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MODULATION OF SIRPa - CD47 INTERACTION FOR INCREASING
HUMAN HEMATOPOIETIC STEM CELL ENGRAFTMENT AND
COMPOUNDS THEREFOR

FIELD OF THE INVENTION

The invention relates to modulating the SIRPa — CD47 interaction in order to increase
hematopoietic stem cell engrafiment and compounds therefor. In some embodiments,
there is provided isolated SIRPa and CD47 polypeptides, fragments and fusion proteins
for enhancing hematopoietic stem cell engraftment. Further there is provided methods
for increasing hematopoietic stem cell engraftment through administration of the above

polypeptides.
BACKGROUND OF THE INVENTION

The transplantation of human hematopoietic stem cells (HSC) from bone marrow (BM)
or G-CSF mobilized peripheral blood (PB) has been one of the most important clinical
applications of stem cell biology. HSC transplantation in individuals with neoplastic
disease enables the use of a high dose chemotherapy regimen and subsequent HSC
rescue to overcome the resultant hematopoietic failure due to chemotherapy, enhancing
cure rates for both hematologic and non-hematologic tumors. Additionally, genetic
diseases such as thalassemia and certain immune-deficiencies can be managed by
autologous transplantation of gene-corrected HSC or by transplantation of allogeneic
HSC. A key discovery enabling successful HSC transplantation was identification of
the human leukocyte antigen (HLA) system as the human major histocompatibility
complex. Although HLA disparity between donor and host plays a major role in graft
rejection, graft failure can occur even in patients receiving an unmanipulated, HLA-
identical transplant (Thomas, E.D. et al. (1977) Blood 49, 511-33; Storb, R. et al.
(1977) N Engl J Med 296, 61-6). Graft rejection in this setting may be related in part to
mismatch at minor histocompatibility antigens (Gale, R.P. et al. (1981) Blood 57, 9-12).
Additional genes other than the HLA haplotypes that modulate HSC engraftment have

not been characterized.

PCT/CA2008/001814
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HSC reside in supportive microenvironmental niches comprised of fibroblastic stroma,
osteoblasts, osteoclasts, macrophages, and endothelial cells (Suda, T. et al. (2005)
Trends Immunol 26, 426-33). Abrogation of HSC interaction with such niches, for
example by blocking specific adhesion proteins or chemokine receptors, prevents HSC
engraftment (Lapidot, T. et al. (2005) Blood 106, 1901-10). Additionally, natural killer
(NK) cells and macrophages, both components of the innate immune system, have been
shown to play a role in murine HSC transplantation (Murphy, W.J. et al. (1987) J Exp
Med 165, 1212-7 ) and human hematopoietic xenotransplantation (McKenzie, J.L. et al.
(2005) Blood 106, 1259-61), respectively. A better understanding of the mechanisms
underlying hematopoietic stem cell engraftment following transplantation, including
genes that control regulatory pathways, could ultimately translate into better clinical

outcomes.

Xenotransplantation in the non-obese diabetic/severe combine immune-deficient
NOD.Prdck*** (NOD.SCID) mouse has become the “gold standard” assay for human
HSC engraftment. The assay is based on the ability of human HSC to repopulate the
immune system of these animals following intravenous injection (Wang, J.C.Y. et al.
“Normal and leukemic human stem cells assayed in immune-deficient mice” in:
Hematopoiesis - A Developmental Approach (ed. Zon, L.1.) 99-118 (Oxford University
Press, New York, USA, 2001). The cells that initiate the human xenograft are
operationally defined as SCID-repopulating cells (SRC), possess properties attributed
to HSC, and are distinct from more mature progenitors assayed in vitro. This system
has enabled analysis of the proliferation, differentiation, and self renewal properties of

SRC within the human HSC compartment.

Signal regulatory proteins (SIRPs) constitute a family of cell surface glycoproteins
which are expressed on myeloid (including macrophages, granulocytes, myeloid
dendritic cells, and mast cells) and neuronal cells (summarized in Barclay, AN. &
Brown, M.H., Nat Rev Immunol 6, 457-64 (2006); see also WO 97/48723). SIRPs
constitute a diverse multigene family of immune receptors encompassing inhibitory
(SIRPa), activating (SIRP@), nonsignaling (SIRPy) and soluble (SIRPS) members.
CDA47, a broadly expressed transmembrane glycoprotein, functions as a cellular ligand

for SIRP« and binds to the NH,-terminal extracellular terminus of SIRPo.  SIRPa’s
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role has been best documented in respect of its inhibitory role in the phagocytosis of
host cells by macrophages. In particular, the binding of SIRPa on macrophages by
CDA47 expressed on target cells, generates an inhibitory signal that negatively regulates
phagocytosis. However, more recent findings have also demonstrated additional
positive signaling effects mediated through SIRPa binding (Shultz, L.D. et al. (1995) J
Immunol 154, 180-91).

A variety of approaches have been proposed to disrupt the CD47- SIRPa interaction in
an effort to effect a biological outcome. These encompass the use of
fragmented/truncated SIRPor and/or CD47 proteins and antibodies thereto (see, for
example, International Patent Application Publication No. WO 99/40940; U.S. Patent
Application Publication Nos. 2003/0026803 and 2006/0135749; and U.S. Patent No.
6,913,894), for modifying immune function (see, for example, International Patent
Application Publication No. WO 99/40940; and U.S. Patent Application Publication
Nos. 2003/0026803 and 2007/0113297), and for xenotransplantation (see, for example,
U.S. Patent Application Publication Nos. 2005/0255550, and 2007/0157328).

There remains a need to identify molecules capable of supporting HSC engraftment and

hematopoiesis upon transplantation.
SUMMARY OF THE INVENTION

According to one aspect, there is provided an isolated polypeptide selected from the
group consisting of a polypeptide consisting of a) the amino acid sequence of SEQ ID
NO. 1; b) a polypeptide consisting of a fragment of the amino acid sequence of SEQ ID
NO. 1, wherein the fragment comprises at least one of residues 31, 32, 34, 37, 74, 77,
83, 84, 86, 87, 90, 91, 96, 100, 102, 114, 118, 126 of SEQ ID NO. 1; and c) one of the
polypeptide in a) and b) with up to 1 amino acid insertion, deletion or substitution for
every 7 amino acids in length of the polypeptide, wherein the polypeptide comprises at
least one of residues 31, 32, 34, 37, 74, 77, 83, 84, 86, 87, 90, 91, 96, 100, 102, 114,
118, 126 of SEQ ID NO. 1 and binds human CD47.

According to a further aspect, there is provided an isolated polypeptide selected from
the group consisting of a) a polypeptide consisting of the amino acid sequence of SEQ

ID NO. 2; b) a polypeptide consisting of a fragment of the amino acid sequence of SEQ

PCT/CA2008/001814



10

15

20

25

WO 2009/046541

-4-

ID NO. 2; and c) one of the polypeptide in a) and b) with up to 1 amino acid insertion,
deletion or substitution for every.7 amino acids in length of the polypeptide; wherein i)
at least one of residues at positions 31, 32, 34, 37, 74, 77, 83, 84, 86, 87, 90, 91, 96,
100, 102, 114, 118, 126 of SEQ ID NO. 2 in the polypeptide is replaced with
corresponding residues 31, 32, 34, 37, 74, 77, 83, 84, 86, 87, 90, 91, 96, 100, 102, 114,
118, 126 of SEQ ID NO. 1; or ii) at least one of residues 129 and 130 of SEQ ID NO. 2
in the polypeptide is deleted.

According to a further aspect, there is provided an isolated polypeptide selected from
the group consisting of a) a polypeptide consisting of an amino acid sequence selected
from the group consisting of SEQ ID NOS. 4-13; b) a polypeptide consisting of a
fragment of an amino acid sequence selected from the group consisting of SEQ ID
NOS. 4-13; and c) one of the polypeptide in a) and b) with up to 1 amino acid insertion,
deletion or substitution for every 7 amino acids in length of the polypeptide, wherein

the polypeptide binds human CDA47.

According to a further aspect there is provided a polypeptide capable of binding to
human Sirpe; and antibodies to human Sirpo. Preferably, the polypeptide is the
extracellular domain of human CD47 fused to the Fc portion of IgG.

According to a further aspect, there is provided a pharmaceutical composition

comprising a polypeptide described herein and a pharmaceutically acceptable carrier.

According to a further aspect, there is provided a method for increasing hematopoietic
stem cell engraftment in a mammal comprising administering to the mammal a

therapeutically effective amount of a polypeptide described herein.

According to a further aspect, there is provided a use of a polypeptide described herein
for increasing hematopoietic stem cell engraftment in a mammal or in the preparation

of a medicament for increasing hematopoietic stem cell engraftiment in a mammal.

According to a further aspect, there is provided a polypeptide described herein for

increasing hematopoietic stem cell engraftment in a mammal.

PCT/CA2008/001814
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According to a further aspect, there is provided an isolated nucleic acid comprising a

sequence that encodes a polypeptide described herein.

According to a further aspect, there is provided an expression vector comprising a

nucleic acid described herein.

According to a further aspect, there is provided a cultured cell comprising a vector

described herein.

According to a further aspect, there is provided a method of producing a polypeptide
comprising culturing a cell described herein under conditions permitting expression of

the polypeptide.

According to a further aspect, there is provided a method for increasing hematopoietic
stem cell engraftment in a human comprising modulating the interaction between

human Sirpa and human CD47.

According to a further aspect, there is provided a method of identifying a compound
that increases hematopoietic stem cell engraftment in a human comprising a) contacting
at least one of the extracellular domain of human Sirpa and human CD47 with at least
one test compound; b) determining the at least one test compound as binding to the at
least one of human Sirpar and human CD47; c) contacting the test compound with
human hematopoietic cells in a stromal environment; and d) determining whether

hematopoietic stem cell engraftment is increased in the presence of the test compound.

According to a further aspect, there is provided a method of determining genetic
polymorphisms in humans affecting hematopoietic stem cell engraftment comprising a)
sequencing the Sirpa gene from a plurality of humans having undergone hematopoietic
transplantation; b) determining nucleotide differences in the Sirpe gene within the
plurality of humans; and c) correlating the nucleotide differences with hematopoietic

stem cell engraftment to determine relevant polymorphisms.

According to a further aspect, there is provided a method of determining likelihood of
hematopoietic stem cell engraftment in a recipient comprising a) sequencing the Sirpa

gene from the recipient; and b) determining whether the relevant polymorphisms exist.

PCT/CA2008/001814
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BRIEF DESCRIPTION OF FIGURES

These and other features of the preferred embodiments of the invention will become
more apparent in the following detailed description in which reference is made to the

appended drawings wherein:

Figure 1 illustrates the support of human hematopoiesis in vivo and in vitro in the NOD
strain background. (a) Southern blot analysis of DNA extracted from the BM of mice
four weeks post-transplant with human BM (top panel; cell dose: RAG-2 knockout
strains 40 x 10° mononuclear cells, SCID and NOD/SCID mice 20 x 10° cells) or CB
(bottom panel, 15 x 10® mononuclear cells per recipient) cells. The level of human cell
engraftment was determined by comparing the intensity of the 2.7 kb a-satellite band
(arrow) in the sample lanes with the control human/mouse DNA mixtures. (b, c)
Number of CFC generated in chimeric LTC of human Lin~ CB cells on irradiated
mouse BM stroma. BM cells from NOD, NOR, B6, ICR, C3H, and BALB/c male mice
as indicated were cultured for 5 weeks followed by irradiation and subsequent
inoculation with 1.1 x 10° (b) or 0.6 — 6.0 x 10° (c) Lin™ CB cells. After 5 weeks of
culture, cells were harvested and the total number of CFC was determined in standard
clonogenic methylcellulose assays. The data is shown as the mean of 3 to 6

independent experiments.

Figure 2 illustrates the effects of strain-specific differences at the Idd13 locus on
support of human hematopoietic engraftment in vitro and in vivo. (a) Generation of
CFC in chimeric LTC of human Lin~ CB cells on mouse stroma from NOD congenic
(NOD.NOR-Idd4, NOD.NOR-/dd5, NOD.NOR-Idd9, NOD.NOR-Idd13), NOR
congenic (NOR.NOD-/dd!3), and B6.NOD-/dd!3 mice. Murine BM stromal layers
were established as described in Fig. 1b and seeded with 0.36 — 2.0 x 10° human Lin~
CB cells. After 5 weeks of culture, cells were harvested and the number of CFC was
determined by plating in methylcellulose assays. In each experiment, NOD stroma was
used as a positive control, and B6 and NOR stromal cells were used as negative
controls. The data is normalized to the number of CFC generated in NOD cultures
(=100%), and is shown as the mean of at least 3 independent cultures. BB, IddI3
homozygous B6 BM stroma; NN, /dd]3 genotype homozygous NOD BM stroma. (b)

PCT/CA2008/001814
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Eight- to 9-week-old NOD.SCID (n=11) or NOD.NOR-1dd13.SCID (n=8) mice were
irradiated with 350 cGy and injected intravenously with 0.37 -1.5 x 10° Lin"CD34"
cells). Six to 7 weeks post-transplantation, mice were sacrificed and the recipients’ BM

was assessed for human CD45" cell engraftment by flow cytometry.

Figure 3 illustrates the identification of the critical region of IddI3 associated with
support of human hematopoiesis. (a) Graphical representation of chromosome 2 in
various congenic strains on both the NOD and NOR backgrounds. Genetic mapping of
the candidate interval is denoted by the striped bars to the right of the chromosomal
representations. Formal congenic strain designations are as follows: 1. NOD.NOR-
D2Jyh443-D2Mit452, 2. NOR.NOD-D2Jyh443-D2Jyh1493, 3. NOR.BN-D2Jyh443-
D2Jyh1493, 4. NOR.NOD-D1Ngul46-Ramp1/D2Jyh443-D2Jyh1192, 5. NOD.NOR-
D2Jyh443-D2Gul482, 6. NOD.NOR-D2Jyh443-D2Jyh3941, 7. NOR.NOD-D1Ngul46-
Ramp1/D2Gul188-D2Jyh1493, 8. NOR.BN-D2Jyh767-Flizl. (b) Generation of CFC in
chimeric LTC of human Lin~ CB cells on mouse stroma from NOD or NOR Idd3
subcongenic mice depicted in a. Cultures performed and data expressed as in Fig. 2a.

Strain designations as described in a.

Figure 4 illustrates protein sequence alignment of SIRPa. cDNA prepared from BM-
derived macrophages was used as a template for PCR amplification of Sirpa transcripts
from NOD and NOR mice. The B6 mouse sequence is from the EnsEMBL database.

Protein domains are indicated by open boxes.

Figure § illustrates immunoblot analysis of SIRPa in BM-derived macrophages from
NOD, NOR, and congenic NOR.NOD-/dd13 mouse strains. (a) Lysates prepared from
BM-derived macrophages, either untreated or treated with LPS (100ng/ml) and IFN-y
(10ng/ml), were subjected to immunoblot analysis using polyclonal antibodies directed
against the cytoplasmic domain of SIRPa, or glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as a loading control. (b) Lysates prepared from BM-derived
macrophages were incubated in the absence (-) or presence (+) of N-glycosidase F for
12 hours at 37°C and then subjected to immunoblot analysis using polyclonal

antibodies directed against the cytoplasmic domain of SIRPa. N-glycosidase F treated

PCT/CA2008/001814
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and untreated samples were co-electrophoresed. Molecular size standards are indicated
in kilo Daltons (kD).

Figure 6 illustrates Sirpa modulation of murine macrophage-mediated suppression of
human hematopoiesis. (a) Macrophage-mediated suppression of human hematopoiesis
in LTC. MS-5 cells were seeded into 96-well tissue culture plates (2000 cells/well).
Peritoneal macrophages harvested from NOD, NOR, and NOR.NOD-IddI3
heterozygous mice were seeded at doses of 200-20,000 cells/well (5 replicates per
dose) with addition of 2000 human Lin~ CB cells per well the next day. After 3-4
weeks of culture, cells were harvested and the number of human CFC was determined
by plating in methylcellulose assays. Error bars represent standard deviations. (b)
Western blot analysis showing SIRPa expression in Jurkat cells and NOR BM-derived
macrophages before and after infection with control virus (CEP) or virus expressing
NOD-derived Sirpa (SIRP). Protein lysates were immunoblotted with polyclonal
antibody directed against SIRPa. Lane 1: Jurkat cells; lane 2: Jurkat cells infected with
CEP; lane 3: Jurkat cells infected with SIRP; lane 4: NOR macrophages; lane 5: NOR
macrophages infected with SIRP; lane 6: NOD macrophages. Infection with SIRP
lentivirus resulted in high level expression of NOD SIRPa in NOR macrophages (lane
5). (¢) Effect of Sirpa on macrophage-mediated suppression of human hematopoiesis.
NOR BM-derived macrophages were infected with control (NOR-CEP) lentivirus or
lentivirus expressing the NOD-derived Sirpa gene (NOR-NOD SIRP) prior to seeding
onto established MS-5 stromal cultures at doses of 20 to 20,000 cells/well (5 replicates
per dose). 2000 Lin™ CB cells/well were added the next day and human CFC generated
after 3.5 weeks in culture were assayed as described. Support of human hematopoiesis
in NOR-NOD SIRP wells was significantly better than in NOR-CEP wells (P=0.032 at
20 cells/well; P=0.008 at 2000 and 20,000 cells/well). Error bars represent standard

deviations.

Figure 7 illustrates conferral of enhanced cross species reactivity with human CD47 by
NOD SIRPa. (a-d) Flow cytometric analysis of human CD47 (hCD47) binding to
murine SIRPa on BM-derived macrophages from NOD and NOD.NOR-Idd13
congenic mice. (a) Histogram of CD11b expression; horizontal bar indicates CD11b"

gate. Plots in b through d are gated on CD11b. (b) Two dimensional contour plots

PCT/CA2008/001814
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showing SIRPa and hCD47-Fc staining. (c) Histogram of SIRPo expression (grey)
compared to isotype control (black). (d) Histogram of hCDA47-Fc staining (grey)
overlaid with human IgG-Fc control (black). (¢) Immunoprecipitation of murine SIRPo
with hCD47-Fc. Protein extracts from BM-derived macrophages from NOD, NOR and
NOD.NOR-/dd13 congenic mice were electrophoresed on SDS-PAGE and
immunoblotted with polyclonal anti-SIRPa antibody. Each panel displays total lysate,
immunoprecipitates with control human IgG-Fc protein (IP hFc) and
immunoprecipitates with hCD47-Fc fusion protein (IP hCD47-Fc). The top panel
compares NOD and NOR extracts, and the bottom panel compares NOD and
NOD.NOR-1dd13 (Idd13cg) extracts.

Figure 8 illustrates protein sequence alignments of murine and human SIRPa IgV
domains. (a) cDNA prepared from BM macrophages was used as a template for PCR
amplification of Sirpa transcripts from NOD and NOR mice. The C57BL/6 (B6),
BALB/c and 129/Sv sequences were obtained from EnsEMBL and NCBI databases.
Open boxes represent b-pleated sheets identified in the X-ray crystal structure of
SIRPo and correspond to similar regions in the Ig heavy chain variable region. Amino
acids that vary between mouse strains are shaded. B6 was used as the parental sequence.
(b) Exon 3 of SIRPa containing the IgV domain was PCR amplified from genomic
DNA of 37 individuals from the human HapMal phase 1 release. Open boxed regions
and shaded amino acids represent the same features as in (a), with V1 serving as the
parental sequence. The residue marked * in an orthologous position between species, is
polymorphic between NOD and other strains, and between humans. The residues
marked + are polymorphic in humans and reside on the “top” solvent exposed surface

of the protein where CD47 is predicted to bind.

Figure 9 illustrates the validation of the discrimination power of three SNP assays by
independent sequencing of the SIRPa IgV domain PCR amplified from each of the
human HapMap samples shown (left side of the table).

Figure 10 illustrates the CD47 protein including extracellular IgV-like loop, five

membrane spanning regions and short cytoplasmic tail.

PCT/CA2008/001814
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Figure 11 illustrates (a) a histogram depicting protein production in the supernatant of
cultured cells transfected with mCDA47-Fc and two hCD47-Fc constructs prepared with
different plasmid backbones (pcDNA and pIAP369) and (b) an immunoblot of an SDS-
PAGE depicting the fusion proteins following purification from culture supernatant.

Figure 12 illustrates (a) the introduction of a Kozak sequence into the pIAP369
plasmid construct containing mCD47-Fc and (b) the sequence hCD47-Fc inserted into
the pIAP369 plasmid, showing the Kozak consensus, hCD47 fragment, linker and Fc.

Figure 13 illustrates (a) the production of mouse and human CD47-Fc assayed in the
supernatant of cells transfected with the Kozak containing plasmid and (b) an
immunoblot displaying an anti-human Fc antibody reacting with the protein G-purified
CD47-Fc proteins.

Figure 14 illustrates an assay designed to quantify the binding affinity of hCD47-Fc
and mCD47-Fc (not shown) to the NOD and NOR mouse versions of SIRPa.

Figure 15 illustrates (a) results of binding of mCD47 to NOD and NOR SIRP¢; and (b)
results of binding of hCD47 to NOD and NOR SIRPo.

Figure 16 is a schematic showing SIRPa-CD47 mediated signaling.

Figure 17 shows the preparation of a truncated version of the human HSC
“permissive” NOD version of SIRPa (“NOD-A-cyto”) (left side).

Figure 18 illustrates human HSC survival with NOR macrophages infected with an
“empty” lentivirus (NOR-CEP “diamonds”), NOD macrophages not infected with virus
(NOD uninf; filled triangles), NOD macrophages infected with “empty” lentivirus
(NOD-CEP; circles), NOR macrophages infected with lentivirus containing full length
NOD SIRPa (NOR-SIRP; squares), and NOR macrophages infected with lentivirus
containing truncated NOD SIRPa (NOD-A-cyto; open triangles).

Figure 19 illustrates a schematic of a study to evaluate in vivo the effect of CD47
fusion protein on HSC engraftment.

PCT/CA2008/001814
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DETAILED DESCRIPTION

In the following description, numerous specific details are set forth to provide a
thorough understanding of the invention. However, it is understood that the invention

may be practiced without these specific details.

As used herein “conservative amino acid substitution” refers to grouping of amino
acids on the basis of certain common properties. A functional way to define common
properties between individual amino acids is to analyze the normalized frequencies of
amino acid changes between corresponding proteins of homologous organisms (Schulz,
G. E. and R. H. Schirmer., Principles of Protein Structure, Springer-Verlag). According
to such analyses, groups of amino acids may be defined where amino acids within a
group exchange preferentially with each other, and therefore resemble each other most
in their impact on the overall protein structure (Schulz, G. E. and R. H. Schirmer.,
Principles of Protein Structure, Springer-Verlag). Examples of amino acid groups

defined in this manner include:

(i) a charged group, consisting of Glu and Asp, Lys, Arg and His,
(ii) a positively-charged group, consisting of Lys, Arg and His,

(iii) a negatively-charged group, consisting of Glu and Asp,

(iv) an aromatic group, consisting of Phe, Tyr and Trp,

(v) a nitrogen ring group, consisting of His and Trp,

(vi) a large aliphatic nonpolar group, consisting of Val, Leu and Ile,
(vii) a slightly-polar group, consisting of Met and Cys,

(viii) a small-residue group, consisting of Ser, Thr, Asp, Asn, Gly, Ala, Glu, Gln and

Pro,
(ix) an aliphatic group consisting of Val, Leu, Ile, Met and Cys, and

(x) a small hydroxyl group consisting of Ser and Thr.

PCT/CA2008/001814
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In addition to the groups presented above, each amino acid residue may form its own
group, and the group formed by an individual amino acid may be referred to simply by

the one and/or three letter abbreviation for that amino acid commonly used in the art.

As used herein, a “cultured cell” means a cell which has been maintained and/or
propagated in vitro. Cultured cells include primary cultured cells and cell lines. As used
herein, “culturing the cell” means providing culture conditions that are conducive to

polypeptide expression. Such culturing conditions are well known in the art.

As used herein “engrafiing” a stem cell, preferably an expanded hematopoietic stem
cell, means placing the stem cell into an animal, e.g., by injection, wherein the stem cell
persists in vivo. This can be readily measured by the ability of the hematopoietic stem

cell, for example, to contribute to the ongoing blood cell formation.

As used herein “fragment” relating to a polypeptide or polynucleotide means a
polypeptide or polynucleotide consisting of only a part of the intact polypeptide
sequence and structure, or the nucleotide sequence and structure, of the reference gene.
The polypeptide fragment can include a C-terminal deletion and/or N-terminal deletion
of the native polypeptide, or can be derived from an internal portion of the molecule.
Similarly, a polynucleotide fragment can include a 3' and/or a 5' deletion of the native

polynucleotide, or can be derived from an internal portion of the molecule.

As used herein “fusion protein” refers to a composite polypeptide, i.e., a single
contiguous amino acid sequence, made up of two (or more) distinct, heterologous
polypeptides which are not normally fused together in a single amino acid sequence.
Thus, a fusion protein may include a single amino acid sequence that contains two
entirely distinct amino acid sequences or two similar or identical polypeptide sequences,
provided that these sequences are not normally found together in the same
configuration in a single amino acid sequence found in nature. Fusion proteins may
generally be prepared using either recombinant nucleic acid methods, i.e., as a result of
transcription and translation of a recombinant gene fusion product, which fusion
comprises a segment encoding a polypeptide of the invention and a segment encoding a
heterologous polypeptide, or by chemical synthesis methods well known in the art.

Fusion proteins may also contain a linker polypeptide in between the constituent
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polypeptides of the fusion protein. The term “fision construct” or “fusion protein
construct’ is generally meant to refer to a polynucleotide encoding a fusion protein. In
one embodiment, the fusion protein is a polypeptide as described herein fused to a
portion of an Ig molecule. The Ig portion of the fusion protein can include an
immunoglobulin constant region, e.g. a human Cyl domain or a Cy4 domain (e.g. the
hinge, CH2, and CH3 regions of human IgCyl or human IgCy4 (see e.g., Capon et al.,
U.S. Pat. Nos. 5,116,964; 5,580,756; 5,844,095, and the like). In one preferred
embodiment, Ig fusion proteins include a polypeptide as described herein coupled to an

immunoglobulin constant region (e.g., the Fc region).

As used herein “hematopoietic stem cell” refers to a cell of bone marrow, liver, spleen
or cord blood in origin, capable of developing into any mature myeloid and/or

lymphoid cell.

As used herein “isolated” with reference to a nucleic acid molecule, polypeptide, or
other biomolecule, means that the nucleic acid or polypeptide has separated from the
genetic environment from which the polypeptide or nucleic acid were obtained. It can
also mean altered from the natural state. For example, a polynucleotide or a polypeptide
naturally present in a living animal is not “isolated,” but the same polynucleotide or
polypeptide separated from the coexisting materials of its natural state is “isolated”, as
the term is employed herein. Thus, a polypeptide or polynucleotide produced and/or
contained within a recombinant host cell is considered isolated. Also intended as an
“isolated polypeptide” or an “isolated nucleic acid molecules” are polypeptides or
nucleic acid molecules that have been purified, partially or substantially, from a

recombinant host cell or from a native source.

It is also contemplated that the peptides of the invention may exhibit the ability to
modulate biological, such as intracellular, events. As used herein “modulate” refers to a
stimulatory or inhibitory effect on the biological process of interest relative to the level

or activity of such a process in the absence of a peptide of the invention.

The term “macrophage suppression” or “suppression of macrophages” as used herein

refers to the reduction or prevention of the role, activity and/or effect of macrophages.
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As used herein, the “nucleic acid molecule” means DNA molecules (e.g., a cDNA) and
RNA molecules (e.g., an mRNA) and analogs of the DNA or RNA generated, e.g., by
the use of nucleotide analogs. The nucleic acid molecule can be an oligonucleotide or

polynucleotide and can be single-stranded or double-stranded.

As used herein “operably linked” refers to an arrangement of elements wherein the
components so described are configured so as to perform their usual function. Thus,
control elements operably linked to a coding sequence are capable of effecting the
expression of the coding sequence. The control elements need not be contiguous with
the coding sequence, so long as they function to direct the expression thereof. Thus, for
example, intervening untranslated yet transcribed sequences can be present between a
promoter and the coding sequence and the promoter can still be considered “operably
linked” to the coding sequence. Similarly, “control elements compatible with
expression in a subject” are those which are capable of effecting the expression of the

coding sequence in that subject.

As used herein, “pharmaceutically acceptable carrier” means any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compatible. Examples of
pharmaceutically acceptable carriers include one or more of water, saline, phosphate
buffered saline, dextrose, glycerol, ethanol and the like, as well as combinations
thereof. In many cases, it will be preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol, sorbitol, or sodium chloride in the composition.
Pharmaceutically acceptable carriers may further comprise minor amounts of auxiliary
substances such as wetting or emulsifying agents, preservatives or buffers, which

enhance the shelf life or effectiveness of the pharmacological agent.

As used herein, “polypeptide” and “protein” are used interchangeably and mean
proteins, protein fragments, modified proteins, amino acid sequences and synthetic

amino acid sequences. The polypeptide can be glycosylated or not.

As used herein “stroma” refers to the supporting tissue or matrix of an organ,

distinguishable from the functional elements of the organ or the parenchyma.
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As used herein, “therapeutically effective amount” refers to an amount effective, at
dosages and for a particular period of time necessary, to achieve the desired therapeutic
result. A therapeutically effective amount of the pharmacological agent may vary
according to factors such as the disease state, age, sex, and weight of the individual,
and the ability of the pharmacological agent to elicit a desired response in the
individual. A therapeutically effective amount is also one in which any toxic or
detrimental effects of the pharmacological agent are outweighed by the therapeutically
beneficial effects.

According to one aspect, there is provided an isolated polypeptide selected from the
group consisting of a polypeptide consisting of a) the amino acid sequence of SEQ ID
NO. 1; b) a polypeptide consisting of a fragment of the amino acid sequence of SEQ ID
NO. 1, wherein the fragment comprises at least one of residues 31, 32, 34, 37, 74, 77,
83, 84, 86, 87, 90, 91, 96, 100, 102, 114, 118, 126 of SEQ ID NO. 1; and c) one of the
polypeptide in a) and b) with up to 1 amino acid insertion, deletion or substitution for
every 7 amino acids in length of the polypeptide, wherein the polypeptide comprises at
least one of residues 31, 32, 34, 37, 74, 77, 83, 84, 86, 87, 90, 91, 96, 100, 102, 114,
118, 126 of SEQ ID NO. 1 and binds human CD47.

According to a further aspect, there is provided an isolated polypeptide selected from
the group consisting of a) a polypeptide consisting of the amino acid sequence of SEQ
ID NO. 2; b) a polypeptide consisting of a fragment of the amino acid sequence of SEQ
ID NO. 2; and c) one of the polypeptide in a) and b) with up to 1 amino acid insertion,
deletion or substitution for every 7 amino acids in length of the polypeptide; wherein i)
at least one of residues at positions 31, 32, 34, 37, 74, 77, 83, 84, 86, 87, 90, 91, 96,
100, 102, 114, 118, 126 of SEQ ID NO. 2 in the polypeptide is replaced with
corresponding residues 31, 32, 34, 37, 74, 77, 83, 84, 86, 87, 90, 91, 96, 100, 102, 114,
118, 126 of SEQ ID NO. 1; or ii) at least one of residues 129 and 130 of SEQ ID NO. 2
in the polypeptide is deleted.

According to a further aspect, there is provided an isolated polypeptide selected from
the group consisting of a) a polypeptide consisting of an amino acid sequence selected
from the group consisting of SEQ ID NOS. 4-13; b) a polypeptide consisting of a

fragment of an amino acid sequence selected from the group consisting of SEQ ID
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NOS. 4-13; and c) one of the polypeptide in a) and b) with up to 1 amino acid insertion,
deletion or substitution for every 7 amino acids in length of the polypeptide, wherein

the polypeptide binds human CD47.

According to a further aspect there is provided a polypeptide capable of binding to
human Sirpe; and antibodies to human Sirpa. Preferably, the polypeptide is the
extracellular domain of human CD47 fused to the Fc portion of IgG.

In some embodiments, the polypeptide is the fragment thereof and comprises at least 3
consecutive amino acids in at least one of a region between residues 50-57, 63-71, 74-
80, 88-92, 95-100, 103-109, 114-125 or 128-141, inclusive of SEQ ID NO. 1, between
residues 50-57, 63-71, 74-80, 88-92, 95-100, 103-109, 114-125 or 128-143, inclusive of
SEQ ID NO. 2, between residues 24-31, 37-45, 48-54, 62-66, 69-74, 77-83, 88-99 or
102-116, inclusive, of any one of SEQ ID NOs. 4, 7, 8, 9 and 12; or between residues
24-31, 37-45, 48-54, 62-66, 69-74, 77-83, 88-99 or 102-115, inclusive, of SEQ ID NOs.
5,6, 10, 11 and 13, as the case may be.

In some embodiments, the amino acid insertion, deletion or substitution is a

conservative amino acid substitution.
In a preferred embodiment, the polypeptide binds human CD47.
In a preferred embodiment, the polypeptide binds human SIRPo.

In some embodiments, in increasing preferability, the polypeptide is the fragment and is
between 6 and 30 amino acids in length, between 8 and 28 amino acids in length,
between 10 and 26 amino acids in length, between 12 and 24 amino acids in length and

between 14 and 22 amino acids in length.

The polypeptides described herein may be fused to a second polypeptide that is
preferably the Fc portion of IgG.

According to one preferred embodiment, there is provided a polypeptide comprising the
extracellular domain of CD47 fused to the Fc portion of IgG, preferably for increasing

hematopoietic stem cell engraftment in a human.
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According to a further aspect, there is provided a pharmaceutical composition

comprising a polypeptide described herein and a pharmaceutically acceptable carrier.

According to a further aspect, there is provided a method for increasing hematopoietic
stem cell engraftment in a mammal comprising administering to the mammal a
therapeutically effective amount of a polypeptide described herein. Preferably, the
increased hematopoietic stem cell engraftment results from suppression of

macrophages.

According to a further aspect, there is provided a use of a polypeptide described herein
for increasing hematopoietic stem cell engraftment in a mammal or in the preparation

of a medicament for increasing hematopoietic stem cell engraftment in a mammal.

According to a further aspect, there is provided a polypeptide described herein for

increasing hematopoietic stem cell engraftment in a mammal.

According to a further aspect, there is provided an isolated nucleic acid comprising a

sequence that encodes a polypeptide described herein.

According to a further aspect, there is provided an expression vector comprising a

nucleic acid described herein, preferably comprising a Kozak consensus.

According to a further aspect, there is provided a cultured cell comprising a vector

described herein.

According to a further aspect, there is provided a method of producing a polypeptide
comprising culturing a cell described herein under conditions permitting expression of

the polypeptide.

According to a further aspect, there is provided a method for increasing hematopoietic
stem cell engraftment in a human comprising modulating the interaction between
human Sirpa and human CDA47. Preferably, the interaction between human Sirpa and
human CDA47 is modulated by administering a therapeutically effective amount of at
least one of a) a polypeptide capable of binding to the extracellular domain of human
Sirpe; b) antibodies to human Sirpo ; ¢) a polypeptide capable of binding to the
extracellular domain of human CD47, and d) antibodies to human CD47.
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Correspondingly, there is also provided use of the foregoing for increasing
hematopoietic stem cell engraftment in a human or for preparing medicament for the
same. Preferably, the increased hematopoietic stem cell engraftment results from

suppression of macrophages.

In one embodiment, the polypeptide capable of binding to the extracellular domain of
human Sirpa comprises soluble human CD47, or a fragment thereof, preferably the
extracellular domain of CD47. Preferably, the soluble human CD47, or a fragment
thereof, is fused to a second protein. In another embodiment, the polypeptide capable of
binding to the extracellular domain of human CD47 comprises soluble human Sirpc, or
a fragment thereof, preferably the extracellular domain of Sirpa. Preferably, the soluble
human Sirpe, or a fragment thereof, is fused to a second protein. In preferred

embodiments, the second protein is the Fc portion of IgG.

According to a further aspect, there is provided a method of identifying a compound
that increases hematopoietic stem cell engraftment in a human comprising a) contacting
at least one of the extracellular domain of human Sirpa and human CD47 with at least
one test compound; b) determining the at least one test compound as binding to the at
least one of human Sirpa and human CDA47; c) contacting the test compound with
human hematopoietic cells in a stromal environment; and d) determining whether

hematopoietic stem cell engraftment is increased in the presence of the test compound.

According to a further aspect, there is provided a method of determining genetic
polymorphisms in humans affecting hematopoietic stem cell engraftment comprising a)
sequencing the Sirpa gene from a plurality of humans having undergone hematopoietic
transplantation; b) determining nucleotide differences in the Sirpo gene within the
plurality of humans; and c) correlating the nucleotide differences with hematopoietic
stem cell engraftment to determine relevant polymorphisms. Preferably, the nucleotide

differences result in amino acid differences.

According to a further aspect, there is provided a method of determining likelihood of
hematopoietic stem cell engraftment in a recipient comprising a) sequencing the Sirpa

gene from the recipient; and b) determining whether the relevant polymorphisms exist.
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Preferably, the relevant polymorphisms result in an amino acid difference that is
preferably at least one of (a) replacement of at least one of residues at positions 31, 32,
34, 37, 74, 77, 83, 84, 86, 87, 90, 91, 96, 100, 102, 114, 118, 126 of SEQ ID NO. 2
with corresponding residues 31, 32, 34, 37, 74, 77, 83, 84, 86, 87, 90, 91, 96, 100, 102,
114, 118, 126 of SEQ ID NO. 1; or (b) deletion of at least one of residues 129 and 130
of SEQ ID NO. 2.

The advantages of the present invention are further illustrated by the following
examples. The examples and their particular details set forth herein are presented for
illustration only and should not be construed as a limitation on the claims of the present

invention.
EXAMPLES

MATERIALS & METHODS
Mice

The CB17-scid/scid (SCID), NOD/LtSz-Prdkc™*¢ (NOD.SCID) (Shultz, L.D. et al.
(1995) J Immunol 154, 180-91), C57BL/6 (B6), C3H, ICR, and BALB/c mice were
bred and maintained under sterile conditions at the Ontario Cancer Institute (Toronto,
Canada). Rag-Z_/‘ (RAG-2), RAG-2.Prf", and RAG-2. ,Bgm—/‘ mice, all on B6
background, were obtained from GenPharm International (Mountain View, CA). NOD,
NOD.SCID, NOD.NOR-/dd13, NOD.NOR-/dd4, NOD.NOR-Idd5, NOD.NOR-1dd9,
NOR.NOD-Idd13, and B6.NOD-Iddl3 mice were maintained in either specific
pathogen-free or barrier conditions at the Hospital for Sick Children (Toronto, Ontario).

All congenic mice were generated with marker-directed selection of breeders from an
initial intercross of NOD/Jsd and NOR/Lt progenitors. The NOD and NOR genomes
are approximately 88% identical by descent, and the differential portions of their
genomes are distributed on chromosomes 1, 2, 4, 5, 7, 10, 11, 12, 14 and 18. Breeders
were screened with microsatellite markers for all genetic loci that differ between NOD
and NOR, such that the founders of all congenic lines were homozygous for
background alleles. The microsatellite markers used to define the congenic mice used

in this study are listed in Table 1.
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Table 1. Microsatellite markers used to map congenic mice.
Markers used to define congenic intervals
SEQ
Position ID
Locus | Marker Chr. | (Mb) Primer 1 Primer 2 NO.
DiGulil GAACATAGGTGCACACTC | TGATGCTGGAGGTTGTCC
IBD 7 1 72614682 | ACATA T 19/20
DINgul4 GATGAAAGAGATAAGAC | TGGTTATTAAAGAGCTGT
1dds 6 1 72932895 | AGATGTTAGATA TTTACATG 21/22
AAGTTGGAACTCTGCAGG | GTGTCTTCAATGCAGCAC
ldds DIMit77 1 74154726 | ACA GT 23/24
DIMitl3 TATTGTTTATGGAAATTIG | CATCTCTGAAGGAAAAA
Idds 2 1 77603656 | GACCC GTGCA 25/26
DiMir21 GGGAGACAACAAATAAT | AGAGGTGGGTCCTGGAA
Idds 6 1 80318888 | CATATTGC ACT 27/28
CTGAAAATCGTCCCTTGA | CAGGAGCATGAAATGGG
Idds DIMit8 1 83489415 | cC GAT 29/30
DIMit44 TCCACACAAGGTGTCCTC | GCTCAGGTGACCTCCAA
1dds 0 1 88698913 | TG AAC 31/32
ATCACCACTGTGGGCATT | CAGTAGAGGCCAAGGGC
Idds Ramp1 1 91094432 | CTGAAC ATCAGAATC 33/34
TGTCTCCCCAAAGTAGCA | GTGATGCAGGAGTTTCT
IBD DIMi84 1 91834941 | GG GCA 35/36
D2Jyh43 11898874 | GGCAGATTTATCGCTGTG
IBD 9 2 |8 AG GTGCGCCACCAATGC 37/38
D2Jyh44 11904730 | CTTCAGTGCTGTATCCAC | CTCCCACTCCCATTAATT
Iddi3 | 3 2 1 TGC CTC 39/40
12256306 | AGGCAATTACAAGGCCTG | CACCCATCTCCCTCAGTC
Idd13 | D2Mit17 2 |9 G AT 41/42
D2Mit25 12636563 | GTAGAGACTTGGTGGGTT | ATCTCTGCTGACAAAGA
lddi3 |6 2 |4 TTGG ACAGTG 43/44
D2Mita4 12853044 | CATGTGCCATGGTACAAA | TGGCTTGTTTCAGATAGC
ldd13 | 7 2 {2 GC ACA 45/46
D2Mir33 13057830 | TCACCAGCCTGAAAACAC | TCTGGGTACAATCCTTAG
Iddi13 | 8 2 |9 TG TCCTG 47/48
D2Mit49 13864439 | GCCAGATACAATITTCCC | GTGGGACGCAATATTGG
Iddi3 | 0 2 |8 TCA C 49/50
D2Mitd5 16245001 | TCCCACATTTCTGGCATA | CACATGTGCATTTAAGC
lddi3 | 2 2 !5 CA ATGC 51/52
16321366 GGCTCAGTTGTAAGCAC
IBD D2Mit51 2 1 GTGAGGGGTCAATGCCAC | AAGG 53/54
D4Mit33 10224868 AAAGATCTGGATTCAAA
IBD i 4 |2 CCTAACCCTCCCCACACC | TCCTCC 55/56
10545792 | ACGAGTTGTCCTCTGATC | AGCCAGAGCAAACACCA
1dd9 D4Mit31 4 |0 AACA ACT 57/58
D4Mit30 12253146 | TATGGATCCACTCTCCAG | CAAAGTCTCCTCCAAGG
1dd9 8 4 4 AAA CTG 59/60
D4Mir20 13188076 | CTGCTGCAGCGATTCTCT | TCAGGCACCTAAGTACA
1dd9 4 4 |3 c TGTGC 61/62
D4aMir25 13538496 | AAAAATCGTTCTTTGACT | TTTAAAAGGGTTTCTTTA
1dd9 1 4 |3 TCTACATG TCCTGTG 63/64
D4aMi25 14277093 | TTTTCTTAGAACATACCT | GGGGAAGGTGAAAATTT
1dd9 9 4 |7 TGCTTGG AAAGG 65/66
D4Mit31 14658249 | TCTCCACGTGTGTGCCTT | TGAAAGCACTCTGCAGA
1dd9 0 4 |7 AG CTCA 67/68
DiMi18 14699441 | CACTACACGGGGCTGAG | AAGATCCAACACCCTTTT
1dd9 9 4 1 ATT TGG 69/70
D4Ngul7 14777240 | GGCAGCTTTGTGCTTTAA | ATGGATGTTTACCTGGCG
IBD 383 4 |5 AA T U712
DI11Mit2 ACTGGAAAATATGTTTTA | AAATGGGATTCTGCAAA
Idd4 17 11 | 37214368 | AACCTCTG AACC 73/74
Idd4 DI1IMit3 11 | 53814488 | GTGCACTTTCCATGCCTG | GAGTAGAAAGAGACAGA | 75176
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10 TA GAAAGACACA
DI1iMit9 TCTCCAGCCCCTTCATTA | TGCCAAACACCCATGAG
Idd4 0 11 | 70112196 | TG AC 77/78
DilJyhl TCCTTGGTGAGTCCACAT | GGCTAGGCTCTGGAAGA
Idd4 081 11 | 80495333 | cT CA 79/80
D1iMit4 11279582 | ACTAGCCATATGGTTTCT | GTAGCAGGGCTGTGAGC
IBD 2 11 |4 GATGG TTT 81/82
Markers used to screen for background alleles in congenic mice
position SEQID
locus | marker Chr. (cM) | primerl primer2 NO.
non- TATTAATGTTGAAGCCA | CTTTAATCATCTCTGTGG
Idd | DIMit430 1 6.6 GAAGCC CAAGG 83/84
non- TGAAGCAAGAATTCAA | AGGACATACCTAGTAAG
Idd | DIMit122 1 204 | GAAGAGG GCTTTGTC 85/86
non- GATCTTCCTACCTTCTTA | CATGATTTTATTIGGGGG
Idd | D5Mitll 5 17.5 | cccac G 87/88
non- GTCAGACATTGGCTTAG | GGTTTGTGCGCTCICTCT
Idd | D7Mit124 7 372 | gaTCC CT 89/90
non- TTTGCCTGTAACAAGCC | TTGAGGCTATCAGTTTAA
Idd | DIOMir86 10 12 AGA AATCCC 91/92
non- GAATAACCCATGTTTAT | CTCTGGACTTGTGTTCTA
Idd | D1IMit62 11 2.2 ATCGGTG TGCC 93/94
non- CCTCCTAATAGTGCCAT | CCAGCAATCACGAGTCT
Idd DI12Mit76 12 38.3 TCCC TCC 95/96
non- GACCAAAGTCATATCTA | TTAATTGCAAGTAACAC
Ildd | DI4Mit194 | 14 52.5 | TAACACC AATGAGTAGG 97/98
non- ACTGTTGCTGGGGAATG | CCAAGTTCAAAGCTGCT
ldd | DI8Mit4 18 372 |G GG 99/100

IBD = identical by descent; non-/dd = regions of non-identity between NOD and NOR

outside the four /dd regions

NOD.NOR-1dd13.SCID mice were generated from an intercross of NOD.NOR-Idd13
mice to NOD.SCID mice, followed by brother-sister matings screened by marker
assisted genotyping until homozygosity was achieved at both Idd13 and SCID loci.

For microsatellite genotyping, genomic DNA was prepared from 0.6 - 0.8 cm tail snips
that were digested in a solution of proteinase K and digestion buffer (AutoGen
AGO00122) overnight at 55°C. The crude digests were diluted and heated to inactivate
the proteinase K. PCR was performed with oligonucleotide primers modified at their 5°
ends with fluorescent tags. PCR conditions were the same for all microsatellite primers:
10 cycles of 30 s at 94°C, 30 s at 50°C, and 1 min at 72°C, followed by 35 cycles of 30
s at 94°C, 30 s at 55°C, and 1 min at 72°C in 1.5 mM MgCl,. PCR amplicons were
detected with the ABI 3730XL sequencer and alleles were called with the aid of the
GeneMapper software version 3.0 (Applied Biosystems, Foster City, CA).
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For LTC on MS-5 murine stromal cells, non-irradiated MS-5 cells were seeded into 96
well tissue culture plates (2000 cells/well) as described in Gan, O.L. et al. (1999) Exp
Hematol 27, 1097-106. Three days later, murine peritoneal macrophages were seeded at
doses of 20-20,000 cells/well with 5 replicates per dose. The next day, 2000 human
Lin CB cells per well were added in 200 pl human LTBMC medium without
hydrocortisone. Cultures were maintained at 33°C (or 37°C for gene transfer
experiments) with weekly half-medium change. After 3-4 weeks, cells were trypsinized

and half of the cells from each well were plated into progenitor assays as described.

Human-specific hematopoietic progenitor cell assay

Seven thousand five hundred cells from T25 flasks, or half well content from 96-well
plates, were plated in 1 ml methylcellulose cultures under conditions that are selective
for human cells as previously described in Larochelle, A. et al. (1996) Nat Med 2,
1329-37. The cultures were incubated for 14 days at 37°C and the total number of
colonies produced by colony-forming cells (CFC) was counted. Cells from T25 flasks

were plated in triplicate.

Murine mhcrophage preparation

Murine peritoneal macrophages were obtained by peritoneal levage with 10 ml of
oMEM with 10% FCS. BM-derived macrophages were obtained by flushing femurs,
tibias, and iliac crests with 10 ml of DMEM supplemented with 10% FCS, 10 mM
HEPES (pH 7.0), 50 nM 2-mercaptoethanol, 2 mM glutamine, 1x nonessential amino
acids, and 1% penicillin/streptomycin (“complete DMEM”). BM cells were plated at a
concentration of 1 x 10 cells/ml in complete DMEM containing 10 ng/ml recombinant
mouse GM-CSF (R&D Systems, Minneapolis, MN). Medium was changed with fresh
complete DMEM with GM-CSF every other day, and macrophages were harvested by
gentle scraping after 7 days.

Real time PCR analysis of 1dd13 candidate genes

Expression of genes within the 0.96 Mb critical /dd13 interval was analyzed by PCR
amplification of cDNA prepared from BM stroma and purified macrophages. Real time
PCR was performed using an ABI/PRIZM 7900 HT cycler (Applied Biosystems) under
the following conditions: 95°C for 15 s and 59°C for 1 min for 40 cycles, with addition
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of SYBR Green buffer (Applied Biosystems). Serial dilutions of a plasmid containing
the gene sequence were used as a reference for standard curve calculation. The
fluorescence thresholds and corresponding copy number were calculated using SDS 2.0
software (Applied Biosystems). Reactions were performed in triplicate, and transcript

quantity was normalized to $-actin.

Molecular genetic analysis of murine Sirpa

The coding region of Sirpa was sequenced from NOD, NOR and BALB/c strains.
cDNA was prepared from BM-derived macrophages and used as a PCR template under
the following conditions: 30 s at 94°C, 30 s at 60°C, and 1 min at 68°C in 2 mM
MgSO, for 30 cycles using High-Fidelity Taq polymerase (Invitrogen Life
Technologies, Carlsbad, CA). The untranslated (UTR) region of Sirpoz was also
amplified and sequenced in NOD and NOR strains, using genomic DNA as a template
and the same PCR conditions. Sequencing primers were designed using Primer Express
1.5 software (Applied Biosystems) and are listed in Table 2. PCR products were
purified according the manufacturer’s instructions (Qiagen, Valencia, CA) and
sequenced on both strands at the Center for Applied Genomics, Hospital for Sick
Children, Toronto, Canada (TCAG; www.tcag.ca). B6, BALB/c, and 129/Sv mouse

Sirpa sequence files were obtained from EnsEMBL (www.ensembl.org) and NCBI

(www.ncbi.nlm.nih.gov) databases. Sequence files were aligned and analyzed with

Lasergene software (DNASTAR, Madison, WI).

Table 2. Primers used to PCR amplify and sequence coding and untranslated regions of

murine and human S/IRPa.

SEQ
1D
Forward Primer Reverse Primer NO.
Mouse
Sirpa- | AGTCCACCTTAAGAGGACCA
1 AGTAGC TGTACAGAAACAGGACGCGGA | 101/102
Sirpa- TACCTCGCAGATGACCTTAGA
2 TCTCCCTCCTTGCTCTGCAG | ATTAA 103/104
Sirpo- | CCTAGTGGAAAGAATGTCTCC | CATATTCTGTGTGGTTGTTAGG
3 TACAACA CTCA 105/106
Sirpo- | CCAGGTACAGTCTTTGATCCA | CCAGGGAGTCTCTGCTGGTCT
4 GGA A 107/108
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Sirpa‘ CATCTGTGGAAGAACTACAC | TACCTCAGAGAGCTGGCCGAG
5 CAGAAGTC T 109/110
Sirpa- CCAATGCTGACCTAATGTTGG | CATCTATACACCCGTGTGTGTA
6 C TACACA 111/112
Sirpa-
7 AACTTGTCTTTGTCCGGGCC GGCACAGTTCATCCTCACCC 113/114
Huma
n
. TAGAATACAGGCTCATGTTGC | GCCTTCAGCAAATAGCATGAC
SlI‘pOL AGGT GT 115/116

Molecular genetic analysis of human SIRPo

Thirty-seven unrelated individuals from the HapMap collection were chosen for
sequencing based on genotype variation at two markers flanking the IgV domain
encoded in exon 3 (rs6075340 and rs611968). DNA samples were obtained from
TCAG and exon 3 was amplified by PCR using High-Fidelity Taq polymerase
(Invitrogen Life Technologies). The resulting amplicons were cloned and exon 3
regions from 2 to 4 independent clones per individual were sequenced at TCAG on
both strands using primers flanking the plasmid multiple cloning site (Table 2).

Sequences were aligned using Lasergene software.

Biochemical analysis of SIRPa

BM-derived macrophages were washed with ice-cold PBS and then lysed in buffer (20
mM Tris-HCI pH 7.6, 140 mM NaCl, 1 mM EDTA, 1% NP-40) containing 5 mM NaF,
aprotinin (10 pg/ml)‘and 1 mM sodium vanadate. The lysates were centrifuged at 10
000 g for 15 min at 4°C and the resulting supernatants subjected to immunoblot
analysis as follows: proteins (20 pg per well) were electrophoresed in 10% sodium
dodecyl sulphate (SDS)-polyacrylamide gels and transferred onto 0.2 uM nitrocellulose
membranes (Bio-Rad, Hercules, CA). Western blots were analyzed using anti-SIRP«
antibody (Stressgen, Victoria, BC, Canada) and developed with the HRP-ECL system
(Amersham Biosciences, Piscataway, NJ). N-linked oligosaccharides were removed
from SIRPa by boiling cell lysates for 5 minutes in 0.5% SDS and 1%
Bmercaptoethanol to denature the glycoproteins, and then incubating with N-

glycosidase F (40 units/ml, Roche Applied Science, Indianapolis, IN) for 12 hours at
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37°C. For immunoprecipitation, 250 pg of BM-derived macrophage lysate was added
to either hCD47-Fc (10pg/ml) or the control human IgG Fc (10pug/ml) with 50ul of
protein G MicroBeads (Miltenyi Biotec, Auburn, CA). Following a 60-minute
incubation on ice, the immune complexes were collected on a pMACS separator
following manufacturer’s instructions (Miltenyi Biotec, Auburn, CA) and eluted from

the column with SDS-PAGE gel loading buffer.

Sirpa lentiviral infection protocol

NOD Sirpa cDNA was cloned downstream of an E1Fa promoter in a third-generation
lentiviral vector backbone containing a reporter Gfp gene driven by the human PGK
promoter (SIRP). The control vector (CEP) contained only Gfp. Vector construction
was confirmed by sequencing. Viruses pseudotyped with the vesicular stomatitis virus
G protein were generated by transient transfection of 293T cells, as described in
Guenechea, G. et al. (2000) Mol Ther 1, 566-73, and concentrated by
ultracentrifugation. The functional titers of SIRP and CEP virus as determined by
infection of HeLa cells were 2.1-5.1 x 10 and 4-7.6 x 10 infectious particles per ml,
respectively. Virus was added to flasks of NOR BM-derived macrophages after 5 days
of culture at a multiplicity of infection of 20 to 25, and infected macrophages were
harvested on day 12. Gene transfer efficiency into macrophages was 51-88% as
assessed by GFP fluorescence using flow cytometry. Infected macrophages were
stained with PE-conjugated anti-mouse CD11b mAb (Beckman Coulter, Fullerton, CA)
and sorted on a Dako Cytomation MoFlo (Fort Collins, CO) to obtain GFP+CD1 lb+
cells. Uninfected control macrophages were stained and sorted to obtain CD1 1b cells.
Purified macrophages (purity 97-99%) were used for further experiments.

Soluble human CD47-Fc preparation

293T cells were transfected with pcDNA-CD47Fc containing the human CD47
extracellular domain fused to human IgG1 Fc directed by the CMV promoter (Latour,
S. et al. (2001) J Immunol 167, 2547-54) using a Superfect Transfection Kit (Qiagen)
and selected with 100ug/ml Zeocin (Invitrogen, Carlsbad, CA). Cell lines producing
soluble human CD47-Fc (hCD47-Fc) were identified by immunoblot analysis of culture

supernatants. hCD47-Fc protein was purified on Protein G-Sepharose (Pierce,
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Rockford, IL) and covalently conjugated to biotin for use in flow cytometric analyses.

Flow cytometry

Flow cytometric analysis was performed using a FACSCalibur (BD, Franklin Lakes,
NJ). For analysis of human cell engraftment in mice, cells harvested from murine BM
were stained with phycoerythrin (PE) cyanineS-conjugated anti-human CD45 antibody
(Beckman Coulter). For analysis of cell surface expression of SIRPx and binding of
hCD47-Fc, 1 x 106 murine BM leukocytes were stained with purified anti-SIRPa mAb
P84 (BD) with Alexa 633-conjugated goat anti-rat (Molecular Probes, Carlsbad, CA),
FITC-conjugated anti-CD11b mAb (SWRI, San Antonio, TX), and either biotinylated
hCD47-Fc with avidin-APC or a control human IgG Fc fragment with biotinylated anti-
human IgG mAb and avidin-APC. Viable leukocytes were selected by exclusion of
propidium iodide. Isotype controls were mouse or rat IgG conjugated to the appropriate
fluorochrome. GFP fluorescence was detected in FL1 calibrated to the fluorescein

isothiocyanate emission profile.

Statistical analysis
Groups were compared using one-way ANOVA and all pairwise multiple comparisons
were done using Dunn’s method when differences were found. For gene transfer

experiments, CEP and SIRP conditions were compared using the Wilcoxon rank test.

Protein Synthesis

The human CD47 IgV domain cDNA sequence was cloned in-frame upstream of a
human IgG Fc cDNA sequence, inserted into appropriate expression vectors,
transfected into 293F cells, and the resulting fusion protein (hCD47-Fc) purified from
culture supernatant by affinity chromatography on protein G beads. Mouse CD47-Fc
(mCD47-Fc) fusion protein was prepared using the same strategy.

Assay of binding affinity of hCD47 and mCD47 to mSIRP« expressed on mouse
macrophages

Figure 14 is a schematic representation of an assay designed to quantify the binding
affinity of hCD47-Fc and mCD47-Fc (not shown) to the NOD and NOR mouse
versions of SIRPa. Macrophages obtained from NOD or NOR mice were allowed to
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adhere to tissue culture plates for 2 hours then washed with buffered saline. Graded
amounts of purified hCD47-Fc or mCD47-Fc fusion protein was added to the wells,
allowed to bind at 37°C for 20 minutes, and the wells washed extensively with buffered
saline. A commercially available anti-human Fc antibody covalently conjugated to
horseradish peroxidase (HRP) was added and allowed to bind, and the plates washed
extensively with buffered saline. The quantity of bound hCD47 was evaluated by
colorimetric assay following HRP reaction with hydrogen peroxide and peroxidase

treatment using a spectrophotometer.
EXAMPLE 1

Immune-deficient mice with NOD strain background support human hematopoietic

cell engraftment in vivo

Several groups including our own have shown that NOD mice homozygous for the
Prkdc™™® (SCID) mutation permit superior human hematopoietic cell engraftment
compared to SCID mice on other strain backgrounds, including CB17 (Greiner, D.L. et
al. (1995) Am J Pathol 146, 888-902; Larochelle, A. et al. (1996) Nat Med 2, 1329-37).
The molecular and cellular basis for this strain difference in xenograft efficacy is not
known. However, NOD.SCID mice have a high incidence of spontaneous thymic
lymphoma that limits their usefulness for long-term experiments. Mice carrying null
alleles of the recombinase activating gene 2 (Rag-2) on the C57BL/6 (B6) background
have similar blockade in T and B cell development to CB17.SCID mice but do not
display spontaneous lymphoid malignancies (Shinkai, Y. et al. (1992) Cell 68, 855-67).
Rag-2"" (RAG-2) mice also carrying homozygous null alleles in B, microglobulin
(RAG-2.8:m™) or perforin (RAG-2.Prf” ) possess additional defects in natural killer
(NK) cell function (Zijlstra, M. et al. (1990) Nature 344, 742-6; Kagi, D. et al. (1994)
Nature 369, 31-7). We therefore tested several other immunodeficient strains of mice

for their ability to support human hematopoiesis.

Human BM and CB cells were transplanted into mice from each strain and engraftment
was assessed by Southern blot analysis (Fig. 1A). Consistently high levels of
engraftment were detected in NOD.SCID mice, whereas CB17.SCID mice showed a

lower frequency and level of engraftment, as previously reported (Larochelle, A. et al.
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(1996) Nat Med 2, 1329-37). As expected, no engraftment was detected in immune-
competent NOD recipients. Surprisingly, despite their profound immune-deficiency,
engraftment failed in RAG-2, RAG-2.Prf” ~ and RAG-2. ﬂgm'/ ~ mice on the B6
background. In contrast, NOD.Rag-1"" mice have been shown to support high levels of
human hematopoietic cell engraftment (Shultz, L.D. et al. (2000) J Immunol 164, 2496-
507). These observations suggest that additional factors other than immune-deficiency
in the mouse strain background and/or host BM microenvironment dramatically impact

hematopoietic engraftment in the xenotransplant setting.
EXAMPLE 2

Support of human long-term culture initiating cells requires NOD alleles on

chromosome 2

Long-term culture initiating cells (LTC-IC) are the most primitive human
hematopoietic cells that can be assayed in vitro (Wang, J.C.Y. et al. “Normal and
leukemic human stem cells assayed in immune-deficient mice” in: Hematopoiesis - A
Developmental Approach (ed. Zon, L.I1.) 99-118 (Oxford University Press, New York,
USA, 2001), and serve as a surrogate measure of human hematopoiesis under
controlled microenvironmental conditions. LTC-IC are quantified based on their ability
to generate colony-forming cells (CFC) after 5 weeks of stromal culture. To
characterize strain differences in the support of human hematopoiesis, we compared the
ability of BM stromal cells from NOD/Jsd (NOD) and other strains to support LTC-IC.
Stromal layers from NOD mice supported human CFC production for 5 weeks of
culture, whereas BM stroma from all of the other strains did not support human LTC-
IC following inoculation with equivalent numbers of Lin~ CB cells (Fig. 1B). NOD
stroma was supportive even at low input numbers of Lin~ CB cells (0.6 x 10%; Fig. 1C).
We examined NOR/Lt (NOR) mice in this assay because they are a recombinant inbred
strain 88% identical by descent to NOD, differing only at four Idd loci (/dd4, 1dd5,
1dd9, and Idd13) (Prochazka, M. et al. (1992) Diabetes 41, 98-106). In contrast to NOD,
NOR cultures supported LTC-IC only when seeded with 10-fold greater numbers of
Lin~ CB cells (Fig. 1C), and resulted in small-sized CFC. These data suggest that the
unique support of primitive human hematopoiesis observed in NOD mice in vitro and

in vivo is controlled by regions of genetic non-identity between NOD and NOR mice.
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To map the genetic loci that conferred the superior ability of the NOD strain to support
human hematopoiesis, stromal cells from NOD and NOR parental mice, a series of
NOD and NOR-/dd congenic strains, and B6.NOD-Idd13 mice were tested in chimeric
LTC (Fig. 2A). Neither the B6 or NOR parental strains were able to support
development of human LTC-IC compared to NOD stroma. NOD mice congenic for
NOR alleles at Idd4, 1ddS, and Idd9 displayed equivalent LTC-IC outcomes to NOD
parental animals. In contrast, stromal cells isolated from NOD.NOR-Idd!3 mice
(Idd13-BB genotype) were unable to support human LTC-IC whereas both B6 and
NOR mice congenic for NOD IddI3 (Idd13-NN genotype; B6.NOD-Idd13 and
NOR.NOD-Idd13) were supportive. Thus, the NOD-derived IddI3 locus on
chromosome 2 (Serreze, D.V. et al. (1994) J. Exp. Med. 180, 1553-1558) conferred
dramatically enhanced capacity of BM stromal cells to support human LTC-IC in vitro.

EXAMPLE 3

1dd13 genotype determines support of human hematopoietic stem cell engraftment in

vivo

To test whether the Idd13 locus controls support of human hematopoietic cells capable
of repopulation in vivo (termed SCID-repopulating cells, SRC), we generated an
immune-deficient NOD congenic strain homozygous for NOR-derived IddI3
(NOD.NOR-1dd13-SCID). Sublethally irradiated NOD.SCID and NOD.NOR-Idd13-
SCID mice were transplanted intravenously with Lin~ CB cells (equivalent to 0.37-1.5
x 10° CD34" cells) and human CD45" cell engraftment was assessed after 6-7 weeks by
flow cytometry (Fig. 2B). As expected, NOD.SCID mice supported human engraftment
over the entire CB cell dose range. In contrast, no human cell engraftment was detected
in NOD.NOR-1dd13-SCID mice. These results confirm the in vitro LTC-IC data and
establish that NOD alleles at the /dd!3 locus confer support of human hematopoiesis in

vivo.
EXAMPLE 4

Fine mapping of candidate genes at 1dd13 regulating support of human

hematopoiesis
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To refine the location of gene(s) at IddI3 that regulated support of human
hematopoiesis, we used a mapping strategy involving generation of Iddl3 congenic
strains on both the NOD or NOR background (Fig. 3A). Stromal cells from these
congenic animals were tested in chimeric LTC assays (Fig. 3A and B). Interestingly
stromal cells from Idd13 heterozygous mice (Idd13-BN) supported human LTC-IC,
however the number of CFC generated was consistently ~50% of that seen in NOD
cultures (Fig. 3A and B, third bars from left). These data were consistent with a
dominant effect of NOD IddI3 alleles on support of human LTC-IC. By repeating these
analyses on eight novel IddI13 congenic strains on both the NOD and NOR
backgrounds, the support of human LTC-IC phenotype was resolved to a 960 kb region
(Fig. 3A and B), defined by a single nucleotide polymorphism in Fliz/ and the
microsatellite D2Ngul1849 (Table 3). Of 15 genes in the interval, eight had functional
annotation. Expression of seven of the eight genes in BM stroma and macrophages of
NOD and NOR strains was assessed using real time PCR (Table 4). Sirpa (also called
Shps-1 and Ptpnsl) was the only gene expressed in BM stroma that showed coding
sequence polymorphism between NOD and NOR and, thus, was selected as the most
promising candidate for further study.

Table 3. Idd13 candidate interval supporting human LTC-IC.

Start Genomic EnsEMBL i i SEQID
Chr position marker gene ID Gene symbol Primer 1 Primer2 NO.
ENSMUSG
2 | PP | Rzl | 0000002738 | Ze3hdes
7
ENSMUSG
5 | 12871643 0000004285 | ZCC6-MOUS
0 1 E
, | 12874454 | D2Ngull72 GCCACTACCAT | CCTGICTIGAA | 17118
A P CCGATTCTT AACCCAAAA
ENSMUSG
) 128871500 0000002739 Ttl
4
ENSMUSG
2 128875003 0000002739 Rpol-2
5
ENSMUSG
By 128%7384 0000003793 Chehds
8
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ENSMUSG
, | 12891796 vty
9 4
ENSMUSG
2 128934782 0000002739 Sic20al
7
ENSMUSG :
, | 12896799 US| A7s00sen7Ri
2 K
8
ENSMUSG )
, | 12901790 s | 2610318C08R:
4 k
7
ENSMUSG
2 129034863 0000002739 flla
9
ENSMUSG
2 | 1B 0000002739 1ip
8
ENSMUSG ,
2 129101892 0000005663 | NM_177848
5
ENSMUSG :
, | 12920738 s | Fs3coaspicri
2 X K
ENSMUSG
2 '29314260 0000003790 | Sirpa=Ptpnsl
2
ENSMUSG
, | 12943558 e SMUS | NDDB_MoOUS
9 E
0
12953089 AATGACTTGTT | TTTTATGCCCT
2 8 D2Jyh3941 TGCCAAGGA | AGGAGCCTC | 1197120
12954977 ENSMUSG
2 5 0000003788 Stk3s
5
S| 12963301 | D2Ngulis4 ACTCTCTGAGT | CCICACCCTTA |
8 9 AGCCTGCCCC | CTTGGCACC

The candidate interval supporting human LTC-IC is bounded by Fliz! and D2Ngul1849,
(see Fig. 3A) defining a 0.96 Mb interval on chromosome 2 containing 15 genes. A
minimal candidate locus was defined by microsatellite markers D2Ngull1725 and
D2Jyh3941 and contained 13 genes. All genomic positions and gene attributes are
based on EnsEMBL version 26.33b.1. FlizI primers were designed to detect a
polymorphism between NOD and NOR strains in the 5' UTR.
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Table 4. Expression of annotated genes in /dd13 candidate interval.
Mean copy
Mean copy
s;;;:il EnsEMBL ID Genotype Cell type nun::bSeDr norm alilz“el:lntl:)e[ri-
actin £ SD (x 10%)
Flizl ENSMUSG00000027387 | NOR stroma 2180+ 177 2.04+0.17
NOR.NOD- stroma 2107 + 257 1.97+0.24
ldd13 macrophage Ub UuD
NOR macrophage UD UD
NOR.NOD-
Idd13
Rpol-2 | ENSMUSG00000027395 | NOR stroma
NOR.NOD- stroma 9955 + 1836 7.66+141
Iddi3 macrophage 4938 + 1234 6.86+1.7.1
NOR macrophage 399 +23 0.40 £ 0.02
NOR.NOD- 225+39 0.54 +0.09
lddi3
Chehd5 | ENSMUSGO00000037938 | NOR stroma UD uD
NOR.NOD- stroma UD UD
Idd13 macrophage ub UD
NOR macrophage UD UD
NOR.NOD-
Idd13
Slc20al | ENSMUSG00000027397 | NOR stroma 13762 + 467 23.80+0.81
NOR.NOD- stroma 19926 + 1767 2239+1.99
Iddi3 macrophage ND ND
NOR macrophage ND ND
NOR.NOD-
Iddi3
llla ENSMUSG00000027399 | NOR stroma 12104 + 1206 10.09 +1.01
NOR.NOD- stroma 11193 + 3229 9.33+2.69
Iddi3 macrophage 2321338+ 1304.12 + 320.79
NOR macrophage 571008 1198.81 £53.24
NOR.NOD- 4303725
Iddi3 191113
1ip ENSMUSG00000027398 | NOR stroma 19813 + 1701 17.08 + 1.40
NOR.NOD- stroma 12324 + 3185 15.40 £3.90
Idd13 macrophage 9167234 + 7051.72 +£ 94.46
NOR macrophage 122794 4595.18 +320.08
NOR.NOD- 8730824 +
lddi3 608149
Stk35 ENSMUSG00000037885 | NOR stroma 221£16 0.44 +0.44
NOR.NOD- stroma 400+ 15 0.57£0.02
1ddi3 macrophage ND ND
NOR macrophage ND ND
NOR.NOD-
Iddi3
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UD = below limit of detection
ND= not done
See Materials and Methods for description of real time PCR

EXAMPLE 5
Strain-dependent sequence and biochemical variation in 1dd13 candidate gene Sirpa

Signal regulatory protein a (SIRPa) is an Ig-superfamily transmembrane protein with
intracellular docking sites for two Src homology domain-containing protein tyrosine
phosphatases SHP-1 and SHP-2 (Barclay, AN. & Brown, M.H. (2006) Nat Rev
Immunol 6, 457-64). Sirpa is abundantly expressed in BM stroma and hematopoietic
cells (data not shown). We used PCR amplification and bi-directional sequencing of
c¢DNA from BM-derived macrophages to identify variations in the coding regions of
NOD, NOR and BALB/c mice. The NOR sequence is identical to B6 with the
exception of 4 additional amino acids in the B6-derived cytoplasmic domain (Fig. 4)
that likely reflects variation between two splice donor sites in exon 7 (Sano, S. et al.
(1999) Biochem J 344 Pt 3, 667-75). Comparison of the Sirpa coding sequence
between NOD and NOR revealed 24 amino acid differences, 20 of these in the
extracellular IgV-like domain of molecule where the NOD sequence displays 18
substitutions and two deletions compared to NOR and B6 (Fig. 4 and Fig. 8A). This
observed variation in the Sirpa the N-terminal IgV-like domain between NOD and
NOR or B6 is more extensive than that previously reported in this region amongst the

B6, BALB/c and 129/Sv strains (Sano, S. et al. (1999) Biochem J 344 Pt 3, 667-75).

To assess the consequences of SIRPa sequence variation between NOD and NOR mice,
protéin lysates were prepared from BM-derived macrophages, and SIRPa expression
was examined by immunoblotting with polyclonal antibodies directed against the
cytoplasmic domain which is sequence identical in NOD and NOR mice (Fig. 4). No
quantitative strain differences in SIRPa expression were detected under the conditions
examined. Electrophoretic mobility of the NOD protein was slightly less than that of
the NOR protein (Fig. 5A). SIRPa is glycosylated (van den Nieuwenhof, .M. et al.
(2001) J Cell Sci 114, 1321-9), so we examined the possibility that strain differences in

the apparent molecular weight reflected differential glycosylation. Protein lysates from
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BM-derived macrophages were treated with N-glycosidase F and examined by
immunoblotting (Fig. 5B). Following removal of N-linked glycans, SIRPa from both
strains migrated faster, with roughly equal mobility. These results suggest that the
extensive polymorphism we detected in the extracellular portion of the NOD and NOR
proteins results in differential glycosylation. Thus, the amino acid sequence and post-
translational modifications dissimilarities between NOD and NOR strains are consistent
with Sirpa being the Idd13 gene conferring strain-specific differences in human

hematopoietic support.
EXAMPLE 6
Murine macrophages display strain-specific variation in support of human LTC-IC

Murine SIRPa is most abundantly expressed in neurons and myeloid cells (Veillette, A.
et al. (1998) J Biol Chem 273, 22719-28) with evidence of differentially glycosylated
forms in heart, liver, kidney and other tissues (Sano, S. et al. (1999) Biochem J 344 Pt 3,
667-75). SIRPa ligation regulates multiple macrophage functions including inhibition
of phagocytosis (Oldenborg, P.A. et al. (2001) J Exp Med 193, 855-62; Blazar, B.R. et
al. (2001) J Exp Med 194, 541-9) and TNFa production (Smith, R.E. et al. (2003)
Blood 102, 2532-40), and increasing nitric oxide production (Alblas, J. et al. (2005)
Mol Cell Biol 25, 7181-92). We and others have shown that a human CD122" cell
subset distinct from NK cells, likely macrophages, may play a role in host resistance to
human hematopoietic engrafiment in the xenotransplantation setting (McKenzie, J.L. et
al. (2005) Blood 106, 1259-61; Shultz, L.D. et al. (2003) Exp Hematol 31, 551-8). In
addition, macrophages are a component of hematopoietically supportive BM stromal
cultures (Hauser, S.P. et al. (1995) J Histochem Cytochem 43, 371-9). Based on these
observations, we tested whether macrophages conferred the strain-specific differences
in human hematopoietic support we observed in chimeric LTC-IC assays. Peritoneal
macrophages from NOD, NOR, and NOR congenic mice heterozygous at the IddI3
locus (NOR.BN-Idd13) were harvested and added to human LTC-IC cultures
employing MS-5 stromal cells, a murine cell line that supports human hematopoiesis
(Issaad, C. et al. (1993) Blood 81, 2916-24). Murine macrophages were seeded onto
established MS-5 cultures at doses of 200, 2,000 and 20,000 cells per well, followed 24
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hours later by addition of 2,000 Lin™ CB cells. Macrophages of all strains had a dose-
dependent effect on the number of CFC generated after 3 to 4 weeks in LTC (Fig. 6A).
NOR macrophages exerted greater suppression of human LTC at all cell doses than
NOD macrophages; at 2,000 and 20,000 macrophages/well, the strain difference was
significant (p<0.008). NOR.BN-/dd/3 had an intermediate effect between NOR and
NOD macrophages consistent with our previous observations of a (co)-dominant effect
of Sirpa alleles on support of human hematopoiesis. Replicate experiments performed
with BM-derived macrophages showed similar results (data not shown). These findings
demonstrate a Idd13 genotype-specific, dose-dependent suppressive effect of murine

macrophages on human hematopoiesis in vitro.
EXAMPLE 7

Sirpa confers differential capacity of NOD macrophages to support human

hematopoiesis

To directly test whether the NOD Sirpa variant confers the observed strain-specific
effects of macrophage-mediated suppression of human hematopoiesis, we constructed
lentivirus vectors expressing NOD-derived Sirpa plus Gfp (SIRP), or Gfp alone (CEP).
Infection of Jurkat cells or NOR BM-derived macrophages with SIRP resulted in high
level expression of SIRPa protein, which in macrophages exhibited NOD-type mobility
on Western blot analysis suggesting that it was appropriately glycosylated in these cells
(Fig. 6B) To assess the effect of Sirpa in chimeric LTC, NOR BM-derived
macrophages were infected with SIRP or control CEP lentivirus prior to seeding on
MS-5 stromal cultures. Human Lin~ CB cells were added the next day and generation
of CFC was assessed 25 to 31 days later. Cell dose effects were again evident in this
setting where seeding 20,000 macrophages/well suppressed human hematopoiesis
regardless of Sirpa genotype. However, expression of NOD-derived SIRPa by NOR
macrophages resulted in substantially greater human CFC support compared to either
non-manipulated or CEP-infected NOR macrophages (Fig. 6C and data not shown).
Results from these gain-of-function experiments confirm that SIRPo confers strain-

specific, macrophage-mediated effects in chimeric LTC, providing direct support that
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this gene is responsible for the IddI3 locus effect on the support of human

hematopoesis both in vitro and in vivo.
EXAMPLE 8
Allelic variation in murine Sirpa confers differential binding to human CD47

The cellular ligand of SIRPa is the ubiquitously expressed integrin-associated protein
CD47, also a member of the Ig superfamily (Seiffert, M. et al. (1999) Blood 94, 3633-
43). CDA47 binds to the extracellular IgV-like domain of SIRPa (Seiffert, M. et al.
(2001) Blood 97, 2741-9; Vernon-Wilson, E.F. et al. (2000) Eur J Immunol 30, 2130-7).
Previous studies have shown that human SIRPa displays cross-species binding to
porcine CDA47, but not to CD47 from mouse (B6), rat or cow (Subramanian, S. et al.
(2006) Blood 107, 2548-56). Having identified 20 amino acid differences in the IgV-
like domain between the NOD and NOR alleles of SIRPa (Fig. 4), we asked whether
these variations conferred differential binding of murine SIRPa to human CD47. BM-
derived macrophages from NOD and NOD.NOR-/dd!3 mice had similar proportions of
CD11b" cells (Fig. 7A), and these cells expressed equivalent amounts of SIRPa (Fig.
7B and C). However, the human CD47 extracellular domain fused to human IgG1 Fc
(hCD47-Fc) (Latour, S. et al. (2001) J Immunol 167, 2547-54) showed far greater
binding to NOD compared to NOD.NOR-Idd/3 macrophages (Fig. 7B and D),
demonstrating Idd13-genotype-dependent interaction between murine SIRPa and
human CD47. NOD, NOR and NOD.NOR-/dd13 macrophage extracts contained equal
amounts of SIRP«, but immunoprecipitation of SIRPa by hCD47-Fc was neglible from
both NOR and NOD.NOR-/dd13 lysates, in contrast to the efficient recovery from
NOD lysates (Fig. 7E). Taken together, these data indicate that NOD-derived
SIRPa displays far greater reactivity with human CD47 than does the NOR (or B6)-
derived protein, providing a molecular mechanism for the enhanced support of human

hematopoesis in NOD.SCID mice.
EXAMPLE 9

Protein sequence alignments of murine and human SIRPa IgV domains and Sirpa

polymorphisms within human populations
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Above, we have used a positional genetics approach combined with functional assays
of hematopoiesis to identify a Sirpa as an important reghlator of interactions between
human stem and progenitor cells and the BM microenvironment in vitro and in vivo.
We show that expression on murine macrophages of a SIRPa protein variant capable of
binding human CD47 is both necessary and sufficient for support of human
hematopoiesis in chimeric LTC. These findings implicate macrophages as important

mediators of engraftment following hematopoietic stem cell transplantation.

The superior human hematopoietic engraftment achieved in NOD.SCID mice compared
to other immune-deficient mouse strains suggests that additional host strain-specific
factors affect hematopoietic engraftment. We found a robust genetic association
between the Idd13 locus in murine macrophages and support of human hematopoiesis
in chimeric cultures and in vivo. Direct gain-of-function studies using lentiviral gene
transfer confirm the in vitro LTC-IC data and implicate Sirpa as the gene responsible
for the Idd13 locus effect. In the hematopoietic system, SIRPa is primarily expressed
on myeloid cells and contains cytoplasmic immunoreceptor tyrosine-based inhibitidn
motifs (ITIM) which mediate inhibitory signals leading to reduced phagocytosis by
macrophages, inhibition of neutrophil migration, and attenuated production of the
inflammatory cytokine TNF« (reviewed in Barclay, A.N. & Brown, M.H. (2006) Nat¢
Rev Immunol 6, 457-64). CD47, the only known cellular ligand of SIRPc, is
ubiquitously expressed and modulates multiple cellular actions on hematopoietic cells
including platelet activation, migration, and adhesion, leukocyte adhesion and cytokine
production, and T cell responsiveness (reviewed in Brown, E.J. & Frazier, W.A. (2001)
Trends Cell Biol 11, 130-5). Both SIRP«a and CD47 are immunoglobulin superfamily
members and their interaction is mediated through their respective IgV-like domains
(Seiffert, M. et al. (2001) Blood 97, 2741-9). We identified 20 amino acid differences
in the IgV-like domain between NOD and NOR SIRPw, as well as dissimilar
glycosylation between the two proteins, suggesting that differential interaction with
human CD47 could underlie the strong effect of Sirpa variation on support of human
hematopoiesis in vitro and in vivo. This mechanism is supported by our biochemical
and flow cytometric analyses demonstrating enhanced binding to human CD47 by the
NOD-derived SIRPa compared to the NOR-derived protein.
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CD47-SIRP« interaction has been implicated in regulation of phagocytosis-mediated
clearance of red blood cells (Oldenborg, P.A. et al. (2000) Science 288, 2051-4) and
leukocytes (Gardai, S.J. et al. (2005) Cell 123, 321-34), wherein expression of CD47 on
the hematopoietic cells serves as a “marker of self’, inhibiting phagocytosis by
macrophages expressing SIRPa. A similar mechanism was suggested to modulate
phagocytosis of a porcine lymphoblastoid cell line (LCL) by human macrophages
recovered from liver allografts, based on in vitro observations that phagocytosis was
attenuated by pre-incubation of the human macrophages with human CD47-Fc, or by
ectopic expression of human CD47 on LCL transfectants (Ide, K. et al. (2007) Proc
Natl Acad Sci U § A 104, 5062-6). Our evidence extends these prior observations by
demonstrating that genetic variation in the Sirpa IgV domain impacts the degree of
CD47 interaction and can exert an “all or nothing” effect on engraftment of human
HSC, linking the previous findings to an in vivo transplantation setting in which
outcome is modulated by host macrophages. Importantly, without being bound to any
theory, macrophage-mediated phagocytosis may not be the sole or primary effector
mechanism underlying hematopoietic support in vitro or in vivo, as we observed a
gradual disappearance of human hematopoietic cells in NOR chimeric cultures (data
not shown), an observation not readily consistent with rapid phagocytosis-based
clearance. Moreover, macrophages from all mouse strains displayed a dose-dependent
suppressive effect on the growth of human LTC-ICs, suggesting that SIRP« signals
inhibit macrophage secretion of inflammatory cytokines such as TNFq, as previously
shown for macrophages stimulated by pathogen products (Smith, R.E. et al. (2003)
Blood 102, 2532-40) . In addition to SIRPx effects on macrophages, SIRPa-CD47
binding may activate CD47-induced signalling pathways within the human
hematopoietic cells. Thus, any number of the pleiotropic effects of SIRPa-CD47

interactions may influence human HSC survival and engraftment.

Our observations in the xenotransplantation setting may have broader implications for
clinical HSC transplantation. There is a large body of evidence demonstrating that the
observed behavior of primitive hematopoietic stem/progenitor cells transplanted into
NOD.SCID mice is predictive of the clinical setting (Wang, J.C.Y. et al. “Normal and

leukemic human stem cells assayed in immune-deficient mice” in: Hematopoiesis - A
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Developmental Approach (ed. Zon, L.I.) 99-118 (Oxford University Press, New York,
USA, 2001).

To further explore whether the functional variations we have observed in the murine
system are relevant in humans, we investigated SIRPo polymorphism in human
populations. We sequenced the SIRPg IgV domain from 37 unrelated normal Caucasian
(CEU), African (YRI), Chinese (CHB) and Japanese (JPT) individuals from the human
HapMap genome project (Table 5) and identified 10 distinct SIRPa IgV alleles
reflecting combinatorial variation at 18 amino acids (Fig. 8b). A recently reported high-
resolution X-ray crystal structure of the SIRPo IgV domain predicts the critical residues
that contribute to the CD47 binding surface (Subramanian, S. et al. (2006) Blood Cells
Mol Dis 36, 364-72). Strikingly, we observed human allelic variations at predicted
CD47 binding residues (Fig. 8b). Moreover, we observed human allelic variations
clustered in the same sub-regions of the SIRPa IgV domain that distinguish NOD from
NOR alleles (as well as other mouse strains; Fig. 4 and Fig. 8b). Human polymorphism
was also seen in the orthologous position to a variation between NOD and NOR (amino
acid 72 serine v. asparagine) which may contribute to the distinct patterns of SIRPo N-
linked carbohydrate addition we observed in these mouse strains (Fig. Sb and Fig. 8b).
Collectively, these data show that, as in laboratory mice, human SIRP« is highly
polymorphic in the IgV domain, and suggest that allelic variants will impact

posttranslational processing and CD47 ligand interaction.

Our findings identify a new axis of genetically regulated HSC engraftment. Classic
graft rejection is an immunologic phenomenon mediated by residual host T cells or NK
cells, and rejection rate is related to the degree of HLA disparity between recipient and
donor. We show that in addition to T and NK cells, host macrophages play an
important role in engraftment mediated through SIRPa~CD47 interactions. Moreover,
our findings may be relevant for BM failure syndromes with possible immune-

mediated pathogenesis.

It is shown that the effect of mouse macrophages on support of human HSC depends
upon SIRPa alleles (is sequence-dependent), and on the number of mouse macrophages
in the LTC-IC assays. At high input cell numbers even NOD-derived macrophages

reduced support for human HSC in these assays. In clinical settings where the number
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of human HSC transplanted is limiting and the number of recipient SIRPa bearing
macrophages is large, enhanced engraftment could be achieved by treating the recipient
with therapeutic doses of CD47-Fc or an equivalent soluble reagent capable of efficient
and specific triggering of SIRPa« inhibitory signals in recipient macrophages. Once the
HSC and their lineage committed progeny engraft and repopulate the recipient, the
need for therapeutic engagement of SIRPa might decrease as the established graft
produces large numbers of CD47+ cells producing a favorable ratio relative to the

remaining recipient-derived macrophages.

A person skilled in the art would understand that one could continue to analyze the
degree of human polymorphism in SIRPa by sequencing normal, unrelated individuals,
for example, through the available human HapMap samples obtainable through the Sick
Kids Centre for Applied Genomics (Toronto, Canada). For example, a 1-2microgram
DNA sample from donor and recipient archival blood samples in the HLA lab would be
used for sequencing SIRPx using standard sequencing facilities. The donor/recipient
frozen blood sample pairs would be given a unique anonymous ID lacking any
diagnosis or any outcome details. Particular attention would be paid to sequence exon 3
of this gene which encodes the IgV domain that is critical to ligand binding and
function, and also to sequence two additional exons that encode the intracellular
regions of the gene which include important amino acid residue for conveyance of
signals emanating from SIRPa. One would create a SIRPa sequence database of these
individuals, stripped of any patient identifiers, and perform statistical analysis for
association between SIRPo variations and bone marrow engraftment outcomes in the

donor-host pairs.

Referring to Figure 9, three SNP assays (given Ds# notations) were established to
detect variable nucleotides underlying several non-synonymous coding
polymorphisms we detected among the human HapMap samples. Polymerase chain
reaction (PCR) amplification primers and detection probes were designed based on

Applied Biosystems TagMan system (www.appliedbiosystems.com). The

discrimination between SIRP variants (V1, V2...etc) is shown at bottom of the Table
in Figure 9. Figure 9 shows the validation of the discrimination power of each SNP
assay by independent sequencing of the SIRPa IgV domain PCR amplified from each
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of the human HapMap samples shown at the left side of the table. The extent of
normal human polymorphism in SIRP« IgV domain sequence is to be determined and
use of both SNP assays and sequencing for use in clinical studies is to be optimized.
The methods and data employed are widely accessible and known by those of ordinary

skill in the art, see for example the International HapMap Project (www.hapmap.org).

EXAMPLE 10
Production of hCD47-Fc Protein

Figure 10a is a graphic depiction of the CD47 protein including extracellular IgV-like
loop, five membrane spanning regions and short cytoplasmic tail. Figure 10b depicts
the CD47-Fc fusion protein representing the CD47 IgV-like domain fused to a human
Ig Fc region.

CD47-Fc fusion proteins were prepared as described in the above methods and

materials.

Figure 11a shows a histogram depicting protein production in the supernatant of
cultured cells transfected with mCD47-Fc and two hCD47-Fc constructs prepared with
different plasmid backbones (pcDNA and pIAP369). Figure 11b is an immunoblot of
an SDS-PAGE depicting the fusion proteins following purification from culture
supernatant. Neither hCD47-Fc construct produced as well as the mCD47-Fc construct
prompting further optimization.

EXAMPLE 11
Optimization of hCD47-Fc Protein Production

Applicants introduced a consensus initiation site to enhance protein production.
Referring to Figure 12a, the pIAP369 plasmid construct containing mCD47-Fc was
used as a scaffold to introduce a eukaryotic translation initiation site (Kozak, M Nucleic
Acids Res. 1984, 12(2):857-72) called a Kozak sequence. The resulting plasmid was
then digested with restriction enzymes to remove the mCD47 domain which was
replaced with the ACD47 IgV-like domain sequence by ligation and re-cloning in

bacteria. The resulting plasmid was sequenced to ensure in-frame introduction of the
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hCD47 sequence and verification of the Kozak sequence. The foregoing utilized typical
molecular cloning techniques as would be known to a person of ordinary skill in the art.
Figure 12b shows the sequence hCD47-Fc inserted into the pIAP369 plasmid, showing
the Kozak consensus (SEQ ID NO.123), hCD47 fragment (SEQ ID NO.124), linker
(SEQ ID NO.125) and Fc (SEQ ID NO.126).

Figure 13a shows the production of mouse and human CD47-Fc assayed in the
supernatant of cells transfected with one of four different constructs prepared as above.
The data show that introduction of the eukaryotic initiation (Kozak) sequence enhanced
production of hCD47-Fc (compare two right hand columns) to 30mg/L of supernatant.
Figure 13b shows immunoblot displaying an anti-human Fc antibody reacting with the
protein G-purified CD47-Fc proteins. Note that differential post-translational
additional of carbohydrate moieties produces differences in SDS-PAGE mobilities for

mouse and human CD47-Fc.

Applicant have succeeded in producing significant amounts of highly purified CD47-Fc¢
fusion proteins suitable for in vivo testing in the NOD.SCID xenotransplant model.

EXAMPLE 12
Mouse CD47-Fc Binding to NOD and NOR SIRP«

Assay of mCD47-Fc binding to SIRPx on the surface of freshly prepared NOD and
NOR macrophages was determined using the assay described in the materials and
methods section in relation to Figure 14. Figure 15 shows the results that the Kd of
NOD SIRPo~-mCD47 binding is with a greater than 4 fold (about 4.7 fold) less than the
Kd of NOR SIRPo~-mCD47 interaction representing a greater than 4 fold higher affinity
of interaction by the NOD compared to the NOR variant of SIRPo. These data suggest
that the SIRPw variations we have observed in human SIRP« IgV domain sequence is
predicted to confer significant differences in binding to human CD47 which may affect

the efficacy of HSC transplantation.
EXAMPLE 13

Human CD47-Fc Binding to NOD and NOR SIRP«
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Assay of hCD47-Fc binding to SIRPa on the surface of freshly prepared NOD and
NOR macrophages was determined using the assay described in the materials and
methods section in relation to Figure 14. Two conditions were tested: first, binding to
SIRPa on unmanipulated fresh macrophages (“unclustered; triangles) and second, to
macrophages that had been pre-treated with a monoclonal antibody to SIRPo
ectodomain (“clustered”; squares).‘ The latter condition was examined to mimic the
effect of engaging CD47 displayed on the surface of human HSC and their progeny
cells. In that setting, the CD47 binding would create a higher valency, “clustering” the
bound SIRP« proteins on the mouse macrophage. In Figure 15b, the results show that
the Kd of NOD SIRPa-hCD47 binding is 1.6 nM, representing a high affinity
interaction. Strikingly, under the clustering conditions, the affinity rise by more than
10-fold providing a Kd of 0.16nM. These data suggest that the human CD47 binding to
NOD-derived SIRPa IgV domain is very high and predictive of a strong therapeutic
effect of the CD47-Fc fusion proteins in vivo.

EXAMPLE 14

Evaluation of the Role of SIRPo-Mediated Signal Transduction on Engraftment of
HSC

Other studies suggest that SIRPa-CD47 binding elicits bi-directional signals through
each of the proteins (represented by the schematic shown in Figure 16). Applicants
evaluated whether signals through SIRPo, mediated by CD47 binding, are required for
HSC engraftment. Figure 17 shows preparation of a truncated version of the human
HSC “permissive” NOD version of SIRPa (“NOD-A-cyto”) (left side) incapable of
transmitting signals by intentional deletion of the two immuno tyrosine inhibitory
motifs (ITIM) required to link to critical downstream phosphatases SHP-1 and SHP-2
(right side).

A long-term culture initiating cell (LTC-IC) assay (performed using method described
in Takenaka et al Nature Immunol 2007 Dec, 8(12): 1313-23) to determine requirement
for SIRPa-CD47 mediated signaling in human HSC survival.

This experiment compares the capacity of full length cytoplasmic truncated NOD
SIRP« to support human HSC survival in LTC-IC assays. Five conditions were tested
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using graded doses of mouse macrophages of either NOD or NOR origin transduced

with different lentiviruses:
1) NOR macrophages infected with an “empty” lentivirus (NOR-CEP “diamonds”)
2) NOD macrophages not infected with virus (NOD uninf; filled triangles)
3) NOD macrophages infected with “empty” lentivirus (NOD-CEP; circles)

4) NOR macrophages infected with lentivirus containing full length NOD SIRP«x
(NOR-SIRP; squares)

5) NOR macrophages infected with lentivirus containing truncated NOD SIRP«
(NOD-A-cyto; open triangles)

Referring to Figure 18, infection of NOR macrophages with lentivirus containing a
full length NOD SIRPo construct significantly enhances human HSC survival
compared to NOR macrophages infected with the empty virus (squares v. diamonds).
In contrast, infection of NOR macrophages with a lentivirus containing the
cytoplasmic truncated version of NOD SIRPa is not distinguishable from infection of
NOR macrophages with empty virus (diamonds v. open triangles). These data show
that support of human HSC depends upon CD47-dependent signaling through SIRPo.
Therefore, therapeutics development to enhance human HSC transplantation, survival

and differentiation in patients should focus on manipulation of signals through SIRPc.

Applicants reasoned that the NOD.SCID xenotransplantation data reported in
Takenaka et al (supra) emulate clinical settings where the patient receiving a small
population of HSC has abundant macrophages expressing SIRPa. In this “non-
myeloablative” setting, binding affinity between CD47 on the donor HSC and SIRPo
expressed on the patient’s macrophages could control the efficiency of triggering

SIRPo-mediated signals and could determine whether the HSC persisted or eliminated.
EXAMPLE 15

Evaluation in vivo of hCD47-Fc Therapy in Human HSC Engraftment
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Figure 19 is a general outline of a study designed to evaluate in vivo the effect of CD47
fusion protein on HSC engraftment. The hCD47-Fc fusion protein was injected into
NOD.SCID hosts together with introduction of graded doses of human newborn cord
blood hematopoietic stem cells. Human HSC were prepared by removal of mature
lineage-committed cells using a cocktail of monoclonal antibodies and
immunomagnetic beads as previously described (J. L. McKenzie et al., Nat Immunol.
2006, 11:1225-33). HSC engraftment is followed by flow cytometric examination with
human-specific antibodies to cell surface markers (CD34, CD45) in blood, spleen and

bone marrow of the recipient mice.
Human CD47-Fc Fusion Protein Confers Enhanced E. ngraftment of Human HSC

A study performed was to determine whether treatment with human CD47-Fc fusion
protein would influence engraftment of human cord blood stem cells upon
transplantation into NOD.SCID mice. Human newborn cord blood cells were depleted
with a cocktail of antibodies against blood cell lineage markers using our previously
published methods (Vormoor J, Lapidot T, Pflumio F, Risdon G, Patterson B,
Broxmeyer HE, Dick JE. Blood. 1994, 83(9):2489-97) resulting in an enriched
populations of HSC. Cohorts of age matched female NOD.SCID mice were pre-

conditioned with low dose irradiation as we previously described (Vormoor J, Lapidot
T, Pflumio F, Risdon G, Patterson B, Broxmeyer HE, Dick JE. Blood. 1994,
83(9):2489-97). Twenty to forty thousand lineage depleted CB cells were injected into
NOD.SCID mice that were injected intraperitoneally with either purified human CD47-
Fc protein or an irrelevant human Fc isotype control preparation. The treatment was
administered three hours before injection of the CB cells, and then 3 times/week for 3
weeks (7.5-30 micrograms/dose). At the conclusion of the experiment, all mice were
sacrificed and bone marrow cells prepared from the tibia and femur. The bone marrow
cells were stained with a series of monoclonal antibodies and analyzed by flow
cytometry. Cells staining with anti-human CD45 were quantified to determine the

extent of human HSC engraftment.

Referring to Figure 20, Human CD45+ cells were not detectable in eight NOD.SCID
mice that received the control human Fc protein. In contrast, two of three mice treated

with hCD47-Fc protein displayed clear evidence of human HSC engraftment. These
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data are consistent with the idea that treatment with protein or small molecule agonists

of SIRPa can promote engraftment of human HSC in settings of clinical transplantation.

Although preferred embodiments of the invention have been described herein, it will be
understood by those skilled in the art that variations may be made thereto without
departing from the spirit of the invention or the scope of the appended claims. All

documents disclosed herein are incorporated by reference.
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CLAIMS:
1. An isolated polypeptide selected from the group consisting of:

a) apolypeptide consisting of the amino acid sequence of SEQ ID NO. 1;

b) a polypeptide consisting of a fragment of the amino acid sequence of SEQ ID
5 NO. 1, wherein the fragment comprises at least one of residues 31, 32, 34, 37,
74,77, 83, 84, 86, 87, 90, 91, 96, 100, 102, 114, 118, 126 of SEQ ID NO. 1; and

¢) one of the polypeptide in a) and b) with up to 1 amino acid insertion, deletion or

substitution for every 7 amino acids in length of the polypeptide, wherein the

polypeptide comprises at least one of residues 31, 32, 34, 37, 74, 77, 83, 84, 86,

10 87, 90, 91, 96, 100, 102, 114, 118, 126 of SEQ ID NO. 1 and binds human
CD47.

2. Anisolated polypeptide selected from the group consisting of:
a) a polypeptide consisting of the amino acid sequence of SEQ ID NO. 2;

b) a polypeptide consisting of a fragment of the amino acid sequence of SEQ ID
15 NO. 2; and

c) one of the polypeptide in a) and b) with up to 1 amino acid insertion, deletion or

substitution for every 7 amino acids in length of the polypeptide;
wherein:

i. at least one of residues at positions 31, 32, 34, 37, 74, 77, 83, 84, 86, 87, 90,
20 91, 96, 100, 102, 114, 118, 126 of SEQ ID NO. 2 in the polypeptide is
replaced with corresponding residues 31, 32, 34, 37, 74, 77, 83, 84, 86, 87,

90, 91, 96, 100, 102, 114, 118, 126 of SEQ ID NO. 1; or

ii. at least one of residues 129 and 130 of SEQ ID NO. 2 in the polypeptide is
deleted.

25 3. Anisolated polypeptide selected from the group consisting of:
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a) a polypeptide consisting of an amino acid sequence selected from the group
consisting of SEQ ID NOS. 4-13;

b) a polypeptide consisting of a fragment of an amino acid sequence selected from

the group consisting of SEQ ID NOS. 4-13; and

c) one of the polypeptide in a) and b) with up to 1 amino acid insertion, deletion or
substitution for every 7 amino acids in length of the polypeptide, wherein the
polypeptide binds human CD47.

. The polypeptide of claim 1, wherein the polypeptide is the fragment and comprises

at least 3 consecutive amino acids in at least one of a region between residues 50-
57, 63-71, 74-80, 88-92, 95-100, 103-109, 114-125 or 128-141, inclusive of SEQ
ID NO. 1.

. The polypeptide of claim 2, wherein the polypeptide is the fragment and comprises

at least 3 consecutive amino acids in at least one of a region between residues 50-
57, 63-71, 74-80, 88-92, 95-100, 103-109, 114-125 or 128-143, inclusive of SEQ
ID NO. 2.

. The polypeptide of claim 3, wherein the polypeptide is the fragment and comprises

at least 3 consecutive amino acids in at least one of a region between residues 24-
31, 37-45, 48-54, 62-66, 69-74, 77-83, 88-99 or 102-116, inclusive, of any one of
SEQ ID NOs. 4, 7, 8, 9 and 12; or between residues 24-31, 37-45, 48-54, 62-66, 69-
74,77-83, 88-99 or 102-115, inclusive, of SEQ ID NOs. 5, 6, 10, 11 and 13.

. The polypeptide of any one of claims 1 to 6, wherein the amino acid insertion,

deletion or substitution is a conservative amino acid substitution.

. The polypeptide of any one of claims 1 to 6, having no amino acid insertion,

deletion or substitution.

. The polypeptide of any one of claims 1 to 6, wherein the polypeptide binds human

CD47.
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The polypeptide of any one of claims 1 to 9, wherein the polypeptide is the
fragment and is between 6 and 30 amino acids in length.

The polypeptide of claim 10, wherein the fragment is between 8 and 28 amino acids
in length.

The polypeptide of claim 11, wherein the fragment is between 10 and 26 amino

acids in length.

The polypeptide of claim 12, wherein the fragment is between 12 and 24 amino

acids in length.

The polypeptide of claim 13, wherein the fragment is between 14 and 22 amino

acids in length.

A polypeptide comprising the polypeptide of any one of claims 1-14 fused to a
second polypeptide. ‘

The polypeptide of claim 15, wherein the second protein is the Fc portion of IgG.

A pharmaceutical composition comprising the polypeptide of any one of claims 1-

16 and a pharmaceutically acceptable carrier.

A method for increasing hematopoietic stem cell engraftment in a mammal
comprising administering to the mammal a therapeutically effective amount of the

polypeptide of any one of claims 1-16.

The method of claim 18, wherein the increased hematopoietic stem cell engraftment

results from suppression of macrophages.

Use of the polypeptide of any one of claims 1-16, for increasing hematopoietic stem

cell engraftment in a mammal.

Use of the polypeptide of any one of claims 1-16, in the preparation of a

medicament for increasing hematopoietic stem cell engraftment in a mammal.

The polypeptide of any one of claims 1-16, for increasing hematopoietic stem cell

engraftment in a mammal.
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An isolated nucleic acid comprising a sequence that encodes the polypeptide of any

one of claims 1-16.

An expression vector comprising the nucleic acid of claim 23 operably linked o an

expression control sequence.
A cultured cell comprising the vector of claim 24.

A method of producing a polypeptide comprising culturing the cell of claim 25

under conditions permitting expression of the polypeptide.

A method for increasing hematopoietic stem cell engraftment in a human

comprising modulating the interaction between human Sirpa and human CD47.

The method of claim 27, wherein the interaction between human Sirpa and human
CD47 is modulated by administering a therapeutically effective amount of at least

one of*

a) a polypeptide capable of binding to the extracellular domain of human CD47;

and
b) antibodies to human CDA47.

The method of claim 28, wherein the polypeptide capable of binding to the
extracellular domain of human CD47 comprises soluble human Sirpe, or a fragment

thereof.

The method of claim 28, wherein the polypeptide is the extracellular domain of

human Sirpo.

The method of any one of claims 29 and 30, wherein the polypeptide is fused to a

second protein.
The method of claim 31, wherein the second protein is the Fc portion of IgG.

The method of claim 27, wherein the interaction between human Sirpe and human
CD47 is modulated by administering a therapeutically effective amount of at least

one of:
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a) a polypeptide capable of binding to the extracellular domain of human Sirpe;

and
b) antibodies to human Sirpo.

The method of claim 33, wherein the polypeptide capable of binding to the
extracellular domain of Sirpa comprises soluble human CD47, or a fragment
thereof.

The method of claim 34, wherein the polypeptide is the extracellular domain of

human Sirpo.

The method of any one of claims 34 and 35, wherein the polypeptide is fused to a

second protein.
The method of claim 36, wherein the second protein is the Fc portion of IgG.

The method of any one of claims 27-37, wherein the increased hematopoietic stem

cell engraftment results from suppression of macrophages.

Use of a compound for increasing hematopoietic stem cell engraftment in a human,

the compound comprising:

a) a polypeptide capable of binding to the extracellular domain of human CD47,

and
b) antibodies to human CD47.

Use of a compound in the preparation of a medicament for increasing hematopoietic

stem cell engraftment in a human, the compound comprising:

a) a polypeptide capable of binding to the extracellular domain of human CD47,

and

b) antibodies to human CD47.
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The use of any one of claims 39 and 40, wherein the polypeptide capable of binding
to the extracellular domain of human CD47 comprises soluble human Sirpe, or a

fragment thereof.

The use of claim 41, wherein the polypeptide is the extracellular domain of human

Sirpo.

The use of any one of claims 41 and 42, wherein the polypeptide is fused to a

second protein.
The use of claim 43, wherein the second protein is the Fc portion of IgG.

Use of a compound for increasing hematopoietic stem cell engrafiment in a human,

the compound comprising:

a) a polypeptide capable of binding to the extracellular domain of human Sirpcy;

and
b) antibodies to human Sirpo.

Use of a compound in the preparation of a medicament for increasing hematopoietic

stem cell engrafiment in a human, the compound comprising:

a) a polypeptide capable of binding to the extracellular domain of human Sirpo;

and
b) antibodies to human Sirpc.

The use of any one of claims 45 and 46, wherein the polypeptide capable of binding
to the extracellular domain of Sirpa comprises soluble human CD47, or a fragment
thereof.

The use of claim 47, wherein the polypeptide is the extracellular domain of human

Sirpo.

The use of any one of claims 47 and 48, wherein the polypeptide is fused to a

second protein.
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50. The use of claim 49, wherein the second protein is the Fc portion of 1gG.
51. The use of any one of claims 39-50, additionally for suppression of macrophages.

52. A polypeptide comprising the extracellular domain of CD47 fused to the Fc portion
of 1gG.

5  53. The polypeptide of 52, wherein the said polypeptide is encoded consecutively by
SEQ ID NOs. 124, 125 and 126.

54. A pharmaceutical composition comprising the polypeptide of any one of claims 52

and 53 and a pharmaceutically acceptable carrier.

55. The polypeptide of any one of claims 52 and 53 for increasing hematopoietic stem

10 cell engraftment in a human.

56. An isolated nucleic acid comprising a sequence that encodes the polypeptide of any

one of claims 52 and 53.

57. An expression vector comprising the nucleic acid of claim 56 operably linked to.an

expression control sequence.

15  58. The expression vector of claim 57, further comprising a Kozak consensus sequence

of nucleic acids.
59. A cultured cell comprising the vector of any on of claims 57 and 58.

60. A method of producing a polypeptide comprising culturing the cell of claim 59

under conditions permitting expression of the polypeptide.

20 61. A method of identifying a compound that increases hematopoietic stem cell

engraftment in a human comprising:

a) contacting at least one of the extracellular domain of human Sirpe and human

CD47 with at least one test compound;

b) determining the at least one test compound as binding to the at least one of

25 - human Sirpa and human CD47,
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c) contacting the test compound with human hematopoietic cells in a stromal

environment; and

d) determining whether hematopoietic stem cell engraftment is increased in the

presence of the test compound.

5 62.A method of determining genetic polymorphisms in humans affecting

hematopoietic stem cell engraftment comprising:

a) sequencing the Sirpa gene from a plurality of humans having undergone

hematopoietic transplantation;

b) determining nucleotide differences in the Sirpa gene within the plurality of

10 humans; and

c) correlating the nucleotide differences with hematopoietic stem cell engraftment

to determine relevant polymorphisms.

63. The method of claim 62, wherein the nucleotide differences result in amino acid

differences.

15 64. A method of determining likelihood of hematopoietic stem cell engraftment in a

recipient comprising:
a) sequencing the Sirpa gene from the recipient; and
b) determining whether the relevant polymorphisms of claim 62 exist.

65. The method of claim 64, wherein the nucleotide differences result in amino acid
20 differences.

66. The method of claim 65, wherein the amino acid differences is at least one of:

a) replacement of at least one of residues at positions 31, 32, 34, 37, 74, 77, 83, 84,
86, 87, 90, 91, 96, 100, 102, 114, 118, 126 of SEQ ID NO. 2 with corresponding
residues 31, 32, 34, 37, 74, 77, 83, 84, 86, 87, 90, 91, 96, 100, 102, 114, 118,
25 126 of SEQ ID NO. 1; or
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b) deletion of at least one of residues 129 and 130 of SEQ ID NO. 2.
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Figure 7

B
NOD NOR-fdd13 NOD

\ |
| i

- NOD.NOR-fdd13 NOD

i ] { i ;ztiz-'g"g
7 AN A &
AL A

SR Pt

"

s A x} )
= A4
1N —4—%——‘ — 1/
) “ ; o N\ L Vg

CD11b HCD4a7-Fo

NOD NOR-Idd13 NOD NOD NOR-ldd 713 NOD

il

N——
Fzee
S
Lo
...
-

] ; N » ;
S SEEENY “
; ) Ry . ;o
I A/ g7 oo
\ ! i Vi L e
X o . N} AN
. ; v 5 . ~

SIRPy

hCDAYT-Fe

Lysate P hie B hCD47-Fo

&
R I G RN
EOSIR RO SRS

Anti-SIRPo. Ab nu : M 105 kD

7/122

SUBSTITUTE SHEET (RULE 26)



PCT/CA2008/001814

WO 2009/046541

14 January 2009 14-01-2009

78
g7

[
2]
fNE 2]
ool
[B5-3-]
S

o, o8 e o e
s 1 o) v v
o ry o

[ L IS
£ b B B e

ERETRUR)
S N
S N
L prmas s
() T N3
ot 7 g e
e P o A R
TR RS

Lor Ix %y e b

RN

LIRS RO e g

o]

Z

Deéaweao
—_—— -

8]

W

@
(R
o w
X e e
Mmoot dry
A AR
s £ Sk v
(SR8 s X0
et gl
R
Rl
B S gs Bew Bee
el O
T
L
(CELIL I R 4
kW Kk

o

N
RV
ST
[Pyt
(e S T O «
sy R
mpEReaa W
e e ] .
N oo for Bt b B
[aB SR N PR
HA R R R R R
O e &8 vy oy N
o e e b be $on e
ot ot A & LR A
e A I [N I S
bR o S TS T 0
@1y I te. dx, B Bow fac
e R RBa
W wy w14 LR R R4
(R g fw B3 E2
[CRSECRE %) ESR g
BB B By o fx SR
e o~ P05 b MO
o bk g TR
L o e T
Bt BN £ e 0 oo

- B
T fad p 3 R
e aepa
W W gt o
et e
gt A

o

Vrim v vx e
e v 5o

e E

g

-
Ve

o_vB

ADE43 Ve

& B MAESE4 W

& 3

HAIB345 Y10

1322

HAIBSCC S

NAG ¥
HAIB5C7_V]
8%

i

HA
h:23
Ra

§ 8 EnsEMEL__VI
1
a
L:§
]
4
i1
#
¥

R T
(o K K el BT
I n B AN 88 NN
e o
R R
(Ot e g g N
bt 5 pa s e s gt e e an
[EEC I S G e R A
Bl g 08 KT L 0 50 Y B

38K

LHE
@
4

fe 3¢ I J< 0 BT I

B N
— e e ae e B e B B

Wl o DA BB

e o bw D br 3 b te i
0.0 F D OB B B B
[
[ FE S IS I I e I I ]
aeh T A vy s s
[ A ol el el v ol v
CE TR
N N
R U L O L

o 6 A g o i o B
B e e e I e A I )
Eire vo ot B0 e B o
R I B R B R

£ o R BeiR

S B L e 1Y D3 Bl Kb W2 Gd
L Y R %]
R R I
R LR
A N S N
VERFL o i =
Dobe DD fa Dol D
ERE - Rt R R
BB B ng N RCE KC BE A
mAanoooaaon
T B g B BB B B B
e e o e o Oy G

b b b btk st
N s
I P e ONOEDR T Y OT
LA D R E et 3
(SRR RLN TR R RSN
R N
et Tt R g1 g Y e
0 K A A WD WD
P L ]

B I U 1%

SEQ 1D NG,

o

4
5
B
7
8
@
1¢
1t
12
4

UV
& HAUTHER VI
3 v

Y13

BSET VS

18547 Y&

HALRS
Ha,

1322.%4

8570 Ve

31
HALBR4R

Ba

LA HAGESE4 Y
i

VR & EnsfMEL
E
¥
R

H
5 VH A
v
v
v
v

3V
5V
v

1
3
i
5 %A 6T E LIS VE A N

EFESGASTE L
FDDREFESGASTEL
3 ¥
K
|3
¥

YEFY

A RAB LRI BRI RN 4

[PEUETCRL LS R R CaT]
MMM o4 WM e X

sl el al o oad e ARl e
[ e L
B MMM NN N e
DeoB I D e DB e Iw D
O s R A AT
B B e B Bv e P30 P
Bt Be er B B B B S By B
LR adad o S S SR SR S
VOO U0 OnYL
Ak L Al ot ot A L g A
N R R R
LT TR Tt T T I W
S B DB B B Rl P B B
L2 SRR S ol Ll SRR S 2
I
el ko oim o im i

PN Auaim e n

Fd W

o mtn n R e s

B Mt B K By P B

0o oy oD Cy I £

BN R W KK R
S B EREBEDRE,
EXURE SRR ER M BRI
o0 oL e Bt el ol
BB M M A B M M
R e o L el ad

W R

D B B B B B

[ N N Lok
[ S N S A e

R I St o
RﬁRRFRRRRR

fio B T Ml DB B Do B, O

Bt Oae B be B b e Bt

Figure 8

8/22

SUBSTITUTE SHEET (RULE 26)



PCT/CA2008/001814

WO 2009/046541

CLE BA LA LA LAY

MIA BN LA LA IAYDD

EA MDD
¥

EA GRGA w4 L AT

EA BAGA YA LASOD

ZYRESBI3%C ¥L1iS0150 BUISE BT
. TATRES 9 B KB BEM (PR Do
FINE Bo 504nbo8 Pub BU GRCWOE Loig] LEBMIPY ASLARBUGT TN Pub Uy mhy
TIEP bo ouprbhm pul Bu CAnudl S NG wRaweq ATuDERuo] TR usd
o ohimual 3, % O ASORER X (il iulig W peafiey
COAEIIANE O 40w 8 BRTURNDOE BINEIR Y | PO
LODIRW R Wil 4uD ORI BDUBrDRY 1,
BLTIT SO O] EPT WA SEY {
_—

A il T eN NN LEERIYN
ZATIA o] 3% Gra8IYN
TR LA {9 inl o 35 25 SEERIVN

B Ji aiad 5 PrHR I

ZA {11 2A iR IA 1 ) 39 LEARIYN

i [ ELNEEED 31 9 R TyauTYN
H L4 S0 23 LOBR WY
b 1i (1) 32 TLERI VN 1d{

A L 59 o] FISHTWN
Zh A i s BLHHE LY

wEA 15; 64 (L) 1A 34 32 SOUSTYN

T ii o] LERT¥N

SOTA T11) ZA 30 22 59 GEEHTYN
kA EE) 13 o5 ISERT YN

wf 33 ] a0 OroR v
HA WL, TA 18} 1A Tl 39 B QLGBIYN
b Y 28 359 SESHT YN
TATIA a4 25 3 EGGBIWN
A S R 29 [ £EGBTWN
ar bl Di 39 35 ZESBI YN

A IGECNARD 31 32 a9 SZS8IVN

TA il BB 22 UG TEH

R I a5 33 caten] oW

A L4 882 33 LPSBIYN

TA [ BB 23 TR TN

A I 55 ] SLGHTYN
WBA LA 1Z3: LN 332 L TESHIVN

«ZA ] 05 GTEHIYN
TiA= AT Eud A TN EE) 35 PIGRIYN
TA LR IA UG TA 2 29 SUSHIYN

TSA=TAT EaSA TA R 30 TOSEIVN

TA {§7 A 180 1A 31 25 R HA
BA LA {213 1A il 33 LOSHIWVN

A 22 POSGTWN

TA 29 PLIZTON

s b 35 SSIZI YN
28 IA 29 FEHIYN
il 133 1A a5 CCRIT VN
A 28 LLBTL VYN
SEA A T3y oA Lws IA 29 F50LWN
R 3 il 30 TEBITWN
A 33 OBLTIVN nao
1A 23 18HTIWN
b {3l 1A s3] 0TI
33 AZBTTYN
NN SYELWN
£ TN 09 TERTIYN
Bh] SLBTIVWN
175 LA v] iA : 55 342 1WN
A= ZA=50D
{myep {eyep
TA=LL IA=98 TA=3D adwies  juonendod
PIo) 3UE £ UOX3 | MIU) AR £ uox3 LYBELRLISO | ¥YI14501%50 | DUIREILSG

6 2In31

9/22

SUBSTITUTE SHEET (RULE 26)



Figure 10

WO 2009/046541

SH T U BT

G

CDA47-lgFc fusion

CDA47 Structure

N TITE At

o
&
4
-
M
4
e
2
iy
&
« A4
*
#
¥

SUBSTITUTE

Gs
5
%
P
W 5
wd
5
i ¥
H iy
H g
R B R
e LF D
Y
& i
% i
g
D E e
i
[ N
i e
5 e
% G
. it
g
P

10/22

SHEET (RULE 26)

~~~~~

Fowen 3

PCT/CA2008/001814

Wiy ;;
] 0 ;,z
5 ¢
PO

W £
& 58
R
- e
2 g' 2
i
¥ L
%
L

L
# 5‘%

3



PCT/CA2008/001814

WO 2009/046541

asnow;/uewny JO MaIAIBAQD

> N
& 9
AW N ,
o> o /ovv
S A S
R S %
< S R
& & &
iR -0
| wbw
o 9’6’0
 w I
gt S
(698dVId) o4-L ¥ADU E=] -0l
(vN@od) o4-2vqoy I3 i i
(69edVvId) 00-LyQOW EESH | whw
91-01 -G
1L aan3td uononpoud 94-/a0

juejeuladns |w/br)

(

JUNOWwe uIajold

11/22

SUBSTITUTE SHEET (RULE 26)



PCT/CA2008/001814

WO 2009/046541

plwseld 69¢dvId

1 2an31y

1BesosabesBienbioosiesBoebbobioopbobeoyobeeeibefibbbebossjiiitoesfiosereeed
[RRII .3
joBebeeybeceeeeabbeebebesneybebesebifeebobyorseioeeebtnbbesobiefobobeeeb
BreeeebiyojosByeobbieeojeeyonbennbeoioieeeeestibeooeyjoreeesebeseioeoesb
gjeeeerieeebbiebejojeoipieibojececeebybeebbibeebibybieeebeebooeobeeestolit
ebBbee;booibojeaboaoienbbibioreebieesdeayIB sy e LEIDICIEEETE0eEIERIIED
LA PADW jo eRZO L J0) @ouanbas Buipos St oY U] LyGO3

SHSUISUOD YBZON Sul
1 M SuIppy Gzl dzatasdedlaiiidu g giivavasagecdieseul o

W PQ0Y jO BROE 15y 104 Buipoa si sousnbas pauspun  {0£99) 1els

oy 1 WSEaSAe 8 00ebo000ebe iy s s B easoebebbbeiepenseboree

01 vioEBBA 50 coeboioonie by el sii s e roooebebbbeepeopeboeiee
Loyx LUGX LLERU
(6999-Z199) 1axuAlod

neeeboensbbp
eyobioeocooeebebeoeriobboiobebesbeeieieinbbebb6,560e1516066e166o666)ee82608
ByeasosbasioeeoeeboiBieeersonoebttoeeoieeeessecbbimbibebtbieenboebnecc
aoeoopoibeesoebbbboesoebinbbobe1ebbobbbeesieseBeobbinbbobiet66e00e)
1106 BeyeboroieoeBesbbyoeioooettbenooebieorbesoobienesbbootoon
B6jeee;Bboebieeniboebyeioosasboribeesobeiene;bibeenieseBesbbyoeosobioeeeibb
sepeioebbiBbtieenBoetesomoeittejeesoboee;bejesooybieiboebieeieenfoebye
2300800000eBoresoaBooeBiobBiao6osobbiere BboeyoreeornBobooybebbieieiecooberes
nbepenB868oeyeesee;beeenenbeebyenebnecebnboboboorboybosbeantoeye
(1199-9565) s8j0Ww0ad-AND

v

04-/y@oOw Buuiejuod

12/22

SUBSTITUTE SHEET (RULE 26)



WO 2009/046541 PCT/CA2008/001814

Figure 12

Sequence of hCD47-Fc inserted into pIAP369
plasmid to produce hCD47-Fc protein

Xhol Kozak
ctegageeace (SEQ ID NO. 123)

ATGTGGCCCCTGGTAGCGGCGCTGTTGCTGGGCTCGGCGTGCTGCGGATCAGCTCAG
CTACTATTTAATAAAACAAAATCTGTAGAATTCACGTTTTGTAATGACACTGTCGTCA
TITCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAGTATACGTAAAGT
GGAAATTTAAAGGAAGAGATATTTACACCTTTGATGGAGCTCTAAACAAGTCCACTG
TCCCCACTGACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTACTAAAAGGAGATG
CCTCTTTGAAGATGGATAAGAGTGATGCTGTCTCACACACAGGAAACTACACTTGTG
AAGTAACAGAATTAACCAGAGAAGGTGAAACGATCATCGAGCTAAAATATCGTOTT
GTT (SEQ ID NO. 124)

BamH]1
Acggatcecgagggtgagtactaaget (SEQ 1D NO. 125)

TCAGCGCTCCTGCCTGGACGCATCCCGGCTATGCAGCCCCAGTCCAGGGCAGCAAGGCAGGC
CCCGTCTGCCTCTTCACCCGGAGCCTCTGCCCGCCCCACTCATGCTCAGGGAGAGGGTCTTCTG
GCTTTTTCCCAGGCTCTGGGCAGGCACAGGCTAGGTGCCCCTAACCCAGGCCCTGCACACAAA
GGGGCAGGTGCTGGGCTCAGACCTGCCAAGAGCCATATCCGGGAGGACCCTGCCCCTGACCT
AAGCCCACCCCAAAGGCCAAACTCTCCACTCCCTCAGCTCGGACACCTTCTCTCCTCCCAGAT
TCCAGTAACTCCCAATCTTCTCTCTGCAGAGCCCAAATCTTGTGACAAAACTCACACATGCCC
ACCGTGCCCAGGTAAGCCAGCCCAGGCCTCGCCCTCCAGCTCAAGGCGGGACAGGTGCCCTA
GAGTAGCCTGCATCCAGGGACAGGCCCCAGCCGGGTGCTGACACGTCCACCTCCATCTCTTCC
TCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACT
CTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCT
GAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCG
GGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT
GGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAG
AAAACCATCTCCAAAGCCAAAGGTGGGACCCGTGGGGTGCGAGGGCCACATGGACAGAGGCC
GGCTCGGCCCACCCTCTGCCCTGAGAGTGACCGCTGTACCAACCTCTGTCCTACAGGGCAGCT
CCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCA
GCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATG
GGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCC
TCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCC
GTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA
TGAGTGCGACGGCCG (SEQ ID NO. 126)
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Figure 17
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C-terminal truncated NOD-S/RP«a
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INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2008/001814

A. CLASSIFICATION OF SUBJECT MATTER
IPC: CO7K 14/705 (2006.01) , A61K 38/17 (2006.01) , AG6IK 39/395 (2006.01) , AGIK 47/48 (2006.01) ,
CO7K 16/28 (2006.01) .COTK 19/28 (2006.01), CO7K 19/00 (2006.01)  (more IPCs on the last page)

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

CO7K 14/705 (2006.01),

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

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

GenomeQuest, Delphion, Pubmed, Scopus
Keywords: SEQ ID Nos: 1 and 2, Sirpa and hematopoietic stem cell engrattment

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* |[Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X Sano SI et al. Gene structure of mouse BIT/SHPS-1. 2,9 and 23-25
Biochem. Journal
Y 1999, Vol. 344, pages 667-675, ISSN: 0264-6021 5and 26

whole document

X US2003/0109002 Al (Ullrich A et al.) June 12, 2003 1,4,7,8,10-17 and 23-26
whole document

P, X Takenaka K et al. Polymorphism in Sira modulates engraftment of human 1,2 and 18-22
hematopoietic stem cells.
Nature Immunology Vol. 8(12), pages 1313-1323, ISSN: 1529-2908

December 2007
[ 1 Further documents are listed in the continuation of Box C. [X] See patent family annex.
* Special categories of cited documents : “T” later document published after the international filing date or priority
_ o _ date and not in conflict with the apﬁhc_atlon but cited to understand
“A” document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance _ _ _ _
) o ) ) ) “X” document of particular relevance; the claimed invention cannot be
“BE” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which is “Y”  document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

_ _ o being obvious to a person skilled in the art
document referring to an oral disclosure, use, exhibition or other means

“&”  document member of the same patent family
“p” document published prior to the international filing date but later than
the priority date claime
Date of the actual completion of the international search Date of mailing of the international search report
17 March 2009 (17-03-2009) 19 March 2009 (19-03-2009)
Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, C114 - 1st Floor, Box PCT Ravinder Sardana 819- 997-4646
50 Victoria Street
Gatineau, Quebec K1A 0C9
Facsimile No.: 001-819-953-2476
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

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

1. [X] ClaimNos.: 18and 19

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

Claims 18 and 19 encompass a method for treatment of the human or animal body by surgery or therapy, are not required to be
searched nor is a written opinion required by this Authority (Rule 39.1 (iv) of the PCT). Regardless, this Authority has established|
a search report based on the alleged effect of the polypeptide in claims 18 and 19.

2. [ ] Claim Nos. :

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

3. [ ] Claim Nos. :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

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

Claims 1-66 are related to a plurality of alleged inventions and the claims must be limited to one invention only as set out in Rule 13 of the
PCT. It should be noted that the human CD47, Sirpe; and their interactions and role in immune function are known as disclosed on pages 2
and 3 of the description of the instant application. In view of this, claims are not linked by a single general inventive concept and thus lack
unity.

Continued in Supplemental Box No. III

1. [ ] Asall required additional search fees were timely paid by the applicant, this international search report covers all

searchable claims.

2. [ ] Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite

payment of additional fees.

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

4. [X] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. : 1,2,4, 5and 7-26

Remark on Protest [ ]| The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee.
[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the payment of additional search fees.
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Information on patent family members

International application No.
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Patent Document Publication Patent Family
Cited in Search Report Date Member(s)
US 2003109002A1 12-06-2003 AU 3457497A

CA 2259122A1
EP 0914452A2
JP 2000512482T
US 6004791A
US 6482605B1
US 6541615B1
us 6797501B2
Us 6797513B2
UsS 7074589B1
US 2002106771A1
US 2002169303A1
US 2003073120A1
US 2004259220A1
US 2008051556A1
WO 9748723A2
WO 9748723A3

Publication
Date

07-01-1998
24-12-1997
12-05-1999
26-09-2000
21-12-1999
19-11-2002
01-04-2003
28-09-2004
28-09-2004
11-07-2006
08-08-2002
14-11-2002
17-04-2003
23-12-2004
28-02-2008
24-12-1997
30-07-1998
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Continuation of Supplemental Box No. III

Claims 1, 2, 4, 5 (completely) and 7-26 (partially) encompass the alleged invention relating to SEQ ID Nos: 1 and 2 from mouse and related
subject matter.

Claims 3, 6 (completely) and 7-26 (partially) encompass the alleged invention relating to SEQ ID Nos: 4-13 and related subject matter.
These sequences are variants of Sirpe [gVdomain from different human populations.

Claims 27-38 (partially), 39-44 (completely), 51 and 61 (partially) encompass the alleged invention relating to hematopoietic stem cell
engraftment methods and uses involving a polypeptide binding to the extracellular domain of human CD47, antibodies to human CD47, and
screening for compounds interacting with the extracellular domain of human CD47.

Claims 27 (partially), 45-50 (completely), 51 and 61 (partially) encompass the alleged invention relating to hematopoietic stem cell
engraftment methods and uses involving a polypeptide binding to the extracellular domain of human Sirpe, antibodies to human Sirpe, and
screening for compounds interacting with the extracellular domain of human Sirpe.

Claims 52-60 encompass the alleged invention relating to CD47 fusions and related subject matter.

Claims 62-66 encompass the alleged invention relating to a method of determining genetic polymorphisms in humans affecting
hematopoietic stem cell engraftment by sequencing Sirpa gene from plurality of humans.
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