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ANTI-PSGL-1 ANTIBODIES AND
METHODS OF IDENTIFICATION AND USE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit under 35 U.S.C. 119(e) of U.S.

Provisional Application Serial No. 61/127,791, filed May 15, 2008, the entirety of which

is hereby expressly incorporated herein by reference. |
BACKGROUND

[0002] This invention relates to antibodies and antigen binding fragments thereof which
bind to PSGL-1, methods of their use in treating inflammatory and thrombotic conditions,
and methods of screening for PSGL-1 inhibitory substances.

[0003] Selectins and P-selectin glycoprotein ligand-1 (PSGL-1).

[0004] The body regulates inflammatory responses through a series of multistep
adhesive and signaling events in response to infection and injury [1-3]. To start this
process circulating leukocytes must first adhere to the vascular wall under the shear
forces of flow. The selectins mediate this first adhesive step which is characterized by
tethering and rolling of leukocytes on endothelial cells, platelets, or other leukocytes [4,
5]. P-selectin is expressed on activated platelets and endothelial cells and binds to
ligands on most leukocytes. L-selectin is expressed on most leukocytes and binds to
ligands on some endothelial cells and on other leukocytes. E-selectin is expressed on
cytokine-activated endothelial cells and also binds to ligands on most leukocytes. The
expression of the selectins and their ligands is tightly regulated to initiate and terminate
the inflammatory response. Inappropriate expression of these molecules contributes to
leukocyte-mediated tissue damage in many inflammatory and thrombotic disorders [6].
[0005]All three selectins are type 1 membrane glycoproteins with an NH,-terminal C-
type lectin domain, an EGF-like domain, a varying series of short consensus repeats, a
transmembrane domain, and a short cytoplasmic tail. Selectins mediate cell-cell
adhesion through interactions of the lectin domains with specific glycoconjugate ligands.
The selectins bind with low affinity to the tetrasaccharide sialyl Lewis x (sLe*
NeuAca2,3Galp1,4[Fuca1,3]GIcNAc) and its isomer sialyl Lewis a (sLe%
NeuAca2,3Galp1,3[Fuca1,4]GIcNAc). P- and L-selectins, but not E-selectin, also bind to
particular sulfated carbohydrates that lack sialic acid and fucose, such as heparan
sulfate [4, 5, 7]. Selectins bind with higher affinity or avidity to only a few glycoproteins.
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Most are mucins, which are glycoproteins with multiple Ser/Thr-linked oligosaccharides
(O-glycans) and repeating peptide motifs [4, 5]. Crystal structures of sLe* bound to the
lectin domains of P- and E-selectin showed a network of interactions between fucose, a
single Ca?* ion and several amino acids including those that coordinate the Ca?* [8].
The sialic acid and galactose also interact with the lectin domain. Targeted disruption of
the gene encoding a1,3 fucosyltransferase (Fuc-TVIl) in mice significantly reduces
selectin-mediated leukocyte trafficking. Disruption of the genes for both Fuc-TVIl and
Fuc-TIV completely eliminates these interactions [9, 10], indicating that all
physiologically relevant selectin ligands require a1,3-linked fucose.

[0006] PSGL-1 is the specific glycoprotein ligand for P-selectin on leukocytes.
[0007]PSGL-1 (CD162) has been shown to be the specific ligand for P-selectin. Early
studies using ligand blotting and affinity chromatography showed that P-selectin binds
preferentially to a single glycoprotein in human myeloid cells [11]. The glycoprotein,
(now known as P-selectin glycoprotein ligand-1, or PSGL-1), was shown to be a
disulfide-bonded homodimer with two 120-kD subunits by SDS-PAGE under reducing
and nonreducing conditions. Digestion with peptide N-glycosidase F demonstrated that
PSGL-1 has at most two or three N-glycans that are not required for binding to P-
selectin [11]. Treatment with sialidases indicated that a2,3-linked sialic acid is required
for P-selectin binding, indicating that PSGL-1 expresses functional sialylated O-glycans.
The glycoprotein was found to contain the sLes antigen and to have many sialylated,
clustered O-glycans that render it susceptible to cleavage with O-sialoglycoprotein
endopeptidase [12]. Treatment of intact myeloid cells with O-sialoglycoprotein
endopeptidase eliminates the high-affinity binding sites for P-selectin without affecting
overall surface expression of sLe* [12, 13]. Antibody blocking studies and genetic
deletion of PSGL-1 demonstrate that PSGL-1 is the dominant ligand for P- and L-
selectins on leukocytes. Studies with synthetic glycosulfopeptides which mimic the N-
terminal domain of PSGL-1, indicated that P-selectin binds in a stereo-specific manner
to the amino terminal of PSGL-1 through recognition of a tripartite domain containing
tyrosine sulfate residues, adjacent peptide determinants, and fucose, galactose and
sialic acid residues on a core-2 O-glycan [14, 15]. The crystal structure of P-selectin
complexed with a glycosulfopeptide derived from PSGL-1 revealed a broad shallow
binding interface [8]. The Ca*'-dependent interactions with sLe* were augmented by
Ca?*-independent contacts with tyrosine sulfate and other amino acids. This explains

why P-selectin binds with higher affinity to PSGL-1 than to sLe* alone.
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[0008] The primary structure of PSGL-1.

[0009]A cDNA encoding PSGL-1 was isolated from a human HL-60 cell library by
expression cloning using COS cells that were panned on immobilized P-selectin [16].
Functional expression of PSGL-1 in COS cells required cotransfection with an a1,3
fucosyltransferase, and confirmed earlier observations that both a1,3 fucosylation and
a2,3 sialylation of surface glycoproteins are required for binding to P-selectin [17]. The
deduced amino acid sequence of PSGL-1 (SEQ ID NO:1) reveals a type 1 membrane
protein of 402 amino acids. It has an NH,-terminal signal peptide, a propeptide that is
cleaved by paired basic amino acid converting enzymes. The extracellular domain of the
mature protein begins at residue 42 and has the hallmarks of a mucin. It is rich in
serines, threonines, and prolines, and includes 15 decameric repeats. Three NHy-
terminal tyrosines at residues 46, 48, and 51 are located in an anionic consensus
sequence that favors tyrosine sulfation. There is a single extracellular cysteine located
at the junction of the transmembrane domain, which is followed by a cytoplasmic
domain of 69 residues. The cDNA for murine PSGL-1 reveals a protein of similar size to
the human protein. Murine PSGL-1 also has a signal peptide, a propeptide, and a single
cysteine near the transmembrane domain [18]. Furthermore, murine PSGL-1 has an
anionic NH,-terminal sequence with two rather than three tyrosines. The sequences of
the murine and human transmembrane and cytoplasmic domains are highly conserved,
implying important functions. The murine extracellular domain, although rich in serines,
threonines, and prolines, has only 10 decameric repeats, and shares little sequence
similarity with the human protein. A single exon encodes the open reading frame in both
the human and murine PSGL-1 genes [18, 19]. The sequence of PSGL-1 in most
human leukocytes has an additional decameric repeat not found in the protein from HL-
60 cells and other cell lines [19, 20]. Human PSGL-1 is sulfated [21-23], but the sulfate
is present exclusively on tyrosine residues rather than on O-glycans [24, 21]. Sulfation
occurs on one or more of the three clustered tyrosines at residues 46, 48, and 51 of
SEQ ID NO:1 [22, 23]. Enzymatic removal of sulfate [21], blockade of sulfate synthesis
[22, 23], proteolytic removal of an NH2-terminal fragment containing the three clustered
tyrosines [25], or replacement of the tyrosines with phenylalanines [22, 23, 26]
eliminates binding of PSGL-1 to P-selectin. Other structural features of PSGL-1 may
also be important for optimal binding to P-selectin. The acidic residues surrounding the
tyrosines may favor binding, although they are not sufficient in the absence of tyrosine

sulfate.
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[0010] PSGL-1 binding to L- and E-selectins.

[0011] PSGL-1 has also been shown to bind to both L-selectin [27-29] and E-selectin
[16, 30-32]. Binding of PSGL-1 to L-selectin is blocked by the mAb PL1 [27-29, 33], by
enzymatic removal of the NH,-terminal clustered tyrosines [29], or by the prevention of
sulfate synthesis [29]. These results suggest that L- and P-selectins bind to a similar
NH,-terminal region of PSGL-1 that requires both tyrosine sulfate and O-glycan(s). L-
selectin binds to a group of mucins expressed on lymph node high endothelial venules
(HEVs) and on some activated endothelial cells. These mucins include CD34,
GlycCAM-1 and podocalyxin. PSGL-1 binds much differently to E-selectin than to P- or
L-selectin. Core-2, sialylated and fucosylated O-glycans are required for binding to E-
selectin [34], but tyrosine sulfation is not required [22, 23, 34]. E-selectin also binds to
the NH-terminal region of PSGL-1 [30, 35], although with lower affinity than does P-
selectin [30]. The anti-PSGL-1 mAb PL1 has little or no effect on binding of PSGL-1 to
E-selectin. This and other data indicate that E-selectin also binds to one or more still
uncharacterized sites on PSGL-1 [35, 36]. Genetic deletion of PSGL-1 in mice impairs
leukocyte tethering to E-selectin in vitro and in vivo [37]. Combined with the data on P-
and L-selectin, this establishes that PSGL-1 is a physiologically relevant glycoprotein
ligand for all three selectins.

[0012] The tissue distribution of PSGL-1.

[0013] Northern blot analysis indicated that mMRNA for PSGL-1 is expressed in many
human and murine organs, but did not indicate the specific cells in which it is expressed
[16, 18]. Flow cytometric and immunocytochemical analysis of multiple human tissues
with the anti-PSGL-1 mAbs PL1 or PL2 revealed that the PSGL-1 core protein is
expressed primarily in hematopoietic cells [20, 38]. In bone marrow it is expressed on
myeloid cells at many stages of maturation, but not on erythroid cells, megakaryocytes,
or platelets. PSGL-1 is expressed on virtually all leukocytes, but at lower levels on B
cells. P-selectin binds to PSGL-1 on all myeloid cells [20]. However, it binds to PSGL-1
on only a subset of T cells [20, 39]; most of these are memory cells [40] and they may
be predominantly y/6 cells [41]. PSGL-1 is expressed on circulating dendritic cells, on
tissue monocyte derived dendritic cells, and on some dendritic cells in lymphoid organs;
the function of the protein in these cells is unknown. PSGL-1 is also expressed on some
CD34" stem cells [38], where it may bind P-selectin [42]. The PSGL-1 protein is also
expressed on epithelial cells lining the fallopian tube and in some endothelial cells at

sites of chronic inflammation [38] and in epithelial cells and lamina propria of intestinal
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mucosal lining [126]. It has been reported that P-selectin is present on the surface of
porcine sperm, where it binds to a P-selectin ligand which may be related to PSGL-1, on
the zona pellucida of porcine oocytes [43].

[0014] PSGL-1-selectin interactions mediate tethering and rolling of leukocytes
under hydrodynamic flow.

[0015] The functional significance of PSGL-1 interactions with the selectins has been
identified. Under hydrodynamic flow, selectin—ligand interactions must form rapidly to
facilitate tethering, and then dissociate rapidly to facilitate rolling. Selectin—ligand bonds
must have mechanical strength so that shear forces do not significantly accelerate the
rate of dissociation [1]. There are relatively few copies of PSGL-1 on leukocytes [13. 20],
and PSGL-1 displays only a small fraction of the total sLe*-containing glycans on the cell
surface [12]. However, PSGL-1 is the only high affinity ligand for P-selectin on intact
leukocytes [20], and PSGL-1 is the essential ligand for mediating adhesion of leukocytes
to P-selectin. The anti-PSGL-1 mAb PL1 blocks tethering and rolling of human
neutrophils, eosinophils, and mononuclear cells on P-selectin under flow [20, 44]. PL1
also abrogates adhesion of neutrophils and monocytes to P-selectin under static
conditions [20, 45, 46]. The PL1 mAb to an NH,-terminal epitope of murine PSGL-1 has
been shown to block tethering and rolling of murine myeloid cells on P-selectin under
flow [47]. Thus, interactions of PSGL-1 with P-selectin mediate adhesion of leukocytes
to both activated endothelial cells and platelets under shear stress. The requirement for
PSGL-1 to mediate leukocyte adhesion to P-selectin probably reflects, in part, its
superior binding affinity relative to other ligands. The orientations of both PSGL-1 and P-
selectin on the cell surface may also optimize their interactions under hydrodynamic
flow. Both P-selectin and PSGL-1 are highly extended proteins, which project their NHz-
terminal binding domains above most of the cell surface glycocalyx [13, 26]. Most of the
O-glycans on PSGL-1 may function primarily to extend the NH,-terminal region above
the plasma membrane. When expressed on transfected CHO cells, shortened P-selectin
constructs with fewer short consensus repeats are much less effective than wild-type P-
selectin in mediating tethering and rolling of neutrophils under flow [36]. PSGL-1 is also
concentrated on microvillous tips [20, 48]. Thus, both the lengths and surface
distributions of PSGL-1 and P-selectin may enhance rapid and specific interactions, yet
minimize nonspecific repulsion between apposing cell surfaces. Upon neutrophil
activation, PSGL-1 undergoes a cytoskeletal-dependent redistribution to the uropods of

polarized cells [48-50]. This redistribution is associated with weakening of adhesion to
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P-selectin and transfer of adhesive control to integrins [49, 50]. Like PSGL-1, L-selectin
is also concentrated on the tips of microvilli [61]. Leukocytes use L-selectin to roll on
adherent leukocytes [52] or to initiate leukocyte aggregation [53]. Leukocyte—leukocyte
interactions lead to secondary tethering of leukocytes to a P- or E-selectin surface, a
potential mechanism for amplifying leukocyte recruitment to the vessel wall under shear
forces [27, 54]. Flowing leukocytes roll on purified PSGL-1; this interaction is blocked by
PL1 and by mAbs to L-selectin [27]. Furthermore, PL1 significantly inhibits the L-
selectin—dependent rolling of neutrophils on adherent neutrophils [27] and the L-
selectin~dependent aggregation of stirred neutrophils [33]. These data suggest that
PSGL-1 is an important ligand for L-selectin under at least some conditions. However,
there are L-selectin ligands other than PSGL-1 that participate in leukocyte—leukocyte
contacts [27, 54, 55]. PSGL-1 may be one of only a few glycoproteins in human
leukocyte lysates that binds well to E-selectin [31, 56]. Microspheres coated with
recombinant PSGL-1 also roll on immobilized E-selectin under shear forces [35].
However, it is not clear whether PSGL-1 has any significant function for adhesion of
leukocytes to E-selectin and this remains to be demonstrated. PL1 partially reduces
accumulation of rolling neutrophils on E-selectin under flow [36]. But this effect occurs
indirectly through inhibition of L-selectin—-PSGL-1 interactions between neutrophils, thus
reducing secondary tethering of neutrophils to E-selectin [36]. PL1 blocks primary
tethering of flowing leukocytes to P-selectin but not to E-selectin [36, 54]. Human K562
cells transfected with FTVIlI roll on E-selectin in the absence of PSGL-1 [57].
Conversely, eosinophils, which express PSGL-1 but express relatively little total sLe*,
tether and roll much less efficiently on E-selectin than on P-selectin [44, 58]. Together,
these data suggest that E-selectin must bind to ligands other than PSGL-1 to mediate
leukocyte attachment under flow.

[0016] Signaling through PSGL-1.

[0017] In the multistep model of leukocyte recruitment, leukocytes rolling on
endothelial cells or platelets encounter regionally presented chemokines and lipid
autacoids that stimulate the leukocytes to develop integrin-dependent firm adhesion and
other responses. However, signals may also be directly transmitted through adhesion
molecules [3]. The available data suggest that binding of P-selectin to PSGL-1 on
leukocytes generates signals that must be integrated with those from other activators to
elicit most effector responses [3]. In the best studied examples, monocytes mobilize the

transcription factor NFkB and synthesize the cytokines TNFa and monocyte chemotactic
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protein-1 (MCP-1) when the cells adhere to immobilized P-selectin and platelet-
activating factor, but not to either molecule alone [45]. Monocytes secrete a different
profile of cytokines when they are exposed to P-selectin and the platelet derived
chemokine, RANTES, but not to either protein alone [46]. Under some conditions,
cooperative signaling through PSGL-1 and receptors for conventional activators may
also generate other leukocyte responses [3, 59]. Adhesion of T cells to P-selectin was
reported to induce tyrosine phosphorylation of the pp125 focal adhesion kinase (FAK),
although the role of PSGL-1 in this event was not directly tested [60]. pp125 FAK has
not been detected in human myeloid cells [61]. However, engagement of PSGL-1 with
bivalent mAbs or immobilized P-selectin induces rapid tyrosine phosphorylation of other
proteins in human neutrophils [62]. These include the ERK family of mitogen-activated
protein kinases, which are activated by PSGL-1 engagement. Engagement of PSGL-1
with mAbs is sufficient to stimulate neutrophils to secrete IL-8. This secretion is blocked
by a tyrosine kinase inhibitor, suggesting that tyrosine phosphorylation propagated
through PSGL-1 may be physiologically important [62]. Cross-linking of L-selectin also
rapidly transmits signals into both myeloid and lymphoid cells [63-68]. Thus, binding of
L-selectin to PSGL-1 during leukocyte—leukocyte interactions may transmit bidirectional,
potentially cooperative, signals during the earliest phases of leukocyte recruitment.

[0018] Physiological and pathological functions of PSGL-1-selectin interactions.

[0019] Recent in vivo studies have confirmed the predictions from in vitro
experiments that PSGL-1 is a physiologically important selectin ligand. Anti-PSGL-1
mAbs inhibit rolling of both human and murine leukocytes on P-selectin expressed in
postcapillary venules in vivo [47-69]. Polyclonal antibodies directed to the NHz-terminal
segment of murine PSGL-1 specifically inhibit the recruitment of T helper 1 lymphocytes
in a delayed-type hypersensitivity model [47]. A mAb to the NHx-terminal region of
murine PSGL-1 also inhibits accumulation of neutrophils into chemically inflamed
peritoneum [47]. The degree of inhibition is comparable to that observed with a mAb to
P-selectin. More complete inhibition is observed with the combined use of mAbs to both
PSGL-1 and P-selectin, suggesting that PSGL-1 interacts with at least one other
molecule. An obvious candidate is L-selectin, given the in vitro evidence that binding of
L-selectin to PSGL-1 mediates leukocyte—leukocyte interactions. Since PSGL-1
promotes adhesive interactions through both P- and L-selectins, it is almost certain to
contribute to pathological leukocyte recruitment in a variety of inflammatory and

thrombotic disorders in which P- and L-selectins have been implicated previously [6].
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This suggests that mAbs to PSGL-1, soluble forms of PSGL-1, and other inhibitors of
PSGL-1 function are potentially useful anti-inflammatory drugs in such conditions. In
support of this concept, infusion of recombinant soluble PSGL-1 potently inhibits
leukocyte infiltration and parenchymal damage in rat kidneys subjected to ischemia and
reperfusion. Proteolytic removal of the NHx-terminal region of PSGL-1 abrogates its
protective effects [70]. This implies that soluble PSGL-1 blocks adhesion of leukocytes
to P-selectin and perhaps to L-selectin in this model. In other pathological states,
soluble PSGL-1 may also be an effective E-selectin inhibitor even if PSGL-1 on
leukocyte surfaces is not a dominant ligand for E-selectin. Use of a mAb blocking P-
and E-selectin may not be supported by data in double P/E™ knock out mice that
showed increased susceptibility to infection an altered hematopoiesis [71].

[0020] Development of anti-PSGL-1 antibodies and characterization of their binding
epitopes on PSGL-1.

[0021] Several function-blocking mouse monoclonal antibodies to human PSGL-1
have been developed. A mouse monoclonal antibody named PL1 was developed using
standard hybridoma technology by immunization of mice with PSGL-1 from human
neutrophils [34]. PL1 was shown to bind a 14 amino acid epitope encompassing
residues 49-62 of the native human protein (SEQ ID NO:1) using linear epitope mapping
with overlapping octamer peptides spanning residues 19-77 of PSGL-1. PL1 was
shown to block leukocyte adhesion to P-selectin in static adhesion assays and under
flow [20]. Another anti-human-PSGL-1 antibody named KPL-1 was developed by
immunization of mice with a recombinant form of PSGL-1. KPL1 inhibited interactions
between P-selectin and purified CD4 T cells and neutrophils in flow assays, between
lymphoid cells transfected with L-selectin and COS cells expressing PSGL-1, but did not
block interactions of P-selectin or neutrophils on E-selectin [72]. KPL1 was
subsequently shown to bind to a 17mer synthetic peptide encompassed by the binding
domain of PL1 [73]. Another antibody, termed RR2r3s4-1, was engineered as a fully
human antibody from a single chain Fv which had been isolated from a pool of PSGL-1
binders identified from a yeast surface display non-immune library [74, 125]. RR2r3s4-1
blocked neutrophil adhesion under flow and was shown to be specific for human, but not
murine, PSGL-1.

[0022] Recent studies have also shown that PSGL-1 plays a dual function role in that
along with its binding of selectins, PSGL-1 also interacts with chemokines to facilitate

homing of T cells to secondary lymphoid organs [75-76].
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[0023] Chemokines.

[0024] Chemokines are highly basic proteins consisting of 70-125 amino acids with
molecular masses ranging from 6-14 kD [77, 78]. To date over 50 chemokines have
been identified. The superfamily of chemokines is subclassified on the basis of the
arrangement of cysteine residues located in the N-terminal region, as designated C, CC,
CXC, and CX3C members, in which C represents the number of cysteine residues in the
N-terminal region and X denotes the number of intervening amino acids in between the
first two cysteines [77, 79, 80]. The CXC subfamily is sometimes further classified into
ELR+ and ELR types based on the presence or absence of a triplet amino acid motif
(Glu-Leu-Arg) that precedes the first cysteine residue in the primary amino acid
sequences of these chemokines. The presence of this motif imparts an angiogenic
function to this subset of CXC chemokines, while the ELR- chemokines have angiostatic
properties [81], with the exception of SDF-1 which is angiogenic [82]. In general, the
chemokines attract distinct classes of leukocytes: CC chemokines attract one or more
classes of mononuclear cells, eosinophils and basophils; ELR+CXC chemokines attract
neutrophils; ELR-CXC chemokines attract lymphocytes; C chemokine (lymphotactin)
attracts T cells and CX3C chemokine (fractalkine) acts on T cells, natural killer cells and
monocytes [83]. Chemokines are produced by a variety of cell types either constitutively
or in response to inflammatory stimuli. Chemokines can be broadly divided into
homeostatic and inflammatory categories based on their expression pattern and function
in the immune system [78, 80]. The homeostatic chemokines are generally those that
are “constitutively” expressed. They are involved in homeostatic lymphocyte and
dendritic cell (DC) trafficking and lymphoid tissue organogenesis. The “inflammatory”
chemokines are upregulated by proinflammatory stimuli and help orchestrate innate and
adaptive immune responses. Although most chemokines are present in soluble forms
and some may be associated with glucosaminoglycan moieties on the cell surface, two
of the chemokines namely CX3CL1 (fractalkine) and CXCL16, have a natural mucin
stalk that adheres onto the membrane of the cells that produce them [84, 85]. Their
“chemokine” domain is located at the N-terminus of the mucin stalk and can be released
by metalloproteinase cleavage. While the soluble, released chemokine domain of
CX3CL1 and CXCL16 functions similarly to other secreted chemokines, their membrane
bound forms play an important role in mediating leukocyte-endothelial cell adhesion and
extravasation. Chemokines exert their biological effects by binding to G protein-coupled

cell surface receptors. Nineteen chemokine receptors have been cloned so far [80, 86],
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including six CXC receptors (CXCR1-6), eleven CC receptors (CCR1-11), one CX3C
(CX3CR1) and one C receptor (XCR1). Chemokine and receptor interactions vary
widely in terms of selectivity. Some chemokines bind only one receptor and vice versa,
such as the interactions of CXCR4 with CXCL12 (SDF-1), CXCR5 with CXCL13 (BCA-
1), CXCR6 with CXCL16, CCR6 with CCL20 (LARC), and CCR9 with CCL25 (TECK).
However, there is also redundancy in chemokine and receptor interactions since some
chemokines bind more than one receptor and many receptors recognize more than one
chemokine. For example, chemokine CCL5 (RANTES) has been shown to bind at least
CCR1, CCR3 and CCR5, while CCR3 also binds CXCL11 (eotaxin), CCL24 (eotaxin-2),
CCL26 (eotaxin-3), CCL8 (MCP-2), CCL7 (MCP-3), and CCL13 (MCP-4). Furthermore,
two of the chemokine receptor-like proteins, the Duffy antigen receptor for chemokines
(DARC) and D6, promiscuously bind many of the CXC and CC chemokines with equal
affinity [87-89], but without being activated, presumably acting as sinks that sequester
inflammatory chemokines.

[0025] Leukocyte trafficking and homing.

[0026] Chemokines control lymphocyte recirculation in immune system homeostasis,
as well as in the activation dependent and tissue-selective trafficking of effector and
memory lymphocytes. Lymphocyte homing to lymphoid and nonlymphoid tissues and
recirculation between secondary lymphoid organs critically depend on the chemokines
present in different sites. CCL19 and CCL21 (which bind to CCR7), and CXCL13 (which
binds to CXCR5), are expressed in the lymphatic vessels, high endothelial venules
(HEVs) and secondary lymphoid organs, and promote the entry of antigen-presenting
cells (APCs), T cells and B cells into these organs [90]. Resident DC precursors in
peripheral tissues phagocytose microorganisms or cell debris and are activated by
pathogens or antigens. These cells then start to mature and express CCR7 which
enables them to migrate in response to CCR7 ligands into the draining lymph nodes via
the lymphatic vessels, and to infiltrate the T-cell zones where they present processed
antigen epitopes to T cells. In contrast to DCs, B cells and naive T cells enter lymph
nodes through HEVs. The CCR7 ligands CCL19 and CCL21 produced by the
endothelial cells of HEVs are transcytosed to the luminal surface and induce lymphocyte
extravasation to the T-cell zones of the lymph nodes [91]. CCL19 produced by mature,
inter-digitating DCs facilitates the “scanning” of DCs by naive T cells in the lymphoid
organs in search of their cognate antigens. B cells express CXCRS5 and the ligand
CXCL13 is produced by follicular stromal cells in lymph nodes. B cells activated by T
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cells proliferate in the follicles, giving rise to germinal centers (GC). Activated T cells
expressing CXCR5 may also enter the follicles to participate in the T-B interaction. In
addition, CCL19 and CCL21 are responsible for the proper positioning of lymphocytes
within distinct microenvironments of lymphoid organs. For instance, CCL19 and CCL21,
expressed by DCs and stromal cells retain T cells within the T-cell zones of secondary
lymphoid organs. On the other hand, CXCL13 expressed by follicular DCs and stromal
cells in follicles attracts B cells and some of the T cell subsets into the B-cell areas.
Furthermore, the capacity of B cells to respond to CCR7 as well as CXCRS5 ligands
controls the position of B cells at the boundary of the follicles and T-cell zones in the
spleen, where naive, mature B cells interact with T cells that are newly activated in the
adjacent zones [92, 93]. Non-activated B cells and T cells then leave the secondary
lymphoid organs via the efferent lymphatics.

[0027] Inflammation.

[0028] A central feature of inflammatory diseases is the migration of leukocytes from
the circulation, across the endothelium and the basement membrane, and into the
affected tissue. The mechanism of extravasation is induced by chemokines
(chemoattractant cytokines), which as noted above are a family of proinflammatory
mediators produced at the inflammatory site. As part of the migration process,
circulating leukocytes must first adhere to the luminal surface of the endothelium.
According to the current paradigm, this interaction involves the sequential engagement
of leukocyte and endothelial adhesion molecules. First, selectins and their glycoprotein
and carbohydrate counterligands mediate leukocyte tethering and rolling. Then,
leukocyte integrins and their ligands, including immunoglobulin-like intercellular
adhesion molecules, mediate firm leukocyte adhesion. Chemokines play a role in firm
adhesion by activating integrins on the leukocyte cell surface. The leukocytes are
directed by chemoattractant gradients to migrate across the endothelium, and through
the extracellular matrix into the tissue.

[0029] The events that lead to an inflammatory response are characterized by
recognition of the site of injury by inflammatory cells, recruitment of specific leukocyte
subpopulations, removal of offending microbial invaders, “debridement” of injured
cellsftissues, and wound repair. Chemokines have been shown to participate in and
control the process of a number of acute and chronic inflammatory conditions by
promoting the infiltration and activation of inflammatory cells into injured or infected

tissues [94].
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[0030] Several of the CC chemokines including CCL3 (MIP-1a) and CCL5 (RANTES)
are expressed in sepsis and exert proinflammatory effects by mediating organ specific
leukocyte influx and activation [95, 96]. Members of the CXC chemokines are implicated
in the pathogenesis of systemic inflammatory response [97, 98]. In bacterial pneumonia,
CXC chemokine-mediated elicitation of neutrophils is beneficial and necessary for
clearance of invading microorganisms [98]. To support this notion, over expression of
KC, a murine homologue of human CXCL1 (GRO- a), specifically in the lung, enhances
resistance to Klebsiella pneumonia [99]. In asthma, the submucosa of small airways is
infiltrated by mononuclear, eosinophil and mast cells causing mucous gland hyperplasia
and subepithelial fibrosis. Animal models of allergic airway inflammation and asthmatic
patients imply a key role for chemokines in regulating lung inflammation [100]. The
kinetics of production of CCL2, CCL11, CCL17 and CCL22 correlates with the
recruitment in airways of specific leukocyte subsets expressing the receptors for these
chemokines [101]. Chronic obstructive pulmonary disease (COPD) is characterized by
progressive development of airflow limitation caused by chronic inflammation with
increased recruitment of neutrophils, macrophages and IFN-y-producing CD8+ T cells in
the lung. In COPD patients, the levels of CXCL8 and CXCL10 are increased and
correlate with the degree of infiltration by neutrophils and CD8+ T cells that produce
IFN-y. The lung-infiltrating T cells express CXCR3, the receptor for CXCL10 [102],
suggesting that CXCR3 may mediate the recruitment of pathogenic Th1 cells into
chronically inflamed lungs. Neutralization of CXCL10 also appears to inhibit allergic
airway inflammation [103]. Thus, in addition to many other chemokines, CXCR3 and its
ligands participate in lung inflammation that is not necessarily dominated by Th1
response. Atherosclerosis is widely accepted as an inflammatory disease [104], in which
chemokines play a central role in leukocyte recruitment, angiogenesis, and more
intriguingly in the proliferation of vascular smooth muscle cells and their migration into
plagues [105]. Atherosclerotic lesions express a number of chemokines including CCL2,
CCL3, CCL4, CCL5, CCL11 and CXCL8. The cellular sources of chemokines within
atherosclerotic lesion are multiple and include endothelial cells, smooth muscle cells
and infiltrating leukocytes. There is overwhelming evidence to support the involvement
of CCL2/CCR2 chemokine-receptor pair in atherosclerosis. CCL2 is essential for
monocyte recruitment, has angiogenic activity and also causes smooth muscle cell
proliferation and migration. Many factors known to promote atherosclerosis such as

plasma cholesterol, hypertension and diabetes, stimulate chemokine release by
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atheromatous lesions. Adhesion of leukocytes to endothelial cells also augments
chemokine release in the pathogenic process of atherosclerosis. Therefore, chemokines
and receptors become important molecular targets for circumventing the formation and
development of atherosclerotic lesions. In human, CX3CR1 gene polymorphism in the
coding region confers individuals with protection against atherosclerosis [106, 107]. An
M280 mutation in CX3CR1 results in loss of function of CX3CR1 since cells transfected
with this mutant receptor exhibit a markedly reduced response to CX3CR1 ligand
CX3CL1 [108]. When ApoE transgenic mice, an atherosclerosis model, were crossed
with CX3CR1-/- mice, the severity of atherosclerotic lesion was significantly reduced
with lower macrophage infiltration. This provides an excellent example of the importance
of a functional chemokine receptor in contributing to the progression of atherosclerosis.
Rheumatoid arthritis (RA) is characterized by a mixed Th1-type inflammatory cell
infiltration (Th1 cells, neutrophils, monocytes) in synovial space of the joints [109], in
association with cartilage destruction and bone remodeling. Chemokines produced in
the inflamed joints attract leukocytes across the endothelial barrier to initiate and
maintain active RA [110, 111]. Among CXC chemokines, high concentrations of CXCLS,
CXCL5, CXCL1 are detected in the sera, synovial fluids, and synovial tissues of RA
patients [109, 110]. These chemokines attract neutrophils and promote angiogenesis
[109, 110]. Abundant production of CC chemokines CCL2, CCL3 and CCL5 which
attract mainly monocytes is also found in RA [109, 110]. On the other hand, CXCL12
expressed in the rheumatoid synovium, recruits CD4 memory T cells, which express
increased levels of CXCR4, at the RA site [111]. CXCL12 also blocks T cells from
undergoing activation-induced apoptosis, thus further increasing the accumulation of T
cells in the rheumatoid synovium. Interestingly, CXCL12 may induce the migration of
DCs from blood stream into the rheumatoid area, implying its potential role in amplifying
a detrimental autoimmune response. Multiple sclerosis (MS) as a chronic inflammatory
demyelinating disorder of the central nervous system (CNS) is thought to be caused by
an autoimmune response directed against self-myelin-associated antigens. The immune
cells infiltrate in CNS lesions of MS patients consist of CD4, CD8 T cells and
macrophages [112]. Many chemokines are detected in active lesions in the CNS of MS
patients and the cerebrospinal fluids of relapsing patients contain elevated levels of
CCL3 [113, 114]. In MS, infiltrating macrophages express CCR2 and CCRS5, while T
cells and reactive astrocytes in active lesions express CXCR3 and CCR5 [115, 116].

Similar chemokine expression patterns are found in experimental autoimmune
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encephalomyelitis (EAE), an animal model more related to MS. In EAE, increased
expression of CCL2, CCL3, CCL4, CCL5 and CXCL10 correlates with the severity of the
disease ([117]). Neutralizing antibodies to selected chemokines either inhibit the onset
or reduce the severity of the EAE [118, 119]. A more definitive correlation between
chemokines and EAE was established by experiments with CCR1- and CCR2-deficient
mice, in which a reduction in disease incidence and severity were clearly documented
[120, 121]. A link between chemokines and Crohn’s Disease has also been established.
The expression of chemokines CCL-19 and CCL-21 have been shown to be
upregulated in the colon tissue, secondary lymphoid tissue and mesenteric lymph nodes
derived from patients with Crohns disease [122, 123]. Further, the CCR7 receptor is
also upregulated on dendritic cells in the colonic tissue of these patients which interact
with T cells resulting in activation and proliferation. This increased expression of
chemokines and chemokine receptors leads to increased retention of dendritic cells in
colon tissue resulting in the formation of tertiary lymphoid tissue formation in the bowel
wall which maintains the autoimmune inflammation in Crohn’s disease [122, 123].
[0031] Clearly, the development of human- (and primate-) compatible monoclonal
antibodies which block the chemokine mediated migration of leukocytes into, and their
P-selectin mediated adhesion and rolling to cells in areas of inflammation and which
have reduced immunogenicity would be of great value.

SUMMARY OF THE INVENTION
[0032] The present invention is directed to purified antibodies (including chimeric,
human, or humanized antibodies) and antigen binding fragments thereof, which
recognize (i.e., bind to) P-selectin glycoprotein ligand-1 (PSGL-1) and which block
binding of both P- and L-selectin and chemokines thereto, and to methods for screening
for such antibodies and antigen binding fragments thereof, and to methods of
therapeutic use thereof.
[0033] The antibodies or antibody fragments of the present invention may comprise
immunoglobulin of the class IgG;, 19G,, 19Gs, 19G4 or is an IgG2/G4 chimera, preferably
binds to PSGL-1 with a high affinity (wherein the Ky is < 100nM) and preferably
comprises a human constant region, and preferably competitively inhibits binding of P-
selectin and/or L-selectin to PSGL-1 and competitively inhibits binding of a chemokine to
PSGL-1. Further, the anti-PSGL-1 antibody or antigen binding fragment thereof
preferably does not activate complement via the classical pathway by interacting with

C1Q, and preferably does not bind Fc receptors. The present invention in particular is
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directed to using such anti-PSGL-1 antibodies or antibody fragments as described and
identified herein in treatments for inflammatory conditions wherein the inflammation is
associated with a condition such as, but not limited to, at least one of: inflammatory
bowel disease (e.g., Crohn’s disease, ulcerative colitis, enteritis), arthritis (e.g.,
rheumatoid arthritis, osteoarthritis, psoriatic arthritis), graft rejection, graft versus host
disease, asthma, chronic obstructive pulmonary disease, psoriasis, dermatitis, nephritis,
lupus erythematosis, scleroderma, rhinitis, anaphylaxis, diabetes, multiple sclerosis,
atherosclerosis, thrombosis, allergic reactions, and thyroiditis.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034] Figure 1 shows amino acids 42-62 of SEQ ID NO:1 (PSGL-1) and portions
thereof which encompasses a chemokine binding epitope to which the antibodies PLA1,
KPL1, and SelK1 bind.
[0035] Figure 2 shows a graph of Surface Plasmon Resonance analysis of on- and
off-rates for PL1 and SelK1 anti-PSGL-1 antibodies. Binding of the human anti-PSGL-1
antibody (SelK1) and PL1 were analyzed at 25nM to human PSGL-1 covalently bound
to a BIACORE chip for 100 min. at which time buffer lacking antibody was introduced.
PL1 exhibited fast on/off kinetics to PSGL-1. SelK1 had a very slow on-rate and a
nearly undetectable off rate indicating the high affinity of the antibody for PSGL-1.
[0036] Figure 3 (A, B) shows a table of flow inhibition analysis of anti-PSGL-1
antibodies. Human P-selectin was coated onto a chip at densities similar to activated
endothelial cells and fixed human neutrophils introduced under flow stress that
simulates blood flow with or without anti-PSGL-1 antibodies. Of the anti-PSGL-1
antibodies tested (KPL1, PK1, hPL1-Agg, and SelK1 anti-PSGL-1 antibody), SelK1
inhibited at the lowest concentration in blocking substantially 100% of neutrophil
adhesion at 2nM concentration.
[0037] Figure 4 shows a graph of the relative binding of antibodies KPL1, SelK1,
hPL1 and PL1 to bound GP1, GSP-1, and GSP-6 peptides.
[0038] Figure 5 shows a graph of Surface Plasmon Resonance binding analysis of
several chemokines to PSGL-1 glycomimetics. Glycosulfopeptides GSP-6 and GSP-1,
and glycopeptide GP-1 were covalently attached to a BIACORE chip and various
chemokines were introduced and binding response units were measured. All
chemokines tested (CCL27, CCL28, CCL19 and CCL21) bound to PSGL-1 indicating
that PSGL-1 functions to bind chemokines that mediate chemotaxis of leukocytes.
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[0039] Figure 6 is a graph showing inhibition of binding of chemokine CCL27 to
PSGL-1 by anti-PSGL-1 antibodies. To measure inhibition of chemokine CCL27 binding
to PSGL-1, glycosulfopeptides GSP-6 and GSP-1 and glycopeptide GP-1 were
covalently bound to a BIACORE chip and CCL27 was added in the presence or
absence of anti-PSGL-1 antibodies (SelK1 anti-human PSGL-1 antibody, KPL1, and
PL1) and response units measured. SelK1 was the most effective anti-PSGL-1 antibody
in blocking CCL27 binding to PSGL-1 mimetics.
[0040] Figure 7 is a schematic diagram showing the dual function of the SelK1 anti-
PSGL-1 antibody in inhibiting adhesion and chemotaxis of inflammatory cell types to
leukocyte cells bearing PSGL-1.
[0041] Figure 8 (A, B) shows the positions of the signal peptide, VH chain, hinge
portion, and CH1, CH2, and CH3 chains in the amino acid sequence (SEQ ID NO:2)
and corresponding encoding nucleic acid sequence (SEQ ID NO:3) of the heavy chain
of the SelK1 antibody.
[0042] Figure 9 shows the positions of the signal peptide, VL chain and CL chain, in
the amino acid sequence (SEQ ID NO:4) and corresponding encoding nucleic acid
sequence (SEQ ID NO:5) of the light chain of the SelK1 antibody.

DETAILED DESCRIPTION OF THE INVENTION
[0043] The present invention is directed to purified antibodies (including chimeric,
human, or humanized antibodies) and antigen binding fragments thereof, which
recognize (i.e., bind to) P-selectin glycoprotein ligand-1 (PSGL-1) and which block
binding of both P-selectin and L-selectin and chemokines thereto, and to methods for
screening for such antibodies and antigen binding fragments thereof, and to methods of
therapeutic use thereof.
[0044] More particularly, the invention is directed to purified antibodies (or fragments
thereof), against PSGL-1, host cells that produce such anti-PSGL-1 antibodies (or
fragments thereof), screening assays to identify anti-PSGL-1 antibodies (or fragments
thereof) which have a dual function in blocking leukocytes, lymphocyte and endothelial
cell selectin-mediated adhesion and chemokine-mediated chemotaxis and therapeutic
methods using such antibodies (or antigen binding fragments thereof). The present
disclosure provides novel antibodies against primate (including human) PSGL-1 and
antigen-binding fragments thereof, particularly including SelK1 antibody. Preferred
antibodies of the invention are capable of specifically binding primate (particularly
human) PSGL-1, and inhibiting one or more PSGL-1 activities in vitro and/or in vivo.



WO 2009/140623 PCT/US2009/044188
17

[0045] Antibody molecules belong to a family of plasma proteins called
immunoglobulins, whose basic building block, the immunoglobulin fold or domain, is
used in various forms in many molecules of the immune system and other biological
recognition systems. A typical immunoglobulin has four polypeptide chains, containing
an antigen binding region known as a variable region and a non-varying region known
as the constant region.

[0046] Native antibodies and immunoglobulins are usually heterotetrameric
glycoproteins of about 150,000 daltons, composed of two identical light (L) chains and
two identical heavy (H) chains. Each light chain is linked to a heavy chain by one
covalent disulfide bond, while the number of disulfide linkages varies between the heavy
chains of different immunoglobulin isotypes. Each heavy and light chain also has
regularly spaced intrachain disulfide bridges. Each heavy chain has at one end a
variable domain (VH) followed by a number of constant domains. Each light chain has a
variable domain at one end (VL) and a constant domain at its other end. The constant
domain of the light chain is aligned with the first constant domain of the heavy chain,
and the light chain variable domain is aligned with the variable domain of the heavy
chain.

[0047] Depending on the amino acid sequences of the constant domain of their
heavy chains, immunoglobulins can be assigned to different classes. There are at least
five major classes of immunoglobulins: IgA, IgD, IgE, 1gG and IgM, and several of these
may be further divided into subclasses (isotypes), e.g. 1gG1, 19Gz, 1gG; and IgG4 and
IgA1 and IgA;. The constant domains of the heavy chains that correspond to the
different classes of immunoglobulins are called alpha (a), delta (d), epsilon (€), gamma
(y) and mu (u), respectively. The light chains of antibodies can be assigned to one of
two clearly distinct types, called kappa (k) and lambda (A), based on the amino
sequences of their constant domain. The subunit structures and three-dimensional
configurations of different classes of immunoglobulins are well known.

[0048] The term “variable” in the context of variable domain of antibodies, refers to
the fact that certain portions of the variable domains differ extensively in sequence
among antibodies. The variable domains are for binding and determine the specificity of
each particular antibody for its particular antigen. However, the variability is not evenly
distributed through the variable domains of antibodies. It is concentrated in three
segments per chain called complementarity determining regions (CDRs), also known as

hypervariable regions, both in the light chain and the heavy chain variable domains. As
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explained further below, in one embodiment of SelK1, an antibody of the present
invention, the three CDRs of the variable heavy chain (CDRH1, CDRH2, and CDRH3)
are SEQ ID NO:6-8, respectively. Similarly, in one embodiment of SelK1, the three
CDRs of the variable light chain (CDRL1, CDRL2, and CDRL3) are SEQ ID NO:9-11,
respectively.

[0049] The more highly conserved portions of variable domains are called the
framework (FR). The variable domains of native heavy and light chains each comprise
four FR regions, largely adopting a B-sheet configuration, connected by three CDRs,
which form loops connecting, and in some cases forming part of, the B-sheet structure.
The CDRs in each light and heavy chain are held together in close proximity by the FR
regions and contribute to the formation of the antigen-binding site of the antibody. The
constant domains are not involved directly in binding an antibody to an antigen, but
exhibit various effector functions, such as participation of the antibody in antibody-
dependent cellular toxicity.

[0050] An antibody that is contemplated for use in the present invention thus can be
in any of a variety of forms, including a whole immunoglobulin, an antibody fragment
such as Fv, Fab, and similar fragments, a single chain antibody which includes the
variable domain complementarity determining regions (CDRs), and the like forms, all of
which fall under the broad term "antibody", as used herein. In preferred embodiments, in
the context of both the therapeutic and screening methods described below, an antibody
or fragment thereof is used that is immuno-specific for an antigen or epitope of the
invention as contemplated herein.

[0051] The term "antibody fragment" refers to a portion of a full-length antibody,
generally the antigen binding or variable region. Examples of antibody fragments include
Fab, Fab', F(ab'), and Fv fragments. Papain digestion of antibodies produces two
identical antigen binding fragments, called the Fab fragment, each with a single antigen
binding site, and a residual "Fc" fragment, so-called for its ability to crystallize readily.
Pepsin treatment yields an F(ab'), fragment that has two antigen binding fragments that
are capable of cross-linking antigen, and a residual other fragment (which is termed
pFc'). Additional fragments can include diabodies, linear antibodies, single-chain
antibody molecules, and multispecific antibodies formed from anti-body fragments. As
used herein, "functional fragment" with respect to antibodies, refers to Fv, F(ab) and

F(ab'); fragments.
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[0052] Antibody fragments may be as small as about 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30, 35, 40, 45 or 50 or
more amino acids. In general, an antibody fragment of the invention can have any upper
size limit so long as it is has similar or immunological properties relative to antibody that
binds with specificity to an epitope located within amino acids 42 or 62 of SEQ ID NO:1
and which blocks binding of P- and/or L-selectins and at least one chemokine thereto.
[0053] As noted elsewhere herein, antibody fragments contemplated herein retain
some ability to selectively bind to all of or a portion of the PSGL-1 amino acid binding
epitope described herein. Specifically, an antibody or antigen binding fragment of an
antibody of the present invention is capable of binding to an epitope comprising one or
more amino acid residues of a sequence comprising amino acid residues 42 to 62 of the
sequence set forth in SEQ ID NO:1. Some types of antibody fragments are defined as
follows:

[0054] Fab is the fragment that contains a monovalent antigen-binding fragment of
an antibody molecule. A Fab fragment can be produced by digestion of whole antibody
with the enzyme papain to yield an intact light chain and a portion of one heavy chain.
[0055] Fab' is the fragment of an antibody molecule can be obtained by treating
whole antibody with pepsin, followed by reduction, to yield an intact light chain and a
portion of the heavy chain. Two Fab' fragments are obtained per antibody molecule.
[0056] Fab' fragments differ from Fab fragments by the addition of a few residues at
the carboxyl terminus of the heavy chain CH1 domain including one or more cysteines
from the antibody hinge region.

[0057] (Fab'), is the fragment of an antibody that can be obtained by treating whole
antibody with the enzyme pepsin without subsequent reduction. F(ab'); is a dimer of
two Fab' fragments held together by two disulfide bonds.

[0058] Fv is the minimum antibody fragment that contains a complete antigen
recognition and binding site. This region consists of a dimer of one heavy and one light
chain variable domain in a tight, non-covalent association (VH-VL dimer). It is in this
configuration that the three CDRs of each variable domain interact to define an antigen
binding site on the surface of the VH-VL dimer. Collectively, the six CDRs confer antigen
binding specificity to the antibody. However, even a single variable domain (or half of an
Fv comprising only three CDRs specific for an antigen) has the ability to recognize and
bind antigen, although at a lower affinity than the entire binding site.
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[0059] A single chain antibody (SCA) is defined herein as a genetically engineered
molecule containing the variable region of the light chain, the variable region of the
heavy chain, linked by a suitable polypeptide linker as a genetically fused single chain
molecule. Such single chain antibodies are also referred to as "single-chain Fv" or "sFv"
antibody fragments. Generally, the Fv polypeptide further comprises a polypeptide linker
between the VH and VL domains that enables the sFv to form the desired structure for
antigen binding.

[0060] The antibodies or antibody fragments of the present invention may comprise
immunoglobulin of the class IgGs, IgG., 1gG3, 19G4 or IgG,/G4 chimeras, preferably binds
to PSGL-1 with a high affinity (for example wherein the K4 is < 100nM) and preferably
comprises a human constant region, and preferably competitively inhibits binding of P-
selectin and/or L-selectin to PSGL-1 and competitively inhibits binding of a chemokine to
PSGL-1. Further, the anti-PSGL-1 antibody or antigen binding fragment thereof
preferably does not activate complement via the classical pathway by interacting with
C1Q, and preferably does not express effector function, and preferably does not bind Fc
receptors. The present invention in particular is directed to using such anti-PSGL-1
antibodies or antibody fragments as described and identified herein in treatments for
inflammatory conditions wherein the inflammation is associated with (but not limited to)
at least one of inflammatory bowel disease (e.g., Crohn’s disease, ulcerative colitis,
enteritis), arthritis (e.g., rheumatoid arthritis, osteoarthritis, psoriatic arthritis), graft
rejection, graft versus host disease, asthma, chronic obstructive pulmonary disease,
psoriasis, dermatitis, nephritis, lupus erythematosis, scleroderma, rhinitis, anaphylaxis,
diabetes, mulitiple sclerosis, atherosclerosis, thrombosis, allergic reactions, and
thyroiditis.

[0061] As noted above, PSGL-1 plays a central role in recruitment of leukocytes and
lymphocytes to inflammatory and thrombotic sites by binding to structurally related
selectin receptors identified as P-, L- and E-selectin. PSGL-1 is constitutively expressed
on leukocytes, including neutrophils and monocytes, and on some endothelial cells.
Chemokines, as noted above, are responsible for homing and firm adhesion of
leukocytes and lymphocytes through activation of integrins. In addition to its role in
leukocyte adhesion, recent studies (discussed above) have shown that PSGL-1
interacts with chemokines through tyrosine sulfate motifs on its N-terminal domain.
[0062] The binding of the known antibodies PL1 and KPL1 to PSGL-1 is independent
of sulfation of the tyrosines of the N-terminal domain of PSGL-1 and have been
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characterized and shown to overlap the region distal to the propeptide at residues 42-62
of PSGL-1 (Fig. 1). These residues also encompass a chemokine-binding epitope at
residues 46-53 which contains three sulfated tyrosine residues which are essential for
the chemokine binding thereto.

[0063] As noted above, RR2r3s4-1 (“RR”), an anti-human PSGL-1 antibody which
was previously derived from a fully human IgG1 antibody to human PSGL-1 that was
developed from a single-chain Fvs antibody isolated from a yeast display library [74,
124, 125]. The RR antibody was shown by tryptophan fluorescence quenching titration
to have a K4 of 1nM. In vitro assays demonstrated that RR binds human neutrophils
and in rolling assays RR was shown to inhibit human neutrophils rolling on P-selectin at
a concentration of 3.3nM. In competition assays RR was shown to be specific for
human PSGL-1 and does not bind murine PSGL-1.

[0064] In the present invention portions of the light and heavy variable regions of RR
were re-engineered by linking them to the hinge region of a consensus human IgG;
constant domain and incorporated single amino acid substitutions to inactivate
complement binding. The resulting anti-human PSGL-1 antibody is referred to herein as
SelK1.

[0065] SelK1 antibody was tested for binding to GSP-6, a glycosylated, sulfated 18
amino acid peptide mimetic of amino acids 42-60 of SEQ ID NO:1 (the exposed N-
terminus of PSGL-1) [14] using surface plasmon resonance (BIACORE). GSP-6 and its
derivatives GSP-1 and GP-1 (discussed in more detail below) are shown in Fig. 1A-1B
and Fig. 3A (GSP-1) of U.S. Patent 7,223,845. Its kinetics were compared to another
anti-PSGL-1 antibody called PL1 [20]. SelK1 antibody bound to GSP-6 with a much
slower on-rate than PL1 and almost no detectable off-rate (Fig. 2). These
characteristics are consistent with chronic administration for therapeutic use of this
antibody to treat Crohn’s Disease and other inflammatory-related diseases as described
elsewhere herein.

[0066] SelK1 antibody was then tested for its ability to block neutrophil rolling on P-
selectin in an in vitro rolling assay. In this assay fixed human neutrophils roll and tether
to P-selectin coated on a plate to a density similar to that found on activated endothelial
cells under flow simulating sheer stress in blood vessels [20]. When SelK1 was
introduced into the flow at concentrations ranging from 40nM to 2nM, neutrophil rolling
and tethering was completely blocked (Fig. 3). SelK1 was also compared to the mouse
monoclonal anti-PSGL-1 antibodies PL1 and KPL1, and to a humanized PL1 termed
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hPL1-Agg. The results show that SelK1 was the most effective anti-PSGL-1 antibody of
those tested in blocking neutrophil adhesion in this assay.

[0067] SelK1 antibody was tested for its ability to bind with specificity to GSP-6 and
to modified forms of GSP-6 by measuring binding to sulfated (GSP-1) and non-sulfated
(GP-1) forms of the N-terminal peptide fragment of PSGL-1 and was compared against
two mouse monoclonal antibodies to PSGL-1, KPL1 and PL1. The binding of SelK1 and
the mouse monoclonal antibodies was measured in BIACORE analysis. SelK1 bound to
GSP-6 and GSP-1, but did not bind GP-1, indicating that the antibody requires sulfation
of the N-terminal peptide for binding activity. The KPL1 antibody bound GSP-6, GSP-1
and GP-1 indicating it does not require sulfation of the peptide for binding. The binding
of PL1 and hPL1 (a humanized form of PL1) was more complex in that it does not
appear to require sulfate, but may require a larger oligosaccharide than the single a-
GalNAc on GP-1 and GSP-1 which it bound weakly (Fig. 4).

[0068] Regarding chemokine binding, without wishing to be bound by theory, as
discussed above, it is believed that chemokine binding to PSGL-1 plays a major role in
lymphocyte homing that precipitates the inflammatory response in Crohn’s Disease and
other inflammatory diseases. To investigate this, SelK1 antibody was tested for its
ability to block chemokine binding to the previously-mentioned peptide fragments of
PSGL-1 using a BIACORE assay. To enable this method, we first demonstrated that
several chemokines (CCL27, CCL28, CCL19 and CCL21) bind to the PSGL-1 peptide
glycomimetics GSP-6, GSP-1 and GP-1 (Fig. 5) which had been coupled to a BIACORE
chip. GSP-6, GSP-1 and GP-1 bound to all the chemokines tested, though GP1 bound
with less affinity to CCL27 than the other chemokines tested.

[0069] The ability of anti-PSGL- antibodies including SelK1 antibody to block CCL27
binding to GSP-6, GSP-1 and GP-1 was tested. Biotinylated peptides were coupled to a
streptavidin coated BIACORE chip and chemokines added and binding measured. Anti-
PSGL-1 antibodies were added and the effect on chemokine binding assessed. The
results demonstrated that SelK1 antibody blocked binding of chemokines (e.g., CCL27)
to GSP-6 and GSP-1 (Fig. 6). This novel result demonstrates the dual function of this
antibody by both inhibiting chemokine binding to PSGL-1 and blocking P-selectin
binding to PSGL-1. SelK1 antibody had no effect on CCL27/GP1 binding consistent
with the observation that the SelK1 antibody does not bind the non-sulfated mimetics
GP-1 of the N-terminal peptide of PSGL-1. It was verified that KPL-1 does bind GP-1
and as a result this mouse monoclonal antibody did block CCL27 to GP-1 in addition to
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GSP-6 and GSP-1. PL1 had no effect on the binding of the chemokines tested. These
results demonstrate that the SelK1 antibody has dual function properties in blocking P-
selectin (and L-selectin) and binding chemokine binding to PSGL-1 (as illustrated in Fig.
7) and thus can be used as a novel therapeutic treatment of Crohn’s Disease and other
inflammatory diseases as contemplated elsewhere herein.

[0070] The present invention is thus directed to antibodies and antigen binding
fragments thereof that selectively bind to an N-terminal epitope of PSGL-1 (located
within amino acids 42-62 of SEQ ID NO:1) with high specificity and affinity and which
have a dual function in substantially blocking the binding both of selectins (particularly
P-selectin and L-selectin) and chemokines (e.g., chemokines CCL19, CCL21, CCL27
and CCL28) to PSGL-1 and therefore which represent novel therapeutics for treating
inflammatory and thrombotic disorders. Where used herein, the term “substantially
blocking” means that the selectins and chemokines bind to PSGL-1 at least 75% below
the level observed in controls when the epitope binding antibodies or fragments are not
used. The invention is further directed to treatment methods using these dual function
antibodies and to pharmaceutical and therapeutic compositions comprising these
antibodies for these uses.

[0071] The complete amino acid sequence for the SelK1 antibody (and signal
peptide sequences), and a DNA sequence which encodes the amino acid sequence of
SelK1 is shown in Fig. 8 (A, B) and Fig. 9. In Fig. 8A and 8B are shown the amino acid
sequence and nucleic acid sequence (SEQ ID NO:2 and SEQ ID NO:3, respectively) for
the variable component of the heavy chain (VH), the hinge portion, and the three
constant units of the heavy chain (CH1, CH2, and CH3) of SelK1. In Fig. 9 are shown
the amino acid sequence and nucleic acid sequence (SEQ ID NO:4 and SEQ ID NO:5,
respectively) for the variable component of the light chain (VL) and the constant unit of
the light chain (CL) of SelK1.

[0072] The invention is directed in preferred embodiments to antibodies having
sequences substantially as set out herein. As mentioned above, each antibody has
three CDRs (complementarity determining regions) in each of the heavy and light
variable claims. For example, in the preferred embodiment of the invention comprising
the SelK1 antibody, the CDRH1 comprises SEQ ID NO:6, the CDRH2 comprises SEQ
ID NO:7, the CDRH3 comprises SEQ ID NO:8, the CDRL1 comprises SEQ ID NO:9, the
CDRL2 comprises SEQ ID NO:10, and the CDRL3 comprises SEQ ID NO:11.
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[0073] The phrase “substantially as set out” means that a particular CDR, in the VL
or VH domain will be either identical or highly similar to the specified regions of the
sequence as set out herein. For example, such substitutions may include 1 or 2
substitutions, additions, or deletions for every approximately 5 amino acids in the
sequence of a CDR (H1, H2, H3, L1, L2, or L3). A sequence is “substantially identical” if
it has no more than 1 nucleic acid codon or amino acid residue substituted, deleted, or
added for every 10-20 residues in the sequence.

[0074] The present invention further comprises antibodies which comprise 1, 2, 3, 4,
5, 6, 7, or 8 to 10 amino acid substitutions in the 6 CDRs as compared to the 6 CDRs of
the SelK1 antibody. The substitutions are preferably conservative substitutions but may
be any of the other 20 naturally-occurring amino acids which still results in an antibody
which binds with a Kg < 100nM to PSGL-1. The invention further comprises nucleic
acids which encode such antibody variants of SelK1 and vectors and hosts comprising
such nucleic acids.

[0075] SEQ ID NO:12 shows a DNA sequence which encodes the complete heavy
chain sequence (SEQ ID NO:3) with the flanking vector sequence therefor. SEQ ID
NO:13 shows a DNA sequence which encodes the complete light chain nucleic acid
encoding sequence (SEQ ID NO:5) with the flanking vector sequence therefor.

[0076] The present invention in one embodiment contemplates antibodies that
specifically bind to human PSGL-1. CDRs in such antibodies are not limited to the
specific sequences of VH and VL shown herein and may include variants of these
sequences that retain the ability to block P-selectin and chemokine binding to PSGL-1.
Such variants may be produced by a skilled artisan using techniques well known in the
art. For example, amino acid substitutions, deletions, or additions, can be made in the
FRs and/or in the CDRs as described elsewhere herein. While changes in the FRs are
usually designed to improve stability and immunogenicity of the antibody, changes in the
CDRs are typically designed to increase affinity of the antibody for its target. Variants of
FRs also include naturally occurring immunoglobulin allotypes. Such affinity-increasing
changes may be determined empirically by routine techniques that involve altering the
CDR and testing the affinity antibody for its target.

[0077] For example, conservative amino acid substitutions can be made within any
one of the disclosed CDRs. Various alterations can be made according to the methods
described in Antibody Engineering, 2™ ed., Borrebaeck, Ed., Oxford University Press
(1995). These include but are not limited to nucleotide sequences that are altered by the
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substitution of different codons that encode an identical or a functionally equivalent
amino acid residue (“conservative substitutions”) within the sequence, thus producing a
"silent" change. For example, the nonpolar amino acids which may be conservatively
substituted include alanine, leucine, isoleucine, valine, proline, phenylalanine,
tryptophan, and methionine. The polar neutral amino acids which may be substituted
conservatively include glycine, serine, threonine, cysteine, tyrosine, asparagine, and
glutamine. The positively charged (basic) amino acids which may be conservatively
substituted include arginine, lysine, and histidine. The negatively charged (acidic) amino
acids which may be conservatively substituted include aspartic acid and glutamic acid.
Substitutes for an amino acid within the sequence may also be selected from other
members of the class to which the amino acid belongs.

[0078] Derivatives and analogs of antibodies of the invention can be produced by
various techniques well known in the art, including recombinant and synthetic methods
(Sambrook et al., Molecular Cloning: A Laboratory Manual, 2" ed., Cold Spring Harbor
Laboratory Press (1989), and Bodansky et al., The Practice of Peptide Synthesis, 2™
ed., Spring Verlag, Berlin, Germany (1995)).

[0079] Antibodies in which CDR sequences differ only insubstantially from those of
the variable regions of SelK1 are also encompassed within the scope of this invention.
As noted above, typically, an amino acid is substituted by a related amino acid having
similar charge, hydrophobic, or stereochemical characteristics. Such substitutions would
be within the ordinary skills of an artisan. Further, a skilled artisan would appreciate that
changes can be made in FRs without adversely affecting the binding properties of an
antibody. Changes to FRs include, but are not limited to, humanizing a non-human
derived or engineering certain framework residues that are important for antigen contact
or for stabilizing the binding site, e.g., changing the class or subclass of the constant
region, changing specific amino acid residues which might alter the effector function
such as Fc receptor binding

[0080] As noted above, the antibodies of the present invention also block chemokine
binding to PSGL-1. Examples of chemokines contemplated herein as blocked by the
antibodies of the present invention include, but are not limited to: CCL1, CCL2, CCL3,
CCL4, CCL5, CCLe, CCL7, CCL8, CCL9, CCL10, CCL11, CCL12, CCL13, CCL14,
CCL15, CCL16, CCL17, CCL18, CCL19, CCL20, CCL21, CCL22, CCL23, CCL24,
CCL25, CCL26, CCL27, CCL28, CXCL1, CXCL2, CXCL3, CXCL4, CXCL5, CXCLS,
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CXCL7, CXCL8, CXCL9, CXCL10, CXCL11, CXCL12, CXCL13, CXCL14, CXCL15,
CXCL16, XCL1, XCL2, and CX3CL1.

[0081] In one aspect of present invention, the dual function anti-PSGL-1 antibodies
contemplated herein can be used in the treatment of a number of infammatory and
thrombotic disorders in primates (including humans) which involve leukocyte,
lymphocyte or endothelial cell adhesion, including, but not limited to, inflammatory bowel
diseases (e.g., Crohn’s disease, ulcerative colitis, enteritis), arthritis (e.g., rheumatoid
arthritis, osteoarthritis, psoriatic arthritis), graft rejection, graft vs. host disease, asthma,
chronic obstructive pulmonary disease, psoriasis, dermatitis, nephritis, lupus
erythematosis, scleroderma, rhinitis, anaphylaxis, diabetes, multiple sclerosis,
atherosclerosis, thrombosis, allergic reactions, thyroiditis and tumor metastasis. The
term “primate” as used herein refers to humans, monkeys, and apes such as
chimpanzees, gorillas, and orangutans.

[0082] As used herein, the “affinity” of the antibody for PSGL-1 is characterized by its
Ky, or disassociation constant. A stronger affinity is represented by a lower K4 while a
weaker affinity is represented by a higher K4. As such, an antibody of the present
invention preferably has an affinity represented by a K4 < 100nM, or = 50nM, or more
preferably by a K4 < 25nM, and still more preferably by a K4 = 10nM, and even more
preferably by a Ky < 5nM.

[0083] An antibody or antibody fragment “homolog,” as used herein, means that a
relevant amino acid sequence of a protein or a peptide is at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, 99.5%, or 100% identical to a given sequence. By
way of example, such sequences may be variants derived from various species, or the
homologous sequence may be recombinantly produced. The sequence may be derived
from the given sequence by truncation, deletion, amino acid substitution, or addition.
Percent identity between two amino acid sequences is determined by standard
alignment algorithms such as, for example, Basic Local Alignment Tool (BLAST)
described in Altschul et al., J. Mol. Biol. 215:403-410 (1990). Needleman et al., J. Mol.
Biol. 48:444-453 (1970); Meyers et al., Comput. Appl. Biosci. 4:11-17 (1988); or
Tatusova et al., FEMS Microbiol. Left. 174:247-250 (1999), and other alignment
algorithms and methods of the art.

[0084] The term “isolated” or “purified” refers to a molecule that is substantially free
of its natural environment. For instance, an isolated protein is substantially free of

cellular material or other proteins from the cell or tissue source from which it was
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derived. The term also refers to preparations where the isolated protein is at least 70-
80% (w/w) pure; or at least 80-90% (w/w) pure; or at least 90-95% pure; or at least 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% (w/w) pure. In some embodiments, the
isolated molecule is sufficiently pure for pharmaceutical compositions.

[0085] Inhibitory activity refers to a reduction in an activity of PSGL-1 by a PSGL-1
inhibitor, relative to the activity of PSGL-1 in the absence of the same inhibitor. A
neutralizing antibody may reduce one or more PSGL-1 activities. For example, the
reduction in activity (e.g., leukocyte adhesion and chemotaxis) is preferably at least
about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, or higher.
[0086] The term “PSGL-1 inhibitor” as used herein includes any agent, such as, e.g.,
a neutralizing antibody, capable of inhibiting activity, expression, processing, or cell
surface localization of PSGL-1. Such inhibitors are said to “inhibit,” “neutralize,” or
“reduce” the biological activity of PSGL-1.

[0087] The preparation of monoclonal antibodies is conventional and well known to
persons of ordinary skill in the art. Monoclonal antibodies can be isolated and purified
from hybridoma cultures by a variety of well-established techniques. Such isolation
techniques include affinity chromatography with Protein-A Sepharose, size-exclusion
chromatography, and ion-exchange chromatography.

[0088] Methods of in vitro and in vivo manipulation of monoclonal antibodies are well
known to those skilled in the art. For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by the hybridoma method first
described by Kohler and Milstein, (Nature 256, 495: 1975), or may be made by
recombinant methods, e.g., as described in U.S. Pat. No. 4,816,567, for example.

[0089] Another method involves humanizing a monoclonal antibody by recombinant
means to generate antibodies containing, for example, human or primate specific and
recognizable sequences.

[0090] Methods of making antibodies of the invention bind with high affinity to human
PSGL-1 or to an epitope thereof may comprise transfecting a cell with a DNA construct,
the construct comprising a DNA sequence encoding at least a portion of the neutralizing
PSGL-1 specific antibodies of the invention, culturing the cell under conditions such that
the antibody protein is expressed by the cell, and isolating the antibody protein.

[0091] Preferably, the constant region has been modified to modulate (i.e. reduce or
enhance) effector function as noted elsewhere as compared to the effector function of a

wild-type immunoglobulin heavy chain Fc region. In various embodiments, the IgG
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constant region has reduced effector function, or alternatively it has increased effector
function, for example. Fc effector function includes, for example, antibody-dependent
cellular cytotoxicity (ADCC), phagocytosis, complement-dependent cytotoxicity, and
half-life or clearance rate function. The IgG amino acid sequence of the Fc domain can
be altered to affect binding to Fc gamma receptors (and thus ADCC or phagocytosis
functions), or to alter interaction with the complement system (complement-dependent
cytotoxicity function).

[0092] In one embodiment, the antibody comprises a constant region or Fc portion
that has low or no affinity for at least one Fc receptor. In an alternative embodiment, the
second polypeptide has low or no affinity for complement protein C1Q. In general, an
effector function of an antibody can be altered by altering the affinity of the antibody for
an effector molecule such as an Fc receptor. Binding affinity will generally be varied by
modifying the effector molecule binding site. Disclosure of IgG modifications that alter
interaction with effector molecules such as Fc receptors can be found for example in
U.S. Pat. Nos. 5,624,821 and 5,648,260

[0093] Antibody proteins of the invention can be produced using techniques well
known in the art. For example, the antibody proteins of the invention can be produced
recombinantly in cells (see, e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, N.Y., 1989, and Ausubel et al., Current
Protocols in Molecular Biology, Greene Publishing Associates and Wiley Interscience,
N.Y., 1989).

[0094] For recombinant production, a polynucleotide sequence encoding the
antibody protein is inserted into an appropriate expression vehicle, such as a vector
which contains the necessary elements for the transcription and translation of the
inserted coding sequence. The expression vehicle is then transfected into a suitable
target cell which will express the peptide. Transfection techniques known in the art
include, but are not limited to, calcium phosphate precipitation (Wigler et al., Cell 14:725
(1978)) and electroporation (Neumann et al., EMBO J. 1:841 (1982)). A variety of host-
expression vector systems may be utilized to express the antibody proteins described
herein preferably including eukaryotic cells.

[0095] The present disclosure further provides isolated nucleic acids encoding the
disclosed antibodies. The nucleic acids may comprise DNA or RNA and may be wholly
or partially synthetic or recombinant. Reference to a nucleotide sequence as set out

herein encompasses a DNA molecule with the specified sequence, and encompasses a
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RNA molecule with the specified sequence in which U is substituted for T, unless
context requires otherwise.

[0096] In another embodiment, the nucleic acid molecules of the invention also
comprise nucleotide sequences that are at least 80% identical to the sequences
disclosed herein. Also contemplated are embodiments in which a sequence is at least
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 99.5% identical to a sequence disclosed
herein and/or which hybridize to a sequence of the present invention under conditions of
high or moderate stringency. The percent identity may be determined by visual
inspection and mathematical calculation.

[0097] Stringency, including “high stringency,” as used herein, includes conditions
readily determined by the skilled artisan based on, for example, the length of the DNA.
Generally, such conditions are defined as hybridization conditions of 50% formamide,
6xSSC at 42°C. (or other similar hybridization solution, such as, e.g., Stark’s solution, in
50% formamide at 42°C.), and with washing at approximately 68°C., 0.2xSSC, 0.1%
SDS. The skilled artisan will recognize that the temperature and wash solution salt
concentration can be adjusted as necessary according to factors such as the length of
the probe.

[0098] “Moderate stringency,” as used herein, includes conditions that can be readily
determined by those having ordinary skill in the art based on, for example, the length of
the DNA. The basic conditions are set forth by Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2d ed., 1:1.101-104, Cold Spring Harbor Laboratory Press (1989),
and include use of a prewashing solution for the nitrocellulose filters 5xSSC, 0.5% SDS,
1.0 mM EDTA (pH 8.0), hybridization conditions of 50% formamide, 6xSSC at 42°C. (or
other similar hybridization solution, such as Stark's solution, in 50% formamide at
42°C.), and washing conditions of 60°C., 0.5xSSC, 0.1% SDS.

[0100] The term "monoclonal antibody" as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical except for possible naturally occurring
mutations that may be present in minor amounts. Monoclonal antibodies are highly
specific, being directed against a single epitopic site. Furthermore, in contrast to
conventional polyclonal antibody preparations that typically include different antibodies
directed against different determinants (epitopes), each monoclonal antibody is directed
against a single determinant. In addition to their specificity, the monoclonal antibodies

are advantageous in that they are synthesized by the hybridoma culture,
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uncontaminated by other immunoglobulins. The modifier "monoclonal" indicates the
character of the antibody as being obtained from a substantially homogeneous
population of antibodies, and is not to be construed as requiring production of the
antibody by any particular method.

[0101] The monoclonal antibodies herein specifically include "chimeric" antibodies
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or
homologous to corresponding sequences in antibodies derived from a particular species
or belonging to a particular antibody class or subclass, while the remainder of the
chain(s) is identical with or homologous to corresponding sequences in antibodies
derived from another species or belonging to another antibody class or subclass, as well
as fragments of such antibodies, so long as they exhibit the desired biological activity
(U.S. Pat. No. 4,816,567).

[0102] Methods of making antibody fragments are also known in the art (see for
example, Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory, NY, 1988, incorporated herein by reference). Antibody fragments of the
present invention can be prepared by proteolytic hydrolysis of the antibody or by
expression in E. coli of DNA encoding the fragment. Antibody fragments, as noted
above, can be obtained by pepsin or papain digestion of whole antibodies conventional
methods. For example, antibody fragments can be produced by enzymatic cleavage of
antibodies with pepsin to provide a 5S fragment denoted F(ab'),. This fragment can be
further cleaved using a thiol reducing agent, and optionally a blocking group for the
sulfhydryl groups resulting from cleavage of disulfide linkages, to produce 3.5S Fab'
monovalent fragments. Alternatively, an enzymatic cleavage using pepsin produces two
monovalent Fab' fragments and an Fc fragment directly. These methods are described,
for example, in U.S. Pat. No. 4,036,945 and U.S. Pat. No. 4,331,647, and references
contained therein, which are hereby expressly incorporated in their entireties by
reference.

[0103] Other methods of cleaving antibodies, such as separation of heavy chains to
form monovalent light-heavy chain fragments, further cleavage of fragments, or other
enzymatic, chemical, or genetic techniques may also be used, so long as the fragments
bind to the antigen that is recognized by the intact antibody. For example, Fv fragments
comprise an association of VH and VL chains. This association may be noncovalent or
the variable chains can be linked by an intermolecular disulfide bond or cross-linked by

chemicals such as glutaraldehyde. Preferably, the Fv fragments comprise VH and VL
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chains connected by a peptide linker. These single-chain antigen binding proteins (sFv)
are prepared by constructing a structural gene comprising DNA sequences encoding the
VH and VL domains connected by an oligonucleotide. The structural gene is inserted
into an expression vector, which is subsequently introduced into a host cell such as E.
coli. The recombinant host cells synthesize a single polypeptide chain with a linker
peptide bridging the two V domains. Another form of an antibody fragment is a peptide
coding for a single CDR. CDR peptides ("minimal recognition units") are often involved
in antigen recognition and binding. CDR peptides can be obtained by cloning or
constructing genes encoding the CDR of an antibody of interest. Such genes are
prepared, for example, by using the polymerase chain reaction to synthesize the
variable region from RNA of antibody-producing cells.

[0104] The invention contemplates engineered antibodies including fully human and
humanized forms of non-human (e.g., primate or murine) antibodies. Such humanized
antibodies are chimeric immunoglobulins, immunoglobulin chains or fragments thereof
(such as Fv, Fab, Fab', F(ab'); or other antigen-binding subsequences of antibodies)
that contain minimal sequences derived from non-human immunoglobulin. For the most
part, humanized antibodies are human immunoglobulins in which residues from a CDR
of the recipient are replaced by residues from a CDR of a nonhuman species such as
mouse, rat or rabbit having the desired specificity, affinity and capacity.

[0105] In making an engineered antibody, a DNA sequence encoding an antibody
molecule of the invention is prepared synthetically by established standard methods.
For example, according to the phosphoamidine method, oligonucleotides are
synthesized, e.g. in an automatic DNA synthesizer, purified, annealed, ligated and
cloned in suitable vectors.

[0106] The DNA sequence may then be inserted into a recombinant expression
vector, which may be any vector, which may conveniently be subjected to recombinant
DNA procedures. The choice of vector will often depend on the host cell into which it is
to be introduced. Thus, the vector may be an autonomously replicating vector, i.e., a
vector that exists as an extrachromosomal entity, the replication of which is independent
of chromosomal replication, e.g., a plasmid. Alternatively, the vector may be one which,
when introduced into a host cell, is integrated into the host cell genome and replicated
together with the chromosome(s) into which it has been integrated.

[0107] In the vector, the DNA sequence encoding the protein should be operably

connected to a suitable promoter sequence. The promoter may be any DNA sequence,
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which shows transcriptional activity in the host cell of choice and may be derived from
genes encoding proteins either homologous or heterologous to the host cell. Examples
of suitable promoters for directing the transcription of the coding DNA sequence in
mammalian cells are the SV 40 promoter, the MT-1 (metallothionein gene) promoter or
the adenovirus 2 major late promoter. A suitable promoter for use in insect cells is the
polyhedrin promoter. Suitable promoters for use in yeast host cells include promoters
from yeast glycolytic genes or alcohol dehydrogenase genes or the TPI1 or ADH2-4c
promoters. Suitable promoters for use in filamentous fungus host cells are, for instance,
the ADH3 promoter or the tpiA promoter.

[0108] The DNA coding sequence may also be operably connected to a suitable
terminator, such as the human growth hormone terminator or (for fungal hosts) the TPI1
or ADH3 promoters. The vector may further comprise elements such as polyadenylation
signals (e.g. from SV 40 or title adenovirus 5 Elb region), transcriptional enhancer
sequences (e.g. the SV 40 enhancer) and translational enhancer sequences (e.g., ones
encoding adenovirus VA RNAs).

[0109] The recombinant expression vector may further comprise a DNA sequence
enabling the vector to replicate in the host cell in question. An example of such a
sequence (when the host cell is a mammalian cell) is the SV 40 origin of replication. The
vector may also comprise a selectable marker, e.g. a gene the product of which
complements a defect in the host cell, such as the gene coding for dihydrofolate
reductase (DHFR) or one which confers resistance to a drug, e.g. neomycin,
hydromycin or methotrexate.

[0110] The procedures used to ligate the DNA sequences coding the proteins, the
promoter and the terminator, respectively, and to insert them into suitable vectors
containing the information necessary for replication, are well known to persons skilled in
the art.

[0111] To obtain recombinant proteins of the invention the coding DNA sequences
may be usefully fused with a second peptide coding sequence and a protease cleavage
site coding sequence, giving a DNA construct encoding the fusion protein, wherein the
protease cleavage site coding sequence positioned between the HBP fragment and
second peptide coding DNA, inserted into a recombinant expression vector, and
expressed in recombinant host cells. In one embodiment, said second peptide selected
from, but not limited by the group comprising glutathion-S-reductase, calf thymosin,

bacterial thioredoxin or human ubiquitin natural or synthetic variants, or peptides
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thereof. In another embodiment, a peptide sequence comprising a protease cleavage
site may be the Factor Xa, with the amino acid sequence IEGR, enterokinase, with the
amino acid sequence DDDDK, thrombin, with the amino acid sequence LVPR/GS, or
Acharombacter lyticus, with the amino acid sequence XKX, cleavage site.

[0112] The host cell into which the expression vector is introduced may be any cell
which is capable of expression of the peptides or full-length proteins, and is preferably a
eukaryotic cell, such as invertebrate (insect) cells or vertebrate cells, e.g. Xenopus
laevis oocytes or mammalian cells, in particular insect and mammalian cells. Examples
of suitable mammalian cell lines include, but are not limited to, the HEk293 (ATCC CRL-
1573), COS (ATCC CRL-1650), BHK (ATCC CRL-1632, ATCC CCL-10) or CHO (ATCC
CCL-61) cell lines. Methods of transfecting mammalian cells and expressing DNA
sequences introduced in the cells are well known in the art.

[0113] Alternatively, fungal cells (including yeast cells) may be used as host cells.
Examples of suitable yeast cells include cells of Saccharomyces spp. or
Schizosaccharomyces spp., in particular strains of Saccharomyces cerevisiae.
Examples of other fungal cells are cells of filamentous fungi, e.g. Aspergillus spp. or
Neurospora spp., in particular strains of Aspergillus oryzae or Aspergillus niger. The use
of Aspergillus spp. for the expression of proteins is described in, e.g., EP 238 023.
[0114] The medium used to culture the cells may be any conventional medium
suitable for growing mammalian cells, such as a serum-containing or serum-free
medium containing appropriate supplements, or a suitable medium for growing insect,
yeast or fungal cells. Suitable media are available from commercial suppliers or may be
prepared according to published recipes.

[0115] The proteins recombinantly produced by the cells may then be recovered from
the culture medium by conventional procedures including separating the host cells from
the medium by centrifugation or filtration, precipitating the proteinaceous components of
the supernatant or filtrate by means of a salt, e.g. ammonium sulphate, purification by a
variety of chromatographic procedures, e.g. HPLC, ion exchange chromatography,
affinity chromatography, or the like.

[0116] The antibodies of the present invention preferably include one or more
modifications which inactivate complement. The term "complement activity" broadly
encompasses the biochemical and physiological activities associated with activation of
the complement system, individual complement pathway associated molecules, as well

as genes encoding these molecules. Therefore, complement activities include, e.g.,
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structure and expression of a gene encoding a complement pathway molecule,
biochemical activity (e.g., enzymatic or regulatory) of a complement pathway molecule,
cellular activities that initiate or result from activation of the complement system, and
presence of serum autoantibodies against complement pathway molecules. In SelK1
the preferred modification to inactivate complement is a replacement of Lys with Ala at
position 341 (of SEQ ID NO:2) in the heavy chain constant region CH2. Other
substitutions for Lys at the same position may include for example any of gly, leu, trp,
tyr, pro, thr, ser, met, asp, asn, glu, gin, phe, ile, val, thr, and cys and which are effective
in inactivating complement.

[0117] The terms “complement pathway associated molecules,” “complement
pathway molecules,” and “complement pathway associated proteins® are used
interchangeably and refer to the various molecules that play a role in complement
activation and the downstream cellular activities mediated by, responsive to, or triggered
by the activated complement system. They include initiators of complement pathways
(i.e., molecules that directly or indirectly triggers the activation of complement system),
molecules that are produced or play a role during complement activation (e.g.,
complement proteins/enzymes such as C3, C5, C5b-9, Factor B, MASP-1, and MASP-
2), complement receptors or inhibitors (e.g., clusterin, vitronectin, CR1, or CD59), and
molecules regulated or triggered by the activated complement system (e.g., membrane
attack complex-inhibitory factor, MACIF. Thus, in addition to complement proteins noted
above, complement pathway associated molecules also include, e.g., C3/C5 convertase
regulators (RCA) such as complement receptor type 1 (also termed CR1 or CD35),
complement receptor type 2 (also termed CR2 or CD21), membrane cofactor protein
(MCP or CD46), and C4bBP; MAC regulators such as vitronectin, clusterin (also termed
"SP40,40"), CRP, CD59, and homologous restriction factor (HRF); immunoglobulin
chains such as Ig kappa, Ig lambda, or Ig gamma; C1 inhibitor; and other proteins such
as CR3, CR4 (CD11b/18), and DAF (CD 55).

[0118] Antibodies of the present invention provided by any of the above described
methods are preferably used in the manufacture of a medicament or composition for the
treatment of a pathological condition, wherein inhibiting a inflammatory response is
required such as is contemplated herein.

[0119] It is an important objective of the present invention to use the antibodies,

functionally active fragments or variants of said antibodies for the manufacture of a
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medicament or composition for prevention and/or treatment of inflammatory responses
or diseases such as described herein.

[0120] In one embodiment the invention relates to the manufacture of a therapeutic
medicament or composition which is capable of being used for prevention and/or
treatment of an inflammatory bowel disease such as Crohn's disease or ulcerative
colitis. Other examples of inflammatory responses, which may be harmful for an
individual and therefore are advantageously being suppressed include but are not
limited by conditions associated with extensive trauma, or chronic inflammation, such as
for example type IV delayed hypersensitivity, associated for example with infection by
Tubercle bacilli, or systematic inflammatory response syndrome, or multiple organ
failure, or rheumatoid arthritis or other conditions described herein.

[0121] The SAMP-1/Yit mouse model of spontaneous iletis closely resembles human
Crohn’s Disease. Therapeutic inhibition of PSGL-1 uniquely ameliorates ileitis in this
model whereas blockade of individual selectins does not. Inhibition of TNF in this model
does reduce the severity of ileitis in a manner similar to anti-PSGL-1 although the
therapeutic effect does not appear to be as potent as anti-GSGL-1 [127]. Thus, the
SAMP-1 model appears to closely mirror human Crohn’s Disease not only in its
pathophysiology but also in its response to therapeutic intervention. This evidence
supports the conclusion that therapeutic substances which inhibit PSGL-1 binding
activity in humans (and other primates) would also be effective as treatments of Crohn'’s
diseases, as well as other inflammatory diseases as discussed elsewhere herein.

[0122] In the pharmaceutical composition of a medicament according to the present
invention, the antibodies may be formulated by any of the established methods of
formulating pharmaceutical compositions, e.g. as described in the latest edition of
Remington's Pharmaceutical Sciences. The composition may typically be in a form
suited for local or systemic injection or infusion and may, as such, be formulated with
sterile water or an isotonic saline or glucose solution. The compositions may be
sterilized by conventional sterilization techniques, which are well known in the art. The
resulting agqueous solutions may be packaged for use or filtered under aseptic
conditions and lyophilised, the lyophilised preparation being combined with the sterile
aqueous solution prior to administration. The composition may contain pharmaceutically
acceptable auxiliary substances as required to approximate physiological conditions,
such as buffering agents, tonicity adjusting agents and the like, for instance sodium

acetate, sodium lactate, sodium chloride, potassium chloride, calcium chloride, etc. The
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concentration of proteins may vary widely, for example, from less than about .01% to as
much as 15-20% or more by weight. A unit dosage of the composition may contain for
example from about 1 pg to about 1000 mg of an antibody or antibody fragment.

[0123] The antibodies or antibody fragments may be administered topically or by
injection. Dosages will be prescribed by the physician according to the particular
condition and the particular individual to be treated. Dosages and frequency is carefully
adapted and adjusted according to parameters determined by the physician in charge.
Preferred administration routes may be subcutaneous, intravenous, intramuscular,
intratracheal, intravesical, intratracheal or intraperitoneal injections and may be given
per 24 to 48 hours, or per week, every 14 days, every 4 weeks for example in the range
of from 0.1-1000 mg, especially 1 mg to 100 mg, in particular 1-10 mg per kg body
weight. The dose may be administered continuously through a catheter or in individual
boluses. The antibody of the invention may be administered in an efficacious quantity
between 1 ug/kg to 10 pg/kg, 10 pg/kg to 100 pg/kg, 100 pg/kg to 1 mg/kg, 1 mg/kg to
10 mg/kg, and 10 mg/kg to 50 mg/kg or 10 mg/kg to 100 mg/kg body weight.

[0124] Compositions of a medicament used in the present invention comprising
antibodies described herein may additionally be supplemented by other therapeutic
compounds which are routinely prescribed by the physician according to the particular
condition and the particular individual to be treated such as an anti-inflammatory drug,
wherein said drugs are prescribed by the physician according to the particular condition
and the particular individual to be treated.

[0125] PSGL-1 has functional importance in leukocyte platelet, and/or microvesicle
adhesion, rolling, recruitment, aggregation; leukocyte secretion of cytokines; promotion
of coagulation; and other aspects of inflammation, thrombosis, coagulation, immune
response, and signal transduction. PSGL-1 is also involved in tumor metastasis. A
neutralizing antibody described herein will inhibit one or more of these PSGL-1
activities, in vivo or in vitro, for example. Thus, the inhibition of PSGL-1 with a
neutralizing antibody described herein is useful in the treatment of various disorders
associated with inflammation, thrombosis, coagulation, T cell response, as well as in the
treatment of immune and cardiovascular disorders, for example.

[0126] As noted above, in one embodiment of the invention, the antibodies of
fragments thereof of the present invention are used in the treatment of inflammatory
bowel diseases, including Crohn’s disease and ulcerative colitis. Inflammatory Bowel

Disease ("IBD") is the collective term used to describe two chronic, idiopathic
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inflammatory diseases of the gastrointestinal tract: ulcerative colitis ("UC") and Crohn's
disease ("CD"). UC and CD are considered together because of their overlapping
clinical, etiologic, and pathogenetic features. From a therapeutic and prognostic
standpoint, however, it is useful to distinguish them.

[0127] IBD occurs world-wide and is reported to afflict as many as two million people.
Onset has been documented at all ages; however, IBD predominately begins in young
adulthood. The three most common presenting symptoms of IBD are diarrhea,
abdominal pain, and fever. The diarrhea may range from mild to severe and is often
accompanied by urgency and frequency. In UC, the diarrhea is usually bloody and may
contain mucus and purulent matter as well. Anemia and weight loss are additional
common signs of IBD. Reports of an increasing occurrence of psychological problems,
including anxiety and depression, are perhaps not surprising secondary effects of what
is often a debilitating disease that occurs in people in the prime of life.

[0128] A battery of laboratory, radiological, and endoscopic evaluations are
combined to derive a diagnosis of IBD and to assess the extent and severity of the
disease. Nevertheless, differentiating UC from CD, as well as other types of
inflammatory conditions of the intestines, such as irritable bowel syndrome, infectious
diarrhea, rectal bleeding, radiation colitis, and the like, is difficult, because the mucosa
of the small and large intestines reacts in a similar way to a large number of different
insults. Once other types of bowel disorders have been ruled out, the final diagnosis is
often made on the basis of the progression of the disease. In many patients, though, the
colitis must still be regarded as indeterminate because of the overlapping features of UC
and CD, particularly with CD of the colon.

[0129] The leading early symptoms of UC and CD are chronic recurrent diarrhea,
bloody diarrhea, recurrent abdominal pain, nausea, weight loss general evidence of
inflammation without any obvious explanation (fever, raised ESR, leucocytosis,
thrombocytosis and dysproteinenemia or anemia). Among these symptoms, diarrhea
and anemia are more characteristic of UC while pain and weight loss and marked
evidence of inflammation are more common in CD. While the history and physical
examination of a patient can help, the final confirmation of the diagnosis has traditionally
been made endoscopically, histologically and, in relation to the small intestine,
radiologically as well.

[0130] The PSGL-1 specific antibodies described herein can be linked to another

molecule. For example, antibodies may be linked to another peptide or protein, toxin,
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radioisotope, cytotoxic or cytostatic agents. The antibodies can be linked covalently by
chemical cross-linking or by recombinant methods. The antibodies may also be linked to
one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene
glycol, or polyoxyalkylenes, in the manner set forth in U.S. Pat. Nos. 4,640,835;
4,.496,689; 4,301,144; 4,670,417; 4,791,192; or 4,179,337. The antibodies can be
chemically modified by covalent conjugation to a polymer, for example, to increase their
stability or half-life. Exemplary polymers and methods to attach them are also shown in
U.S. Pat. Nos. 4,766,106; 4,179,337, 4,495,285; and 4,609,546.

[0131] The antibodies may also be tagged with a detectable label. A detectable label
is a molecule which, by its chemical nature, provides an analytically identifiable signal
which allows the detection of a molecular interaction. A protein, including an antibody,
has a detectable label if it is covalently or non-covalently bound to a molecule that can
be detected directly (e.g., by means of a chromophore, fluorophore, or radioisotope) or
indirectly (e.g., by means of catalyzing a reaction producing a colored, luminescent, or
fluorescent product). Detectable labels include a radiolabel such as *'l or ®Tc, a heavy
metal, or a fluorescent substrate, such as Europium, for example, which may also be
attached to antibodies using conventional chemistry. Detectable labels also include
enzyme labels such as horseradish peroxidase or alkaline phosphatase. Detectable
labels further include chemical moieties such as biotin, which may be detected via
binding to a specific cognate detectable moiety, e.g., labeled avidin.

[0132] The present invention is also directed to methods of screening for substances
such as, but not limited to, anti-PSGL-1 antibodies and binding fragments thereof which
block both selectin binding and chemokine binding to PSGL-1, particularly to a portion of
the epitope of amino acids 42-62 thereof.

[0133]As noted above, the present invention is directed to antibodies against PSGL-1,
host cells that produce such anti-PSGL-1 antibodies, vectors that contain DNA which
encode such anti-PSGL-1 antibody production and methods to identify dual function
anti-PSGL-1 antibodies which block both selectin-mediated adhesion of leukocytes and
chemokine-mediated chemotaxis of leukocytes.

[0134] In one embodiment the invention is directed to methods of identifying
antibodies that specifically bind to at least a portion of a polypeptide comprising amino
acids 42-62 of human PSGL-1 (SEQ ID NO:1) and which block at least one of P- or L-
selectin from binding thereto, and block at least one chemokine (including, but not
limited to, CCL19, CCL21, CCL27, and CCL28) from binding thereto, thus exhibiting a
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dual function in blocking selectin-mediated adhesion and chemokine-mediated
chemotaxis of leukocytes.

[0135] The screening method in a preferred embodiment comprises in vitro assays
that can be used to measure binding of selectins and chemokines to PSGL-1 and to
identify blocking anti-PSGL-1 antibodies that abolish leukocyte or lymphocyte
adherence and chemotaxis mediated by chemokine binding to PSGL-1. Test anti-
PSGL-1 antibodies can be screened for dual function capability with a series of assays
such as, but not limited to, those described herein which will identify those antibodies
that bind to PSGL-1 and block the binding epitope thereon for P- and L- selectin and
chemokines which is encompassed by residues 42-62 of the PSGL-1 native protein.
Previously identified anti-PSGL-1 antibodies have been shown to block binding of P-
and L-selectin, but not E-selectin, to PSGL-1 and binding of neutrophils to activated
endothelial cells, but have not been shown to block chemokine binding or chemotaxis.
Non-blocking mouse monoclonal antibodies to epitopes outside the 42-62 domain of
PSGL-1, for example PL2 which binds to residues 188-258 of the native protein, can be
used as controls in such assays.

[0136] In one step of the screening method, test antibodies to PSGL-1 that have
been shown to block binding of PSGL-1 to selectins and block binding of neutrophils to
selectins or activated endothelial cells, are identified. These test antibodies are further
screened to determine their ability to block binding of one or more chemokines, for
example CCL19, CCL21, CCL27, and CCL28, to PSGL-1 and to block chemotaxis of
neutrophils or lymphocytes mediated by such chemokines. Test antibodies identified as
having dual function of blocking both selectin and chemokine targets and function
comprise the antibodies of the present invention or those used in the methods of the
present invention.

[0137] In one embodiment of the method, antibodies which block binding of PSGL-1
to P- and L-selectins are first identified. For example, an ELISA is performed using
synthetic, recombinant or soluble forms of P-, E- or L-selectin, or portions of each
encompassing the lectin domain, may be immobilized at increasing site densities in
microtiter wells. Recombinant or soluble PSGL-1, or fusion proteins or fragments
thereof containing residues 42-62 of PSGL-1, may be labeled with a suitable reporter,
for example FITC, and added to such wells, incubated, washed and the binding of
PSGL-1 to the selectin measured. A test antibody is added to the assay prior to addition
of PSGL-1 (or combined with PSGL-1 prior to its addition to the wells) and the signal



WO 2009/140623 PCT/US2009/044188
40

from wells that contain known non-blocking control antibodies, no antibody, or microtiter
wells coated with a non-selectin protein is compared to the signal measured from wells
having the PSGL-1 test antibody mixture. A test antibody should preferably effectively
block 75-100% of PSGL-1 binding to be advanced to the next step.

[0138] In yet another embodiment, human neutrophils or promyelocytic HL-60 cells,
which express PSGL-1 on their cell surfaces, can be incubated in such wells and their
adhesion to P-, E- or L-selectin measured, for example using the method described
below. Human neutrophils may be isolated from heparinized whole blood by density
gradient centrifugation. Human HL-60 cells derived from peripheral blood leukocytes
expressing human PSGL-1 may be obtained from the ATCC (e.g., ATCC CCL 240).
Such cells may be added to the microtiter wells and incubated in the presence or
absence of the candidate antibody for a sufficient time (e.g. 30 min.), washed and then
quantitated with a myeloperoxidase assay. Myeloperoxidase is measured using the
tetramethylbenszidine (TMB) technique (e.g., see Suzuki et al., Anal Biochem 1983).
Neutrophils are solubilized by addition of 0.5% hexadecyltrimethylammonium bromide in
0.05 mol/L potassium phosphate buffer, pH 6.0. Samples of the extract are then added
to microtiter wells containing 0.08 mol/L potassium phosphate buffer, pH 5.4, 0.5 mol/L
hydrogen peroxide, and 0.16 mmol/L TMB. The samples are incubated at 37°C with
shaking for 20 min. The absorbance is measured at 650nm. The number of cells bound
is derived from a standard curve of myeloperoxidase activity versus numbers of cells.
An antibody which significantly blocks neutrophil adhesion to P- or L-selectin when
compared to a non-blocking antibody to PSGL-1 is advanced to the next testing step. In
another embodiment, Chinese hamster ovary (CHO) or COS-7 cells may be transfected
with P-, L- or E-selectin DNA so as to express such selectins on their cell surfaces.
Such cells are plated as monolayers on microtiter plates in a suitable media to which
neutrophils or HL-60 cells can be added. Neutrophils or HL-60 cells may be
preincubated with candidate antibodies and added to the microtiter wells. A test
antibody which significantly blocks adhesion of neutrophils or HL-60 cells as measured
by the myeloperoxidase assay when compared to non-blocking antibody controls will be
advanced to the next step.

[0139] In yet another embodiment of the invention, test antibodies can be screened
for their ability to bind PSGL-1 and block P-selectin function under flow conditions that
simulate physiological blood flow, for example in a method shown below. Physiological

flow conditions are produced in vitro using a flow chamber with parallel-plate geometry
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(e.g., Lawrence et al; 1987 Blood). Human umbilical vein endothelial cells are cultured in
dishes which can be place into the flow chamber. Isolated neutrophils are diluted in a
buffered saline solution with calcium and magnesium and perfused through the chamber
at a rate that produces the desired wall shear stress. Stimuli such as histamine or
thrombin may be added directly to this feed solution so that endothelial cells are
stimulated for the duration of the experiment. Interactions between neutrophils and the
endothelial monolayer are observed by phase-contrast video microscopy and quantified
with a digital image processing system. Rolling and firmly adherent neutrophils are
counted using methods that are know to those skilled in the art for each of three fields
and averaged to give the values at that time point. To screen for anti-PSGL-1 antibodies
that block adherence under flow, anti-PSGL-1 mAbs, and non-blocking control anti-
PSGL-1 antibodies, may be added to the neutrophil suspension and perfused over the
endothelial cell layer at various concentrations. Test antibodies to PSGL-1 that
significantly block neutrophil adhesion under flow are advanced to the next step of the
screening method.

[0140] Test antibodies which are identified as effective in blocking a selectin from
binding to the PSGL-1 epitope encompassed by a portion of residues 42-62, will be
further screened for their ability to block binding of chemokines or chemotaxis to PSGL-
1. Chemokines used in the assays, in particular CCL19, CCL21 CCL27, and CCL28,
may be obtained commercially, or chemically synthesized with tBoc (tertiary
butyloxycarbonyl) solid-phase chemistry, purified by high-performance liquid
chromatography and their mass confirmed by electrospray mass spectrometry.
Synthetic chemokines prepared in this way can be used for assays. Chemokines may
also be biotinylated by coupling of biotinamidohexanoic acid N-hydroxysuccinimide ester
to the N-terminus of the chemokine before deprotection and refolding of the chemokine.
The biotinylated-chemokine can be labeled by addition of streptavidin conjugated to
fluorescence reporters, for example FITC, or other flurophores suitable for fluorescence
detection. For example, biotinylated-chemokines can be mixed in a suitable buffer with
fluoroscein isothiocyante (FITC)-streptavidin and preincubated for 30 min. prior to a
chemotaxis assay.

[0141] In one embodiment, test antibodies can be screened for the ability to block
chemokine binding to PSGL-1 by using a dot-blot assay. In such assays the
chemokines, for example CCL19, CCL21, CCL27, and/or CCL28, are dot-blotted onto

nitrocellulose membranes in replicate dots at 25-400ng per dot. Recombinant human
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PSGL-Ilg may be obtained commercially or can be prepared from a cell expression
system transfected with a vector encoding a recombinant form of PSGL-1 and human
IgG [20]. Such vector may contain native PSGL-1 or fragments thereof fused to human
IgG, but must at least contain the N-terminal domain containing the functional epitope
for selectins and chemokines encompassed by residues 42-62 of the SEQ ID NO:1. The
membranes are blocked for 2 hours with 5% BSA in Tris-buffered saline and then
incubated for 2 hours with 50ug/ml of PSGL-1-IgG in the presence or absence of the
test antibody, or with a non-function-blocking control anti-PSGL-1 antibody, for example
PL2. The membranes are washed and binding is detected by addition of an anti-human
IgG labeled with a fluorophore, for example FITC, or chromogenic agent, for example
horseradish peroxidase, for detection and analysis. A test antibody which significantly
blocks binding of the PSGL-1-IgG to the presented chemokines when compared to
control non-blocking antibodies is considered to be a successful dual-function-blocking
antibody as contemplated in the present invention.

[0142] In another embodiment, an additional step to determine if chemokine blocking
antibodies to PSGL-1 can block chemokine mediated chemotaxis, cell binding and
chemotaxis assays may be performed with leukocytes or lymphocytes. Human
neutrophils are isolated from heparinized blood by dextran sedimentation, hypotonic
lysis and Ficoll-Paque density gradient centrifugation [20]. Lymphocytes may be
isolated as single-cell suspensions derived from superficial cervical, brachial, inguinal,
mesenteric and axillary lymph nodes. Cells may then be dissociated by passing through
a stainless steel sieve in a suitable medium, for example RPMI medium (75). Cells may
be labeled with cell specific antibodies labeled with a suitable fluorophore, for example
neutrophils may be labeled with anti-CD43-FITC, or lymphocytes may be labeled anti-
CD4-FITC or anti-CD8-FITC. Cell binding assays may be performed using FACs
analysis. In such assays, labeled neutrophils or lymphocytes are mixed with one or
more chemokines, including for example CCL19, CCL21, CCL27 and CCL28, which are
suitably labeled for FACs analysis, for example with phycoerythrin, and mixed with
antibodies to PSGL-1 or non-blocking control antibodies to PSGL-1. A test antibody
which significantly blocks binding of the neutrophils or lymphocytes to the presented
chemokines when compared to control non-blocking antibodies is considered to be a
successful dual-function-blocking antibody as contemplated by the present invention.
[0143] In yet another embodiment of an assay to screen an antibody to PSGL-1 for

its ability to block chemokine mediated chemotaxis, a chemotaxis buffer containing a
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chemokine, for example CCL19, CCL21, CCL27 and CCL28, may be added to the lower
chamber of a transwell plate. Cells of interest, typically suitably labeled neutrophils or
lymphocytes, are resuspended at a density of 10x1 0° viable cells per milliliter (100pl) in
chemotaxis buffer prewarmed to 37° C and added to the upper transwell chamber,
followed by incubation for 2-3 hours at 37° C. In an antibody inhibition assay, 50ul of
anti-PSGL-1 antibody, or a control non-blocking antibody to PSGL-1, may be added to
the upper transwell chamber first, followed by 504l of cells at a density of 20x10° viable
cells per milliliter. Cells that migrate to the lower chamber are quantified by flow
cytometry. A test antibody to PSGL-1 which significantly blocks leukocyte or
lymphocyte migration when compared to controls is considered to be a successful dual-
function-blocking antibody as contemplated by the present invention. Examples of
individual components of the methods used herein are shown for example in Moore et al
[20, 30], and Veerman et al [75]. Such antibodies identified by the method will have
demonstrated a dual function in blocking both selectin and chemokine binding to PSGL-
1, and a functional blocking of cell adhesion and homing mediated by PSGL-1 binding to
selectins and chemokines, thus identifying antibodies which can be used in accordance
with the present invention for therapeutic treatments as contemplated herein or any
other use or treatment in which the properties of such antibodies have utility.

[0144] In an alternative embodiment of a method of screening test antibodies to
identify those that block binding of selectins to the epitope comprising residues 42-62 of
PSGL-1, in one embodiment, an ELISA is performed using recombinant PSGL-1, or
PSGL-1 purified from human epitope membranes using methods known to those of
ordinary skill in the art, or Ig fusion proteins containing the residue 42-62 epitope of
PSGL-1, or COS cells transfected with cDNA encoding and expressing PSGL-1. Such
forms of PSGL-1 or PSGL-1-containing fragments may be immobilized at increasing site
densities in microtiter wells and probed with suitably labeled selectins and chemokines.
Selectins may be expressed as recombinant forms of a fusion protein which includes the
lectin and EGF domains of P- or L-selectin fused to an immunoglobulin (Ig fusion
protein) to produce a bivalent form of the selectin. Such selectins may be labeled with a
suitable reporter, for example FITC. The microtiter wells may be incubated in the
presence or absence of a candidate (test) anti-PSGL-1 antibody, or a non-blocking
(control) antibody. After incubation, the wells may be washed and the binding of PSGL-
1 to the selectin measured as relative fluorescence units. Test antibodies are compared
to control antibodies and should effectively block 75-100% of PSGL-1 binding to P- and
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L-selectin. Antibodies which bind to PSGL-1 and block P- or L- selectin binding thereto
may be further tested for effectiveness in blocking binding of chemokines to PSGL-1.
[0145] An alternate embodiment of the screening method of the present invention
contemplates simultaneously screening for antibodies that block binding of selectins and
chemokines to PSGL-1 epitope comprising residues 42-62 of SEQ ID NO:1. In one
embodiment, an ELISA is performed using recombinant PSGL-1, or PSGL-1 purified
from human neutrophil membranes by those skilled in the art, or fusion proteins
containing residues 42-62 of PSGL-1. Such PSGL-1 or PSGL-1 epitope may be
immobilized at increasing site densities in microtiter wells and probed with suitably
labeled selectins and chemokines. Selectins may be expressed as recombinant forms
of a fusion protein which includes the lectin and EGF domains of P- or L-selectin fused
to an immunoglobulin (Ig fusion protein) to produce a bivalent form of the selectin. Such
selectins may be labeled with a suitable reporter, for example FITC. Likewise,
chemokines, for example CCL19, CCL21, CCL27 and CCL28, may be synthesized by
those skilled in the art and coupled at their N-terminus to biotin. The biotinylated-
chemokine may be labeled by addition of streptavidin conjugated to a suitable
fluorescent reporter whose emission spectra is shifted from FITC, such as DAPI, or Cy3,
or Cy5 or other such dyes. The microtiter wells may be incubated in the presence or
absence of a candidate anti-PSGL-1 antibody, or a non-blocking antibody (control).
Suitably labeled selectins and chemokines are added simultaneously to the microtiter
wells and incubated. After incubation, the wells may be washed and the binding of
PSGL-1 to the selectin and chemokine measured as relative fluorescence units (RFU).
Test antibodies are compared to control antibodies and those that block 75-100% of
PSGL-1 binding to the selectin and chemokine are designated as dual function PSGL-1
blocking antibodies which are contemplated for use in the therapeutic treatments of the
present invention as described herein.

[0146] All numbers expressing quantities of ingredients, reaction conditions, and so
forth used in the specification and claims are to be understood as being modified in all
instances by the term “about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the specification and attached claims are
approximations that may vary depending upon the desired properties sought to be
obtained by the present invention.

[0147] The present invention is not to be limited in scope by the specific

embodiments or examples of methods and compositions described herein, since such
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embodiments or examples are intended as but single illustrations of one aspect of the
invention and any functionally equivalent embodiments are within the scope of this
invention. Indeed, various modifications of the methods and compositions of the
invention in addition to those shown and described herein will become apparent to those
skilled in the art form the foregoing description.

[0148] Each of the references, including U.S. or foreign patents, or published U.S. or
foreign applications or publications, cited herein is expressly incorporated herein by

reference in its entirety.
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What is claimed is:
1. A method of inhibiting P-selectin- or L-selectin-mediated adhesion and
chemokine-mediated migration of human leukocytes, lymphocytes or endothelial cells,
comprising:
providing a PSGL-1-specific monoclonal antibody or a binding fragment thereof
which binds with high affinity to a sulfated N-terminal portion of the human
PSGL-1 comprising at least a portion of amino acids 42-62 of SEQ ID
NO:1; and
exposing the antibody or binding fragment thereof to PSGL-1-bearing human
leukocytes, lymphocytes or endothelial cells wherein the antibody or
binding fragment thereof binds to the sulfated N-terminal portion of the
human PSGL-1 on the human leukocytes, lymphocytes or endothelial cells
and blocks the binding of P-selectin to the human PSGL-1 on the human
leukocytes, lymphocytes, or endothelial cells and blocks the binding of the
at least one chemokine to the human PSGL-1 on the human leukocytes,
lymphocytes or endothelial cells, thereby inhibiting both adhesion and
chemotactic migration of the human leukocytes, lymphocytes or
endothelial cells.

2. The method of claim 1 wherein the antibody or binding fragment thereof
comprises variable heavy chain CDRs having amino acid sequences SEQ ID NO:6,
SEQ ID NO:7, and SEQ ID NO:8, and variable light chain CDRs having amino acid
sequences SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11 and comprises a constant
chain comprising a IgG; constant chain, and which does not activate complement via

the classical pathway by interacting with CIQ.

3. The method of claim 1 wherein the dual function anti-PSGL-1 antibody or binding
fragment thereof binds to PSGL-1 with a K4 of < 100nM.

4. A method of treating a subject in need of treatment for an inflammatory condition
arising from an inflammatory process involving PSGL-1, comprising:

administering to the subject an amount of a dual function anti-PSGL-1 antibody or

binding fragment thereof that binds to human PSGL-1 and competitively

blocks P-selectin or L-selectin binding to human PSGL-1 and competitively
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blocks chemokine binding to human PSGL-1, and is effective in mitigating
the inflammatory condition in the subject wherein the inflammatory
condition is at least one of an inflammatory bowel disease, graft rejection,
graft versus host disease, asthma, a chronic obstructive pulmonary
disease, psoriasis, a dermatitis, nephritis, lupus erythematosis,
scleroderma, rhinitis, anaphylaxis, diabetes, multiple sclerosis,

atherosclerosis, a thrombosis, an allergic reaction, and thyroiditis.

5. The method of claim 4 wherein the dual function anti-PSGL-1 antibody or binding
fragment thereof is a human monoclonal antibody or fragment thereof, or a humanized

monoclonal antibody or a fragment thereof.

6. The method of claim 4 wherein the dual function anti-PSGL-1 antibody or binding
fragment thereof is administered to the subject parenterally, intravenously,

subcutaneously or in a nebulized form.

7. The method of claim 4 wherein the dual function anti-PSGL-1 antibody or binding
fragment thereof is administered in the amount of about 0.1-100 mg/kg.

8. The method of claim 4 wherein the dual function anti-PSGL-1 antibody or binding
fragment thereof binds to PSGL-1 with a K4 of < 100nM.

9. The method of claim 4 wherein the dual function anti-PSGL-1 antibody or binding
fragment thereof binds to at least a sulfated portion of amino acids 42-62 of SEQ ID
NO:1.

10. The method of claim 4 wherein the dual function anti-PSGL-1 antibody or
antigen-binding fragment thereof does not activate complement via the classical

pathway by interacting with C1Q.

11. The method of claim 4 wherein the dual function anti-PSGL-1 antibody or
antigen-binding fragment thereof does not bind to Fc receptors.
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12. The method of claim 4 wherein the dual function anti-PSGL-1 antibody or
antigen-binding fragment does not express effector function as defined by activation of

complement or binding of Fc receptors.

13. A composition comprising an antibody disposed in a pharmaceutically acceptable
carrier or vehicle wherein the antibody or binding fragment thereof is a high affinity and
specific anti-PSGL-1 antibody, and which comprises variable heavy chain CDRs having
amino acid sequences SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8, and variable
light chain CDRs having amino acid sequences SEQ ID NO:9, SEQ ID NO:10, and SEQ
ID NO:11 and comprises a constant chain comprising a IgG, constant chain, and which

does not activate complement via the classical pathway by interacting with CIQ.

14. A method of screening for an inhibitory compound that specifically binds to P-
selectin glycoprotein ligand-1, comprising:

(@) providing a polypeptide, fusion protein, or protein fragment having a
binding epitope comprising at least a sulfated portion of amino acids
42-62 of SEQ ID NO:1;

(b)  combining the polypeptide, fusion protein, or protein fragment with a
test compound to form a treated epitope comprising the polypeptide,
fusion protein, or protein fragment which has been exposed to the test
compound;

(c) contacting the treated epitope with at least one of P-selectin, and L-
selectin, and simultaneously or separately with at least one chemokine;
and

(d) assessing the binding of the at least one of P-selectin and L-selectin

and the at least one chemokine to the treated epitope.

15. The method of claim 14 wherein the test compound is a human monoclonal

antibody or fragment thereof or a humanized antibody or fragment thereof.

16. The method of claim 14 wherein the binding epitope comprises a portion of a

polypeptide expressed on a surface of a leukocyte, lymphocyte or endothelial cell.
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17. The method of claim 14 wherein the test compound is determined to have
substantially blocked binding to the treated epitope when binding of the P-selectin or L-
selectin, and the at least one chemokine is at least 75% less than the binding thereof in
the presence of a control PSGL-1 binding antibody which binds to PSGL-1 at a site
other than said binding epitope.

18. The method of claim 14 further comprising a step (e) of selecting the test
compound for further evaluation when the at least one of P-selectin and L-selectin, and
the at least one chemokine is determined to have been substantially blocked from

binding to the treated epitope.

19. The method of claim 18 comprising the additional step of measuring selectin-
mediated adhesion and chemokine-mediated chemotaxis of a leukocyte or lymphocyte
after the leukocyte, lymphocyte or endothelial cells have been exposed to the test

compound.

20. An antibody or binding fragment thereof as selected by the method of claim 18.
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P-selectin
Chemokines

: $0,50; S0
» QATEYEYLDYDFLPETEPPEM

Functional N-terminal
PSGL-1 binding epitope
(amino acids 42-62 of
SEQ ID NO:1)

Figure 7
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SelKl Heavy Chain

Signal Peptide
M K C S WV I F F L M AV VTGV N S Q

1 atgaaatgcagctgggtaattttttttctcatggecegtagttacaggecgtcaattcacaa 60
VH
vV ¢ L ¢Q Q 8 G P G L V K P § QT L S5 L T
61 gttcaacttcaacaatcaggcccaggactcgtaaaaccatcacaaacactctcactcaca 1290

¢C A I 8S ¢ D S V S S NI A A W H W I R L
121 tgcgctatttcaggcgattcegttageteccaacatagcagettggecattggatcagactt 180

S P 8 R G L E W L G R T Y Y R R 8 K W N
181 tcaccatcaagaggactcgaatggetcggacgaacatactatagaagatcaaaatggaac 240

Yy D YA L S V K 8 R I N I N P D T S K N
241 tatgactacgccctctctgttaaatcacgcatcaatattaatccegacacatctaaaaat 300

L F 8 L Q L N S v T P ED T AV Y ¥ C T
301 ctcttttcactgcaacttaattcagtcaccecccgaagatacagecgtctattattgecaca 360

R 6 G G R A H S A W G QG T L V T V S 8
361 cgcggcggaggaagagcccactcagcatggggacaaggtacactegttaccgtttetage 420
CH1
A 8 T K 6 P S V F P L A P C 8 R 8 T 8 E
421 gcttccacaaaaggtcctteegtctteccacttgecteecectgttctegetcaacttcagaa 480

S T A AL G CL VX DY F P EP V TV 8
481 tccaccgecgeccttggatgtctegtcaaagattatttccctgaaccegttaccgtatee 540

W N 8 G A L T 8 G V H T F P A V L Q 8 8
541 tggaactccggcgccctcacctcaggagtccacaccttccctgccgttcttcaaagttct 600

G L ¥ 8 L 8§ 8§ VvV T VT S S NV F GG T QT
601 ggcctgtactccctctcctcagttgttaccgttacaagctctaatttcggaacccaaact 660

Y T ¢ NV DHIZ KUP S NTIXK VDK TV E R
661 tatacctgcaatgtagaccataaacctagcaatacaaaagtcgataaaacagtagaacgt 720
Hinge
K ¢ ¢V E C P P C P A P P V A G P S V F
721 aaatgttgtgtagaatgccctcecatgecccgeccccccagtcgeeggeecttecagtttte 780

Figure 8A
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CH2
L F P P K P K D T L M I 8 R T P E V T C
ctttttccecectaageccaaagacacccttatgatectccecgaacacctgaggtcacgtge

vV v V. D VvV 8 B E D P E V Q F N W Y V D @G
gtggtggtggacgtgagccacgaagaccccgaggteccagttcaactggtacgtggacgge

M E V H N A K T K P R E E Q F N 8 T F R
atggaggtgcataatgccaagacaaagccacgggaggagcagttcaacagcacgttccegt

vV v 8 VL T V V H Q D W L N G K E Y K C
gtggtcagcgtcctcaccgtegtgecaccaggactggctgaacggcaaggagtacaagtge

A V 8 N K 6 L P A P I E K T I S K T K G
gcggtctccaacaaaggccteccageccccatecgagaaaaccatctecaaaaccaaagygg

CH3
Q P R E P Q VY T L P P S R E E M T K N
cagccccgagaaccacaggtgtacaccctgeccccatcccgggaggagatgaccaagaac

Q V 5§ L T ¢ L V K G F Y P S D I A V E W
caggtcagcctgacctgectggtcaaaggettctaccccagegacategeegtggagtgg

E S N G Q P E NN Y K T T P P M L D S D
gagagcaatgggcagccggagaacaactacaagaccacacctcccatgetggactccgac

¢ S F F L Y 8 K L T VvV D K S R W Q Q G N
ggctccttcttectectacagcaagctcaccgtggacaagagecaggtggeagecaggggaac

vV F S ¢ 8 V M H E A L HNH Y T Q K S§ L
gtcttctcatgectecegtgatgecatgaggctctgcacaaccactacacacagaagagcecte

s L S P G K *
tcecctgtctcecgggtaaatga 1401

Figure 8B
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SelKl Light Chain

Signal Peptide
M E S Q T Q vV F V Y ML L W UL S8 G V D G
1 atggaatctcagactcaagttttcgtttacatgttgttgtggctetececggegtggatgge 60
2
E I vV L, T Q §8 P 66T L S V s P G EIRA AT
61 gaaattgtactcacccaaagccccggaacactctcagtatceccceggtgaaagagctace 120

L §$ C R A 8§ Q § VS R 8 HL A W Y Q Q K
121 ctctcatgtagagcatctcaatccgtctctecgatcacatctegecatggtatcaacaaaaa 180

P G Q A PR L L I F GA S S RAT G I P
181 cctggacaagcaccacgacttcttatattcecggegectcatcaagagctaccggcateccca 240

D R F 8§ G §$s G $ G TD F T L T I 8 R L E
241 gacagattttcaggcagcggctccggcacagattttaccctcactatatccecgactegaa 300

P E D F A VY Y C Q Q Y GR P G V T F G
301 ccagaagactttgcagtatactactgtcagcaatacggacgacctggegttacattegga 360

Q 6 T K V E I K R T V A A P 8 V F I F P
361 caaggaacaaaagttgaaattaagcgcaccgtagccgcaccttcagtatttatectttece 420
CL
P S D EQL K S G TAS VYV CL L NNF
421 ccatcagacgaacaactcaaatcaggaaccgcatcagtagtttgeccttctcaataatttt 480

Y P R E A KV Q W K VDN ATLIGQS G N 8
481 tatccccgtgaagccaaagttcaatggaaagtcgacaatgcecttcagtcaggaaatagt 540

Q E 8 v T E Q DS KD S T Y S L 8 8 T L
541 caagaatcagtcacagaacaagatagcaaagactcaacatactcactttcatcaactctt 600

T L 8 K A D Y E K HEK V Y A CE V T H Q
601 actctctcaaaagccgattacgaaaaacacaaagtttatgcatgcgaagttacacaccaa 660

G L 8 8 P V T K 8 FNIRGE C *
661 ggactttcatctccagttacaaaatcatttaaccgcggcgaatgctag 708

Figure 9
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