell). For example, the codons of the genomic DNA
corresponding to exons 2-7 of a human CD47 gene to be inserted into an endogenous
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CD47 gene of a
cell of the non-human animal. Such a sequence may be described as a codon-optimized
sequence.

[0126] A humanized CD47 gene approach employs a relatively minimal modification of
the endogenous gene and results in natural CD47-mediated signal transduction in the non-
human animal, in various embodiments, because the genomic sequence of the CD47
sequences are modified in a single fragment and therefore retain normal functionality by
including necessary regulatory sequences. Thus, in such embodiments, the CD47 gene
modification does not affect other surrounding genes or other endogenous CD47-
interacting genes (e.g., thrombospondin, SIRPs, integrins, etc.). Further, in various

embodiments, the modification does not affect the assembly of a functional CD47

transmembrane protein on the plasma membrane and maintains normal effector functions
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via binding and subsequent signal transduction through the cytoplasmic portion of the
protein which is unaffected by the modification.

[0127] A schematic illustration (not to scale) of the genomic organization of an
endogenous murine CD47 gene and a human CD47 gene is provided in Figure 1. An
exemplary method for humanizing an endogenous murine CD47 gene using a genomic
fragment containing exons 2-7 of a human CD47 gene is provided in Figure 2. As
illustrated, genomic DNA containing exons 2-7 of a human CD47 gene is inserted into an
endogenous murine CD47 gene locus by a targeting construct. This genomic DNA
includes the portion of the gene that encodes an extracellular portion and transmembrane
domains (e.g., amino acid resides 16-292) of a human CD47 protein responsible for ligand
binding.

[0128] A non-human animal (e.g., a mouse) having a humanized CD47 gene at the

endogenous CD47 locus can be made by any method known in the art. For example, a
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targeting vector can be made that introduces a human CD47 gene in whole or in part with a
selectable marker gene. Figure 2 illustrates an endogenous CD47 locus of a mouse
genome comprising an insertion of exons 2-7 of a human CD47 gene. As illustrated, the
targeting construct contains a 5° homology arm containing sequence upstream of exon 2 of
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fragmentcontaining exons 2-7 of a human CD47 gene (~23.9 Kb), a drug selection cassette
(e.g., a neomycin resistance gene flanked on both sides by loxP sequences; ~5 Kb), and a
3’ homology arm containing sequence downstream of exon7 of an endogenous murine
CD47 gene (~99 Kb). The targeting construct contains a self-deleting drug selection
cassette (e.g., a neomycin resistance gene flanked by /oxP sequences; see U.S. Patent No.’s
8,697,851, 8,518,392 and 8,354,389, all of which are incorporated herein by reference).
Upon homologous recombination, exons 2-7 of an endogenous murine CD47 gene are
replaced by the sequence contained in the targeting vector (i.e., exons 2-7 of a human
CD47 gene). A humanized CD47 gene is created resulting in a cell or non-human animal
that expresses a humanized CD47 protein that contains amino acids encoded by exons 2-7
of a human CD47 gene. The drug selection cassetteis removed in a development-

dependent manner, i.e., progeny derived from mice whose germ line cells containing the
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humanized CD47 gene described above will shed the selectable marker from differentiated
cells during development.

[0129] The non-human animals of the present invention may be prepared as described
above, or using methods known in the art, to comprise additional human or humanized
genes, oftentimes depending on the intended use of the non-human animal. Genetic
material of such additional human or humanized genes may be introduced through the
further alteration of the genome of cells (e.g., embryonic stem cells) having the genetic
modifications as described above or through breeding techniques known in the art with
other genetically modified strains as desired. In some embodiments, non-human animals
of the present invention are prepared to further comprise one or more human or humanized
genes selected from SIRPo (CD172a), IL-3, M-CSF, GM-CSF and TPO. In some
embodiments, non-human animals of the present invention may be prepared by introducing
example, a targeting vector, as described above, may be introduced into a mouse that is
Rag2-deficient and IL-2Ry-deficient and include four human cytokines (Rag2 ™ IL2Ryc™;
M-CSF™; IL-3/GM-CSF™; hSIRPa'8; TPO™). In some embodiments, non-human
animals of the present invention are prepared to further comprise a human or humanized
signal-regulatory protein alpha (SIRPa) gene. In some embodiments, non-human animals
of the present invention comprise a humanized CD47 gene, as described herein, and

a heterologous species (e.g., humans), wherein the genetic material
encodes, in whole or in part, one or more heterologous proteins selected from SIRPa
(CD172a), IL-3, M-CSF, GM-CSF and TPO. In some certain embodiments, non-human
animals of the present invention comprise a humanized CD47 gene as described herein and
genetic material from a heterologous species (e.g., humans), wherein the genetic material
encodes, in whole or in part, a heterologous (e.g., human) SIRPa (CD172a) protein. In
some certain embodiments, non-human animals of the present invention further comprise a
SIRPa gene that comprises an endogenous portion and a human portion (e.g., exons 2-4 of
a human SIRPo gene), wherein the human portion encodes the extracellular domain of a
SIRPa protein (e.g., amino acids corresponding to residues 28-362 of a human SIRPa
protein) and the endogenous portion encodes the intracellular domain of an endogenous
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SIRPa. protein; in some embodiments, the human portion and the endogenous portion are
operably linked to an endogenous SIRPa, promoter.

[0130] For example, as described herein, non-human animals comprising a humanized
CD47 gene may further comprise (e.g., via cross-breeding or multiple gene targeting
strategies) one or more modifications as described inPCT/US2010/051339, filed October
4,2010; PCT/US2013/058448, filed September 6, 2013; PCT/US2013/045788, filed June
14, 2013; PCT/US2014/056910, filed September 23, 2014; PCT/US2014/060568, filed
October 15, 2014; the PCT/US2012/025040, filed February 14, 2014;
PCT/US2012/062379, filed October 29, 2012; PCT/US2014/064806, filed November 10,
2014; and PCT/US2014/064810, filed November 10, 2014; these applications are
incorporated herein by reference in their entirety. In certain embodiments, a rodent
comprising a humanized CD47 gene (i.e., exons 2-7 of a human CD47 gene operably
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CDA47 gene so that the humanized CD47 gene encodes a CD47 polypeptide having an
extracellular portion from a human CD47 protein and an intracellular portion from a rodent
CD47 protein) is crossed to a rodent comprising a humanized SIRPa gene (e.g., exons 2-4
of a human SIRPa gene operably linked to exons 1 and 5-8 of an endogenous rodent
SIRPa gene so that the humanized SIRPa gene encodes a SIRPa polypeptide having an

extracellular portion from a human SIRPa protein (e.g., amino acids corresponding to
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PCT/US2014/056910, filed September 23, 2014, incorporated herein by reference).

[0131] Although embodiments employing a humanized CD47 gene in a mouse (i.e., a
mouse with a CD47 gene that encodes a CD47 protein that includes a human portion and a
mouse portion) are extensively discussed herein, other non-human animals that comprise a
humanized CD47 gene are also provided. In some embodiments, such non-human animals
comprise a humanized CD47 gene operably linked to an endogenous CD47 promoter. In
some embodiments, such non-human animals express a humanized CD47 protein from an
endogenous locus, wherein the humanized CD47 protein comprises amino acid residues
16-292 (or 19-141 or 19-127) of a human CD47 protein. Such non-human animals include

any of those which can be genetically modified to express a CD47 protein as disclosed
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herein, including, e.g., mammals, e.g., mouse, rat, rabbit, pig, bovine (e.g., cow, bull,
buffalo), deer, sheep, goat, chicken, cat, dog, ferret, primate (e.g., marmoset, rhesus
monkey), etc. For example, for those non-human animals for which suitable genetically
modifiable ES cells are not readily available, other methods are employed to make a non-
human animal comprising the genetic modification. Such methods include, e.g.,
modifying a non-ES cell genome (e.g., a fibroblast or an induced pluripotent cell) and
employing somatic cell nuclear transfer (SCNT) to transfer the genetically modified
genome to a suitable cell, e.g., an enucleated oocyte, and gestating the modified cell (e.g.,
the modified oocyte) in a non-human animal under suitable conditions to form an embryo.
[0132] Methods for modifying a non-human animal genome (e.g., a pig, cow, rodent,
chicken, etc. genome) include, e.g., employing a zinc finger nuclease (ZFN) or a
transcription activator-like effector nuclease (TALEN) to modify a genome to include a
humanized CD47 gene.
[0133] In some embodiments, a non-human animal of the present invention is a mammal.
In some embodiments, a non-human animal of the present invention is a small mammal,
e.g., of the superfamily Dipodoidea or Muroidea. In some embodiments, a genetically

modified animal of the present invention is a rodent. In some embodiments, a rodent of
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embodiments, a rodent of the present invention is selected from the superfamily Muroidea.
In some embodiments, a genetically modified animal of the present invention is from a
family selected from Calomyscidae (e.g., mouse-like hamsters), Cricetidae (e.g., hamster,
New World rats and mice, voles), Muridae (true mice and rats, gerbils, spiny mice, crested
rats), Nesomyidae (climbing mice, rock mice, with-tailed rats, Malagasy rats and mice),
Platacanthomyidae (e.g., spiny dormice), and Spalacidae (e.g., mole rates, bamboo rats,
and zokors). In some certain embodiments, a genetically modified rodent of the present
invention is selected from a true mouse or rat (family Muridae), a gerbil, a spiny mouse,
and a crested rat. In some certain embodiments, a genetically modified mouse of the
present invention is from a member of the family Muridae. In some embodiment, a non-

human animal of the present invention is a rodent. In some certain embodiments, a rodent
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of the present invention is selected from a mouse and a rat. In some embodiments, a non-
human animal of the present invention is a mouse.

[0134] In some embodiments, a non-human animal of the present invention is a rodent that
is a mouse of a C57BL strain selected from C57BL/A, C57BL/An, C57BL/GrFa,
C57BL/KaLwN, C57BL/6, C57BL/6J, C57BL/6BylJ, C57BL/6NJ, C57BL/10,
C57BL/10ScSn, C57BL/10Cr, and C57BL/Ola. In some certain embodiments, a mouse of
the present invention is a 129 strain selected from the group consisting of a strain that is
129P1, 129P2, 129P3, 129X1, 12981 (e.g., 129S1/SV, 129S1/Svim), 12952, 12954,
129S5, 129S89/SvEvH, 129/Sv]ae, 12956 (129/SvEvTac), 12957, 129S8, 129T1, 129T2
(see, e.g., Festing et al., 1999, Mammalian Genome 10:836; Auerbach, W. et al., 2000,
Biotechniques 29(5):1024-1028, 1030, 1032). In some certain embodiments, a genetically

modified mouse of the present invention is a mix of an aforementioned 129 strain and an

invention is a mix of aforementioned 129 strains, or a mix of aforementioned BL/6 strains.
In some certain embodiments, a 129 strain of the mix as described herein is a 12956
(129/SvEvTac) strain. In some embodiments, a mouse of the present invention is a BALB

strain, e.g., BALB/c strain. In some embodiments, a mouse of the present invention is a

[0135] In some embodiments, a non-human animal of the present invention is a rat. In
some certain embodiments, a rat of the present invention is selected from a Wistar rat, an
LEA strain, a Sprague Dawley strain, a Fischer strain, F344, F6, and Dark Agouti. In
some certain embodiments, a rat strain as described herein is a mix of two or more strains
selected from the group consisting of Wistar, LEA, Sprague Dawley, Fischer, F344, F6,
and Dark Agouti.
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Methods Employing Non-Human Animals Having Humanized CD47 Genes

[0136] CD47 mutant and transgenic non-human animals (e.g., miniature swine) and cells
have been reported (Koshimizu H. et al. (2014) PLoS One, 9(2):¢89584; Lavender, K.J. et
al. (2014) J. Immunol. Methods, 407:127-134; Tena, A. et al. (2014) Am. J.
Transplant.doi: 10.1111/ajt.12918; Lavender K.J. et al. (2013) Blood, 122(25):4013-
4020; Tena, A. et al. (2012) Transplantation 94(10S):776; Wang, C. et al. (2011) Cell
Transplant. 20(11-12):1915-1920; Johansen, M.L. and Brown, E.J. (2007) J. Biol. Chem.
282:24219-24230; Wang, H. et al. (2007) Proc. Nat. Acad. Sci. U.S.A. 104:13744-13749;
Tulasne D. et al. (2001) Blood, 98(12):3346-52; Oldenborg, P.et al. (2000) Science
288:2051-2054; Verdrengh, M. et al. (1999) Microbes Infect. 1(10):745-751; Chang, H.P.
et al. (1999) Learn Mem. 6(5):448-457; Wang, X.Q. et al. (1999) J. Cell Biol. 147(2):389-
400; L1ndberg, F.P. et al. (1996) Science 274(5288) 795-798). Such animals have been

expression, function and regulation. Considerable species differences have been
discovered. Indeed, nonobese diabetic/severe combined immunodeficient (NOD/SCID)
mice express a SIRPa protein that is capable of interacting with human CD47 and,
therefore, have been used extensively for the development of mouse models with
components of the human immune system (e.g., see Takenaka, K. ef al. (2007) Nat.
Immunol. 8(120:1313-1323). The SIRPa. allele present in these mice is not representative
of the SIRPa allele p ti

other mouse strains and, generally, there is little ¢
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reaction between CD47 and SIRPa between species. Also, CD47 on mouse cells has been
reported to have a near-complete mobility, while CD47 on human cells demonstrate only
about 30-40% (Bruce, L. et al. (2003) Blood 101:4180-4188; Mouro-Chanteloup, L. ef al.
(2000) VoxSanguinis 78:P030; Mouro-Chanteloup, L. et al. (2003) Blood 101:338-344).
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human hematopoietic development can be supported in some genetic backgrounds (e.g.,
BALB/c Rag2' IL-2Ryc” ’), homeostasis of other cell types remains inefficient (e.g., T and
NK cells; see e.g., Gimeno, R. et al. (2004) Blood 104:3886-3893; Traggiai, E. et al.
(2004) Science 304:104-107; Legrand, N. et al. (2006) Blood 108:238-245). Further, CD47

is also known to interact with other cell surface proteins and provide bidirectional
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signaling. Thus, existing mice represent an inefficient in vivo system for elucidation of
CD47-dependent functions in various biological processes such as, for example,
engraftment and phagocytosis. Further, existing mice represent a suboptimal in vivo
system for development of CD47 targeted therapies.

[0137] Non-human animals of the present invention provide an improved in vivo system
and source of biological materials (e.g., cells) expressing human CD47 that are useful for a
variety of assays. In various embodiments, non-human animals of the present invention
are used to develop therapeutics that target CD47 and/or modulate CD47-SIRPa signaling.
In various embodiments, non-human animals of the present invention are used to screen
and develop candidate therapeutics (e.g., antibodies) that bind human CD47. In various
embodiments, non-human animals of the present invention are used to screen and develop

candidate therapeutics (e.g., antibodies) that block interaction of human CD47 with human
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SIRPa. In various embodiments, non-human animais o
determine the binding profile of antagonists and/or agonists of a humanized CD47 on the
surface of a cell of a non-human animal as described herein. In some embodiments, non-
human animals of the present invention are used to determine the epitope or epitopes of
one or more candidate therapeutic antibodies that bind human CD47.

[0138] In various embodiments, non-human animais of the present invention are used to
determine the pharmacokinetic profiles of anti-CD47 antibodies. In various embodiments,
one or more non-human animals of the present invention and one or more control or
reference non-human animals are each exposed to one or more candidate therapeutic anti-
CDA47 antibody at various doses (e.g., 0.1 mg/kg, 0.2 mg/kg, 0.3 mg/kg, 0.4 mg/kg, 0.5
mg/kg, 1 mg/kg, 2 mg/kg, 3 mg/kg, 4 mg/kg, 5 mg/mg, 7.5 mg/kg, 10 mg/kg, 15 mg/kg, 20
mg/kg, 25 mg/kg, 30 mg/kg, 40 mg/kg, or 50 mg/kg or more). Candidate therapeutic
antibodies may be dosed via any desired route of administration (e.g., subcutaneously,
intravenously, intramuscular, intraperitoneal, etc.). Blood is isolated from non-human
animals (humanized and control) at various time points (e.g., 0 hr, 6 hr, 1 day, 2 days, 3
days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, or up to 30 or more
days). Various assays may be performed to determine the pharmacokinetic profiles of

administered candidate therapeutic antibodies using samples obtained from non-human
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animals as described herein including, but not limited to, total IgG, anti-therapeutic
antibody response, agglutination, etc.

[0139] In various embodiments, non-human animals of the present invention are used to
measure the therapeutic effect of blocking or modulating CD47 signaling and the effect on
gene expression as a result of cellular changes. In various embodiments, a non-human
animal of the present invention or cells isolated therefrom are exposed to a candidate
therapeutic that binds to a humanized CD47 protein (or a human portion of a CD47
protein) on the surface of a cell of the non-human animal and, after a subsequent period of
time, analyzed for effects on CD47-dependent processes, for example, adhesion,
angiogenesis, apoptosis, inflammation, migration, phagocytosis, proliferation and
clearance of tumors (or tumor cells).

[0140] Non-human animals of the present invention express humanized CD47 protein,
thus cells, cell lines, and cell cultures can be generat
CD47 for use in binding and functional assays, e.g., to assay for binding or function of a
CD47 antagonist or agonist, particularly where the antagonist or agonist is specific for a
human SIRPa sequence or epitope. In various embodiments, CD47 epitopes bound by
candidate therapeutic antibodies can be determined using cells isolated from non-human
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animals o
[0141] Cells from non-human animals of the present invention can be isolated and used on
an ad hoc basis, or can be maintained in culture for many generations. In various
embodiments, cells from a non-human animal of the present invention are immortalized
and maintained in culture indefinitely (e.g., in serial cultures).

[0142] In various embodiments, celis and/or non-human animais of the present invention
are used in a survival and/or proliferation assay (e.g., employing B or T cells) to screen and
develop candidate therapeutics that modulate human CD47 signaling. Activation or loss of
CD47 can play an important role in the regulation of cell proliferation, and induction of
apoptosis by CD47 may result from the activation of specific epitopes of the extracellular
domain of CD47, therefore, candidate CD47 modulators (e.g., antagonists or agonists) may

be identified, characterized and developed using cells of non-human animals of the present

invention and/or a non-human animal as described herein. In some embodiments, cells
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and/or non-human animals of the present invention are used in survivalor death assay(s) to
determine the effect on proliferation or apoptosis of a specific cell(s) (e.g., cancer cells) in
the presence and absence of CD47.

[0143] In various embodiments, cells and/or non-human animals of the present invention
are used in xenotransplantation of heterologous (e.g., human) cells to determine the CD47-
mediated functions in the physiological (e.g., immune) response to the transplanted human
cells. In some embodiments, candidate therapeutics that bind, or block one or more
functions of, human CD47 are characterized in a non-human animal of the present
invention. Suitable measurements include various cellular assays, proliferation assays,
serum immunoglobulin analysis (e.g., antibody titer), cytotoxicity assays, and
characterization of ligand-receptor interactions (immunoprecipitation assays). In some
embodiments, non-human animals of the present invention are used to characterize the
CD47-mediated functions regulating an immune response to an anti
embodiments, the antigen is associated with a neoplasm. In some embodiments, the
antigen is associated with an autoimmune disease or condition. In some embodiments, the

antigen is a target associated with a disease or condition suffered by one or more human

patients in need of treatment.

transplantation or adoptive transfer experiments to determine the therapeutic potential of
compounds or biological agents to modulate CD47-dependent regulation of new
lymphocytes and their immune function. In various embodiments, non-human animals of
the present invention are transplanted with human B cells.

[0145] In various embodiments, celis of non-human animais of the present invention are
used in a cell migration or spreading assay to screen and develop candidate therapeutics
that modulate human CD47. Such processes are necessary for many cellular processes
including wound healing, differentiation, proliferation and survival.

[0146] In various embodiments, cells of non-human animals of the present invention are
used in phagocytosis assays to determine the therapeutic potential of compounds or

biological agents to modulate CD47-dependent regulation of phagocytosis.
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[0147] In various embodiments, cells of non-human animals of the present invention are
used in tumor cell growth (or proliferation) assays to determine the therapeutic potential of
compounds or biological agents to modulate CD47-dependent regulation and/or apoptosis
of tumor cells.

[0148] In various embodiments, an inflammatory disease or condition is induced in one or
more non-human animals of the present invention to provide an in vivo system for
determining the therapeutic potential of compounds or biological agents to modulate
CD47-dependent regulation of one or more functions of the inflammatory disease or
condition. In some embodiments, the inflammatory disease or condition is associated with
a neoplasm.

[0149] In various embodiments, an anti-angiogenic condition is induced in one or more

non-human animals of the present invention to provide an in vivo system for determining

ulate CD47-dependent
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regulation of one or more functions of the anti-angiogenic condition. Exemplary functions
that can be evaluated to determine therapeutic efficacy include chemokine expression,
nitric oxide (NO)-stimulated responses and blood flow recovery.

[0150] Non-human animals of the present invention provide an in vivo system for the
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vaccine may be delivered to one or more non-human animals of the present invention,
followed by monitoring of the non-human animals to determine one or more of the
immune response to the drug or vaccine, the safety profile of the drug or vaccine, or the
effect on a disease or condition. Exemplary methods used to determine the safety profile
include measurements of toxicity, optimal dose concentration, efficacy of the drug or
vaccine, and possible risk factors. Such drugs or vaccines may be improved and/or
developed in such non-human animals.

[0151] Non-human animals of the present invention provide an in vivo system for
assessing the pharmacokinetic properties of a drug targeting CD47. In various
embodiments, a drug targeting CD47 may be delivered or administered to one or more
non-human animals of the present invention, followed by monitoring of, or performing one

or more assays on, the non-human animals (or cells isolated therefrom) to determine the
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effect of the drug on the non-human animal. Pharmacokinetic properties include, but are
not limited to, how an animal processes the drug into various metabolites (or detection of
the presence or absence of one or more drug metabolites, including, toxic metabolites),
drug half-life, circulating levels of drug after administration (e.g., serum concentration of
drug), anti-drug response (e.g., anti-drug antibodies), drug absorption and distribution,
route of administration, routes of excretion and/or clearance of the drug. In some
embodiments, pharmacokinetic and pharmacodynamic properties of drugs (e.g., CD47
modulators) are monitored in or through the use of non-human animals of the present
invention.

[0152] Non-human animals of the present invention provide an in vivo system for
assessing the on-target toxicity of a drug targeting CD47. In various embodiments, a drug

targeting CD47 may be delivered or administered to one or more non-human animals of
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non-human animals (or cells isolated therefrom) to determine the on-target toxic effect of
the drug on the non-human animal. Typically, drugs are intended to modulate one or more
functions of their targets. To give but one example, a CD47 modulator is intended to
modulate CD47-mediated functions (e.g., CD47 induced apoptosis) through interacting in
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face of one or mor
embodiments, such a modulator may have an adverse effect that is an exaggeration of the
desired pharmacologic action(s) of the modulator. Such effects are termed on-target
effects. Exemplary on-target effects includetoo high of a dose, chronic
activation/inactivation, and correct action in an incorrect tissue. In some embodiments, on-
target effects of a drug targeting CD47 identified in or through the use of non-human
animals of the present invention are used to determine a previously unknown function(s) of
CD47.

[0153] Non-human animals of the present invention provide an in vivo system for
assessing the off-target toxicity of a drug targeting CD47. In various embodiments, a drug
targeting CD47 may be delivered or administered to one or more non-human animals of

the present invention, followed by monitoring of or performing one or more assays on the

non-human animals (or cells isolated therefrom) to determine the off-target toxic effect of
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the drug on the non-human animal. Off-target effects can occur when a drug interacts with
an unintended target (e.g., cross-reactivity to a common epitope). Such interactions can
occur in an intended or unintended tissue. To give but one example, mirror image isomers
(enantiomers) of a drug can lead to off-target toxic effects. Further, a drug can
inappropriately interact with and unintentionally activate different receptor subtypes.
Exemplary off-target effects include incorrect activation/inhibition of an incorrect target
regardless of the tissue in which the incorrect target is found. In some embodiments, oft-
target effects of a drug targeting CD47 are determined by comparing the effects of
administering the drug to non-human animals of the present invention to one or more
reference non-human animals.

[0154] In some embodiments, performing an assay includes determining the effect on the

phenotype (e.g., change in body weight) and/or genotype of the non-human animal to

"V]'\ir‘]'\ the dm

hich the drug is administered. In some em nents, performing an
determining lot-to-lot variability for a CD47 modulator (e.g., an antagonist or an agonist).
In some embodiments, performing an assay includes determining the differences between
the effects of a drug targeting CD47 administered to a non-human animal of the present
invention and a reference non-human animal. In various embodiments, reference non-
human animals may have a modification as descri
different as described herein (e.g., one that has a disruption, deletion or otherwise non-
functional CD47 gene) or no modification (i.e., a wild-type non-human animal).

[0155] Exemplary parameters that may be measured in non-human animals (or in and/or
using cells isolated therefrom) for assessing the pharmacokinetic properties, on-target
toxicity, and/or off-target toxicity of a drug targeting CD47 inciude, but are not limited to,
agglutination, autophagy, cell division, cell death, complement-mediated hemolysis, DNA
integrity, drug-specific antibody titer, drug metabolism, gene expression arrays, hematocrit
levels, hematuria, metabolic activity, mitochondrial activity, oxidative stress, phagocytosis,
protein biosynthesis, protein degradation, protein secretion, stress response, target tissue
drug concentration, non-target tissue drug concentration, transcriptional activity and the
like. In various embodiments, non-human animals of the present invention are used to

determine a pharmaceutically effective dose of a CD47 modulator.
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[0156] Non-human animals of the present invention provide an improved in vivo system
for the development and characterization of candidate therapeutics for use in cancer. In
various embodiments, non-human animals of the present invention may be implanted with
a tumor, followed by administration of one or more candidate therapeutics. In some
embodiments, candidate therapeutics may include a multi-specific antibody (e.g., a bi-
specific antibody) or an antibody cocktail; in some embodiments, candidate therapeutics
include combination therapy such as, for example, administration of mono-specific
antibodies dosed sequentially or simultaneously. The tumor may be allowed sufficient
time to be established in one or more locations within the non-human animal. Tumor cell
proliferation, growth, etc. may be measured both before and after administration with the
candidate therapeutic(s). Cytotoxicity of candidate therapeutics may also be measured in
the non-human animal as desired.
[0157] Non-human animals of the p 1t invention prov nproved in vivo system
elucidating mechanisms of human cell-to-cell interaction through adoptive transfer. In
various embodiments, non-human animals of the present invention may by implanted with
a tumor xenograft, followed by a second implantation of tumor infiltrating lymphocytes

could be implanted in the non-human animals by adoptive transfer to determine the

be done with human cells due to the exclusive presence of human CD47 without
competition with endogenous CD47 of the non-human animal. Alternatively, such
experiments may include the use of mouse cells from a NOD/SCID or BRG (BALB/c
Rag2'/ IL-2Ryc” ) background. Further, therapies and pharmaceuticals for use in
xenotransplantation can be improved and/or developed in such non-human animals.
[0158] Non-human animals of the present invention provide an improved in vivo system
for maintenance and development of human hematopoietic stem cells through engraftment.
In various embodiments, non-human animals of the present invention provide improved
development and maintenance of human stem cells within the non-human animal. In
various embodiments, increased populations of differentiated human B and T cells are
observed in the blood, bone marrow, spleen and thymus of the non-human animal. In

various embodiments, optimal T and NK cell homeostasis is observed in cells in the blood,
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bone marrow, spleen and thymus of the non-human animal. In various embodiments, non-
human animals of the present invention demonstratean increase in the level or amount of
red blood cells (RBCs) as compared to one or more reference non-human animals.

[0159] Non-human animals of the present invention can be employed to assess the efficacy
of a therapeutic drug targeting human cells. In various embodiments, a non-human animal
of the present invention is transplanted with human cells, and a drug candidate targeting
such human cells is administered to such non-human animal. The therapeutic efficacy of
the drug is then determined by monitoring the human cells in the non-human animal after
the administration of the drug. Drugs that can be tested in the non-human animals include
both small molecule compounds, i.e., compounds of molecular weights of less than 1500
kD, 1200 kD, 1000 kD, or 800 daltons, and large molecular compounds (such as proteins,

.g., antibodies), which have intended therapeutic effects for the treatment of human

[0160] In some embodiments, the drug is an anti-cancer drug, and the human cells are
cancer cells, which can be cells of a primary cancer or cells of cell lines established from a
primary cancer. In these embodiments, a non-human animal of the present invention is

transplanted with human cancer cells, and an anti-cancer drug is given to the non-human

""""" et growth or
metastasis of the human cancer cells in the non-human animal is inhibited as a result of the
administration of the drug.

[0161] In specific embodiments, the anti-cancer drug is an antibody molecule, which binds
to an antigen on human cancer cells. In particular embodiments, the anti-cancer drug is a
bi-specific antibody that binds to an antigen on human cancer cells, and to an antigen on
other human cells, for example, cells of the human immune system (or "human immune
cells") such as B cells and T cells.

[0162] In some embodiments, a non-human animal of the present invention is engrafted
with human immune cells or cells that differentiate into human immune cells. Such non-
human animal with engrafted human immune cells is transplanted with human cancer cells,
and is administered an anti-cancer drug, such as a bi-specific antibody that binds to an

antigen on human cancer cells and to an antigen on human immune cells (e.g., T cells).
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The therapeutic efficacy of the bi-specific antibody can be evaluated based on its ability to
inhibit growth or metastasis of the human cancer cells in the non-human animal. In a
specific embodiment, the non-human animal of the present invention is engrafted with
human CD34" hematopoietic progenitor cells which give rise to human immune cells
(including T cells, B cells, NK cells, among others). Human B cell lymphoma cells (e.g.,
Raji cells) are transplanted into such non-human animal with engrafted human immune
cells, which is then administered with a bi-specific antibody that binds to tumor antigen
(e.g., an antigen on normal B cells and certain B cell malignancies such as CD20) and to
the CD3 subunit of the T cell receptor, to test the ability of the bi-specific antibody to

inhibit tumor growth in the non-human animal.

101631 The followino examnleg are nrovided g0 ag ta deceribe to thace of ordinarv qlaill in
iv103] 1he Iollowing examples are proviaceda so as 1o aescribe 1o those of ordinary skill i

the art how to make and use methods and compositions of the invention, and are not
intended to limit the scope of what the inventors regard as their invention. Unless indicated

otherwise, temperature is indicated in Celsius, and pressure is at or near atmospheric.

gene.

[0164] This example illustrates exemplary methods of humanizing an endogenous gene
encoding cluster of differentiation 47 (CD47) in a non-human mammal such as a rodent
(e.g., amouse). The methods described in this example can be employed to humanize an
endogenous CD47 gene of a non-human animal using any human sequence, or
combination of human sequences (or sequence fragments) as desired. In this example, a
human CD47 gene that appears in bacterial artificial chromosome (BAC) clone RP11-
69A17 is employed for humanizing an endogenous CD47 gene of a mouse.

[0165] A targeting vector for humanization of the genetic material encoding an
extracellular N-terminal IgV domain and five transmembrane domains of an endogenous
CDA47 gene was constructed using VELOCIGENE® technology (see, €.g., U.S. Patent No.
6,586,251 and Valenzuela et al. (2003) High-throughput engineering of the mouse genome
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coupled with high-resolution expression analysis, Nature Biotech. 21(6):652-659;
incorporated herein by reference).

[0166] Briefly, mouse bacterial artification chromosome (BAC) clone RP23-230L.20
(Invitrogen) was modified to delete the sequence containing exons 2-7 of an endogenous
CDA47 gene and insert exons 2-7 of a human CD47 gene using human BAC clone RP11-
69A17 (Invitrogen), which encodes amino acids 16-292 of a human CD47 polypeptide.
Endogenous DNA containing genomic DNA corresponding to exons 1, 8 and 9 of isoform
2 as well as the 5° and 3° untranslated regions (UTRs) were retained. Sequence analysis of
the human CD47 sequence contained in BAC clone RP11-69A17 confirmed all CD47
exons and splicing signals. Sequence analysis revealed that the sequence matched the
reference genome and CD47 transcripts NM_001777.3 and NM_198793.2. The genomic
DNA corresponding to exons 2-7 of an endogenous CD47 gene (~30.8 kb) was replaced in
BAC clone RP23-230L.20 by homolo ination 1 i i

fragment containing ~23.9 kb of genomic human DNA corresponding to exons 2-7 of a
human CD47 gene from BAC clone RP11-69A17and ~4995 bp corresponding to a self-
deleting neomycin cassette flanked by recombinase recognition sites (/oxP-hUb1l-em7-

Neo-pA-mPrm1-Crei-loxP; see U.S. Patent No.’s 8,697,851, 8,518,392 and 8,354,389,

s anlf AaTabin o samiacrnin coccatba X
ne seir-aeieting neomycin cassette was

added to the end of the ~23.9 kb human DNA fragment containing exons 2-7 of the human
CD47 gene (Figure 2). The targeting vector contained, from 5’ to 3°, a 5 homology arm
containing ~39 kb of mouse genomic DNA from BAC clone RP23-230L20, ~29.3 kb of
human genomic DNA from BAC clone RP11-69A17 (containing exons 2-7 of a human
CD47 gene), a seif-deleting neomycin cassette flanked by loxP sites, and ~98.8 kb of
mouse genomic DNA from BAC clone RP23-230L.20. After homolgous recombination in
bacterial cells with the targeting vector described above, a modifed RP23-230L.20 BAC
clone was created that resulted in a humanized CD47 gene which contained a mouse 5’
UTR, a mouse exon 1, human exons 2-7, mouse exons 8-9 and a mouse 3’UTR. Protein
sequences of four projected alternatively spliced isoforms of humanized CD47 are
provided in Table 3 which indicate the resulting mouse and human amino acids encoded

by the mouse and human DNA, respectively.
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[0167] The modified BAC clone described above was used to electroporate F1H4 (50%
129/S6/SvEv/Tac, 50% C57BL/6NTac; Auerbach, W. ef al. (2000) Biotechniques
29(5):1024-8, 1030, 1032) mouse embryonic stem (ES) cells to create modified ES cells
comprising an endogenous CD47 gene that is humanized from exons 2-7. Positively
targeted ES cells containing a humanized CD47 gene were identified by an assay
(Valenzuela et al., supra) that detected the presence of the human CD47 sequences (e.g.,
exons 2-7) and confirmed the loss and/or retention of mouse CD47 sequences (e.g., exons
1, 8 and 9 and/or exons 2-7). Table 4 sets forth the primers and probes that were used to
confirm humanization of an endogenous CD47 gene as described above (Figure 3). The
nucleotide sequence across the upstream insertion point included the following, which
indicates endogenous mouse sequence upstream of the insertion point (contained within

the parentheses below with an AsiSI restriction site italicized) linked contiguously to a

oint: (GCAGACATGA TTACTTCAGA

human 1t: (GCAGACATGA TTACTTCAGA

DA77 seguence

3 g Svyuviiv

GCTTTCAAAG CTAGATACTG TACCTTGCAT ATTCCAACAC) GCGATCGC
ATTTTAAGAT TTTCCATCCT AGTGGAAAGA TATGATTTGA TTCATCCTAT
TTACTTTGTA TATTAAAGTA CAGTAGAACC TGCCACTTTT (SEQ ID NO: 33).

The nucleotide sequence across the downstream insertion point at the 5° end of the self-

sequence contiguous with cassette sequence downstream of the insertion point (contained
within the parenteses below with loxP sequence italicized): GGATCCATTT
TAAGTAATAG AATAGGATTT TTAATTGTTC CAGTGTTTCT GTGATAGAGC
TGTCCTGCAC AGACCTGTTT (CTCGAGATAA CTTCGTATAA TGTATGCTAT
ACGAAGTTAT ATGCATGGCC TCCGCGCCGG GTTTTGGCGC CTCCCGCGGQA)
(SEQ ID NO: 34). The nucleotide sequence across the downstream insertion point at the 3'
end of the neomycin cassette included the following, which indicates cassette sequence
contiguous with mouse genomic sequence 3' of exon 7 of an endogenous CD47 gene
(contained within the parentheses below with loxP sequence italicized): CATGTCTGGA
ATAACTTCGT ATAATGTATG CTATACGAAG TTATGCTAGT AACTATAACG
GTCCTAAGGT AGCGACTAGC (ATTAGTATGG AAGGTCCGTC CACTGTCCAG

GTTCCTCTTG CGGAGCTCTT TGTCTCTCTG GACTCTGTAT ACACTGCTTG)
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(SEQ ID NO: 35). The nucleotide sequence across the downstream insertion point after
deletion of the neomycin cassette (76 bp remaining) included the following, which
indicates human and mouse genomic sequence juxtaposed with remaining cassette
sequence loxP sequence (contained within the parentheses below with loxP sequence
italicized): GGATCCATTT TAAGTAATAG AATAGGATTT TTAATTGTTC
CAGTGTTTCT GTGATAGAGC TGTCCTGCAC AGACCTGTTT (CTCGAGATAA
CTTCGTATAA TGTATGCTAT ACGAAGTTAT GCTAGTAACT ATAACGGTCC
TAAGGTAGCG ACTAGCO)ATT AGTATGGAAG GTCCGTCCAC TGTCCAGGTT
CCTCTTGCGG AGCTCTTTGT CTCTCTGGAC TCTGTATACA CTGCTTGCAT
(SEQ ID NO: 36).

[0168] Positive ES cell clones were then used to implant female mice using the
VELOCIMOUSE® method (see, e.g., U.S. Pat. No. 7,294,754 and Poueymirou et al., FO
generation mice that are essentially fully derived from the donor gene-targeted ES cells
allowing immediate phenotypic analyses, 2007, Nature Biotech. 25(1):91-99) to generate a
litter of pups containing an insertion of exons 2-7 of a human CD47 gene into an
endogenous CD47 gene of a mouse. Mice bearing the humanization of exons 2-7 of an
endogenous CD47 gene were again confirmed and identified by genotyping of DNA
isolated from tail snips using a modification of allele assay (Valenzuela et al., supra) that

detected the presence of the human CD47 gene sequences. Pups are genotyped and

cohorts of animals heterozygous for the humanized CD47 gene construct are selected for

characterization.

A waw ww 4

Name Primer Sequence (5’-3°)

Forward TGCAGAAGTCACTAGGAGGAAT (SEQ ID NO:21)

TCAGTCAACTTCTTCTGGGTTGTTT (SEQ ID NO:22)
CC
Reverse GTGCCAGACTCACTTTCTATCCA (SEQ ID NO:23)

7190mTU Frobe

7190mTD Forward TGCTGCCAATATACGGCTTCTG (SEQ ID NO:24)
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Probe CAGCTCTCATAGCCAACTATGGTG  (SEQ ID NO:25)
CC
Reverse TCAAGCAGAGCCTGGTTATCTG (SEQ ID NO:26)

Forward GTCGTCATTCCATGCTTTGTTAC (SEQ ID NO:27)
Probe TGGAGGCACAAAACACTACTGAAG (SEQ ID NO:28)

7190hTU
TATACG
Reverse GGACAGTGGACTTGTTTAGAGC  (SEQID NO:29)
Forward GGCTTGGTGGCTGATTGTTCT (SEQ ID NO:30)
7190nTDp  Probe  AGCACCCAAACTGATATGCCTGTA  (SEQ ID NO:31)
TTTG
Reverss TGGGAACTGGTGTTTCAAGTCTA  (SEQID NO:32)

Example 2. Expression of humanized CD47 polypeptide by mouse red blood cells.
[0169] This Example demonstrates that non-human animals (e.g., rodents) modified to
contain a humanized CD47 gene according to Example 1 can be used to screen CD47
moduiators (e.g., anti-CD47 antibodies) and determine various characterisitics such as, for
example, pharamcokinetics and safety profiles. In this Example, several anti-CD47
antibodies are screened on mouse red blood cells (RBCs) isolated from rodents made in
accordance with Example 1, which rodents express a humanized CD47 polypeptide as
described herein.

[0170] Briefly, 2 mL of whole blood from humanized CD47 mice (n=2) was transferred to
a 15 mL tube and centrifuged at 200xg for 10 minutes at 4°C. The plasma and buffy coat
were aspirated and then 15 mL of PBS was added and the cells were mixed gently. The
mixture was centrifuged again at 200xg for five minutes at 4°C. The supernatant was
aspirated and the cells were washed two additional times. Pelleted RBCs were
resuspended to a final volume in 10 mL of PBS. The resuspended RBCs were centrifuged
a final time at 200xg for 10 minutes at 4°C. The volume of packed RBCs was estimated
0.5 mL and diluted to a concentration of 0.5% with PBS (0.5 mL packed RBC/100 mL
PBS). Actual RBC concentration was determined with a Cellometer Auto T4

(1.5x107/mL; Nexcelom Bioscience).
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[0171] Eighty (80) puL of 0.5% mouse RBCs were added to each well of a 96-well V-
bottom plate. Anti-CD47 antibodies were added into each well (20 pL at 33 nM). The
plate was gently tapped to mix and incubated on ice for 30 minutes. The plate was then
washed twice with staining buffer (PBS with 2% FBS). Secondary antibody Fab-488
(Alexa Fluor 488-conjugated AffiniPure mouse anti-human IgG, F(ab’), fragment specific,
Jackson Immuno Research) was added to each well at a concentration of 10 pg/mL. The
plate was incubated again on ice for 30 minutes, followed by washing once with staining
buffer. The cells in each well were resuspended in 200 pL of staining buffer and filtered
through a 96-well filter plate. The cells in the plate were analyzed using theBD
ACCURI™ (C6 system (BD Biosciences). Exemplary results are shown in Figure 4. The
mean fluorescence intensity (MFI) above isotype control for each tested antibody is shown

in Table 5.

TABLE 5
Antibody MFI  Fold above isotype control
ADb A, hlgG4s 28898 258
Ab B, higG4s 27545 246
Ab C, higG4s 24620 220
Ab D, higGl 29882 267
ADb E, higG4 33423 298

Control, hIgG4s 112 -
Control, higG4 112 -

higG4s: human IgG4 with modified Fc region that has

1ndrinad offontnr fiinetinn
reaucea ejjecior junciion

[0172] As shown in Figure 4, all anti-CD47 antibodies bound to RBCs from humanized
CD47 mice. Taken together, this Exampie demonstrates that (1) non-human animais (e.g.,
rodents) engineered to contain a humanized CD47 gene as described herein express a

humanized CD47 polypeptide on the surface of cells (e.g., RBCs) of the non-human
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animal, and (2) such cells are useful for screening CD47 modulators (e.g., CD47

antibodies) and determining the pharmacokinetic profiles of such modulators.

Example 3. Hemagglutination of mouse red blood cells expressing humanized CD47
polypeptide.

[0173] This Example further demonstrates that non-human animals (e.g., rodents)
modified to contain a humanized CD47 gene according to Example 1 can be used in
various assays (e.g., hemagglutination assay) to screen CD47 modulators (e.g., anti-CD47
antibodies) and determine various characterisitics such as, for example, pharamcokinetics
and safety profiles. In this Example, several anti-CD47 antibodies are screened on mouse
red blood cells (RBCs) that express a humanized CD47 polypeptide as described herein to
determine antibody concentration that promotes hemagglutination.
[0174] Briefly, RBCs from wild-type and humanized CD47 mice (n = 2) were
described in Example 2. Twenty (20) uL of anti-CD47 antibody (at 5-fold serial dilution)
was added into wells 1-12 across a 96-well V-bottom plate followed by the addition of 80
uL of 0.5% mouse RBCs to all wells of the plate. The plates were tapped gently to mix
and incubated at room temperature (24-27°C) for 30 minutes. Agglutination endpoint was
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agglutinate in possitive samples). Exemplary results are shown in Figure 5, with boxes to
outline the wells that show heme-agglutination.

[0175] As shown in Figure 5, only lectin caused agglutination in wild-type mice.
However, two anti-CD47 antibodies (Ab E and Ab C) in addition to lectin induced
agglutination in RBCs from two humanized CD47 rodents made according to Examplie 1.
The concentration at which these two antibodies induced agglutination started from 11 nM.
Taken together, this Example demonstrates that non-human animals (e.g., rodents)
engineered to contain a humanized CD47 gene as describe herein can be used to assess one

or more properties (e.g., hemagglutination) of CD47 modulators (e.g., CD47 antibodies).
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Example 4. Pharmacokinetic clearance of CD47 modulators in humanized CD47
rodents.

[0176] This Example illustrates a method of assessing the pharmacokinetic clearance of
CD47 modulators (e.g., anti-CD47 antibodies) in non-human animals (e.g., rodents)
modified to contain a humanized CD47 gene according to Example 1. In this Example,
wild-type and humanized CD47 rodents (e.g., mice) were administered anti-CD47
antibodies and serum levels of antibodies were determined using an ELISA assay.

[0177] Briefly, wild-type (n=5) or mice homozygous for humanized CD47 (n=5; as
described above) were administered four anti-CD47 antibodies (Ab F, Ab G,Ab Hand Ab
I) and an IgG4s isotype control antibody (IgG4s). The genetic background of the mice
were 75% CD57BL/6 and 25% 129Sv. Each antibody was tested in five humanized CD47
rodents. All antibodies were administered subcutaneously at a dose of 50 mg/kg. One pre-
bleed was collected one day prior to administration of antibody (day 0). Post-injection
bleeds were collected at 6 hours, 1 day, 2 days, 3 days, 4 days, 7 days, 10 days and 14
days. Serum fractions from bleeds were separated and subjected to total human antibody
analysis using an ELISA immunoassay.

[0178] Briefly, a goat anti-human IgG polyclonal antibody (Jackson ImmunoResearch)

plate bound antibodies were detected using a goat anti-human IgG polyclonal antibody
conjugated with horseradish peroxidase (Jackson ImmunoResearch) and TMB substrate
(BD Pharmingen). The serum samples were in six-dose serial dilutions and reference
standards of the respective antibodies in 12-dose serial dilutions. Drug antibody
concentrations in the sera were caiculated based on the reference standard curve generated
using Graphpad Prism software. Exemplary results are shown in Figure 6 and Table 6.
[0179] The data demonstrated that the antibodies administered to wild-type and humanized
mice as described herein were well tolerated. Taken together, this Example demonstrates
that non-human animals of the present invention can be used to assess one or more
pharmacokinetic properties of a drug targeting CD47 (e.g., an anti-CD47 antibody) such

as, for example, circulating drug levels. Morever, non-human animals described herein
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can be used to assess the toxicity of a drug targeting CD47 by determining adverse effects

after administration.

TABLE 6

Serum antibody concentrations (ug/mL £+ SEM)

Antibody 6 hour Day1 Day 2 Day 3 Day 4 Day 7 Day 10
AbF 116.7£14.0 196.4£10.6 96.0£13.3  24.7t7.0 3.7£0.42 <0.35 <0.35
AbG 115.0422.1 198.8423.4 118.44209 483£16.0 2.9+1.97 <0.35 <0.35
AbH 64.5£3.85 108.0£5.13  32.0£6.08 1.0£0.2 0.4£0.03  0.06+£0.03  0.05+0.02
Abl1 51.1416.6 1152+14.8  63.818.3 11.144.2 0.5+0.1 0.1+0.02 <0.35
IgG4s

Isotype 45824344 702.5+32.3 616.6£27.0 567.1£39.5 488.9+45.0 357.0£51.1 307.6x61.1

Example 5. Pharmacokinetic profiles of CD47 modulators in humanzied
CD47/SIRPa rodents.

[0180] This Example illustrates a method of assessing the pharmacokinetic clearance of
CD47 modulators (e.g., anti-CD47 antibodies) in non-human animais (e.g., rodents)
modified to contain humanized CD47 (according to Example 1) and SIRPa genes. In
particular, humanized CD47 rodents described herein were modifed to further contain a
humanized SIRPa gene that contains an endogenous portion and a human portion, which
human portion encodes the extracellular domain of a human SIRPa protein (e.g., amino
acids 28-362 of a human SIRPa protein) and which endogenous portion encodes an
intracellular domain of an endogenous SIRPa. protein (e.g., amino acids encoding
transmembrane and intracellular portions of a murine SIRPa protein) as described in
PCT/US14/56910, filed September 23, 2014, which is incorporated herein by reference.
Double humanized CD47/SIRPa mice were made by breeding humanized SIRPa mice to
humanized CD47 mice. In this Example, double humanized CD47/SIRPa rodents (e.g.,
mice) were administered various anti-CD47 antibodies and their corresponding

pharmacokinetic profiles were determined.
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[0181] Briefly, groups of wild type (n=5) and mice homozygous for humanized CD47 and
SIRPao genes (CD47™™SIRPo. ™™; n=5 per group) were administered selected anti-CD47
antibodies and an IgG4 isotype control antibody (hIgG4s). The genetic background of the
mice were 75% CD57BL/6 and 25% 129Sv. All antibodies were administered in a single
subcutaneous dose of 50 mg/kg. One pre-bleed was collected one day prior to
administration of antibody (day 0). Post-injection bleeds were collected at 6 hours, 1 day,
2 days, 3 days, 4 days, 7 days and 10 days. Serum fractions from bleeds were separated
and subjected to total human antibody analysis using an ELISA immunoassay (described
above). Additionally, hematocrit levels were measured at 6 hours, 1 day, 2 days, 3 days, 4
days, 7 days and 10 days and a urine test was performed as needed (at 6 hours and when
urine color deviated from yellow color) to determine red blood cell counts. Exemplary
results are shown in Figures 7-9.

[0182] As shown in Figures 7 and 8
mediated clearance in CD47™™SIRP ™™ mice and, in particular, many demonstrated
similar pharmacokinetic profiles. Further, a monovalent version of one anti-CD47
antibody (Ab F) demonstrated greater bioavailability than its bivalent equivalent (Figure
8). The inventors observed similar pharmacokinetic profiles for the antibodies among
mulitiple experiments with humanized CD47 and double humanized animais (i.e.,
CD47™M™SIRP ™™ mice).

[0183] Ab J had less of an effect on hematocrit levels than other anti-CD47 antibodies
tested (Ab F, Ab G, Ab I, etc.) and comparable changes in hematocrit levels to control
(hIgG4s) in CD47™™SIRPo™™ mice. Measurements of hematocrit on days 2-4 showed
the largest drop from normal range (~38.5-45.1%), which included groups administered

Abs F, G and I. In particular, a monovalent form of Ab F demonstrated a delayed lowering

differences in hematocrit levels among the various treatment groups could be attributed to
a difference in epitope recognized by the various antibodies. Also, mice dosed with
selected anti-CD47 antibodies demonstrated positive urine dipstick tests for heme at 6

hours. For example, Ab J and Ab F treatment groups each had one mouse positive for
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heme on day 1, while all other timepoints were negative.No significant weight loss (>20%)
was observed in any treatment group.

[0184] Taken together, this Example demonstrates that non-human animals of the present
invention provide an in vivo system for assessing the pharmacokinetic properties and/or
profiles of one or more drugs targeting CD47 (e.g., one or more anti-CD47 antibodies)
such as, for example, circulating drug levels. Morever, non-human animals as described
herein engineered to further contain other humanized genes (e.g., humanized SIRPa) can

be used to assess the target-mediated clearance of one or more drugs targeting CD47.

EQUIVALENTS
[0185] Having thus described several aspects of at least one embodiment of this invention,

it is to be appreciated by those skilled in the art that various alterations, modifications, and

and improvements are intended to be part of this disclosure, and are intended to be within
the spirit and scope of the invention. Accordingly, the foregoing description and drawing
are by way of example only and the invention is described in detail by the claims that
follow.

j0186] Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to modify
a claim element does not by itself connote any priority, precedence, or order of one claim
element over another or the temporal order in which acts of a method are performed, but
are used merely as labels to distinguish one claim element having a certain name from
another element having a same name (but for use of the ordinal term) to distinguish the
claim elements.

[0187] The articles “a” and “an” as used herein in the specification and in the claims,
unless clearly indicated to the contrary, should be understood to include the plural
referents. Claims or descriptions that include “or” between one or more members of a
group are considered satisfied if one, more than one, or all of the group members are
present in, employed in, or otherwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the context. The invention includes

embodiments in which exactly one member of the group is present in, employed in, or
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otherwise relevant to a given product or process. The invention also includes embodiments
in which more than one, or the entire group members are present in, employed in, or
otherwise relevant to a given product or process. Furthermore, it is to be understood that
the invention encompasses all variations, combinations, and permutations in which one or
more limitations, elements, clauses, descriptive terms, etc., from one or more of the listed
claims is introduced into another claim dependent on the same base claim (or, as relevant,
any other claim) unless otherwise indicated or unless it would be evident to one of ordinary
skill in the art that a contradiction or inconsistency would arise. Where elements are
presented as lists, (e.g., in Markush group or similar format) it is to be understood that each
subgroup of the elements is also disclosed, and any element(s) can be removed from the
group. It should be understood that, in general, where the invention, or aspects of the
invention, is/are referred to as comprising particular elements, features, etc., certain
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such elements, features, etc. For purposes of simplicity those embodiments have not in
every case been specifically set forth in so many words herein. It should also be
understood that any embodiment or aspect of the invention can be explicitly excluded from

the claims, regardless of whether the specific exclusion is recited in the specification.
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attributable to values obtained in assays or other processes described herein.
[0189] The publications, websites and other reference materials referenced herein to
describe the background of the invention and to provide additional detail regarding its

practice are hereby incorporated by reference.
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We claim:

1. A rodent whose genome comprises a humanized CD47 gene, wherein the humanized
CDA47 gene comprises exon 1 of an endogenous rodent CD47 gene, exons 2-7 of a human CD47
gene, and the exons downstream of exon 7 of the endogenous rodent CD47 gene, wherein the

humanized CD47 gene is operably linked to an endogenous rodent CD47 promoter.

2. The rodent of claim 1, wherein the rodent further comprises a SIRPa gene that encodes a
SIRPa polypeptide comprising the extracellular domain of a human SIRPa polypeptide and the
intracellular domain of an endogenous rodent SIRPa polypeptide, wherein the SIRPa.
polypeptide interacts with CD47, and optionally the SIRPa gene comprises exons 1, 5, 6, 7 and 8

of an endogenous rodent SIRPa gene and exons 2-4 of a human SIRPa gene.

3. The rodent of claim 1 or claim 2, wherein the rodent is a rat or mouse.

4. An isolated rodent cell or tissue whose genome comprises a humanized CD47 gene,
wherein the humanized CD47 gene comprises exon 1 of an endogenous rodent CD47 gene,
exons 2-7 of a human CD47 gene, and the exons downstream of exon 7 of the endogenous rodent
CDA47 gene, wherein the humanized CD47 gene is operably linked to an endogenous rodent
CDA47 promoter, and optionally the rodent cell or tissue is mouse cell or mouse tissue, or a rat

cell or rat tissue.

5. The rodent cell of claim 4, wherein said cell is a rodent embryonic stem cell, and

optionally the rodent embryonic stem cell is a mouse or rat embryonic stem cell.

6. A rodent embryo generated from the embryonic stem cell of claim 5.

7. A method of providing a rodent whose genome comprises a CD47 gene that encodes an
extracellular portion of a human CD47 polypeptide linked to an intracellular portion of an
endogenous CD47 polypeptide, the method comprising modifying the genome of a rodent so that
it comprises a humanized CD47 gene, wherein the humanized CD47 gene comprises exon 1 of

an endogenous rodent CD47 gene, exons 2-7 of a human CD47 gene, and the exons downstream

88



of exon 7 of the endogenous rodent CD47 gene, wherein the humanized CD47 gene is operably

linked to an endogenous rodent CD47 promoter, thereby providing said rodent.

8. A method of making a rodent that expresses a CD47 polypeptide from an endogenous
CDA47 locus, wherein the CD47 polypeptide comprises a human sequence, the method
comprising:

(a) inserting a genomic fragment into an endogenous rodent CD47 locus in a rodent
embryonic stem cell, said genomic fragment comprising exons 2-7 of a human CD47 gene,
thereby forming the humanized CD47 gene at the endogenous rodent CD47 locus;

(b) obtaining a rodent embryonic stem cell comprising the humanized CD47 gene of (a);
and

(c) creating a rodent using the rodent embryonic stem cell of (b).

9. The method of claim 7 or claim 8, wherein the rodent is a mouse or rat.

10. A method for assessing engraftment of human cells, wherein said method comprises
assessing engraftment of human cells in a rodent according to any one of claims 1-3, wherein

optionally the human cells are hematopoietic stem cells.

11. A method of assessing the therapeutic efficacy of a drug targeting human cells, the
method comprising:

administering a drug candidate to a rodent according to any one of claims 1-3 into which
one or more human cells have been transplanted; and

monitoring the human cells in the rodent to determine the therapeutic efficacy of the drug

candidate.

12. A method for assessing whether a candidate modulator of a human CD47 protein induces
agglutination of red blood cells, said method comprising

incubating red blood cells isolated from a rodent according to any one of claims 1-3 in
the presence of the candidate modulator; and

assessing whether the candidate modulator induces agglutination of the red blood cells.
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