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FIGURE
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HEMATOPOIETIC CELL
E-SELECTIN/L-SELECTIN LIGAND
GLYCOSYLATED CD44 POLYPEPTIDE

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Ser. No.
60/240,987, filed, Oct. 18, 2000 and U.S. Ser. No. 60/297,
474, filed, Jun. 11, 2001 which are incorporated herein by
reference in their entireties.

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

[0002] This invention was made with U.S. government sup-
port under National Institutes of Health grants NHLBI RO1
HL60528 and CA84156. The government has certain rights
in the ID invention.

FIELD OF THE INVENTION

[0003] The invention provides compositions and methods
for identifying stem cells and treating hematopoietic disor-
ders, (e.g., leukemia), cancer, inflammatory disorders and
disorders amenable for treatment with stem cells, (e.g., myo-
cardial infarction, Parkinson’s disease, diabetes, or stroke).

BACKGROUND OF THE INVENTION

[0004] The specialized cytoarchitecture of the hematopoi-
etic microenvironment is created by discrete cell-cell and
cell-matrix adhesive interactions that are tightly regulated by
lineage-specific expression of adhesion molecules. The ear-
liest human hematopoietic progenitor cells (HPCs) are char-
acterized by the absence of lineage-specific markers and
expression of the cell surface molecule, CD34. A variety of
adhesion molecules are expressed on HPCs, including CD44
(the “hyaluronic acid receptor”, also known as H-CAM),
members of the integrin (e.g., LFA-1, VL A-4) and immuno-
globulin (e.g., ICAM1) superfamilies, and a member of the
selectin family, L-selectin. L-selectin (CD62L) is a calcium-
dependent, carbohydrate binding protein in a family of adhe-
sion molecules that also includes E-selectin (CD62E),
expressed on activated vascular endothelium, and P-selectin
(CD62P), found on both activated platelets and endothelial
cells. Selectin-mediated interactions are critical not only for
the rapid and efficient recruitment of leukocytes at a site of
injury, but for steady state, tissue-specific homing as illus-
trated in: (1) lymphocyte homing to peripheral lymph nodes,
(2) cutaneous tropism of human skin-homing T-cells and (3)
hematopoietic progenitor cell (HPC) entry into bone marrow.

SUMMARY OF THE INVENTION

[0005] The invention features a novel glycosylated
polypeptide expressed on normal human hemopoietic pro-
gentitor cells and on leukemic blasts designated hematopoi-
etic cell E-selection/L-selectin ligand (HCELL). The HCELL
polypeptides are also referred to herein as “KGla CD44”.
HCELL is a novel glycoform of CD44 containing HECA-452
reactive sialyated, fucosylated N-glycans. The HCELL
polypeptide is a ligand for both L-selectin and E-selectin.

[0006] The invention also features a method of identifying
stem cells by contacting a test cell population with one or
more agents that specifically bind to HCELL under condi-
tions sufficient to form a complex between the agent and stem
cell. The complex is detected and if present indicates the cell

Aug. 4, 2011

is a stem cell. Suitable agents include an anti-CD44 antibody,
or an antibody with the binding specificity of monoclonal
antibody HECA-452.

[0007] A stem cell is also identified by providing a selectin
polypeptide, e.g., E-selectin or L-selectine immobilized on a
solid phase and contacting the solid phase with a fluid sample
containing a suspension of test cells. The solid phase is con-
tacted with the fluid sample shear stress is achieved at the
surface of the solid phase. By observing which cells that
adhere to the solid phase a stem cell is identified. The test cell
can be, for example, blood or bone marrow.

[0008] Also provided by the invention are various methods
of isolating a stem cell (e.g., a pluripotent stem cell) from a
population of cells. A stem cell is isolated by contacting a cell
population with one or more agents that specifically bind to a
HCELL polypeptide under conditions sufficient to form a
complex between the agents and a stem cell. Complex for-
mation is detected and removed from the cell population
thereby isolating the stem cell from the cell population. Addi-
tionally, the stem cell/agent complex is disrupted.

[0009] Alternatively, a stem cell is isolated by providing a
selectin polypeptide, e.g., E-selectin or L-selection immobi-
lized on a solid phase and contacting the solid phase with a
fluid sample containing a suspension of cells. The solid phase
is contacted with the fluid sample so that shear stress is
achieved at the surface of the solid phase. Stem cells are
isolated by recovering the cells that adhere to the solid phase.

[0010] The invention also features methods of treating a
hematopoietic disorders, cancer and disorders amenabke to
treatment with stem cells (i.e., stem cell therapy) in a mam-
mal, by comprising administering to the mammal a compo-
sition comprising the cells isolated according to the methods
described above.

[0011] The invention also provides a method of increasing
the affinity of a cell for E-selectin and/or L-selectin, by pro-
viding a cell and contacting the cell with one or more agents
that increases cell-surface expression or activity a HCELL
polypeptide, thereby increasing affinity of the cell for E-se-
lectin and/or L-selectin. Suitable agents include for example,
a nucleic acid that encodes a CD44, glycosyltransferase or a
glycosidase polypeptide.

[0012] The invention features methods of increasing the
engraftment potential of a stem cell, by providing a stem cell
a and contacting the stem cell with one or more agents that
increases cell-surface expression or activity a HCELL
polypeptide on the cell, thereby increasing the engraftment
potential of stem cell.

[0013] Alternatively, the engraftment potential of a cell
population is increased by providing a selectin polypeptide,
e.g. E-selectin or L-selectin immobilized on a solid phase and
contacting the solid phase with a fluid sample containing a
cell population. The solid phase is contacted with the fluid
sample shear stress is achieved at the surface of the solid
phase. Cells that adhere to the solid phase are recovered.

[0014] Levels of engrafted stem cells in a subject, e.g.,
human are increased by administering to the subject an agent
that increases cell-surface or expression of a HCELL
polypeptide in the subject. Suitable agents include for
example, a nucleic acid that encodes a CD44, glycosyltrans-
ferase or a glycosidase polypeptide. Alternatively, levels of
engrafted stem cells in a subject are increased by administer-
ing to the subject a composition containing the cells isolated
according to the above described methods.
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[0015] The invention also features methods of treating
hematopoietic disorders, e.g., leukemia in a subject. The
hematopoietic disorder is treated by administering to the sub-
ject an agent that decreases the cell-surface or expression of a
HCELL polypeptide in the subject. Alternatively, the hemato-
poietic disorder is treated by providing blood from the subject
and contacting the blood with one or more agents that spe-
cifically bind to a HCELL polypeptide under conditions suf-
ficient to form a complex between the agents and a blood cell.
The complex is detected, if present and removed from the
blood. The blood is re-introduced to the subject.

[0016] Additionally, a hematopoietic disorder is treated by
providing blood from the subject and a selectin polypeptide,
e.g., E-selectin or L-selectin immobilized on a solid phase
and contacting the solid phase with a the blood. The solid
phase is contacted with the blood sample so shear stress is
achieved at the surface of the solid phase. The blood is then
re-introduced onto the subject.

[0017] Further the hematopoietic disorder is treated by
administering to the subject an agent that specifically bind to
the HCELL glycoprotein.

[0018] The invention also features, a method of treating an
inflammatory disorder in a subject, by administering to a
subject a HCELL gylcoprotein or fragment thereof.

[0019] The invention further features a method of diagnos-
ing or determining the susceptibility to a hematologic disor-
der in a subject, by contacting a subject derived cell popula-
tion with one or more agents that specifically bind a HCELL
glycprotein under conditions sufficient to form a complex
between the agent and cell, and detecting the complex. The
presence of the complex indicates the presence of or the
susceptibility to a hematologic disorder in the subject
[0020] Additionally, the invention feature a method of
determining the prognosis or efficacy of treatment of a hema-
tologic disorder in a subject, by contacting a subject derived
cell population with one or more agents that specifically bind
a HCELL gycoproetin under conditions sufficient to form a
complex between the agent and cell, if and detecting the
complex.

[0021] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, suitable methods and
materials are described below. All publications, patent appli-
cations, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict,
the present specification, including definitions, will control.
In addition, the materials, methods, and examples are illus-
trative only and not intended to be limiting.

[0022] Other features and advantages of the invention will
be apparent from the following detailed description, and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1A is a photograph of a Western Blot showing
expression HECA-452-reactive epitopes on various human
hematopoietic cell lines.

[0024] FIG. 1B is a bar graph showing cell tethering and
rolling of hematopoietic cell lines (shear stress of 2.8 dynes/
em?2) on glutaraldehyde-fixed monolayers. Data are pre-
sented as mean+S.D. CHO-E cell rolling per field x5 fields,
minimum of three experiments.
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[0025] FIG. 2 is a bar graph showing human hematopoietic
cell rolling on freshly isolated human bone marrow endothe-
lial cells.

[0026] FIG. 3A is bar chart showing the results of a blot
rolling assay of E-selectin ligand activity.

[0027] FIG. 3B is a photograph of a Western Blot showing
the effect of N-glycosidase-F treatment on HECA-452 stain-
ing.

[0028] FIG. 3C is photograph of a Western Blot showing
PSGL-1 expression on KG1la cells.

[0029] FIG. 3D is a photograph of a membrane of a Blot
Rolling Assay showing the effect of N-glycosidase-F on E-se-
lection ligand activity.

[0030] FIG. 4A is a photograph of a membrane of a Blot
Rolling Assay showing the E-selectin binding activity of
HCELL exhaustively immunoprecipitated with anti-CD44
antibody (Hermes-1). (Pre-Ippt): Total KGia lysate 10 ug;
(lane 1): First round Hermes-1 immunoprecipitate; (lane 2):
Second round Hermes-1 immunoprecipitate; (lane 3): Third
round Hermes-1 immunoprecipitate; (lane 4): Residual lysate
after three rounds of Hermes-1 immunoprecipitation.

[0031] FIG. 4 B is a photograph of a membrane of a Blot
Rolling Assay showing the E-selectin binding activity of
exhaustively immunoprecipitated HCELL with Hermes-1
antibody and blot stained with HECA-452 antibody. (Pre-
Ippt): Total KGia lysate 10 ug; (lane 1): First round Hermes-1
immunoprecipitate; (lane 2): Second round Hermes-1 immu-
noprecipitate; (lane 3): Third round Hermes-1 immunopre-
cipitate; (lane 4): Residual lysate after three rounds of Her-
mes-1 immunoprecipitation.

[0032] FIG. 5A is a bar chart of E-selectin-mediated
CHO-E cell rolling. Rolling was observed at 2.8 dynes/cm?2
on KGla CD44, but was significantly lower on KGla
PSGL-1 at 2.8 dynes/cm?2 (p<0.001). N-glycosidase-F- and
a-L-fucosidase-treated KGla CD44, and Vibrio cholerae
neuraminidase treatment of KGla membrane protein abro-
gated CHO-E cell rolling (p<0.001)

[0033] FIG. 5B is a bar chart showing CHO-P cell rolling.
Rolling was observed on KGla PSGL-1 but not on KGla
CD44 (2.8 dynes/cm?2). No rolling was observed on negative
controls (CHO-Mock cells and CHO-P cells pretreated with
function blocking anti-P-selectin moAb AK-4 (10 ug/ml)).
[0034] FIG. 6A is a photograph of a membrane of a Blot
Rolling Assay showing HCELL activity of various hemato-
poietic cells. (1) Human BM mononuclear cells 10° cells), (2)
CD34-/lineage+ cells (107 cells), (3) CD34+/lineage- cells
(107 cells), (4) CD34—/lineage+ cells (10° cells).

[0035] FIG. 6B is a photograph of a Western Blot illustrat-
ing the effect of N-glycosidase-F treatment on HECA-452
activity on circulating blasts from adult myelogenous leuke-
mia (AML).

[0036] FIG. 6C is a photograph of a membrane showing
blot rolling assay results of AML (M5) membrane protein (50
ug) immunoprecipitated with isotype control or with Her-
mes-1 moAb, and of N-glycosidase-F treated Hermes-1
immunoprecipitates.

[0037] FIG. 6D is a photograph showing HECA-452 stain-
ing of immunoprecipitated CD44 from membrane prepara-
tions (50 ug) of an AML (M0), AML (M1) and atypical CML
(bre/abl), and of human BM endothelial cell line (BMEC-1,
100 ug total protein) that were evaluated for E-selectin ligand
activity. E-selectin ligand activity correlates with intensity of
HECA-452 staining of 100 kDa band.
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[0038] FIG. 6E is photograph of a Western Blot showing
CD44 expression of BMEC-1.

[0039] FIG.7A is aphotograph of a Western blot of HECA-
452-reactive membrane proteins (30 pg/lane) from human
leukemia cell lines K562 (lane 1), RPMI-8402 (lane 2),
HL-60 (lane 3), KG1la (lane 4), neuraminidase-treated KGla
(lane 5), and OSGE-treated KG1la (lane 6).

[0040] FIG. 7B is a photograph of a Western blot showing
the re-expression of HECA-452-reactive proteins on KGla
whole cells after neuraminidase and then tunicamycin treat-
ment. Lanes: 1, untreated; 2, neuraminidase; 3, neuramini-
dase then 24-h DMSO recovery; and 4, neuraminidase then
24-h tunicamycin recovery.

[0041] FIG. 7C is a photograph of an autoradiograph of
KGla membrane proteins metabolically radiolabeled with
2-[*H]-mannose resolved on reducing 6% SDS-PAGE.

[0042] FIG. 7D is a bar chart showing L-selectin-depen-
dent, lymphocyte tethering and rolling on blotting membrane
under hydrodynamic flow conditions (2.3 dynes/cm?) over
the 98, 120 and 130 kDa HECA-452-bearing KG1la proteins.

[0043] FIG. 8isa photograph of a Western Blot showing the
98 kDa gel fragment from the third step of the 3-Step SDS-
PAGE (6 to 9% bis/acrylamide) purification schema reactiv-
ity with either HECA-452 (0.4 pg/ml) or anti-CD44 moAbs
(A3D8 or Hermes-1 (1 pg/ml)).

[0044] FIG. 9 is a photograph of a membrane showing
L-selectin mediated blot rolling assay results of immunopre-
cipitated KGla CD44 immunostained with either Hermes-1
(left) or HECA-452 (right).

[0045] FIG. 10A is a photograph of a membrane showing
blot rolling assay results of treatment with N-glycosidase-F
on L-selectin ligand activity of immunoprecipitated CD44
from KGla cells.

[0046] FIG. 10B is a photograph of a membrane showing
blot rolling assay results of treatment with N-glycosidase-F
on L-selectin ligand activity of immunoprecipitated CD44
from AML (M5) blasts.

[0047] FIG. 11A is a photograph of an autoradiogram of
immunoprecipitated CD44 from non-chlorate-and chlorate-
treated KGla cells radiolabeled with [>°S]SO,

[0048] FIG.11B is a photograph of HECA-452 immunob-
lots of hnmunoprecipitated KGla CD44 from chlorate (+)
and non-chlorate treated (-)KGla cells. L-selectin ligand
activity (mean number of lymphocytes/200x mag. field/5
fields) was equivalent in sulfated and non-sulfated (chlorate
treated) KGla CD44.

[0049] FIG. 12A is a bar chart showing the results of lym-
phocyte rolling on glutaraldehyde-fixed hematopoietic cell
lines, KGla, HL60, K562 and RPMI 8402 over a range of
shear stress.

[0050] FIG. 12B is a bar chart showing the results of neu-
trophil rolling on glutaraldehyde-fixed hematopoietic cell
lines, KGla, HL60, K562 and RPMI 8402 over a range of
shear stress.

[0051] FIG. 12 Cis graph showing the results of the shear-
based Stamper-Woodruff assay evaluating the ability of
KG1la, HL60, K562 and RPMI 8402 cell lines to support
L-selectin-mediated lymphocyte binding over a range of
rpms. Mean lymphocyte adherence to KG1a cells was 10-fold
greater than on HL60 cells (Student’s paired t-test; p<<0.001).
All L-selectin-mediated lymphocyte adherence was pre-
vented by pretreating lymphocytes with anti-L-selectin
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monoclonal antibodies (10 pg/ml), by using PMA-treated
lymphocytes, and or by using assay medium containing S mM
EDTA.

[0052] FIG. 13A is a bar chart showing rolling of CHO-P-
selectin or mock transfectants on glutaraldehyde-fixed
hematopoietic cell monolayers was measured in the parallel-
plate flow chamber. KG1la and HL.60 cells supported equiva-
leng P-selectin-mediated CHO-P cell rolling at 0.4 dynes/
cm®.

[0053] FIG. 13B is a chart showing CHO-P cell rolling
interactions on KGla and HL60 cells that were measured
over a similar shear stress range and were eliminated in the
presence of EDTA and prevented by pretreating KGla and
HL60 cells with mocarhagin (10 pg/ml).

[0054] FIG. 14A is a photograph of an autoradiograph of
Hermes-1 (CD44) and PL-2 (PSGL-1) immunoprecipitates
and L-selectin ligand activity of HCELL and PSGL-1.
[0055] FIG. 14B is a chart showing the results of a Stamper-
Woodruff assays of immunoprecipitated KGla CD44 (1.5
ng) and PSGL-1 (3 pg).

[0056] FIG. 15 A-F are photomicrographs of lymphocytes
bound to human HC CD44 or PSGL-1 in the Stamper-Woo-
druff Assay. Immunoaffinity purified KGla or AML (M1)
CD44 (1.5 ng) and KGla PSGL-1 (2 or 6 pg) were prepared
as described in the Methods and analyzed for L-selectin-
mediated lymphocyte adherence in the Stamper-Woodruff
assay. KGla or AML (M1) CD44 (Panels A and D, respec-
tively) supported a distinctively higher number of lympho-
cytes than to respective N-glycosidase F-treated CD44 (Pan-
els B and E) and to isotype control immunoprecipitates,
monoclonal Ab (Hermes-1) alone or L-selectin immunopre-
cipitate (All represented by Panels C and F for KGla and
AML (M1), respectively). Anti-L-selectin Abs (10 pg/ml), 5
mM EDTA-containing assay medium or PMA-treated (50
ng/ml) lymphocytes completely inhibited lymphocyte adher-
ence (also indicated in Panels C and F from KG1la and AML
(M1), respectively) verifying the specificity of lymphocyte
L-selectin in this assay system.

[0057] FIG. 16 is a photograph of a Western Blot showing
HECA-452 epitope(s) on KGla CD44 and PSGL-1.

[0058] FIG. 17A-B are photographs showing the expres-
sion of glycosyltransferases (FucTIV, FucTVII and
ST3GallV) on human hematopoietic cell Lines. (Panel A)
RT-PCR expression analysis of FucTTV and FucTVII. Lane 1:
FucTIV, Lane 2: FucTVII, Lane 3: f-actin, and Lane 4:
ddH,O. (Panel B) RT-PCR expression analysis of ST3GalIV.
Lane 1: ST3GallV, Lane 2: $-actin, and Lane 3: ddH,0.

DETAILED DESCRIPTION

[0059] The present invention is based in part on the discov-
ery of a novel glycosylated polypeptide expressed on normal
human hemopoetic progentitor cells and on leukemic blasts
designated hematopoietic cell E-selection/L-selectin ligand
(HCELL). The HCELL polypeptides are also referred to
herein as “KGla CD44”. Using blot rolling assay it was
demonstrated that HCELL is novel glycoform of CD44 con-
taining HECA-452 reactive sialyated, fucosylated N-glycans.
The HCELL polypeptide is a ligand for both a L-selectin and
E-selectin. HCELL L-selectin and E-selectin ligand activity
requires sialofucosylated N-linked glycans that are recog-
nized by rat monoclonal antibody HECA-452 and is sulfa-
tion-independent.

[0060] CD44 is a broadly distributed cell surface glycopro-
tein receptor for the glycosamino glycan hyaluronan (HA)



US 2011/0189139 Al

which is a major component of extracellular spaces. It is
expressed on a diverse variety of cell types including most
hematopoietic cells, keratinocytes, chondrocytes, many epi-
thelial cell types, and some endothelial and neural cells.
CD44 is known to participate in a wide variety of cellular
functions, including cell-cell aggregation, retention of peri-
cellular matrix, matrix-cell and cell-matrix signaling, recep-
tor-mediated internalization/degradation of hyaluronan, and
cell migration. All these functions are dependent upon CD44-
hyaluronan interactions and is sulfation dependent.

[0061] The gene encoding CD44 gene consists of 20 exons
(19 exons in earlier literature, exons 6a and 6b have been
reclassified as exons 6 and 7, to make 20 exons total).
Although a single gene located on the short arm of human
chromosome 11 encodes CD44, multiple mRNA transcripts
that arise from the alternative splicing of 12 of the 20 exons
have been identified. The standard and most prevalent form of
CD44 (termed CD44s) consists of a protein encoded by exons
1-5, 16-18, and 20. This form is the most predominant form
on hematopoetic cells, and is also known as CD44H. CD44s
exhibits the extracellular domains (exons 1-5 and 16), the
highly conserved transmembrane domain (exon 18), and the
cytoplasmic domain (exon 20). The 1482 by of open reading
frame mRNA for human CD44s results in translation of a
polypeptide chain of ~37 kDa. Post-translational addition of
N-linked and O-linked oligosaccharides contribute to the
~85-kDa molecular mass of the final CD44 protein as esti-
mated by SDS-PAGE.

[0062] The standard or hematopoietic isoform of CD44
(CD44H) is a type 1 transmembrane molecule consisting of
~270 amino acids (aa) of extracellular domain (including 20
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from CD44-Ig fusion proteins) enhances HA binding. Thus
the HCELL CD44 glycoform of the invention is unlike any
previously described CD44.

[0063] In contrast the non-conserved region (~aa 183 to
256) shows only ~35% similarity between mammalian spe-
cies. This region contains potential sites for numerous carbo-
hydrate modifications of CD44 and the site of alternative
splicing which allows for the insertion of extra amino acid
sequence from variable exons of the CD44 gene.

[0064] A HCELL polypeptide comprises an amino acid
sequence of CD44 and binds to antibody having the binding
specificity of monoclonal antibody HECA-452. (ATCC
Number: HB-11485) HECA-452 recognizes cutaneous lym-
phocyte associated antigen. HECA-452 binding of HCELL
decrease after N-glycosidase-F, sialidase or fucosidase treat-
ment. Furthermore, HCELL activity, e.g., E-selectin and
L-selectin binding also decreases upon N-glycosidase-F,
sialidase, or fucosidase treatment demonstrating the impor-
tance of the sialofucosylated N-linked glycans in HCELL
function. In contrast, sialylation of CD44 inhibits binding of
CD44 to hyaluronic acid. Moreover, CD44 binding to hyalu-
ronate is increased by sulfation, but sulfation is not necessary
for the E- and L-selectin activity of HCELL.

[0065] Preferably the CD44 polypeptide is the standard or
hematopoietic isoform of CD44 (CD44H). Alternately, the
CD44 polypeptide is the R1 (CD44R1) or R2 isoform
(CD44R2). For example, a HCELL polypeptide comprises
the amino acid sequence of SEQ ID NO:1. (Gen Bank Acc.
CAA40133; Table 1) A HCELL polypeptide is at least about
30%, 50%, 70%, 80%, or 95% identical to the polypeptide
sequence of SEQ ID NO:1.

TABLE 1

1lmdkfwwhaaw
61 ptmagmekal
121 asappeedct
18lgssserssts
241glvedldrtg
30lsegsttlleyg
361hpsggshtth
421vnsrrrcggk

481trnlgnvdmk

glclvplsla
sigfetcryg
svtdlpnafd
ggyifytfst
plsmttggsn
ytshyphtke
gsesdghshg

kklvinsgng

gidlniterf
fieghvvipr
gpititivnr
vhpipdedsp
sgsfstsheg
srtfipvtsa
sgeggantts

avedrkpsgl

igv (SEQ ID NO: 1)

agvfhvekng
ihpnsicaan
dgtryvgkge
witdstdrip
leedkdhptt
ktgsfgvtav
gpirtpgipe

ngeasksgem

rysisrteaa dlckafnstl

ntgvyiltsn
yrtnpediyp
atnmdsshst
stltssnrnd
tvgdsnsnvn
wliilaslla

vhlvnkesse

tsgydtycfn
snptdddvss
tlgptanpnt
vtggrrdpnh
rslsgdgdtf
lalilavcia

tpdgfmtade

aa of leader sequence, a 21 aa transmembrane domain and a
72 aa cytoplasmic domain. The amino terminal ~180 aa are
conserved among mammalian species (~85% homology).
This region contains six conserved cysteines, and six con-
served consensus sites for N glycosylation. Five conserved
consensus sites for N-glycosylation are located in the amino
terminal 120 aa of CD44. All five sites appear to be utilized in
the murine and human cell lines. Several studies have shown
that cell specific N-glycosylation can modulate the HA bind-
ing function of CD44. Cell lines and normal B-cells showed
differenced in N-glycosylation associated with different HA
binding states. In particular, CD44 from HA binding cells had
less glycosylation than from non-HA binding cells. Addition-
ally, removal of sialic acids (both from the cell surface and

HCELL Polypeptides

[0066] One aspect of the invention pertains to isolated
HCELL glycoproteins, and biologically active portions
thereof, or derivatives, fragments, analogs or homologs
thereof. Also provided are polypeptide fragments suitable for
use as immunogens to raise anti-HCELL antibodies. In one
embodiment, native HCELL glycoproteins can be isolated
from cells or tissue sources by an appropriate purification
scheme using standard protein purification techniques.
[0067] In another embodiment, HCELL glycoproteins are
produced by recombinant DNA techniques. Alternative to
recombinant expression, a HCELL glycoprotein or polypep-
tide can be synthesized chemically using standard peptide
synthesis techniques.
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[0068] An “isolated” or “purified” protein or biologically
active portion thereof is substantially free of cellular material
or other contaminating proteins from the cell or tissue source
from which the HCELL glycoprotein is derived, or substan-
tially free from chemical precursors or other chemicals when
chemically synthesized. The language “substantially free of
cellular material” includes preparations of HCELL glycopro-
tein in which the protein is separated from cellular compo-
nents of the cells from which it is isolated or recombinantly
produced. In one embodiment, the language “substantially
free of cellular material” includes preparations of HCELL
glycoprotein having less than about 30% (by dry weight) of
non-HCELL glycoprotein (also referred to herein as a “con-
taminating protein”), more preferably less than about 20% of
non-HCELL glycoprotein, still more preferably less than
about 10% ofnon-HCELL glycoprotein, and most preferably
less than about 5% non-HCELL glycoprotein. When the
HCELL glycoprotein or biologically active portion thereof'is
recombinantly produced, it is also preferably substantially
free of culture medium, i.e., culture medium represents less
than about 20%, more preferably less than about 10%, and
most preferably less than about 5% of the volume of the
protein preparation.

[0069] The language “substantially free of chemical pre-
cursors or other chemicals” includes preparations of HCELL
glycoprotein in which the protein is separated from chemical
precursors or other chemicals that are involved in the synthe-
sis of the protein. In one embodiment, the language “substan-
tially free of chemical precursors or other chemicals”
includes preparations of HCELL glycoprotein having less
than about 30% (by dry weight) of chemical precursors or
non-HCELL chemicals, more preferably less than about 20%
chemical precursors or non-HCELL chemicals, still more
preferably less than about 10% chemical precursors or non-
HCELL chemicals, and most preferably less than about 5%
chemical precursors or non-HCELL chemicals.

[0070] Biologically active portions of a HCELL glycopro-
tein include peptides comprising amino acid sequences suf-
ficiently homologous to or derived from the amino acid
sequence of the HCELL glycoprotein, e.g., the amino acid
sequence shown in SEQ ID NO: 1, that include fewer amino
acids than the full length HCELL glycoproteins, and exhibit
at least one activity of a HCELL glycoprotein, e.g., HECA-
452 antibody reactivity, anti-CD44 antibody reactivity. E-se-
lectin binding, or L-selectin binding. Typically, biologically
active portions comprise a domain or motif with at least one
activity of the HCELL glycoprotein, e.g., N-linked glycosy-
lation sites. A biologically active portion of a HCELL glyco-
protein can be a polypeptide which is, for example, 10, 25, 50,
100 or more amino acids in length. Preferably the biologically
active portion of a HCELL glycoprotein includes the amino
acid sequence of the N-terminal domain of a CD44 polypep-
tide.

[0071] The invention may contain at least one of the above-
identified structural domains. Moreover, other biologically
active portions, in which other regions of the protein are
deleted, can be prepared by recombinant techniques and
evaluated for one or more of the functional activities of a
native HCELL glycoprotein, e.g., E-selectin, L-selection
binding activity. In an embodiment, the HCELL glycoprotein
has an amino acid sequence shown in SEQ ID NO: 1. In other
embodiments, the HCELL glycoprotein is substantially
homologous to SEQ ID NO: 1 and retains the functional
activity of the protein of SEQ ID NO: 1a yet differs in amino
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acid sequence due to natural allelic variation or mutagenesis,
as described in detail below. Accordingly, in another embodi-
ment, the HCELL glycoprotein is a protein that comprises an
amino acid sequence at least about 45% homologous to the
amino acid sequence of SEQ ID NO: 1 and retains the func-
tional activity of the HCELL glycoproteins of SEQ ID NO: 1.
Alternatively, a HCELL polypeptide has a CD44 amino acid
sequence capable of N-linked glycosylation.

Chimeric and Fusion Proteins

[0072] The invention also provides HCELL chimeric or
fusion proteins. As used herein, a HCELL “chimeric protein”
or “fusion protein” comprises a HCELL polypeptide opera-
tively linked to a non-HCELL polypeptide. A “HCELL
polypeptide” refers to a polypeptide having an amino acid
sequence corresponding to HCELL, whereas a “non-HCELL
polypeptide” refers to a polypeptide having an amino acid
sequence corresponding to a protein that is not substantially
homologous to the HCELL glycoprotein, e.g., a protein that is
different from the HCELL glycoprotein and that is derived
from the same or a different organism. Within a HCELL
fusion protein the HCELL polypeptide can correspond to all
or a portion of a HCELL glycoprotein. In one embodiment, a
HCELL fusion protein comprises at least one biologically
active portion of a HCELL glycoprotein. In another embodi-
ment,a HCELL fusion protein comprises at least two biologi-
cally active portions of a HCELL glycoprotein. In yet another
embodiment, a HCELL fusion protein comprises at least
three biologically active portions of a HCELL glycoprotein.
Within the fusion protein, the term “operatively linked” is
intended to indicate that the HCELL polypeptide and the
non-HCELL polypeptide are fused in-frame to each other.
The non-HCELL polypeptide can be fused to the N-terminus
or C-terminus of the HCELL polypeptide. For example, in
one embodiment a HCELL fusion protein comprises a
HCELL anti-CD44 binding domain operably linked to the
extracellular domain of a second protein. Such fusion pro-
teins can be further utilized in screening assays for com-
pounds which modulate HCELL activity.

[0073] In one embodiment, the fusion protein is a GST-
HCELL fusion protein in which the HCELL sequences are
fused to the C-terminus of the GST (i.e., glutathione S-trans-
ferase) sequences. Such fusion proteins can facilitate the puri-
fication of recombinant HCELL. In another embodiment, the
fusion protein is a HCELL glycoprotein containing a heter-
ologous signal sequence at its N-terminus. For example, the
native HCELL signal sequence can be removed and replaced
with a signal sequence from another protein. In certain host
cells (e.g., mammalian host cells), expression and/or secre-
tion of HCELL can be increased through use of a heterolo-
gous signal sequence.

[0074] Inone embodiment, the fusion protein is a HCELL-
immunoglobulin fusion protein in which the HCELL
sequence of fragement thereof are fused to sequences derived
from a member of the immunoglobulin protein family. The
HCELL-immunoglobulin fusion proteins of the invention can
be incorporated into pharmaceutical compositions and
administered to a subject to inhibit an interaction between a
HCELL ligand and a HCELL glycoprotein on the surface of
a cell, to thereby suppress HCELL-mediated signal transduc-
tion in vivo. The HCELL-immunoglobulin fusion proteins
can be used to affect the bioavailability of a HCELL cognate
ligand. Inhibition of the HCELL ligand/HCELL interaction
may be useful therapeutically for both the treatment of pro-
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liferative and differentiative disorders, as well as modulating
(e.g. promoting or inhibiting) cell survival.

[0075] Moreover, the HCELL-immunoglobulin fusion pro-
teins of the invention can be used as immunogens to produce
anti-HCELL antibodies in a subject, to purify HCELL
ligands, and in screening assays to identify molecules that
inhibit the interaction of HCELL with a HCELL ligand.
[0076] A HCELL chimeric or fusion protein of the inven-
tion can be produced by standard recombinant DNA tech-
niques. For example, DNA fragments coding for the different
polypeptide sequences are ligated together in-frame in accor-
dance with conventional techniques, e.g., by employing
blunt-ended or stagger-ended termini for ligation, restriction
enzyme digestion to provide for appropriate termini, filling-in
of cohesive ends as appropriate, alkaline phosphatase treat-
ment to avoid undesirable joining, and enzymatic ligation. In
another embodiment, the fusion gene can be synthesized by
conventional techniques including automated DNA synthe-
sizers. Alternatively, PCR amplification of gene fragments
can be carried out using anchor primers that give rise to
complementary overhangs between two consecutive gene
fragments that can subsequently be annealed and reamplified
to generate a chimeric gene sequence (see, for example,
Ausubel et al. (eds.) CURRENT PROTOCOLS IN MOLECULAR
BioLoGy, John Wiley & Sons, 1992). Moreover, many
expression vectors are commercially available that already
encode a fiision moiety (e.g., a GST polypeptide). AHCELL-
encoding nucleic acid can be cloned into such an expression
vector such that the fusion moiety is linked in-frame to the
HCELL glycoprotein.

HCELL Agonists and Antagonists

[0077] The present invention also pertains to variants of the
HCELL glycoproteins that function as either HCELL ago-
nists (mimetics) or as HCELL antagonists. Variants of the
HCELL glycoprotein can be generated by mutagenesis, e.g.,
discrete point mutation or truncation of the HCELL glyco-
protein. An agonist of the HCELL glycoprotein can retain
substantially the same, or a subset of, the biological activities
of the naturally occurring form of the HCELL glycoprotein.
An antagonist of the HCELL glycoprotein can inhibit one or
more of the activities of the naturally occurring form of the
HCELL glycoprotein by, for example, competitively binding
to a downstream or upstream member of a cellular signaling
cascade which includes the HCELL glycoprotein. Thus, spe-
cific biological effects can be elicited by treatment with a
variant of limited function. In one embodiment, treatment of
a subject with a variant having a subset of the biological
activities of the naturally occurring form of the protein has
fewer side effects in a subject relative to treatment with the
naturally occurring form of the HCELL glycoproteins.

[0078] Variants of the HCELL glycoprotein that function as
either HCELL agonists (mimetics) or as HCELL antagonists
can be identified by screening combinatorial libraries of
mutants, e.g., truncation mutants, of the HCELL glycoprotein
for HCELL glycoprotein agonist or antagonist activity. In one
embodiment, a variegated library of HCELL variants is gen-
erated by combinatorial mutagenesis at the nucleic acid level
and is encoded by a variegated gene library. A variegated
library of HCELL variants can be produced by, for example,
enzymatically ligating a mixture of synthetic oligonucle-
otides into gene sequences such that a degenerate set of poten-
tial HCELL sequences is expressible as individual polypep-
tides, or alternatively, as a set of larger fusion proteins (e.g.,
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for phage display) containing the set of HCELL sequences
therein. There are a variety of methods which can be used to
produce libraries of potential HCELL variants from a degen-
erate oligonucleotide sequence. Chemical synthesis of a
degenerate gene sequence can be performed in an automatic
DNA synthesizer, and the synthetic gene then ligated into an
appropriate expression vector. Use of a degenerate set of
genes allows for the provision, in one mixture, of all of the
sequences encoding the desired set of potential HCELL
sequences. Methods for synthesizing degenerate oligonucle-
otides are known in the art (see, e.g., Narang (1983) Tetrahe-
dron 39:3; Itakura et al. (1984) Annu Rev Biochem 53:323;
Ttakura et al. (1984) Science 198:1056; Ike et al. (1983) Nucl
Acid Res 11:477.

Anti-HCELL Antibodies

[0079] Theinvention encompasses antibodies and antibody
fragments, such as F_, or (F,,),, that bind immunospecifi-
cally to any of the polypeptides of the invention. An isolated
HCELL glycoprotein, or a portion or fragment thereof, can be
used as an immunogen to generate antibodies that bind
HCELL using standard techniques for polyclonal and mono-
clonal antibody preparation. The full-length HCELL glyco-
protein can be used or, alternatively, the invention provides
antigenic peptide fragments of HCELL for use as immuno-
gens. The antigenic peptide of HCELL comprises at least 4
amino acid residues of the amino acid sequence shown in
SEQ ID NO: 1 and encompasses an epitope of HCELL such
that an antibody raised against the peptide forms a specific
immune complex with HCELL. Preferably, the antigenic
peptide comprises at least 6, 8, 10, 15, 20, or 30 amino acid
residues. Longer antigenic peptides are sometimes preferable
over shorter antigenic peptides, depending on use and accord-
ing to methods well known to someone skilled in the art. More
preferably the antigenic peptide comprises at least one
N-linked glycosylation site.

[0080] Incertain embodiments of'the invention, at least one
epitope encompassed by the antigenic peptide is a region of
HCELL that is located on the surface of the protein, e.g., a
hydrophilic region. As a means for targeting antibody pro-
duction, hydropathy plots showing regions of hydrophilicity
and hydrophobicity may be generated by any method well
known in the art, including, for example, the Kyte Doolittle or
the Hopp Woods methods, either with or without Fourier
transformation. See, e.g., Hopp and Woods, 1981, Proc. Nat.
Acad ScL USA 78: 3824-3828; Kyte and Doolittle 1982, J.
Mol. Biol. 157: 105-142, each incorporated herein by j: ref-
erence in their entirety.

[0081] As disclosed herein, HCELL glycoprotein
sequence, or derivatives, fragments, analogs or homologs
thereof, may be utilized as immunogens in the generation of
antibodies that immunospecifically-bind these protein com-
ponents. The term “antibody” as used herein refers to immu-
noglobulin molecules and immunologically active portions of
immunoglobulin molecules, i.e., molecules that contain an
antigen binding site that specifically binds (immunoreacts
with) an antigen, such as HCELL. Such antibodies include,
but are not limited to, polyclonal, monoclonal, chimeric,
single chain, F , and F ., fragments, and an F, expression
library. In a specific embodiment, antibodies to human
HCELL glycoproteins are disclosed. Various procedures
known within the art may be used for the production of
polyclonal or monoclonal antibodies to a HCELL glycopro-
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tein sequence of SEQ ID NO: 1, or derivative, fragment,
analog or homolog thereof. Some of these proteins are dis-
cussed below.

[0082] Forthe production of polyclonal antibodies, various
suitable host animals (e.g., rabbit, goat, mouse or other mam-
mal) may be immunized by injection with the native protein,
or a synthetic variant thereof, or a derivative of the foregoing.
An appropriate immunogenic preparation can contain, for
example, recombinantly expressed HCELL glycoprotein or a
chemically synthesized HCELL polypeptide. The prepara-
tion can further include an adjuvant. Various adjuvants used to
increase the immunological response include, but are not
limited to, Freund’s (complete and incomplete), mineral gels
(e.g., aluminum hydroxide), surface active substances (e.g.,
lysolecithin, pluronic polyols, polyanions, peptides, oil emul-
sions, dinitrophenol, etc.), human adjuvants such as Bacille
Calmette-Guerin and Corynebacterium parvum, or similar
immunostimulatory agents. If desired, the antibody mol-
ecules directed against HCELL can be isolated from the
mammal (e.g., from the blood) and further purified by well
known techniques, such as protein A chromatography to
obtain the IgG fraction.

[0083] The term “monoclonal antibody” or “monoclonal
antibody composition”, as used herein, refers to a population
of antibody molecules that contain only one species of an
antigen binding site capable of immunoreacting with a par-
ticular epitope of HCELL. A monoclonal antibody composi-
tion thus typically displays a single binding affinity for a
particular HCELL glycoprotein with which it immunoreacts.
For preparation of monoclonal antibodies directed towards a
particular HCELL glycoprotein, or derivatives, fragments,
analogs or homologs thereof, any technique that provides for
the production of antibody molecules by continuous cell line
culture may be utilized. Such techniques include, but are not
limited to, the hybridoma technique (see Kohler & Milstein,
1975 Nature 256: 495-497); the trioma technique; the human
B-cell hybridoma technique (see Kozbor, et al., 1983 Immu-
nol Today 4: 72) and the EBV hybridoma technique to pro-
duce human monoclonal antibodies (see Cole, et al., 1985 In:
MONOCLONAL ANTIBODIES AND CANCER THERAPY, Alan R.
Liss, Inc., pp. 77-96). Human monoclonal antibodies may be
utilized in the practice of the present invention and may be
produced by using human hybridomas (see Cote, etal., 1983.
Proc Natl Acad Sci USA 80: 2026-2030) or by transforming
human B-cells with Epstein Barr Virus in vitro (see Cole, et
al., 1985 In: MONOCLONAL ANTIBODIES AND (CANCER
THERAPY, Alan R. Liss, Inc., pp. 77-96). Each of the above
citations are incorporated herein by reference in their entirety.

[0084] According to the invention, techniques can be
adapted for the production of single-chain antibodies specific
to a HCELL glycoprotein (see e.g., U.S. Pat. No. 4,946,778).
In addition, methodologies can be adapted for the construc-
tion of F, expression libraries (see e.g., Huse, et al., 1989
Science 246: 1275-1281) to allow rapid and effective identi-
fication of monoclonal F , fragments with the desired speci-
ficity for a HCELL glycoprotein or derivatives, fragments,
analogs or homologs thereof. Non-human antibodies can be
“humanized” by techniques well known in the art. See e.g.,
U.S. Pat. No. 5,225,539. Antibody fragments that contain the
idiotypes to a HCELL glycoprotein may be produced by
techniques known in the art including, but not limited to: (i)
an F,, fragment produced by pepsin digestion of an anti-
body molecule; (ii) an F ,, fragment generated by reducing the
disulfide bridges of an F ., fragment; (iii) an F,, fragment
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generated by the treatment of the antibody molecule with
papain and a reducing agent and (iv) F, fragments.

[0085] Additionally, recombinant anti-HCELL antibodies,
such as chimeric and humanized monoclonal antibodies,
comprising both human and non-human portions, which can
be made using standard recombinant DNA techniques, are
within the scope of the invention. Such chimeric and human-
ized monoclonal antibodies can be produced by recombinant
DNA techniques known in the art, for example using methods
described in International Application No. PCT/US86/
02269; European Patent Application No. 184,187; European
Patent Application No. 171,496; European Patent Applica-
tion No. 173,494; PCT International Publication No. WO
86/01533; U.S. Pat. No. 4,816,567; U.S. Pat. No. 5,225,539;
European Patent Application No. 125,023; Better et al.,
(1988) Science 240:1041-1043; Liu et al. (1987) PNAS
84:3439-3443; Liu et al. (1987) J Immunol. 139:3521-3526;
Sun et al. (1987) PNAS 84:214-218; Nishimura et al. (1987)
Cancer Res 47:999-1005; Wood et al. (1985) Nature 314:
446-449; Shaw et al. (1988) J Natl Cancer Inst 80:1553-
1559); Morrison (1985) Science 229:1202-1207; Oi et al.
(1986) BioTlechniques 4:214; Jones et al. (1986) Nature 321:
552-525; Verhoeyan et al. (1988) Science 239:1534; and
Beidler et al. (1988) J Immunol 141:4053-4060. Each of the
above citations are incorporated herein by reference in their
entirety.

[0086] In one embodiment, methodologies for the screen-
ing of antibodies that possess the desired specificity include,
but are not limited to, enzyme-linked immunosorbent assay
(ELISA) and other immunologically-mediated techniques
known within the art. In a specific embodiment, selection of
antibodies that are specific to a particular domain ofa HCELL
glycoprotein is facilitated by generation of hybridomas that
bind to the fragment of a HCELL glycoprotein possessing
such a domain. Antibodies that are specific for a N-linked
glycosylation site, or derivatives, fragments, analogs or
homologs thereof, are also provided herein.

[0087] Anti-HCELL antibodies may be used in methods
known within the art relating to the localization and/or quan-
titation of a HCELL glycoprotein (e.g., for use in measuring
levels of the HCELL glycoprotein within appropriate physi-
ological samples, for use in diagnostic methods, for use in
imaging the protein, and the like). In a given embodiment,
antibodies for HCELL glycoproteins, or derivatives, frag-
ments, analogs or homologs thereof, that contain the antibody
derived binding domain, are utilized as pharmacologically-
active compounds [hereinafter “Therapeutics™].

[0088] An anti-HCELL antibody (e.g., monoclonal anti-
body) can be used to isolate HCELL by standard techniques,
such as affinity chromatography or immunoprecipitation. An
anti-HCELL antibody can facilitate the purification of natural
HCELL from cells and of recombinantly produced HCELL
expressed in host cells. Moreover, an anti-HCELL antibody
can be used to detect HCELL glycoprotein (e.g., in a cellular
lysate or cell supernatant) in order to evaluate the abundance
and pattern of expression of the HCELL glycoprotein. Anti-
HCELL antibodies can be used diagnostically to monitor
protein levels in tissue as part of a clinical testing procedure,
e.g., to, for example, determine the efficacy of a given treat-
ment regimen. Alternatively, anti-HCELL antibodies are used
to treat or diagnosis leukemia. Detection can be facilitated by
coupling (i.e., physically linking) the antibody to a detectable
substance. Examples of detectable substances include vari-
ous enzymes, prosthetic groups, fluorescent materials, lumi-
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nescent materials, bioluminescent materials, and radioactive
materials. Examples of suitable enzymes include horseradish
peroxidase, alkaline phosphatase, §-galactosidase, or acetyl-
cholinesterase; examples of suitable prosthetic group com-
plexes include streptavidin/biotin and avidin/biotin;
examples of suitable fluorescent materials include umbellif-
erone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phy-
coerythrin; an example of a luminescent material includes
luminol; examples of bioluminescent materials include
luciferase, luciferin, and aequorin, and examples of suitable
radioactive material include *2°1, 311, 35S or *H.

HCELL Recombinant Expression Vectors and Host Cells

[0089] Another aspect of the invention pertains to vectors,
preferably expression vectors, containing a nucleic acid
encoding HCELL polypeptides, fusion polypeptides, or
derivatives, fragments, analogs or homologs thereof. As used
herein, the term “vector” refers to a nucleic acid molecule
capable of transporting another nucleic acid to which it has
been linked. One type of vector is a “plasmid”, which refers to
a circular double stranded DNA loop into which additional
DNA segments can be ligated. Another type of vector is a viral
vector, wherein additional DNA segments can be ligated into
the viral genome. Certain vectors are capable of autonomous
replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and
episomal mammalian vectors). Other vectors (e.g., non-epi-
somal mammalian vectors) are integrated into the genome of
ahost cell upon introduction into the host cell, and thereby are
replicated along with the host genome. Moreover, certain
vectors are capable of directing the expression of genes to
which they are operatively-linked. Such vectors are referred
to herein as “expression vectors”. In general, expression vec-
tors of utility in recombinant DNA techniques are often in the
form of plasmids. In the present specification, “plasmid” and
“vector” can be used interchangeably as the plasmid is the
most commonly used form of vector. However, the invention
is intended to include such other forms of expression vectors,
such as viral vectors (e.g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), which serve
equivalent functions.

[0090] The recombinant expression vectors of the inven-
tion comprise a nucleic acid of the invention in a form suitable
for expression of the nucleic acid in a host cell, which means
that the recombinant expression vectors include one or more
regulatory sequences, selected on the basis of the host cells to
be used for expression, that is operatively-linked to the
nucleic acid sequence to be expressed. Within a recombinant
expression vector, “operably-linked” is intended to mean that
the nucleotide sequence of interest is linked to the regulatory
sequence(s) in a manner that allows for expression of the
nucleotide sequence (e.g., in an in vitro transcription/transla-
tion system or in a host cell when the vector is introduced into
the host cell).

[0091] The term “regulatory sequence” is intended to
includes promoters, enhancers and other expression control
elements (e.g., polyadenylation signals). Such regulatory
sequences are described, for example, in Goeddel, Gene
Expression Technology: Methods in Enzymology 185, Aca-
demic Press, San Diego, Calif. (1990). Regulatory sequences
include those that direct constitutive expression of a nucle-
otide sequence in many types of host cell and those that direct
expression of the nucleotide sequence only in certain host
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cells (e.g., tissue-specific regulatory sequences). It will be
appreciated by those skilled in the art that the design of the
expression vector can depend on such factors as the choice of
the host cell to be transformed, the level of expression of
protein desired, etc. The expression vectors of the invention
can be introduced into host cells to thereby produce proteins
or peptides, including fusion proteins or peptides, encoded by
nucleic acids as described herein

[0092] The recombinant expression vectors of the inven-
tion can be designed for expression of HCELL polypeptides
or fusion polypeptides in prokaryotic or eukaryotic cells. For
example, HCELL polypeptides or fusion polypeptides can be
expressed in bacterial cells such as Escherichia coli, insect
cells (using baculovirus expression vectors) yeast cells or
mammalian cells. Suitable host cells are discussed further in
Goeddel, Gene Expression Technology: Methods in Enzy-
mology 185, Academic Press, San Diego, Calif. (1990).
Alternatively, the recombinant expression vector can be tran-
scribed and translated in vitro, for example using T7 promoter
regulatory sequences and T7 polymerase.

[0093] Expression of proteins in prokaryotes is most often
carried out in Escherichia coli with vectors containing con-
stitutive or inducible promoters directing the expression of
either fusion or non-fusion proteins. Fusion vectors add a
number of amino acids to a protein encoded therein, usually
to the amino terminus of the recombinant protein. Such fusion
vectors typically serve three purposes: (i) to increase expres-
sion of recombinant protein; (ii) to increase the solubility of
the recombinant protein; and (iii) to aid in the purification of
the recombinant protein by acting as a ligand in affinity puri-
fication. Often, in fusion expression vectors, a proteolytic
cleavage site is introduced at the junction of the fusion moiety
and the recombinant protein to enable separation of the
recombinant protein from the fusion moiety subsequent to
purification of the fusion protein. Such enzymes, and their
cognate recognition sequences, include Factor Xa, thrombin
and enterokinase. Typical fusion expression vectors include
pGEX (Pharmacia Biotech Inc; Smith and Johnson, 1988.
Gene 67: 31-40), pMAL (New England Biolabs, Beverly,
Mass.) and pRIT5 (Pharmacia, Piscataway, N.J.) that fuse
glutathione S-transferase (GST), maltose E binding protein,
or protein A, respectively, to the target recombinant protein.
[0094] Examples of suitable inducible non-fusion E. coli
expression vectors include pTrc (Amrann et al., (1988) Gene
69:301-315) and pET 11d (Studier et al., Gene Expression
Technology: Methods in Enzymology 185, Academic Press,
San Diego, Calif. (1990) 60-89).

[0095] One strategy to maximize recombinant protein
expression in E. coli is to express the protein in a host bacteria
with an impaired capacity to proteolytically cleave the recom-
binant protein. See, e.g., Gottesman, Gene Expression Tech-
nology: Methods in Enzymology 185, Academic Press, San
Diego, Calif. (1990) 119-128. Another strategy is to alter the
nucleic acid sequence of the nucleic acid to be inserted into an
expression vector so that the individual codons for each
amino acid are those preferentially utilized in E. coli (see,
e.g., Wada, et al., 1992. Nucl. Acids Res. 20: 2111-2118).
Such alteration of nucleic acid sequences of the invention can
be carried out by standard DNA synthesis techniques.
[0096] In another embodiment, the HCELL polypeptides
or fusion polypeptides expression vector is a yeast expression
vector. Examples of vectors for expression in yeast Saccha-
romyces cerivisae include pYepSecl (Baldari, et al., 1987.
EMBO J. 6: 229-234), pMFa (Kurjan and Herskowitz, 1982.
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Cell 30: 933-943), pJRY88 (Schultz et al., 1987. Gene 54:
113-123), pYES2 (Invitrogen Corporation, San Diego,
Calif.), and picZ (InVitrogen Corp, San Diego, Calif.).
[0097] Alternatively, HCELL polypeptides or fusion
polypeptides can be expressed in insect cells using baculovi-
rus expression vectors. Baculovirus vectors available for
expression of proteins in cultured insect cells (e.g., SF9 cells)
include the pAc series (Smith, et al., 1983. Mol. Cell. Biol. 3:
2156-2165) and the pVL series (Lucklow and Summers,
1989. Virology 170: 31-39).

[0098] In yet another embodiment, a nucleic acid of the
invention is expressed in mammalian cells using a mamma-
lian expression vector. Examples of mammalian expression
vectors include pCDMS8 (Seed, 1987. Nature 329: 840) and
pMT2PC (Kaufman, et al., 1987. EMBO J. 6: 187-195).
When used in mammalian cells, the expression vector’s con-
trol functions are often provided by viral regulatory elements.
For example, commonly used promoters are derived from
polyoma, adenovirus 2, cytomegalovirus, and simian virus
40. For other suitable expression systems for both prokaryotic
and eukaryotic cells see, e.g., Chapters 16 and 17 of Sam-
brook, et al., Molecular Cloning: A Laboratory Manual. 2nd
ed., Cold Spring Harbor Laboratory, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1989.

[0099] In another embodiment, the recombinant mamma-
lian expression vector is capable of directing expression of
the nucleic acid preferentially in a particular cell type (e.g.,
tissue-specific regulatory elements are used to express the
nucleic acid). Tissue-specific regulatory elements are known
in the art. Non-limiting examples of suitable tissue-specific
promoters include the albumin promoter (liver-specific; Pink-
ert, et al., 1987. Genes Dev. 1: 268-277), lymphoid-specific
promoters (Calame and Eaton, 1988. Adv. Immunol. 43: 235-
275), in particular promoters of T cell receptors (Winoto and
Baltimore, 1989. EMBO . 8: 729-733) and immunoglobulins
(Banerji, etal., 1983. Cell 33: 729-740; Queen and Baltimore,
1983. Cell 33: 741-748), neuron-specific promoters (e.g., the
neurofilament promoter; Byrne and Ruddle, 1989. Proc. Natl.
Acad. Sci. USA 86: 5473-5477), pancreas-specific promoters
(Edlund, et al., 1985. Science 230: 912-916), and mammary
gland-specific promoters (e.g., milk whey promoter; U.S. Pat.
No. 4,873,316 and European Application Publication No.
264,166). Developmentally-regulated promoters are also
encompassed, e.g., the murine hox promoters (Kessel and
Gruss, 1990. Science 249: 374-379) and the o-fetoprotein
promoter (Campes and Tilghman, 1989. Genes Dev. 3: 537-
546).

[0100] The invention further provides a recombinant
expression vector comprising a DNA molecule of the inven-
tion cloned into the expression vector in an antisense orien-
tation. That is, the DNA molecule is operatively-linked to a
regulatory sequence in a manner that allows for expression
(by transcription of the DNA molecule) of an RNA molecule
that is antisense to HCELL polypeptides or fusion polypep-
tides mRNA. Regulatory sequences operatively linked to a
nucleic acid cloned in the antisense orientation can be chosen
that direct the continuous expression of the antisense RNA
molecule in a variety of cell types, for instance viral promot-
ers and/or enhancers, or regulatory sequences can be chosen
that direct constitutive, tissue specific or cell type specific
expression of antisense RNA. The antisense expression vec-
tor can be in the form of a recombinant plasmid, phagemid or
attenuated virus in which antisense nucleic acids are pro-
duced under the control of a high efficiency regulatory region,
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the activity of which can be determined by the cell type into
which the vector is introduced. For a discussion of the regu-
lation of gene expression using antisense genes see, e.g.,
Weintraub, et al., “Antisense RNA as a molecular tool for
genetic analysis,” Reviews-Trends in Genetics, Vol. 1(1)
1986.

[0101] Another aspect of the invention pertains to host cells
into which a recombinant expression vector of the invention
has been introduced. The terms “host cell” and “recombinant
host cell” are used interchangeably herein. It is understood
that such terms refer not only to the particular subject cell but
also to the progeny or potential progeny of such a cell.
Because certain modifications may occur in succeeding gen-
erations due to either mutation or environmental influences,
such progeny may not, in fact, be identical to the parent cell,
but are still included within the scope of the term as used
herein.

[0102] Ahostcell can be any prokaryotic or eukaryotic cell.
For example, HCELL polypeptides or fusion polypeptides
can be expressed in bacterial cells such as E. coli, insect cells,
yeast or mammalian cells (such as human, Chinese hamster
ovary cells (CHO) or COS cells). Other suitable host cells are
known to those skilled in the art.

[0103] Vector DNA can be introduced into prokaryotic or
eukaryotic cells via conventional transformation or transfec-
tion techniques. As used herein, the terms “transformation”
and “transfection” are intended to refer to a variety of art-
recognized techniques for introducing foreign nucleic acid
(e.g., DNA) into a host cell, including calcium phosphate or
calcium chloride co-precipitation, DEAE-dextran-mediated
transfection, lipofection, or electroporation. Suitable meth-
ods for transforming or transfecting host cells can be found in
Sambrook, et al. (Molecular Cloning: A Laboratory Manual.
2nd ed., Cold Spring Harbor Laboratory, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1989), and other
laboratory manuals.

[0104] For stable transfection of mammalian cells, it is
known that, depending upon the expression vector and trans-
fection technique used, only a small fraction of cells may
integrate the foreign DNA into their genome. In order to
identify and select these integrants, a gene that encodes a
selectable marker (e.g., resistance to antibiotics) is generally
introduced into the host cells along with the gene of interest.
Various selectable markers include those that confer resis-
tance to drugs, such as G418, hygromycin and methotrexate.
Nucleic acid encoding a selectable marker can be introduced
into a host cell on the same vector as that encoding HCELL
polypeptides or fusion polypeptides or can be introduced on a
separate vector. Cells stably transfected with the introduced
nucleic acid can be identified by drug selection (e.g., cells that
have incorporated the selectable marker gene will survive,
while the other cells die).

[0105] A host cell of the invention, such as a prokaryotic or
eukaryotic host cell in culture, can be used to produce (i.e.,
express) HCELL polypeptides or fusion polypeptides.
Accordingly, the invention further provides methods for pro-
ducing HCELL polypeptides or fusion polypeptides using the
host cells of the invention. In one embodiment, the method
comprises culturing the host cell of invention (into which a
recombinant expression vector encoding HCELL polypep-
tides or fusion polypeptides has been introduced) in a suitable
medium such that HCELL polypeptides or fusion polypep-
tides is produced. In another embodiment, the method further
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comprises isolating HCELL polypeptides or fusion polypep-
tides polypeptide from the medium or the host cell.

[0106] Method of Identifying Stem Cells

[0107] The invention provides various methods of identi-
fying and/or isolating stem cells. A stem cell is a pluripotent
cell of mesodermal, ectodermal or endodermal origin. Pref-
erably, a stem cell is of mesodermal origin. More preferably,
a stem cell is a hematopoiteic progenitor cell.

[0108] A stem cell is identified by contacting a test cell
population with one or more agents, e.g., a protein, polypep-
tide or small molecule, that specifically bind to a HCELL
polypeptide. Preferably, an agent is an antibody or a fragment
thereof. The antibody can be polyclonal or monoclonal. For
example, an agent is a HCELL antibody. Alternatively, an
agent is an anti-CD44 antibody, or a HECA-452 antibody.
[0109] Specifically binding is meant that the interaction
between cell and the agent is sufficent to form a complex. A
cell/agent complex is detected. Presence of a complex indi-
cates that the test cell is a stem cell. In an alternative method,
the stem cell is isolated from the test cell population by
removing the complex from the test cell population. The
complex can be separated from the test cell population by
methods known in the art, e.g. flow cytometry. Additionally,
the stem cell can be further isolated by separating the stem
cell from the agent(s) by disrupting the complex. The com-
plex can be disrupted from example by ion chelation with
dilute EDTA.

[0110] Alternately, a stem cell can be identified by provid-
ing a selectin polypeptide, e.g. E-selectin or L-selectin,
immobilized on a solid phase e.g., glass, plastic or membrane
and contacting the solid phase with a fluid sample containing
a suspension of test cells. In some aspects the fluid sample is
moving. By a moving fluid sample it is meant that the sample
flows across the surface of the membrane in a unidirectional
manner. Interactions between fluid sample in flow and immo-
bilized ligand can be examined under a wide range of defined
flow conditions, ranging from static incubation through
physiological levels of shear flow, static conditions and serial
application of static and shear conditions, and into supra-
physiologic shear levels. For example, shear flow conditions
is a flow force greater than 0.6 dynes/cm?. Alternatively, shear
flow condition is a flow force at least 2.8 dynes/cm?®. Addi-
tionally, shear flow condition is a flow force of at least 9.0
dynes/cm®. In some aspects, the fluid move across the mem-
brane such that physiological shear stress is achieved at the
surface. The interaction between the solid phase and the cells
is then determined. An interaction between the cells of the
fluid sample and the solid phase indicates that the cell is a
stem cell.

[0111] Also include in the invention is a method ofisolating
stem cells. The method includes providing a selectin polypep-
tide on a solid phase and contacting the solid phase with a
fluid sample containing a suspension of cells. The cells that
adhere to the solid phase are then recovered. Bound cells can
be removed by any method known in the art (e.g., by ion
chelation with dilute EDTA and/or application of high shear
force). Bound cells recovered from the blot surface can thus
be collected and analyzed for phenotype or biological func-
tions after elution. The ligand immobilized on the matrix can
be reused to compare interactions among various cell groups
or manipulated in situ to define characteristics of the cell
population under investigation.

[0112] Theinteraction between the cells and the solid phase
can be, e.g., rolling, firm attachnients or specific interaction.
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In some aspects, the specific interaction is determined by the
affinity coefficient. For example a specific interaction is an
interaction that has a K, is in the range of 0.1 mM to 7 mM.
Preferably, the K, is greater than 1 mM.

[0113] A cell/agent interaction or alternately a cell/solid
phase interaction can be determined for example, by visual
inspection under a microscope, colormetrically, fluorometri-
cally, by flow cytometry or using a parrallel plate flow cham-
ber assay. Alternatively, the interaction is analyzed by label-
ing the cells, HCELL, polypeptide or the agent using
florescent labels, biotin, enzymes such as alkaline phos-
phatase, horseradish peroxidase or beta-galactosidase, radio-
active isotopes or other labels known in the art. The label can
be added to the cells, HCELL polypeptide or the agent prior
or subsequent to contacting the test cell population with the
agent. The membrane or solid phase can then be subject to
spectrophotometic or radiographic analysis to quantify the
number interacting with the selectin polypetide of solid
phase.

[0114] The invention also provide methods of treating cell
disorders such as hematopoiteic disorders, cancer, or disor-
ders amenable to treatment with a stem cell (i.e., stem cell
therapy) such as myocardial infarction, Parkinson’s disease,
diabetes, congenital muscle dystrophies, stroke, genetic/con-
genital disorders (e.g., osteogenesis imperfecta) and liver
disorders in amammal, e.g., human by administering the cells
isolated by the above described methods.

Methods of Increasing E-Selctin/L-Selectin Ligand Affinity

[0115] The invention provides a method of increasing the
affinity of a cell for E-selectin and/or L-selectin, by providing
a cell and contacting the cell with one or more agents that
increases cell-surface expression or activity a HCELL
polypeptide on the cell.

[0116] The cell can be any cell capable of expressing
HCELL polypeptide. For example the cell can be a stem cell
(i.e., a pluripotent cell). A cell can be of mesodermal, ecto-
dermal or endodermal origin. Preferably, a cell of mesoder-
mal origin. More preferably a cell is a hematopoietic progeni-
tor cell. The cell population that is exposed to, i.e., contacted
with, the compound can be any number of cells, i.e., one or
more cells, and can be provided in vitro, in vivo, or ex vivo.
[0117] Suitable agents can be, e.g., a polypeptide, a nucleic
acid. For example an agent can be a CD44, glycosyltrans-
ferase or glycosidase polypeptide, nucleic acid that encodes a
CD44, glycosyltransferase or glycosidase polypeptide or a
nucleic acid that increases expression of a nucleic acid that
encodes a include CD44, glycosyltransferase, or glycosidase
polypeptide and, and derivatives, fragments, analogs and
homologs thereof. A nucleic acid that increase expression of
a nucleic acid that encodes a CD44, glycosyltransferase, or
glycosidase polypeptide includes, e.g., promoters, enhancers.
The nucleic acid can be either endogenous or exogenous.
[0118] Suitable sources of nucleic acids encoding CD44
polypeptide include for example the human CD44 nucleic
acid (and the encoded protein sequences) available as Gen-
Bank Accession Nos. 105407 and CAA40133, respectively.
Other sources include human CD44 nucleic acid and protein
sequences are shown in GenBank Accession No. U35632 and
P16079, respectively, and are incorporated herein by refer-
ence in their entirety. Suitable sources of nucleic acids encod-
ing glycosyltransferase polypeptide include for example the
human glycosyltransferase nucleic acid (and the encoded
protein sequences) available as GenBank Accession Nos.
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AJ276689 and CAB81779, respectively. Suitable sources of
nucleic acids encoding glycosidase polypeptide include for
example the human glycosidase nucleic acid (and the
encoded protein sequences) available as GenBank Accession
Nos. AJ278964 and CACO08178, respectively. The use of
other CD44, glycosyltransferase, or glycosidase polypep-
tides and nucleic acids know in the art are also within the
scope of the invention.

[0119] The agent can be exposed to the cell either directly
(i.e., the cell is directly exposed to the nucleic acid or nucleic
acid-containing vector) or indirectly.

[0120] HCELL expression can be measured at the nucleic
acid or protein level. Expression of the nucleic acids can be
measured at the RNA level using any method known in the art.
For example, northern hybridization analysis using probes
which specifically recognize one or more of these sequences
can be used to determine gene expression. Alternatively,
expression can be measured using reverse-transcription-
based PCR assays. Expression can be also measured at the
protein level, i.e., by measuring the levels of polypeptides
encoded by the gene products. Such methods are well known
in the art and include, e.g., immunoassays based on antibod-
ies to proteins encoded by the genes.

[0121] HCELL activity can be measured for example by
L-selectin or E-selectin binding activity

Methods of Increasing Engraftment Potential of a Cell

[0122] The invention provides methods of increasing the
engraftment potential of a cell.

[0123] By increasing engraftment potential is meant that
the cell has a greater survival rate after transplantation as
compared to an untreated cell.

[0124] A cell can of mesodermal, ectodermal or endodera-
mal origin. Preferably, the cell is a stem cell. More preferably
the cell is of mesodermal origin. For example, the cell is a
hematopoietic progenitor cell.

[0125] Included in the invention is a method of increasing
the engraftment potential of a cell by providing a cell and
contacting said cell with one or more agents that increases
cell-surface expression or activity of a HCELL polypeptide
on the cell. The invention further provides method of increas-
ing levels of engrafted stem cells in a subject, e.g., human by
administering to the subject an agent that increases cell-sur-
face or expression of the HCELL on one or more stem cells in
the subject. The agent can be administered in vivo, ex vivo or
in vitro.

[0126] Also included in the invention is a method of
increasing the engraftment potential of a cell population by
providing a selectin polypeptide, e.g., E-selectin or L-selectin
immobilized on a solid phase, phase e.g., glass, plastic or
membrane and contacting the solid phase with a fluid sample
containing a suspension of test cells. In some aspects the fluid
sample is moving. By a moving fluid sample it is meant that
the sample flows across the surface of the membrane in a
unidirectional manner. Interactions between fluid sample in
flow and immobilized ligand can be examined under a wide
range of defined flow conditions, ranging from static incuba-
tion through physiological levels of shear flow, static condi-
tions and serial application of static and shear conditions, and
into supraphysiologic shear levels. For example, shear flow
conditions is a flow force greater than 0.6 dynes/cm?. Alter-
nately, shear flow condition is a flow force at least 2.8 dynes/
cm2. Additionally, shear flow condition is a flow force of at
least 9.0 dynes/cm?. In some aspects, the fluid move across
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the membrane such that physiological shear stress is achieved
at the surface. The cells that adhere to the solid phase are then
recovered. Bound cells can be removed by any method known
in the art (e.g., by ion chelation with dilute EDTA and/or
application of high shear force). Bound cells recovered from
the blot surface can thus be collected and analyzed for phe-
notype or biological functions after elution. The ligand
immobilized on the matrix can be reused to compare interac-
tions among various cell groups or manipulated in situ (as
outlined below) to define characteristics of the cell population
under investigation. Further provided by the invention is a
method of increasing levels of engrafted stem cells in a sub-
ject, by administering to subject a composition comprising
the cells isolated according to the above methods.

[0127] Suitable agents can be, e.g., a polypeptide, a nucleic
acid. For example an agent can be a CD44, glycosyltrans-
ferase or glycosidase polypeptide, nucleic acid that encodes a
CD44, glycosyltransferase or glycosidase polypeptide or a
nucleic acid that increases expression of a nucleic acid that
encodes a include CD44, glycosyltransferase, or glycosidase
polypeptide and, and derivatives, fragments, analogs and
homologs thereof. A nucleic acid that increase expression of
a nucleic acid that encodes a CD44, glycosyltransferase, or
glycosidase polypeptide includes, e.g., promoters, enhancers.
The nucleic acid can be either endogenous or as) exogenous.
[0128] Suitable sources of nucleic acids encoding CD44
polypeptide include for example the human CD44 nucleic
acid (and the encoded protein sequences) available as Gen-
Bank Accession Nos. LO5407 and CAA40133, respectively.
Other sources include human CD44 nucleic acid and protein
sequences are shown in GenBank Accession No. U35632 and
P16079, respectively, and are incorporated herein by refer-
ence in their entirety. Suitable sources of nucleic acids encod-
ing glycosyltransferase polypeptide include for example the
human glycosyltransferase nucleic acid (and the encoded
protein sequences) available as GenBank Accession Nos.
AJ276689 and CAB81779, respectively. Suitable sources of
nucleic acids encoding glycosidase polypeptide include for
example the human glycosidase nucleic acid (and the
encoded protein sequences) available as GenBank Accession
Nos. AJ278964 and CACO08178, respectively. The use of
other CD44, glycosyltransferase, or glycosidase polypep-
tides and nucleic acids know in the art are also within the
scope of the invention.

[0129] The subject is preferably a mammal. The mammal
can be, e.g., a human, non-human primate, mouse, rat, dog,
cat, horse, or cow. Additionally, the subject suffers from or is
at risk of developing a hematopoietic disorder, (e.g, leuke-
mia), cancer, or inflammatory disorders, including chronic
inflammatory disorders, e.g., (theumatoid arthritis).

[0130] A mammal suffering from or at risk of developing a
hematopoietic disorder, (e.g, leukemia), cancer, inflamma-
tory disorders, including inflammatory chronic inflammatory
disorders, (e.g., theumatoid arthritis) can be identified by the
detection of a known risk factor, e.g., gender, age, prior his-
tory of smoking, genetic or familial predisposition, attributed
to the particular disorder. Alternatively, a mammal suffering
from or at risk of developing a hematopoietic disorder, (e.g,
leukemia), cancer, inflammatory disorders, including inflam-
matory chronic inflammatory disorders, (e.g., theumatoid
arthritis) can be identified by methods known in the art to
diagnosis a particular disorder.

Methods of Treating Hematopoietic Disorders

[0131] The invention provides a method of treating
hematopoietic disorders, (e.g., leukemia, aplastic anemia,
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non-Hodgkin’s lymphoma, chronic myeloid leukemia, mul-
tiple myeloma chronic lymphocytic leukemia, and various
myelodysplastic syndromes), in a subject, by administering
to the subject an agent that decreases the cell-surface or
expression of the HCELL polypeptide in the subject.

[0132] The invention further provides a method of treating
hematopoietic disorders in a subject by providing blood from
the subject and contacting the blood with one or more agents
that specifically bind a HCELL polypeptide under conditions
sufficient to form a complex between the agent and a blood
cell in the blood. Preferably the blood cell is cancerous. More
preferably the blood cell is a leukemic blood cell Complex
formation is detected and the complex is removed from the
blood thereby removing the cell. The blood is then reintro-
duced into the subject.

[0133] Suitable agents include, a protein, polypeptide or
small molecule, that specifically bind to a HCELL polypep-
tide. Preferably, an agent is an antibody or a fragment thereof.
The antibody can be polyclonal or monoclonal. For example,
an agent is a HCELL antibody. Alternatively, an agent is an
anti-CD44 antibody, or a HECA-452 antibody. Specifically
binding is meant that the interaction between cell and the
agent is sufficent to form a complex. The complex can be
separated from the blood by methods known in the art, e.g.
flow cytometry.

[0134] Also included in the invention is a method of treat-
ing hematopoietic disorders in a subject by providing blood
from the subject and a selectin polypeptide, e.g., E-selectin or
L-selectin immobilized on a solid phase e.g., glass, plastic or
membrane and contacting the solid phase with a the blood. In
some aspects the blood sample is moving. By a moving a
blood sample it is meant that the sample flows across the
surface of the membrane in a unidirectional manner. Interac-
tions between blood sample in flow and immobilized ligand
can be examined under a wide range of defined flow condi-
tions, ranging from static incubation through physiological
levels of shear flow, static conditions and serial application of
static and shear conditions, and into supraphysiologic shear
levels. For example, shear flow conditions is a flow force
greater than 0.6 dynes/cm?. Alternatively, shear flow condi-
tionis a flow force at least 2.8 dynes/cm2. Additionally, shear
flow condition is a flow force of at least 9.0 dynes/cm?. In
some aspects, the blood moves across the membrane such that
physiological shear stress is achieved at the surface. The
blood is then re-introduced into the subject.

[0135] Blood removal and re-infusion into a subject is
accomplished by plasmapheretic techniques known in the art.
[0136] The invention further provides methods of treating
hematopoietic disorders in a subject by administering to the
subject an agent that specifically binds to a HCELL glyco-
protein. The agent can be for example a polypeptide or small
molecule. Preferably, the agent is a HCELL antibody. Spe-
cifically binding is meant that the interaction between
HCELL glycoprotein and the agent is sufficent to form a
complex. Upon complex formation, the agent may activate
complement or mediate cellular toxicity, (e.g., antibody
dependent cellular cytotoxicity (ADCC)) or other direct
immunologic effects.

[0137] Alternatively, a hematopoietic disorder can be
treated by administering to the subject an agent that includes
a first and second domain. The first domain includes a com-
pound that pecifically binds to a HCELL glycoprotein. Pref-
erably the first domain is a HCELL antibody or fragement
thereof. The second domain includes a toxin linked by a
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covalent bond, e.g. peptide bond, to the first domain. A toxin
includes any compound capable of destroying or selectively
killing a cell in which it comes in contact. By “selectively
killing” means killing those cells to which the first domain
binds. Examples of toxins include, Diphtheria toxin (DT)
Pseudomonas exotoxin (PE), ricin A (RTA), gelonin,
pokeweed antiviral protein, and dodecandron.

[0138] The first and second domains can occur in any order,
and the agent can include one or more of each domain.
[0139] The subject is preferably a mammal. The mammal
can be, e.g., a human, non-human primate, mouse, rat, dog,
cat, horse, or cow.

Methods of Diagnosing or Determining the Susceptibility to
a Hematologic Disorder

[0140] The invention provides a method of diagnosing or
determining the susceptibility to a hematologic disorder in a
subject by contacting a subject derived cell population with
one or more agents that specifically bind a HCELL glycopro-
tein. Specifically binding is meant that the interaction
between cell and the agent is sufficent to form a complex. A
cell/agent complex is detected. Presence of a complex indi-
cates the presence of or the susceptibility to a hematalogic
disorder in the subject

[0141] Hematologic disorders that can be detected by this
method include for example, anemia, neutropenia, throm-
bicytosis, myeloproliferative disorders or hematologic neo-
plasms.

[0142] The subject is preferably a mammal. The mammal
can be, e.g., a human, non-human primate, mouse, rat, dog,
cat, horse, or cow.

Methods of Determining the Prognosis or Efficacy of Treat-
ment of a Hematologoc Disorder

[0143] The invention provides a method of determining the
prognosis or efficacy of treatment of hematologic disorder in
a subject by contacting a subject derived cell population with
one or more agents that specifically bind a HCELL glycopro-
tein. Specifically binding is meant that the interaction
between cell and the agent is sufficent to form a complex. A
cell/agent complex is detected. Absence of a complex indi-
cates favorable prognosis or efficacious treatment of the
hematologic disorder in the subject. Presence of a complex
indicates an unfavorable prognosis or non-efficacious treat-
ment of the hematologic disorder in the subject.

[0144] By “efficacious” is meant that the treatment leads to
a decrease in the hematologic disorder in the subject. When
treatment is applied prophylactically, “efficacious” means
that the treatment retards or prevents a hematologic disorder.
[0145] Hematologic disorders that can be detected by this
method include for example, example, anemia, neutropenia,
thrombicytosis, myeloproliferative disorders or hematologic
neoplasms.

[0146] The subject is preferably a mammal. The mammal
can be, e.g., a human, non-human primate, mouse, rat, dog,
cat, horse, or cow.

Method of Treating Inflammatory Disorders

[0147] The invention provides a method of treating inflam-
matory disorders in a subject, by administering to the subject
an a HCELL glycoprotein or fragment thereof.
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[0148] Inflammatory disorders include, for example, rheu-
matoid arthritis (RA), inflammatory bowel disease (IBD),
and asthma.

Pharmaceutical Compositions Including HCELL Polypep-
tides Fusion Polypeptides or Nucleic Acids Encoding Same

[0149] The HCELL polypeptides, or nucleic acid mol-
ecules encoding these fusion proteins and cells isolated
according the methods of the invention, (also referred to
herein as “Therapeutics” or “active compounds™) and deriva-
tives, fragments, analogs and homologs thereof, can be incor-
porated into pharmaceutical compositions suitable for admin-
istration. Such compositions typically comprise the nucleic
acid molecule, protein, cell or antibody and a pharmaceuti-
cally acceptable carrier. As used herein, “pharmaceutically
acceptable carrier” is intended to include any and all solvents,
dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Suitable car-
riers are described in the most recent edition of Remington’s
Pharmaceutical Sciences, a standard reference text in the
field, which is incorporated herein by reference. Preferred
examples of such carriers or diluents include, but are not
limited to, water, saline, finger’s solutions, dextrose solution,
and 5% human serum albumin. Liposomes and non-aqueous
vehicles such as fixed oils may also be used. The use of such
media and agents for pharmaceutically active substances is
well known in the art. Except insofar as any conventional
media or agent is incompatible with the active compound, use
thereof in the compositions is contemplated. Supplementary
active compounds can also be incorporated into the compo-
sitions.

[0150] The active agents disclosed herein can also be for-
mulated as liposomes. Liposomes are prepared by methods
known in the art, such as described in Epstein et al., Proc.
Natl. Acad. Sci. USA, 82: 3688 (1985); Hwang et al., Proc.
Natl. Acad. Sci. USA, 77: 4030 (1980); and U.S. Pat. Nos.
4,485,045 and 4,544,545. Liposomes with enhanced circula-
tion time are disclosed in U.S. Pat. No. 5,013,556.

[0151] Particularly useful liposomes can be generated by
the reverse-phase evaporation method with a lipid composi-
tion comprising phosphatidylcholine, cholesterol, and PEG-
derivatized phosphatidylethanolamine (PEG-PE). Lipo-
somes are extruded through filters of defined pore size to yield
liposomes with the desired diameter.

[0152] A pharmaceutical composition of the invention is
formulated to be compatible with its intended route of admin-
istration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral
(e.g., inhalation), transdermal (i.e., topical), transmucosal,
and rectal administration. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application can
include the following components: a sterile diluent such as
water for injection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene glycol or other synthetic sol-
vents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediaminetetraacetic
acid (EDTA); buffers such as acetates, citrates or phosphates,
and agents for the adjustment of tonicity such as sodium
chloride or dextrose. The pH can be adjusted with acids or
bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, dispos-
able syringes or multiple dose vials made of glass or plastic.
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[0153] Pharmaceutical compositions suitable for injectable
use include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For
intravenous administration, suitable carriers include physi-
ological saline, bacteriostatic water, Cremophor EL™
(BASF, Parsippany, N.J.) or phosphate buffered saline (PBS).
In all cases, the composition must be sterile and should be
fluid to the extent that easy syringeability exists. It must be
stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of micro-
organisms such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene glycol, and
liquid polyethylene glycol, and the like), and suitable mix-
tures thereof. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dis-
persion and by the use of surfactants. Prevention of the action
of microorganisms can be achieved by various antibacterial
and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for example,
sugars, polyalcohols such as manitol, sorbitol, sodium chlo-
ride in the composition. Prolonged absorption of the inject-
able compositions can be brought about by including in the
composition an agent which delays absorption, for example,
aluminum monostearate and gelatin.

[0154] Sterile injectable solutions can be prepared by
incorporating the active compound in the required amount in
an appropriate solvent with one or a combination of ingredi-
ents enumerated above, as required, followed by filtered ster-
ilization. Generally, dispersions are prepared by incorporat-
ing the active compound into a sterile vehicle that contains a
basic dispersion medium and the required other ingredients
from those enumerated above. In the case of sterile powders
for the preparation of sterile injectable solutions, methods of
preparation are vacuum drying and freeze-drying that yields a
powder of the active ingredient plus any additional desired
ingredient from a previously sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an
edible carrier. They can be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated
with excipients and used in the form of tablets, troches, or
capsules. Oral compositions can also be prepared using a fluid
carrier for use as a mouthwash, wherein the compound in the
fluid carrier is applied orally and swished and expectorated or
swallowed. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of the com-
position. The tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or compounds of a
similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel,
or corn starch; a lubricant such as magnesium stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweet-
ening agent such as sucrose or saccharin; or a flavoring agent
such as peppermint, methyl salicylate, or orange flavoring.
[0155] For administration by inhalation, the compounds
are delivered in the form of an aerosol spray from pressured
container or dispenser which contains a suitable propellant,
e.g., a gas such as carbon dioxide, or a nebulizer.
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[0156] Systemic administration can also be by transmu-
cosal or transdermal means. For transmucosal or transdermal
administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are
generally known in the art, and include, for example, for
transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or supposito-
ries. For transdermal administration, the active compounds
are formulated into ointments, salves, gels, or creams as gen-
erally known in the art.

[0157] The compounds can also be prepared in the form of
suppositories (e.g., with conventional suppository bases such
as cocoa butter and other glycerides) or retention enemas for
rectal delivery.

[0158] In one embodiment, the active compounds are pre-
pared with carriers that will protect the compound against
rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated
delivery systems. Biodegradable, biocompatible polymers
can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic
acid. Methods for preparation of such formulations will be
apparent to those skilled in the art. The materials can also be
obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal antibod-
ies to viral antigens) can also be used as pharmaceutically
acceptable carriers. These can be prepared according to meth-
ods known to those skilled in the art, for example, as
described in U.S. Pat. No. 4,522,811.

[0159] In some embodiments, oral or parenteral composi-
tions are formulated in dosage unit form for ease of adminis-
tration and uniformity of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary
dosages for the subject to be treated; each unit containing a
predetermined quantity of active compound calculated to pro-
duce the desired therapeutic effect in association with the
required pharmaceutical carrier. The specification for the dos-
age unit forms of the invention are dictated by and directly
dependent on the unique characteristics of the active com-
pound and the particular therapeutic effect to be achieved, and
the limitations inherent in the art of compounding such an
active compound for the treatment of individuals.

[0160] The nucleic acid molecules of the invention can be
inserted into vectors and used as gene therapy vectors. Gene
therapy vectors can be delivered to a subject by, for example,
intravenous injection, local administration (see, e.g., U.S. Pat.
No. 5,328,470) or by stereotactic injection (see, e.g., Chen, et
al,, 1994. Proc. Natl. Acad. Sci. USA 91: 3054-3057). The
pharmaceutical preparation of the gene therapy vector can
include the gene therapy vector in an acceptable diluent, or
can comprise a slow release matrix in which the gene delivery
vehicle is imbedded. Alternatively, where the complete gene
delivery vector can be produced intact from recombinant
cells, e.g., retroviral vectors, the pharmaceutical preparation
can include one or more cells that produce the gene delivery
system.

[0161] Sustained-release preparations can be prepared, if
desired. Suitable examples of sustained-release preparations
include semipermeable matrices of solid hydrophobic poly-
mers containing the antibody, which matrices are in the form
of shaped articles, e.g., films, or microcapsules. Examples of
sustained-release matrices include polyesters, hydrogels (for
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example, poly(2-hydroxyethyl-methacrylate), or poly(viny-
lalcohol)), polylactides (U.S. Pat. No. 3,773,919), copoly-
mers of [-glutamic acid and y ethyl-L-glutamate, non-de-
gradable ethylene-vinyl acetate, degradable lactic acid-
glycolic acid copolymers such as the LUPRON DEPOT™
(injectable microspheres composed of lactic acid-glycolic
acid copolymer and leuprolide acetate), and poly-D-(-)-3-
hydroxybutyric acid. While polymers such as ethylene-vinyl
acetate and lactic acid-glycolic acid enable release of mol-
ecules for over 100 days, certain hydrogels release proteins
for shorter time periods.

The pharmaceutical compositions can be included in a con-
tainer, pack, or dispenser together with instructions for
administration.

[0162] The invention will be further described in the fol-
lowing examples, which do not limit the scope of the inven-
tion described in the claims.

Example 1

Identification of HECA-452-Reactive Membrane
Glycoproteins on Human Hematopoietic Cells

[0163] SDS-PAGE and Western blot analysis of HECA-
452-reactive epitope(s) was performed on membrane pro-
teins from various human hematopoietic cell lines.

[0164] Cell Preparatation

[0165] Human hematopoietic cell lines (KGla, HL6O,
RPMI-8402 and K562) and the BM endothelial cell line
BMEC-1 (Candal et al, 1996) were propagated in
RPM11640/10% FBS/1% penicillin-streptomycin (Life
Technologies, Inc., Grand Island, N.Y.). Fresh circulating
leukemia blasts were isolated by Ficoll-Hypaque (1.077-1.
0800 g/ml) (ICN Biomedicals, Inc;, Aurora, Ohio) density
gradient centrifugation from the peripheral blood of patients
where they represented >80% of all circulating leukocytes.
Normal human BM cells were extracted from vertebral bod-
ies of cadaveric organ donors obtained with consent of donor
families and through the cooperation of the New England
Organ Bank (Newton, Mass.). BM mononuclear cells were
isolated by Ficoll-Hypaque (1.077-1.0800 g/ml) density gra-
dient centrifugation. BM cells were separated into CD34+
and lineage+/CD34- subpopulations using a negative cell
selection StemSep™ human progenitor enrichment column
(StemCell Technologies, Inc., Vancouver, BC Canada) or,
alternatively, using positive selection for CD34+ cells or for
other subpopulations of bone marrow cells (monocytes (CD
14+), granulocytes (CD 15+), B cells (CD1 9+) or T cells
(CD3+)) by immunomagnetic beading separation (Miltenyi
Biotec, Auburn, Calif.). CD34+/CD44+, CD34+/CD44- and
CD34-/CD44+ cell populations were isolated by cell sorting
on a MoFlo apparatus (Cytomation) using fluorochrome-
conjugated anti-CD34 moAb (HPCA-2) (Becton-Dickinson)
and anti-CD44 moAb (Hermes-1) (a gift from Dr. Brenda
Sandmaier, Fred Hutchinson Cancer Research Center).
[0166] SDS-PAGE and Western Blots

[0167] Membrane preparations of HPCs were isolated as
previously described (Sackstein and Dimitroff, 2000). For
SDS-PAGE and Western blotting, membrane preparations
were diluted in reducing sample buffer and separated on 6-9%
SDS-PAGE gels. Where indicated, membrane proteins were
also treated with N-glycosidase F (Roche Molecular Bio-
medicals) (8 U/ml for 24 hr) or Vibrio cholerae neuramini-
dase (Roche Molecular Biochemicals) (0.1 U/ml H/H/Ca++
for 1 hr at 37° C.) as previously described (Sackstein and
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Dimitroff, 2000). Resolved membrane proteins were trans-
ferred to Sequi-Blot™ PVDF membrane (Bio-Rad, Inc., Her-
cules, Calif.) and blocked with PBS/Tween-20/20% FBS for
1 hr at 4° C. Blots were incubated with rat moAb HECA-452
(Pharmingen, San Diego, Calif.) (1.2 ug/ml PBS) or anti-
PSGL-1 moAb 4H10 (Genetics Institute) for 1 hr at RT.
Isotype control immunoblots using either rat 1 gM or mouse
IgG were performed in parallel to evaluate non-specific reac-
tive proteins. After 3 washes with PBS/0.1% Tween-20, blots
were incubated with either AP-conjugated rabbit anti-rat 1
gM Abs (1:400) or AP-conjugated goat anti-mouse IgG
(1:8000) depending on the primary Ab. AP substrate, Western
Blue® (Promega, Madison, Wis.), was then added to develop
the blots.

[0168] As illustrated in FIG. 1A, numerous and distinct
HECA-452-reactive bands were detected on SDS-PAGE of
membrane protein isolated from KGla cells. Despite 10-fold
less KGla membrane protein loaded for analysis in these
blots compared with that of HL60O, RPMI-8402 or K562
cellular membrane protein, KGla cells contained markedly
more HECA-452 staining displayed on several component
protein bands. Only one broad band of approximately 140
kDa was detected on HL60 cells, which corresponded to the
monomer species of PSGL-1 by immunoblot (FIG. 1A).
There were no HECA-452-reactive membrane proteins from
RPMI-8402 or K562 cells even though PSGL-1 was detected
on Western blots of these cells by using anti-PSGL-1 anti-
body, 4H10 (Dimitroff et al., 2000). This finding suggested
that these cells lacked the appropriate HECA-452 binding
epitope and, at minimum, the E-selectin binding species of
PSGL-1.

Example 2

Assessment of E-Selectin Binding of Human
Hematopoietic Cells Under Defined Shear Flow
Conditions

[0169] To examine whether HECA-452 expression by
human hematopoietic cell lines correlated with E-selectin
ligand activity, parallel-plate flow chamber studies were per-
formed to assess E-selectin binding under defined shear flow
conditions.

[0170] Utilizing Cell Monolayers

[0171] E-selectin-mediated adhesive interactions, under
defined shear stress, were examined between hematopoietic
cell monolayers and suspensions of CHO-E (Chinese hamster
ovary cells stably transfected with full-length cDNA encod-
ing human E-selectin) in flow. CHO-E and empty vector
constructs (CHO-Mock) were maintained in MEM 10% FBS/
1% Penicillin/Streptomycin (Life Technologies, Inc.) and
HAM’s F-12 (Cellgro, Inc.)/5% FCS/1% Penicillin/Strepto-
mycin, respectively. CHO-E cell tethering and rolling on
hematopoietic cell monolayers was visualized by video
microscopy in real time using the parallel-plate flow chamber.
Prior to experimentation, CHO-E cells were harvested with 5
mM EDTA, washed twice in HBSS and suspended at 1xiO7/
ml in HBSS/10 mM HEPES/2 mMCaCl, (H/H/CC). Nega-
tive control groups were prepared by either adding 5 mM
EDTA to the H/H assay buffer (to chelate Ca++ required for
binding), treating CHO-E cells with anti-E-selectin Abs
(clone 68-5H1 1; Pharmingen) (10 ug/ml), or using CHO-
empty vector transfectants (CHO-Mock cells). To prepare
hematopoietic cell monolayers >90% confluent, suspensions
of cells (KGla, HL60, K562, or RPMI 8402) at 2x106/ml
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RPMI1640 without NaBicarbonate/2% FBS were cytocen-
trifuged in 6-well plates at 5x106/well and then fixed in 3%
glutaraldehyde. Reactive aldehyde groups were blocked in
0.2M lysine, and plated cells were suspended H/H/Ca++. In
parallel, cells were also pretreated with either Vibrio cholerae
neuraminidase (0.1p/ml H/H/Ca++ for 1 hr at 37° C.) or
O-sialoglycoprotein endopeptidase (OSGE) (60 pg/ml H/H/
C++ for 1 hr at 37° C.; Accurate Chemicals, Westbury, N.Y.),
respectively. Cell monolayers were placed in the parallel-
plate flow chamber and CHO-E/Mock cells were perfused
into the chamber. After allowing the CHO-E or CHO-Mock
cells to come in contact with the cell monolayers, the flow rate
was adjusted to exert shear stress of 2.8 dynes/cm®. The
number of CHO-E/Mock cell rolling on each monolayer was
measured in one frame of five independent fields under 10x
magnification from multiple experiments. A minimum of 3
experiments was performed and results were expressed as the
meanzstandard deviation.

[0172] Alternatively, using freshly isolated human primary
BMEC cultured as previously described (Rafii et al., 1994),
BMEC from subcultures not older than passage 5 were
seeded at 105 cells/well in 6-well plates and, when 90-100%
confluent, stimulated with IL-1c. (40 U/ml) for 4 hr to upregu-
late the surface expression of E-selectin (expression of which
was measured by flow cytometric analysis). Live cultures
were then placed in the parallel-plate flow chamber and
hematopoietic cells (107/ml in H/H/Ca++) were perfused into
the chamber over the BMEC. Hematopoietic cell tethering
and rolling was visualized at 2.8 dynes/cm2. Non-IL-1o-
activated BMEC and IL-1a-activated BMEC treated with 10
ng/ml anti-E-selectin moAb (clone 68-5H11) served as con-
trols for assessing specificity of E-selectin-mediated adhe-
sion. Cellular rolling was quantified and expressed as
described above.

[0173] Utilizing Immobilized Immunoprecipitates.

[0174] CD44 was immunoprecipitated from untreated cell
lysates or from cell lysates treated with N-glycosidase-F (0.8
U/ml) Vibrio cholerae neuraminidase (0.1 U/ml) or a-L-fu-
cosidase (80 mU/ml), and PSGL-1 was immunoprecipitated
from untreated cell lysates as previously described (Sackstein
and Dimitroff, 2000; Dimitroff et al., 2000).

[0175] CD44 or PSGL-1 immunoprecipitates were spotted
onto plastic petri dishes, fixed in 3% glutaraldehyde and
incubated in 0.2M lysine to block unreactive aldehyde
groups, and then non-specific binding was prevented by incu-
bating in 100% FBS for 1 hr at RT. Fixed spots were also
treated with Vibrio cholerae neuraminidase (0.1 U/ml assay
medium), which was overlaid onto the spots and incubated at
37°C. for 1 hr. The protein dishes were placed in the parallel-
plate flow chamber and CHO-E, CHO-P (CHO stably trans-
fected with human cDNA encoding full length P-selectin),
CHO-P cells treated with function blocking anti-P-selectin
moADb (clone AK-4; Pharmingen) (10 ug/ml), CHO-E cells
treated with function blocking anti-E-selectin Abs (10 pg/ml)
(clone 68-5H1 1) or Mock transfectants were perfused into
the chamber (2x10°%ml H/H/Ca++) at a flow rate of 0.2
ml/min until the cells were in contact with the substrate. The
flow rate was then increased to achieve a shear stress of 2.8
dynes/cm®. The frequency of cells rolling per 100x magnifi-
cation field was determined, and data were expressed as the
meanzstandard deviation of 8 fields visualized from a mini-
mum of 3 experiments.

[0176] Tethering and rolling of Chinese hamster ovary cells
expressing high levels of E-selectin (CHO-E) was observed
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on glutaraldehyde-fixed monolayers of KGla and HL60 cells
at 2.8 dynes/cm? (FIG. 1B). Mock-transfected CHO cells
(CHO-mock) displayed no rolling. CHO-E cell rolling was
2-fold higher on KGla cells than on HL60 cells and was
completely inhibited by adding 5 mM EDTA to the assay
medium, by preincubating CHO-E cells with anti-E-selectin
Abs or by pretreating KGla or HL60 cells with Vibrio chol-
erae neuraminidase (which cleaves terminal sialic acids).
There was no E-selectin ligand activity on cell lines RPMI-
8402 and K562, whose membrane proteins did not contain
HECA-452 epitopes. Surprisingly, the E-selectin ligand
activity of KGla and HL60 cells was not inhibited by incu-
bating cells with HECA 452 at 50 ug/ml and was not abro-
gated by pretreatment with OSGE (FIG. 1B), though OSGE
bioactivity was confirmed by the disappearance of the OSGE-
sensitive epitope, QBEND-10, on KGla CD34 as measured
by flow cytometry.

[0177] To analyze the interaction between human HPCs
and naturally expressed E-selectin on cells of physiologic
importance, freshly isolated human BM microvascular endot-
helial cells (BMEC) were utilized. Under physiologic shear
flow conditions, KG1la and HL60 cell rolling on live mono-
layers of IL-1a-activated BMECs were observed. Consistent
with results from experiments using CHO-E cells to assess
HPC E-selectin ligand activity, KG1a cells possessed a 4-fold
greater capacity to roll on E-selectin on IL-la-activated
BMECs than HL60 cells, while RPMI-8402 and K562 cells
possessed minimal E-selectin ligand activity (FIG. 2). KGla
and HL60 cellular E-selectin ligand activities were not
observed on non-IL-1a-activated BMEC or on IL-1la-acti-
vated BMEC treated with a functional blocking anti-E-selec-
tin moAb.

Example 3

Assessment of E-Selectin Glycoprotein Ligands
from Human Hematopoetic Cells Using a Blot Roll-
ing Assay

[0178] To examine the E-selectin ligand activity of all
HECA-452-reactive KG1a membrane proteins, the adhesive
interactions under shear flow between selectin-expressing
whole cells and proteins immobilized on Western blots was
assessed (Dimitroff et al., 2000).

[0179] The blot rolling assay was performed as previously
described (Dimitroff et al., 2000). Briefly, CHO-E, CHO-P or
CHO-Mock transfectants were isolated as described above,
washed twice in HBSS and suspended at 10”/ml in HBSS/10
mM HEPES/2 mMCaCl, (H/H/Ca++)/10% glycerol. West-
ern blots of HPC membrane preparations stained with
HECA-452 were rendered transparent by incubating them in
H/H/Ca++/10% glycerol. The blots were then placed in the
parallel-plate flow chamber, and CHO transfectants (2x10%/
ml) were perfused into the chamber. After allowing the cells
to come in contact with the blotting membrane, the flow rate
was adjusted to exert a shear stress of 3.8 dynes/cm®. The
viscosity of 10% glycerol adhesion assay medium was con-
sidered in the calculation of shear stress values. The number
of cells rolling on and between each immunostained banding
region was quantified under 100x magnification within each
field of view on the video monitor using molecular weight
markers (Kaleidoscope Molecular Weight Markers, Bio-Rad
Lab.; See Blue® from Novex, Inc.) as guides to help align and
visualize the apparent molecular weights of the proteins of
interest. A minimum of 3 experiments was performed and
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results were expressed as the meanESD of cell rolling/field at
100x magnification. Negative controls were prepared by
either adding 5 mM EDTA to the CHO-E H/H assay buffer to
chelate Ca++ required for binding, pretreating CHO-E cells
with anti-E-selectin Abs (clone 68-5H1 1; 10 pg/ml) or by
assessing the ability of CHO-Mock cells to interact with the
immobilized proteins.

[0180] E-selectin ligand activity on HECA-452-stained
bands at 100, 120, 140, 190 and 220 kDa, but not at 74 kDa
(FIG. 3A) was observed. CHO-mock transfectants showed no
interactions with any bands. Specificity for E-selectin was
demonstrated by the abrogation of CHO-E cell rolling in the
presence of either 5 mM EDTA or anti-E-selectin functional
blocking Abs. On HL60 cells, CHO-E cell rolling was
observed only over the broad 140 kDa HECA-452-immun-
ostained band (i.e. PSGL-1/CLA). To determine whether
E-selectin binding determinants reside on N-glycans, KGla
membrane protein was treated with N-glycosidase-F. De-N-
1glycosylated proteins were resolved by SDS-PAGE and
analysed for HECA-452 reactivity and E-selectin ligand
activity. N-glycosidase-F treatment markedly diminished
HECA-452 staining (FIG. 3B) and also completely abolished
CHO-E cell rolling on all proteins on the blot, indicating that
all glycoprotein E-selectin binding determinants on KGla
cells are displayed exclusively on N-glycans.

Example 4
Identification and Characterization of HCELL

[0181] The expression of HECA-452 epitopes on the 98
kDa KGla membrane protein after sequential excisions from
SDS-PAGE gels of varying acrylamide percentage was fol-
lowed. After each round of SDS-PAGE purification, the 98
kDa protein maintained its capacity to support lymphocyte
rolling in the blot-based hydrodynamic flow assay. Following
three rounds of SDS-PAGE purification, a faint HECA-452
stained band was detected at ~190 kDa in addition to the 98
kDa band, suggesting that some aggregation of the 98 kDa
protein may have occurred ciuripg the isolation procedure.
The 98 kDa Coomassie-blue-stained gel fragment was then
submitted for mass spectrometry analysis of trypsin-digested
peptide fragments. The primary peptide map matched that of
the standard form of CD44 previously shown to be expressed
on KGla cells. Using monoclonal Abs against CD44 (mouse
IgG A3DS, or rat IgG Hermes-1) along with HECA-452, we
immunoblotted the purified 98 kDa band following the third
gel isolation with either HECA-452, A3D8 or Hermes-1
(FIG. 8). Each antibody detected the 98 kDa species as well as
the faint band at ~190 kDa, thought to represent aggregated
protein. Correlation between the HECA-452 and anti-CD44
monoclonal antibodies indicated that the KG1a glycoform of
CD44 contains the HECA-452 carbohydrate determinant(s).
[0182] To distinguish KGla cellular PSGL-1/CLA from
the other HECA-452-reactive bands, blots of immunoaffin-
ity-purified PSGL-1 and of total KGla membrane protein
were immunostained with either HECA-452 or anti-PSGL-1
(FIG. 3C). KG1a cells express both the monomer and dimer
isoforms of PSGL-1, which represented the 140 and 220 kDa
HECA-452-reactive proteins (FIG. 3C). Thus, the HECA-
452 reactive bands at 100, 120 and 190 kDa, which support
CHO-E cell rolling (FIG. 3A), corresponded to non-PSGL-1
proteins.

[0183] To determine whether N-glycan-specific modifica-
tions of CD44 confer the E-selectin ligand activity, immu-
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noaffinity-purified CD44 from KGla membrane proteins
were tested for its capacity to serve as an E-selectin ligand in
blot rolling assays. As shown in FIG. 3D, KGla CD44
showed HECA-452 reactivity and possessed E-selectin
ligand activity. Treatment of CD44 with N-glycosidase-F
markedly reduced HECA-452 reactivity and completely
abrogated CHO-E cell rolling (FIG. 3D). Exhaustive immu-
noprecipitation of CD44 (3 rounds) resulted in the disappear-
ance of stainable CD44 molecule at 100 kDa (Hermes-1
immunoblot and HECA-452 immunoblot) and of all E-selec-
tin ligand activity at the 100 kDa and 190 kDa bands (FIGS.
4A and 4B). Moreover, there was a 55% decrement in E-se-
lectin ligand activity at the 120 kDa band after three rounds of
immunoprecipitation (FIG. 4B). Notably, there was no dif-
ference in HECA-452 staining or in E-selectin ligand activity
of the 140 kDa monomer species of PSGL-1 after removal of
CD44.

[0184] To further explore the E-selectin ligand activity of
CD44, we directly immunoprecipitated CD44 from human
hematopoietic cell lines and analyzed CHO-E cell binding in
the parallel-plate flow chamber. While CD44 isolated from
human hematopoietic cell lines HL60, K562 and RPMI 8402
did not support any CHO-E cell rolling, KG1la CD44 exhib-
ited E-selectin ligand activity over a range of shear stress.
Significantly greater CHO-E cell rolling was observed on
untreated KGla CD44 than on N-glycosidase-F, on a-L-fu-
cosidase-treated KGla CD44, on Vibrio cholerae neuramini-
dase-treated KGla membrane protein or on isotype Ab
immunoprecipitates (control) (FIG. 5A). In addition, com-
pared with a molecular equivalent amount of immunoprecipi-
tated KGla PSGL-1, CD44 showed markedly greater E-se-
lectin ligand activity at 2.8 dynes/cm?® (p<0.0001) (FIG.
5A). However, at a lower shear stress of 0.6 dynes/cm?,
CHO-E cell rolling on PSGL-1 was equivalent to that of
CD44. These data suggest that PSGL-1 and CD44 have over-
lapping contributions to E-selectin binding at low shear
stress, but that CD44 engagement with E-selectin predomi-
nates at higher physiologic shear stress. Of note, CHO cells
transfected with P-selectin rolled on KGla PSGL-1, but not
on KGla CD44 (FIG. 5B), indicating that CD44 is not a
P-selectin ligand (FIG. 5B). In all experiments, negative con-
trol CHO cells (CHO-mock transfectants and CHO-E or
CHO-P cells treated with respective function blocking anti-
B- or P-selectin moAbs) did not tether and roll on any pro-
teins.

[0185] To determine whether CD44 naturally-expressed on
normal human HPCs functions as an E-selectin ligand, we
investigated the distribution of HECA-452-reactivity and
E-selectin ligand activity of CD44 expressed on early CD34+
cells and more mature (CD34-/lineage+) human BM cells
(including populations enriched for monocytes (CD14+),
granulocytes (CD 15+), and lymphocytes (B cells (CD19+)
and T cells (CD3+)). Suprisingly, athough SDS-PAGE of
Hermes-1 immunoprecipitates of KGla cells reveals three
bands (100, 120 and 190 kDa), only a single 100 kDa CD44
was immunoprecipitated from both CD34+ and lineage+/
CD34- cells, and only CD44 from CD34+ cells stained with
HECA-452 and functioned as an E-selectin ligand (FIG. 6A).
Similar results were obtained whether CD34+ cells were
enriched by negative selection or by positive selection. Even
when 10-fold excess lineage+ cell membrane protein was
utilized for CD44 immunoprecipitation, there was still nei-
ther HECA-452-staining of CD44 nor E-selectin ligand activ-
ity of CD44 (FIG. 6A). Moreover, immobilized on plastic;
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CD44 immunoprecipitated only from CD34+/CD44+ cells
supported CHO-E cell rolling whereas immunoprecipitated
CD44 from CD34- cells did not possess any E-selectin ligand
activity.

[0186] To further analyze the expression and structure of
HECA-452-reactive CD44 on human hematopoietic cells,
expression of HCELL on native leukemic blasts was evalu-
ated. Four major HECA-452 stained bands were detected (74,
100, 140 and 190 kDa) from leukemic blasts of an acute
myelogenous leukemia (AML) (subtype M5) (FIG. 6B).
HECA-452-staining was completely eliminated in the 100
kDa region following N-glycosidase-F treatment, while the
74 and 140 kDa bands had persistent staining and the 100 kDa
band stained at an apparently reduced molecular weight (FIG.
6B). When immunoprecipitated CD44 from AML (M5)
membrane protein was treated with N-glycosidase-F, the
HECA-452-reactivity as well as the E-selectin ligand activity
was completely abolished (FIG. 6C). Similar to immunopre-
cipitated KGla CD44, AML (M5) CD44 displayed a minor
isoform at 120 kDa detected by HECA-452, but the major
band and biologically active protein was the 100 kDa CD44
isoform. CD44 was also immunoprecipitated from blasts of
an undifferentiated AML (MO), an AML without maturation
(M1) and an atypical chronic myelogenous leukemia (CML)
(ber/abl-). Of note, expression of the HECA-452-reactive
epitopes on immunoprecipitated CD44 directly correlated
with the ability to support CHO-E cell rolling (FIG. 6D). The
expression of CD44 (Hermes-1 moAb) on these leukemias
was equivalent (>90% positive cell staining by flow cytom-
etry), further indicating that the ability to interact with E-se-
lectin was dependent on the elaboration of HECA-452-reac-
tive glycosylations. Moreover, since CD44 is also expressed
on non-hematopoietic cells, we analyzed CD44 expressed on
the human BM endothelial cell line BMEC-I. Though
BMEC-1 expressed high levels of CD44 (FIG. 6E), CD44
from these cells was not HECA-4S2-reactive and did not
possess any E-selectin ligand activity (FIG. 6D).

Example 5

Assessment of L-Selectin Glycoproetin Ligands
from Human He Matopoetic Cells Using a Blot Roll-
ing Assay

[0187] To examine the L-selectin ligand activity of all
HECA-452-reactive KGla membrane glycoproteins, the
adhesive interation under shear flow between selectin-ex-
pressing while cells and protein immobilized on Western
Blots was assessed.

[0188] L-selectin-expressing lymphocytes were isolated as
previously described (Oxley, S. M. & Sackstein, R. (1994).
Blood. 84:3299-3306; Sackstein, R., Fu, L. and Allen, K. L.
(1997) Blood. 89:2773-2781), washed twice in HBSS and
suspended at 2x107/ml in HBSS/10 mM HEPES/2 mMCaCl,
(H/H/Ca)/10% glycerol. Cell lysate material is separated by
SDS-PAGE and transferred to PVDF under standard blotting
conditions. Western blots of KGla membrane preparations
stained with HECA-452, A3D8 or Hermes-1 were rendered
transparent by incubating them in H/H/Ca**/10% glycerol.
To study L-selectin-mediated adhesive interactions, the blots
were placed in the parallel plate flow chamber and lympho-
cytes were perfused into the chamber at a shear force of 2.3
dynes/cm? and cellular adhesive interactions are observed by
video microscopy and analyzed in real time.
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[0189] The number of lymphocytes rolling on and between
each immunostained banding region was quantified from five
independent fields under 200x magnification on the video
monitor using molecular weight markers as guides to help
align and visualize the proteins of interest. A minimum of 3
experiments were performed, and results were expressed as
the mean of cell rolling/field. Negative controls were pre-
pared by either adding 5 mM EDTA to the lymphocyte H/H
assay buffer to chelate Ca++ required for binding, by using
lymphocytes treated with PMA (50 ng/ml, which induces the
cleavage of L-selectin (Oxley, S. M. & Sackstein, R. (1994).
Blood. 84:3299-3306)), or by treating the lymphocytes with
functional blocking anti-L-selectin MoAbs (10 pg/ml) to
verify the sole contribution of L-selectin.

[0190] Western blots of KGla membrane proteins that
were immunostained with HECA-452. (Oxley, S. M. & Sack-
stein, R. (1994). Blood. 84:3299-3306; Sackstein, R., Fu, L.
and Allen, K. L. (1997). Blood. 89:2773-2781) were perfused
over the blots to assess for L-selectin ligand 9' activity on
resolved immunostained bands. Shear-dependent lympho-
cyte tethering and rolling (at shear force of 2.3 dynes/cm?) on
HECA-452-stained bands of 98, 120 and 130 kDa that was
L-selectin-dependent was observed. To verify that the shear-
dependent lymphocyte tethering and rolling was L-selectin
dependent, the assay was also performed in the presence of 5
mM EDTA, and by pretreating the lymphocytes with either
anti-L-selectin blocking monoclonal Abs or PMA (FIG. 7 D).
There was no L-selectin ligand activity displayed by any
non-HECA-452-stained areas of the blot (FIG. 7 D). The
HECA-452-stained 98 kDa band displayed the greatest L-se-
lectin ligand activity (as much as 6-fold higher compared to
other bands), and this band is also the major N-glycan-bear-
ing protein expressed on KGla cells (FIG. 7C). Several of the
HECA-452 reactive KG1la bands did not possess L-selectin
ligand activity suggesting that the structural modification(s)
associated with these HECA-452 reactive proteins was not
sufficient for L-selectin ligand activity. L-selectin ligand
activity was absent on Western blots of HL60, K562 and
RPMI 8402 membrane proteins, despite evidence of HECA-
452-reactive bands. HECA-452-staining did not interfere
with L-selectin-mediated lymphocyte adherence to the rel-
evant immobilized KGla proteins in hydrodynamic flow
assays of Western blots.

Example 6

L-Selectin Ligand Activity of Immunoprecipitated
KGla CD44 (HCELL)

[0191] Immunoblots of KGla CD44 in total KGla cell
lysate using Hermes-1 moAb showed a 98 kDa band, as well
as 120 and 130 kDa bands which may reflect isoforms that
were previously designated as CD44R2 and CD44R1, respec-
tively (FIG. 9) (Dougherty, G. J., Lansdorp, P. M., Cooper, D.
L. & Humphries, R. K. (1991). J. Exp. Med. 174:1-5). A faint
signal at 190 kDa that was detected by Hermes-1 and A3DS,
which may reflect a chondroitin sulfate-modified form of
CD44 (FIG. 9) (Jalkanen, S. T., Jalkanen, M., Bargatze, R.,
Tammi, M., & Butcher, E. C. (1988). J. Immunol. 141:1615-
1623). To directly analyze whether this CD44 glycoform
exhibited L-selectin ligand activity, KGlaCD44 from KGla
cells was immunoprecipitated with Hermes-1 moAb and then
performed blot rolling assays on immunoblots of CD44
stained with either Hermes-1 or HECA-452. Surprisingly,
Hermes-1-immunoprecipitated CD44 that was then immuno-
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blotted with Hermes-1 displayed only the 98 kDa and 190
kDa species, but not the 120 and 130 kDa species. On the
other hand, Hermes-1 immunoprecipitated CD44 that was
immunoblotted with HECA-452 illustrated not only the 98
kDa species, but also 120, 130 and 190 kDa species (FIG. 9).
In all cases though, only the HECA-452-reactive, Hermes-1-
reactive 98 kDa protein supported L-selectin ligand interac-
tions (FIG. 9).

Example 7

Dependence of N-Glycosylation for L-Selectin
Ligand Activity and for Immunodetection by HECA-
452

[0192] To examine the dependence of L-selectin ligand
activity on N-glycosylation, immunoprecipitation of KGla
CD44 with Hermes-1 was also performed on KGla mem-
brane proteins pretreated with N-glycosidase-F. As depicted
in FIG. 10A, N-glycosidase-F treatment completely elimi-
nated HECA-452 staining of the 98 kDa species and abol-
ished all L-selectin-mediated lymphocyte tethering and roll-
ing on the blot. Ligand activity over all molecular weight
ranges in the N-glycosidase-F-treated sample was assessed
and some change in molecular weight with de-N-glycosyla-
tion of the glycoprotein was observed. Following de-N-gly-
cosylation, there were no bands demonstrating L-selectin
ligand activity.

[0193] To further analyze the L-selectin ligand activity of
CD44, we performed Stamper-Woodruff assays using immu-
noprecipitated CD44 or isotype control (rat IgG) immunopre-
cipitates of KGla cells that was spotted onto glass slides as
described (Sackstein, R. & Dimitroff, C. J. (2000). Blood. 96,
2765-2774). Assays utilizing Vibrio cholerae neuraminidase-
treated CD44, anti-L-selectin moAb (HRL-1 for rat lympho-
cytes; LAM1-3 for human lymphocytes)-treated lympho-
cytes, or 5 mM EDTA co-incubation served as negative
controls. Immunoprecipitated, KGla CD44 supported L-se-
lectin-mediated lymphocyte adherence (362+15 bound cells/
field, 5 fields counted, 3 slides per experiments, 2 experi-
ments), whereas no binding was observed with isotype
control immunoprecipitate or with neuraminidase-treated
immunoprecipitated KGla CD44 or EDTA/anti-L-selectin
Ab treatments (<10 cells bound cells/field). HECA-452 did
not block lymphocyte adherence to isolated KGla CD44,
intact KGla cells or to KGla membrane proteins, despite
input concentrations as high as 100 pg/ml. These results cor-
roborated and confirmed the data from the parallel-plate flow
chamber studies described above.

Example 8

KG1la CD44 (HCELL) Functions as an L-Selectin
Ligand in Freshly Isolated Human Hematopoietic
Cells

[0194] HCELL activity within normal marrow mono-
nuclear cells was examined by Stamper-Woodruff assays of
sorted populations of CD34+/CD44+, CD34+4/CD44-,
CD34-CD44+ and CD34-CD44- cells. HCELL activity was
absent on all CD44- subsets, but was present on >80% of
CD34+4/CD44+ cells and only ~1% of CD34-CD44+ cells.
Because biochemical studies of CD44 on normal human
CD34+ bone marrow cells were limited by the difficulties in
acquiring sufficient quantities of cells for such analysis, the
HCELL activity of CD44 isolated from blasts known to
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express HCELL activity was examined (Sackstein, R. &
Dimitroff, C. J. (2000). Blood. 96, 2765-2774). Blasts from
eleven leukemias: nine myelocytic (two undifferentiated.
(MO), two without maturation (M1), one with maturation
(M2), two myelomonocytic (M4) and two monocytic (M5)),
one acute lymphocytic (pre-B) and one biphenotypic were
analyzed. With exception of one MO, all leukemic blasts
displayed HCELL activity. The L-selectin ligand activity of
CD44 isolated from blasts of five of leukemias described
above: one MO shown to lack HCELL activity and the others
with HCELL activity (the biphenotypic leukemia, the other
MO, an M4, and an M5) was analazed. In blot rolling assays
of total membrane protein, lymphocyte tethering and rolling
was observed over a 98 kDa band in all leukemias expressing
HCELL, but no rolling was observed on any membrane pro-
tein from the MO lacking HCLL activity. CD44 was immu-
noprecipitated from each of these cells, and, similar to CD44
from KGla cells, the predominant isoform was a 98 kDa
species. A representative example of these data, from an M4
leukemia, is shown in FIG. 10B. The requirement of N-gly-
cosylated structures on CD44 for HECA-452 reactivity and
L-selectin ligand activity was verified by pretreating the leu-
kemia membrane proteins with N-glycosidase-F (FIG. 10B).
Conversely, though the HCELL(-) MO blasts possessed
equivalent CD44 to that of the HCELL(+) leukemia speci-
mens (as determined by flow cytometry and by Western blot-
ting using Hermes-1 Ab,), CD44 from these cells was not
HECA-452-reactive and did not exhibit L-selectin ligand
activity. Taken together, these observations indicated that the
CD44 glycoform exhibiting HCELL activity was not aunique
feature of the KGla cell line, but represented a physiologic
modification of CD44 present in blasts of some subsets of
human leukemias. These observations added further evidence
that component of N-glycans expressed on CD44.

Example 9

L-Selectin Ligand Activity of KGla CD44 is Inde-
pendent of Sulfation

[0195] To determine if CD44 on KGla cells is sulfated,
KG1la cell cultures were metabolically labeled with [>°S]-
SO,. CD44 immunoprecipitated from these cells was indeed
sulfated (FIG. 11A). To test whether sulfation was critical for
L-selectin ligand activity of CD44, KGla cells were pre-
treated with 0.1% bromelain, a protease that eliminates all
KG1aHCLL activity (Sackstein, R. & Dimitroff, C. J. (2000).
Blood. 96, 2765-2774) and also removes CD44 from the cell
surface (Hale, L. P. & Haynes, B. F. (1992). J. Immunol
149:3809-3816). Following bromelain digestion of KGla,
re-expression of HCELL requires de novo protein synthesis,
and protein synthesized in the presence of chlorate (a meta-
bolic inhibitor of both protein and carbohydrate sulfation) is
non-sulfated (Sackstein, R., Fu, L. and Allen, K. L. (1997).
Blood. 89:2773-2781). Therefore, KGla was treated with
bromelain and confirmed removal of CD44 by flow cytom-
etry. The KG1la cells were cultured in the absence or presence
of 10 mM sodium chlorate for 24 hr and metabolically radio-
labeled the cells for the last 8 hr of incubation with [*°S]-SO,
in sulfate-deficient CRCM-30 medium. As illustrated in FIG.
11A, the incorporation of [**S]-SO,, into immunoprecipitable
CD44 (Hermes-1) was completely inhibited in chlorate-
treated cells. This effect of chlorate was specific for sulfate
incorporation and not a general inhibition of CD44 protein

Aug. 4, 2011

synthesis, as [**>S]-methionine/cysteine metabolic radioloa-
beling of CD44 was identical in chlorate- and non-chlorate-
treated cell populations.

[0196] Blot rolling assays were then performed on CD44
immunoprecipitated from control and chlorate-treated cells.
The L-selectin ligand activity of sulfated and non-sulfated
CD44 (FIG. 11B). These experimental data confirmed the
results of our previous studies that demonstrate the sulfation-
independence of HCLL activity (Sackstein, R., Fu, L. and
Allen, K. L. (1997). Blood. 89:2773-2781). Surprisingly, rec-
ognition of sulfate-free CD44 with HECA-452 was not pre-
vented (FIG. 11B). These data show that sulfation was not a
critical feature of the epitope on KG1la CD44 recognized by
the HECA-452 monoclonal antibody.

Example 10

Differential L-Selectin Bonding Activities of Human
Hematopoietic Cell L-Selectin Ligands, HCELL and

PSGL-1
[0197] A. General Methods
[0198] Cell, Antibodies and Enzymes Human hematopoi-

etic cell lines KGla (myelocytic leukemic, HCELL+/PSGL-
1+4), HL60 (promyelocytic leukemia, HCELL—/PSGL-1+),
RPMI 8402 (lymphocytic leukemia, HCELL-/PSGL-1+)
and K562 (erythrocytic leukemia, HCELL-/PSGL-1-), and
circulating blasts from a de novo acute myeloid leukemia
(AML) without maturation (M1) (HCELL*/PSGL-1") were
maintained in RPMI-1640/10% FBS/1% Penicillin-Strepto-
mycin (Life Technologies, Inc.). Chinese hamster ovary
(CHO) cells transfected with full length cDNA encoding
P-selectin (CHO-P; clone E4I) and CHO-empty vector
(CHO-Mock) were obtained from Robert C. Fuhlbrigge (Har-
vard Medical School), and maintained in MEM/10% FBS/1%
Penicillin/Streptomycin  (Life Technologies, Inc.) and
HAM’s F-12/5 mM Glutamine/5% FCS/1% Penicillin/Strep-
tomycin. Human lymphocytes (PBMC) were prepared from
whole blood as previously described (Oxley, S. M. and Sack-
stein, R. (1994) Blood 84(10), 3299-3306). Rat thoracic duct
lymphocytes (TDL) that express high levels of L-selectin,
which functions identically to human lymphocyte L-selectin,
were obtained by cannulation of the rat thoracic duct as pre-
viously described (Oxley, S. M. and Sackstein, R. (1994)
Blood 84(10), 3299-3306). Human neutrophils were pre-
pared from peripheral whole blood, collected in acid citrate
buffer/0.6% dextran and red cells were allowed to separate
under gravity for 30 min. at RT. Leukocyte rich plasma was
diluted 1:1 with PBS without Ca*™*/Mg** and granulocytes
were pelleted by Ficoll-Hypaque (1.077-1.0800 g/ml) den-
sity gradient centrifugation. To lyse residual red cells in cell
pellets, cells were exposed to hypotonic solution for 30 sec.
and then neutralized with hypertonic NaCl. This procedure
resulted in a >98% enrichment of granulocytes. Circulating
leukemic blasts from a patient with an acute myeloid leuke-
mia without maturation (M1) were isolated by Ficoll-Hy-
paque (1.077-1.0800 g/ml) density gradient centrifugation
from peripheral blood.

[0199] Anti-PSGL-1 monoclonal Ab PL-1 and PL-2,
FITC-anti-CD45, and anti-CD34 QBEND Abs were pur-
chased from Coulter-Immunotech, Marseilles, France. Anti-
PSGL-1 monoclonal Ab PSL-275 was a gift from Dr. Ray
Camphausen (Genetics Institute, Cambridge, Mass.). Anti-
sialyl Lewis X monoclonal Ab (CSLEX-1), anti-CD44 (clone
L178) and anti-CD43 antibodies were purchased from Bec-
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ton Dickinson, San Jose, Calif. Anti-CD44 moAb Hermes-1
(rat 1gG2a) was originally characterized by Jalkanen et al.
(Jalkanen, S. T., Bargatze, R. F., Herron, L. R. and Butcher, E.
C. (1986) Eur. J. Immunol. 16, 1195-1202). Rat monoclonal
Ab anti-human CLA (HECA-452), anti-rat L-selectin (HRL-
1; ligand blocking antibody), anti-human P-selectin (clone
AK-4) and anti-human [-selectin (LAM1-3) were purchased
from Pharmingen, San Diego, Calif. All fluorochrome-con-
jugated secondary antibodies and isotype controls were
obtained from Zymed, San Francisco, Calif.

[0200] OSGE was purchased from Accurate Chemicals,
Westbury, N.Y., and Vibrio cholera neuraminidase and N-gly-
cosidase-F was obtained from Roche Molecular Biochemi-
cals, Indianapolis, Ind. Cobra venom metalloprotease,
mocarhagin (Spertini, O., Cordey, A. S., Monai, N., Giuffre,
L. and Schapira, M. (1996) J. Cell Biol. 135(2), 523-531; De
Luca, M., Dunlop, L. C., Andrews, R. K., Flannery, I. V.,
Ettling, R., Cumming, D. A, Veldman G. M. and Berndt, M.
C. (1995) J. Biol. Chem. 270(45), 26734-26737), was a gift
from Dr. Ray Camphausen (Genetics Institute, Cambridge,
Mass.). The metabolic inhibitor, tunicamycin, and all other
chemicals were purchased from Sigma, Inc. (St. Louis, Mo.).

Flow Cytometric Analysis. Flow cytometric analysis was per-
formed on human HCs utilizing both direct and indirect
immunofluorescence staining approaches. All cells utilized
for these experiments were washed twice with cold PBS/2%
FBS, suspended at 107/ml PBS/1% FBS. Primary antibodies,
anti-CLA, -CDI15s, -CD34, -CD43, -CD44, -CDG62L,
-PSGL-1 (PSL-275, and PL-1) along with the appropriate
isotype-matched control antibodies were incubated with the
cells for 30 min. on ice. Following two washes with PBS/2%
FBS, cells were resuspended in PBS/1% FBS and incubated
with respective fluorochrome-conjugated secondary antibod-
ies (2 ul) for 30 min. on ice. Cells were washed twice with
PBS/2% FBS, resuspended in PBS and flow cytometry was
performed on a FACScan apparatus equipped with an argon
laser tuned at 488 nm (Becton Dickinson).

Radiolabeling of Human HC Membrane Proteins, SDS-
PAGE and Western Blotting. Cell cultures (1-2x10° cells/ml)
were incubated with [*°S]EasyTag™.-L-Methionine (150
uCi/ml) (NEN™, Boston, Mass.) in RPMI-1640 medium
without methionine for 8 hr before membrane protein prepa-
ration. Membrane proteins were prepared as previously
described. For SDS-PAGE and Western blotting, membrane
preparations or immunoprecipitates were diluted in reducing
sample buffer and separated on 7% SDS-PAGE gels. For
autoradiography, gels resolving [**S]-labeled immunopre-
cipitates were dried and exposed to Kodak BioMax MR film
(Fisher Scientific) for 3 hr. For Western blotting, resolved
membrane proteins were transferred to Sequi-Blot™ PVDF
membrane (Bio-Rad, Inc., Hercules, Calif.) and blocked with
PBS/0.1% Tween-20/60% FBS for 2 hr at 4° C. Blots were
incubated with rat IgM anti-human CLA HECA-452 (1.2
pg/ml), rat IgG anti-human CD44 Hermes-1 (1 pg/ml) or
anti-human PSGL-1 Ab PL-2 (1 pg/ml) for 1 hr at RT. Isotype
control immunoblots using either rat IgM, rat IgG or mouse
1gG were performed in parallel to evaluate non-specific reac-
tive proteins. After three washes with PBS/0.1% Tween-20,
blots were incubated with the respective secondary Ab, AP-
conjugated rabbit anti-rat IgM Abs (1:400), goat anti-rat IgG
or goat anti-mouse IgG (1:8000) (Zymed Labs. Inc., San
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Francisco, Calif.). AP substrate, Western Blue® (Promega,
Madison, Wis.) was then added to develop the blots.

Hydrodynamic Parallel-Plate Flow Chamber Analysis

[0201] L-Selectin-Mediated Adhesive Interactions

[0202] Using the parallel-plate flow chamber under defined
shear stress conditions, L-selectin-mediated adhesive inter-
actions between human HCs and L-selectin naturally
expressed on leukocytes (awrence, M. B., MclIntire, L. V. and
Eskin, S. G. (1987) Blood 70(5), 1284-1290) was studied.
Leukocyte tethering and rolling on human HC monolayers
was visualized by video microscopy in real time using the
parallel-plate flow chamber prepared in the following man-
ner. Prior to experimentation, leukocytes were washed twice
in HBSS and then suspended at 10”/ml in HBSS/10 mM
HEPES/2 mMCaCl, (H/H/Ca*™). Negative control groups
were prepared by treating cells with PMA (50 ng/mlH/H/
Ca++ for 1 hr at 37° C.) to induce the cleavage of L-selectin
from the cell surface, by pretreating with moAb HRL-1 (10
ng/ml) to block L-selectin binding, or by incubating with 5
mM EDTA to chelate Ca*™* required for L-selectin binding. To
prepare human HC monolayers (100% confluent), suspen-
sions of HCs (KG1a, HL60, RPMI 8402, K562) at 2x10%ml
RPMI-1640 without Na+ Bicarbonate/2% FBS were seeded
in 6-well plates at 5x10%well, centrifuged to layer cells then
fixed in 3% glutaraldehyde. Reactive aldehyde groups were
blocked in 0.2M lysine, and plated cells were suspended
1-1/H/Ca**. To assess the dependence of binding by sialic
acid residues on L-selectin ligands, cells were pretreated with
Vibrio cholerae neuraminidase (0.1 U/ml H/H/Ca** for 1 hrat
37° C.). To examine the contribution of sialomucins (includ-
ing PSGL-1) and PSGL-1 alone, OSGE (60 pg/ml H/H/Ca*™
for 1 hr at 37° C.) or mocarhagin (10 ug/ml for 20 min at 37°
C.) treatments were performed, respectively. Furthermore,
since HCELL is expressed on KGla cells and sialylated
N-glycosylations on HCELL are critical for L-selectin ligand
activity (Sackstein, R. and Dimitroff, C. J. (2000) Blood 96,
2765-2774) the contribution of HCELL on KGla cells was
distinguished by first cleaving all of the sialic acid residues
from the cell surface with Vibrio cholerae neuraminidase (0.1
U/ml for 1 hr at 37° C.) and then incubating the cells with a
metabolic FIO inhibitor of N-glycosylation, tunicamycin (15
ng/ml for 24 hr at 37° C., 5% CO,), to prevent de novo
synthesis of N-glycans (i.e., HECA-452 epitopes on CD44/
HCELL). Neuraminidase pretreatment removed all of the
residual HCELL activity from the cell surface, and therefore,
this treatment approach allowed for the assessment of newly
synthesized HCELL on the cell surface. HC cytospin prepa-
rations were prepared in multi-well plates as described above.
The parallel-plate flow chamber was placed on top of the cell
monolayers and leukocytes were perfused into the chamber.
After allowing the leukocytes to contact the cell monolayers
atashear stress of 0.5 dynes/cm? (at which they do not engage
in adhesion events), we adjusted the flow rate accordingly to
exert shear stress from 1 to >30 dynes/cm?. The number of
leukocytes rolling in one frame of five independent fields
under 200x magnification at shear stress 0f 0.2, 0.4, 0.8, 2.2,
4.4, 8.8, 17.6 and 26.4 dynes/cm® were quantified. A mini-
mum of 3 experiments was performed over the entire range of
shear stress and results were expressed as the mean#standard
deviation.

[0203] P-selectin-Mediated Adhesive Interactions. In these
experiments, glutaraldehyde-fixed HC monolayers were pre-
pared in 6-well plates as described above, and, where indi-



US 2011/0189139 Al

cated, cells were pretreated with mocarhagin (10 ng/ml) for
30 min. and washed extensively with RPM11640 without Na+
Bicarbonate/2% FBS prior to fixation. To study P-selectin
adhesive interactions, confluent CHO cells stably expressing
full-length P-selectin (CHO-P) or empty vector (CHO-Mock)
were released from flasks with 5 mM EDTA, washed exten-
sively in H/H/Ca** and resuspended at 2x10%/ml for utiliza-
tion in the parallel-plate flow chamber. P-selectin expression
on CHO-P cells was confirmed by flow cytometric analysis.
Cell suspensions containing 5 mM EDTA or anti-P-selectin
moAbs (10 ug/ml for 30 min. on ice) were utilized as negative
controls to confirm calcium-dependent binding. Cells were
perfused into the chamber and allowed to fall onto cell mono-
layers before commencing the assessment of P-selectin adhe-
sionat0.2,0.4,0.8, and 2.2 dynes/cm?. Cellular tethering and
rolling was visualized at 100x magnification and quantified
and analyzed as described above.

Stamper-Woodruff Assay.

[0204] L-Selectin-Mediated Lymphocyte Adherence to
HCELL and to PSGL-1. Molar equivalents of immunoaffinity
purified HCELL or PSGL-1 (0.75 pg of reduced HCELL (100
kDa) and 1 pg of fully reduced PSGL-1 (140 kDa)) were
spotted onto glass slides and allowed to dry. These protein
spots were then fixed in 3% glutaraldehyde, unreactive alde-
hyde groups were blocked in 0.2M lysine and slides were kept
in RPMI-1640 without NaBicarbonate/2% FBS until ready
for testing. Lymphocytes (10”/ml RPMI-1640 without NaBi-
carbonate/5% FBS) were overlayed onto these fixed immu-
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[0205] L-Selectin-Mediated Lymphocyte Adherence to
Human HCs. For analysis of cellular L-selectin ligand activ-
ity of human HCs, cytospin preparations of KGla, HL60,
RPMI-8402 and K562 cells, and of de novo leukemia blasts
were fixed in 3% glutaraldehyde, blocked in 0.2M lysine and
overlayed with lymphocytes (107 cells/ml RPMI-1640 with-
out Na+ Bicarbonate/5% FBS) on an orbital shaker at 80 rpm
for 30 min. at 4° C. Slides were then carefully washed with
PBS, and bound lymphocytes were fixed in 3% glutaralde-
hyde. All assays included negative controls as described
above. Data were presented as the mean (+S.D.) number of
bound lymphocytes at 100x magnification from a minimum
of 5 fields/slide in duplicate slides from 3 separate experi-
ments.

[0206] B.HCELL is Capable of Engaging with L.-Selectin
Over a Wide Range of Shear Stress.

[0207] The goal of this study was to assess the capability of
HCELL and PSGL-1 on human HCs to support shear-depen-
dent L-selectin binding activity over a range of shear stress.
The L-selectin binding characteristics of each of these mol-
ecules were analyzed by performing shear-based adherence
assay systems using human HCs that expressed HCELL and/
or PSGL-1: KGla (HCELL+/PSGL-1+), HL60 (HCELL-/
PSGL-1+), RPMI 8402 (HCELL-/PSGL-1+), K562
(HCELL-/PSGL-1-) and a de novo acute myeloid leukemia
(AML) without maturation (M1) (HCELL*/PSGL-1*) (Table
2) (Oxley, S. M. and Sackstein, R. (1994) Blood 84(10),
3299-330: Sackstein, R., Fu, L. and Allen, K. L. (1997) Blood
89(8), 2773-2781; Sackstein, R. and Dimitroff, C. J. (2000)
Blood 96, 2765-2774.)

TABLE 1

Flow Cytomatric Analysis of Sialoglycoconjugates on Hematopoietic Cell Lines

Hematopoietic

Cell Lines!

% Positive Cell Staining*

CD15s CD34 CD43 CD44 CD45 PSGL-1 CLA CD62L

KGla (Myeloid)

b R R R R R b

K562 (Erythroid) - - 4+ o+ - - - -
RPM 8402 (Lymphoid) - B T e = o - +H++
HL-60 (Promeyloid) +++ R = S o T -

LAll gell lines were maintained in RPM1640/10% FBS/1% penicillin-streptomycin and grown to confluency (1-2
X 106/ml). Cells were then isolated, washed in PBS/2% FBS, suspended at 107/ml PBS/1% FBS and stained/
analyzed as described in the Materials and Methods.

*Percent positive cell staining indicates the number of cells that stain greater than negative control cell staining
(autofluorescence or FITC-conjugated secondary Ab alone groups). The percentages are represented as follows
- =0-19%, + = 20-39, ++ = 40-59%, +++ = 60-79% and ++++ = 80-100%

noprecipitates and incubated on an orbital shaker at 80 rpm
for 30 min. at 4° C. The number of adherent lymphocytes was
quantified by light microscopy using an ocular grid under
100x magnification (a minimum of 5 fields/slide, 2 slides/
experiment, and 3 separate experiments). Data were pre-
sented as the mean number of bound lymphocytes+standard
deviation. KGla CD34 and L-selectin control immunopre-
cipitates were also tested in this manner. To verify the depen-
dence for sialic acid, glutaraldehyde-fixed spots were treated
with Vibrio cholerae neuraminidase (0.1 U/ml RPMI-1640
without NaBicarbonate/2% FBS for 1 hr at 37° C.). In addi-
tion, to verify that cellular adhesion was dependent on L-se-
lectin, all assays included negative controls, in which lym-
phocytes were treated with PMA (50 ng/ml for 30 min at 37°
C.) or functional blocking antibodies (anti-rat-L-selectin
moAb HRL-1 or anti-human L-selectin moAb LAMI1-3; 10
pg/ml), or lymphocyte suspensions contained 5 mM EDTA.

[0208] Using the parallel-plate flow chamber under defined
hydrodynamic shear stress, L-selectin-mediated tethering
and rolling of leukocytes over glutaraldehyde-fixed human
HC monolayers was observed. All experiments included
negative controls to verify the sole contribution of L-selectin
in mediating cell-cell adherence. A shear stress threshold of
~0.5 dynes/cm?® was required for L-selectin-mediated adhe-
sive interactions in this system as previously demonstrated
(Lawrence, M. B., Kansas, G. S., Kunkel, E. J. and Ley, K.
(1997) J. Cell Biol. 136(3), 717-727; Finger, E. B., Puri, K.
D., Alon, R., Lawrence, M. B., von Andrian, U. H. and
Springer, T. A. (1996) Nature 379(6562):266-269.) (FIG.
12A). After reaching this level of shear stress, leukocyte
tethering and rolling was enumerated over a broad shear
stress range. L-selectin-dependent human lymphocyte and rat
TDL rolling on HL60 cells at a shear stress range of 0.4
dynes/cm® to a maximum of 10 dynes/cm® was observed
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(FIG. 12A). However, there was no evidence of lymphocyte
rolling on K562 cells, and, despite high PSGL-1 expression,
RPMI 8402 cells also did not display L-selectin ligand activ-
ity (FIG. 12A and Table 2). In contrast, L-selectin-mediated
human lymphocyte and rat TDL rolling on KG1a cell mono-
layers was observed at shear stress levels in excess of 26
dynes/cm®, whereas, on HL60 cells, human lymphocyte/TDL
rolling was absent past 17 dynes/cm? (FIG. 12A). In addition,
the frequency of rolling lymphocytes on KG1a cells was up to
a 5-fold greater over the entire range of shear stress that
supported L-selectin-mediated rolling on HL60 cells (FIG.
12A). The disparity between the high L-selectin ligand activ-
ity on KGla cells and low activity on HL60 cells was also
observed by using human neutrophils, which expressed
equivalent levels of L-selectin by flow cytometric analysis:
KGla cells supported 4-fold greater L-selectin-mediated
neutrophil rolling than that on HL60 cells (FIG. 12B). These
data show that KG1a cells possess greater capacity to support
L-selectin mediated leukocyte adherence over a broader
range of shear stress and that L-selectin natively expressed on
lymphocytes or on neutrophils exhibits comparable binding
activity to HCELL or to PSGL-1 expressed on human HCs.

[0209] To distinguish the contribution of PSGL-1 activity
from HCELL activity on KG1a cells, enzymatic digestion of
cells with OSGE or mocarhagin, or incubated cells with a
functional blocking Ab PL-1 that both render PSGL-1 inca-
pable of binding to L-selectin was performed (Spertini, O.,
Cordey, A. S., Monai, N., Giuffre, L. and Schapira, M. (1996)
J. Cell Biol. 135(2), 523-531; Guyer, D. A., Moore, K. L.,
Lyman, E. B., Schammel, C. M. G., Rogelj, S., McEver, R. P.
and Sklar, L. A. (1996) Blood 88, 2415-2421; Tu. L., Chen,
A., Delahunty, M. D., Moore, K. L., Watson, S. R., McEver,
R.P.and Tedder, T. F. (1996) J. Immunol. 157,3995-4004; De
Luca, M., Dunlop, L. C., Andrews, R. K., Flannery, I. V.,
Ettling, R., Cumming, D. A., Veldman G. M. and Berndt, M.
C.(1995)J. Biol. Chem. 270(45),26734-26737 14-16). Alter-
natively, to distinguish the contribution of HCELL activity on
KGla cells (which is expressed exclusively on sialylated
N-glycans), KG1la cells and blasts from the de novo leukemia
were pretreated with neuraminidase then incubated in tuni-
camycin. Accordingly, L-selectin ligand activity of KGla
cells was resistant to enzymatic digestion with OSGE or
mocarhagin, and PL-1 antibody treatments (Table 3). How-
ever, KGla L-selectin ligand activity was eliminated follow-
ing neuraminidase digestion, re-expression of ligand activity
was markedly reduced following tunicamycin treatment,
while ligand activity of cells treated with DMSO alone (con-
trol) returned to baseline levels (p<0.001) (Table 3). These
data show that N-glycan-dependent HCELL is the primary
mediator of L-selectin binding on KGla cells. In contrast,
L-selectin ligand activity of HL60 cells was completely
eliminated by digestion with OSGE (p<0.001) (Table 3), and
significantly inhibited following mocarhagin digestion (p<O0.
001) and by treatment with functional blocking anti-PSG1-1
PL-1 monoclonal antibody (p<0.002) (Table 3). The effec-
tiveness of OSGE and mocarhagin treatments were confirmed
by flow cytometric analysis of the sensitive epitopes on CD34
and PSGL-1 with moAb QBEND-10 and moAb PSL-275,
respectively. Interestingly, the fact that L-selectin ligand
activity on HL.60 cells was completely eliminated following
OSGE digestion, but not by PL-1 moAb or mocarhagin treat-
ments, suggests that HL60 cells express other non-PSGL-1,
0-sialoglycoprotein L-selectin ligands. These data are consis-
tent with previous studies demonstrating the expression of
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OSGE-sensitive, non-PSGL-1 L-selectin ligand(s) on HL60
cells (Ramos, C., Smith, M. J., Snapp, K. R., Kansas, G. S.,
Stickney, G. W., Ley, K. and Lawrence, M. B. (1998) Blood
91(3), 1067-1075).

TABLE 3

L-selectin Ligand Activity of KGla and HL60 Cells
Following Enzymatic or Blocking Antibody Cell Treatments
under Hydrodynamic Shear Flow!

% Control Mean Lymphocyte

Cells and Treatments Binding?
KGla Cells + mocarhagin® 110.0 £ 10.5
+OSGE (60 pg/ml)° 1042 £ 17.1
+PL-1 (anti-PSGL-1; 10 pg/ml) 104.8 = 18.0
+ neuraminidase (Neur.) (0.1 U/ml) 0.3 £0.8*
+ Neur. + DMSO 1033123
+ Neur. + Tunicamycin (15 pg/ml) 343 £9.8*
HL60 Cells + mocarhagin 50.0 £2.0%
+OSGE 12.5 £0.2%
+PL-1 62.5 £ 1.0%*
Negative Controls® <0.5 +0.3*

1Using the parallel-plate flow chamber, thoracic duct lymphocytes (10 ml/ml H/H with Ca**)
were perfused over glutaraldehyde-fixed monolayers of cells treated with either mocarhagin
(10 ug/ml; 1 hrat37° C.), OSGE (60 pg/ml; 1 hr at37° C.), PL-1 (10 pg/ml; 30 min. on ice)
at a defined shear stress of 4.4 dynes/cmz.

“Mean lymphocyte binding from 5 fields of view from triplicate samples and a minimum of
3 experiments was divided by the mean lymphocyte binding of the untreated control cells for
each respective treatment group.

3Negative control groups consisted of 5 mM EDTA containing assay medium and anti-L-
selectin antibody-treated (HRL-1; 10 pg/ml) rat lymphocytes.

4Mocarhagin digestion was verified by the inability of anti-PSGL-1 moAb PSL-275 to
recognize the P-and L-selectin binding determinant or mocarhagin-sensitive epitope on
PSGL-1 by flow cytometry.

>0SGE activity was confirmed by the inability of anti-CD34 Qbend-10 to recognize its
OSGE-sensitive epitope on CD34 by flow cytometry.

*Statistically significant difference in lymphocytye binding compared with untreated con-
trol cells; Student’s paired t-test, p < 0.001.

**Statistically significant difference in lymphocyte binding compared with untreated con-
trol cells; Student’s paired t-test, p < 0.002.

[0210] To further investigate the L-selectin ligand activities
of HCELL and PSGL-1 expressed on human HCs, Stamper
Woodruff assays of L-selectin-mediated lymphocyte adher-
ence to glutaraldehyde-fixed HC monolayers under a range of
rpms were performed. KG1la cells possessed HCELL ligand
activity from >40-120 rpm, which was maximal at 80 rpm,
while HL60 cells exhibited L-selectin ligand activity pre-
dominantly at 80 rpm (FIG. 12C). In addition, L-selectin-
mediated lymphocyte adherence to KGla cells was 10-fold
higher than that of HL.60 cells at 80 rpm, and there was no
evidence of lymphocyte binding to K562 and RPMI-8402
cells (FIG. 12C). Since the primary L-selectin ligand on
HL60 cells is PSGL-1 and its expression is equivalent on
KG1laand HL60 cells, these data further suggest that, on a per
cell basis, KGla HCELL activity possesses a higher capacity
to function as a ligand over a wider range of shear stress.
[0211] Though thelevel of expression of PSGL-1 is equiva-
lent between HL60 and KG1a cells, it was examined whether
PSGL-1 on KGla cells was functioning equivalently to that
of PSGL-1 on HL60 cells. Since the critical N-terminal bind-
ing determinant of PSGL-1 for P-selectin overlaps with the
structural binding determinant(s) for L-selectin (Snapp, K.
R., Ding, H., Atkins, K., Warnke, R., Luscinskas, F. W. and
Kansas, G. S. (1998) Blood 91, 154-164; De Luca, M., Dun-
lop, L. C., Andrews, R. K., Flannery, J. V., Ettling, R., Cum-
ming, D. A., Veldman G. M. and Berndt, M. C. (1995) J. Biol.
Chem. 270(45), 26734-26737), it was reasoned that P-selec-
tin binding capabilities of KGla and HL60 cells correlates
with the efficiency of PSGL-1 binding to L-selectin. Thus,
flow chamber assays of P-selectin ligand activity utilizing
Chinese hamster ovary cells transfected with cDNA encoding

full-length human P-selectin (CHO-P) was performed. Both
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HL60 and KG1la cells supported equivalent PSGL-1-medi-
ated CHO-P cell rolling, and K562 and RPMI-8402 cells did
not possess any activity (FIG. 13A). P-selectin ligand activity
on KGla and HL60 cells was prevented following mocarha-
gin treatment (FIG. 13B). Unlike the differential capability to
support L-selectin ligand activity between KGla and HL.60
cells, these data suggested that native PSGL-1 as expressed in
the cell membrane was similar both structurally and function-
ally in these cell lines. Of note, RPMI-8402 PSGL-1 was
non-functional as both an L- or P-selectin ligand, consistent
with a finding that PSGL-1 on certain lymphoid cells is non-
functional due to a lack of activity of a.1,3 fucosyltransferases
and core 2 p1,6 N-acetylglucosaminyltransferases required
for creation of a bioactive ligand (Vachino, G, Chang, X.-J.,
Veldman, G. M., Kumar, R., Sako, D., Fouser, L. A., Berndt,
M. C. and Cumming, D. A. (1995) J. Biol. Chem. 270(37),
21966-21974).

[0212] C. HCELL is the Preferred L-selectin Ligand on
Human HCs.
[0213] Thedistinction in L-selectin ligand activity between

HCELL and PSGL-1 on whole cells may reflect differences in
surface density and/or membrane topography of the expres-
sion of these molecules. To directly compare the binding
capacities of HCELL and PSGL-1, conventional, shear-based
Stamper Woodruffassays of L-selectin-mediated lymphocyte
adherence to molar equivalents of either HCELL or PSGL-1
immunoaffinity purified from KGla and HL60 cells, and
from a de novo AML (M1) was performed.

[0214] To isolate HCELL and PSGL-1 for cell binding
experiments, KGla CD44 (Hermes-1 rat IgG) and PSGL-1
(PL-2 mouse IgG) from cell membrane protein preparations
were immunoaffinity purified. Autoradiography of Hermes-1
and PL-2 immunoprecipitates obtained from whole cell
lysates of [>°S]-metabolically radiolabeled KGla cells
showed the specificity of Hermes 1 and PL-2 for their respec-
tive antigens (FIG. 14A), revealing that the 100 kDa form of
CD44 was principally isolated and that both dimer (~220
kDa) and monomer (~140 kDa) isoforms of PSGL-1 were
isolated (FIG. 14A). There was a minor contaminant protein
of 30 kDa immunoprecipitated by Hermes 1, which was
removed by subsequent passage of immunoprecipitates
through a 50 kDa MW cut-off filter. To normalize for molar
equivalency of purified protein utilized in Stamper- Woodruff
assays, the densitometric optical density (OD) of [*°S]-me-
thionine-labeled CD44 and PSGL-1 (each passed through 50
kDa cut-off filter) on autoradiograms of immunoaffinity puri-
fied material spotted onto glass was compared. It was found
that the OD of 1 ug PSGL-1 was 2-fold greater than the OD of
0.75 ug CD44. Since monomer PSGL-1 (140 kDa) is ~1.4-
fold higher MW than CD44 (100 kDa) and since PSGL-1 has
twice as many methionine residues than CD44 (13 vs. 6), the
two-fold higher signal of PSGL-1 indicated that 0.75 pg
CD44 and 1 pg PSGL-1 represent equimolar amounts of the
respective proteins. Using these equimolar amounts, CD44
supported up to 10-fold greater lymphocyte binding com-
pared with PSGL-1 at 80 rpm, and supported a 5- to 10-fold
higher lymphocyte adherence compared with PSGL-1 from
40to 100 rpm (FIG. 14B). CD34 and L-selectin immunopre-
cipitated from KG1la cells (negative molecular controls) did
not support any L-selectin-mediated lymphocyte adherence
(FIG. 14B). These data directly comparing the relative L-se-
lectin binding efficiencies of purified CD44 and PSGL-1 were
similar to results obtained from whole cell analysis.
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[0215] To explore whether disparate HCELL and PSGL-1
L-selectin ligand activities were also present in native human
hematopoietic cells, the L-selectin ligand activity of HCELL
and PSGL-1 on circulating blasts from a patient with an AML
without maturation (M1) was investigated. In preliminary
Stamper-Woodruffassays of whole AML (M1) cell activities,
AML (M1) cells showed comparable L-selectin ligand activ-
ity to that of KGla cells, and the expression of CD44 and
PSGL-1 (measured by flow cytometry) was also similar to
that of KG1la. CD44 and PSGL-1 from these cells was immu-
noprecipitated and their binding capacity by Stamper-Woo-
druff assay (80 rpm) was examined. In parallel, L-selectin
ligand activities of HCELL and PSGL-1 from KGla and
HL60 cells were also assessed, and digestions with N-gly-
cosidase-F and OSGE were performed for comparative
analysis. CD44 from both KGla and AML (M1) supported
significantly greater L-selectin-mediated lymphocyte adher-
ence than PSGL-1 from KGla, HL60 or AML (M1) (3-fold
higher mean number of lymphocytes bound to CD44 than to
PSGL-1; p<0.001) (Table 4). In addition, neither CD44 from
HL60, isotype control immunoprecipitates, CD34 and L-se-
lectin immunoprecipitates, or neuraminidase-treated CD44
and PSGL-1 immunoprecipitates from KG1la cells (Table 4)
possessed any L-selectin ligand activity. Similar to N-gly-
cosidase-F treated CD44 from KGla cells, the L-selectin
binding activity of N-glycosidase-F treated AML M1 CD44
was markedly reduced (to background levels) (Table 4). Inter-
estingly, PSGL-1 isolated from KG1la cells and AML (M1)
blasts possessed a greater capacity to engage with [-selectin
than PSGL-1 from HL60 cells (Table 4), even though P-se-
lectin mediated binding to native PSGL-1 was identical
between KGla and HL60 cells (FIGS. 13A and 13B). Pho-
tomicrographs of lymphocytes bound to CD44 or PSGL-1 in
Stamper-Woodruff assays illustrated the distinctive differ-
ences in the range of L-selectin ligand activity of KGla CD44
and AML (M1) CD44 (FIGS. 15A and 15D, respectively)
compared to KGla PSGL-1 (FIG. 15G); even at 3-fold molar
excess of KGla PSGL-1 (FIG. 15H), L-selectin ligand activ-
ity of CD44 (FIG. 15A) was still greater than that of PSGL-1.
N-glycosidase-F (FIGS. 15B and 15E) and OSGE (FIG. 151)
treatments markedly diminished lymphocyte binding compa-
rable to isotype control levels (FIGS. 15C and 15F) confirm-
ing the relevant contributions of N-glycans and O-glycans on
HCELL and PSGL-1, respectively.

TABLE 4

L-selectin Ligand Activity of Inmunoprecipitated
CD44 and PSGL-1 from KGla, HL60 Cells and Blasts
from an AML (M1) in the Stamper-Woodruff Assay’

Cellular L-selectin Ligand Mean Number of Bound Lymphocytes?

KGlaCD44 357.8 £36.6
N-glycosidase-F CD44 30.7 +18.4*
Isotype Control 233 +£7.1%
PSGL-1 44.8 + 6.7%*
Isotype Control 11.0 = 1.6*
CD34 (Molecular Control) 4.0 £ 2.0%*
L-selectin (Molecular Control) 0.5 £0.6**
Isotype Control 8535
HL60 CD44 6.5 3.6
Isotype Control 54x23
PSGL-1 11.0 £ 2.1*
Isotype Control 3.1 £2.9%
AML (M1) CD44 4253 £9.5
N-glycosidase-F CD44 234 +6.1*
Isotype Control 343 £4.1*
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TABLE 4-continued

L-selectin Ligand Activity of Inmunoprecipitated
CD44 and PSGL-1 from KGla, HL60 Cells and Blasts
from an AML (M1) in the Stamper-Woodruff Assay!

Cellular L-selectin Ligand Mean Number of Bound Lymphocytes?

PSGL-1
Isotype Control

141.5 £22.6%*
19.5 = 6.2*

IRat thoracic duct lymphocytes (I x 107/m[) were overlayed onto glutaraldehyde-fixed spots
of immunoaffinity purified CD44 (Hermes-1), N-glycosidase-F-treated CD44, CD34
(QBend-10), L-selectin (LAM 1-3) or isotype control (rat IgG or mouse IgG) (each at 0.75
Etg/spot), or PSGL-1 (PL-2) (1 pg/spot) and incubated on a shaker at 80 rpm at 4° C.

The average number of bound lymphocytes from 5 fields of view at 100X mag. from
duplicate slides and a minimum of three experiments. Each experiment included anti-L-
selectin Ab-treated (HRL-1; 10 pg/ml) or PMA-treated lymphocytes and 5 mM EDTA
containing assay medium groups, or Fibrio cholerae neuraminidase-treated spots (ligand),
which all completely eliminated lymphocyte binding (<0.8 mean number of bound lympho-
cytes).

*Statistically significant difference in lymphocyte binding to treatment or isotype immuno-
precipitate compared with each respective untreated cell molecule; Student’s t-test, p <
0.001.

**Statistically significant difference in lymphocyte binding to these groups compared with
lymphocyte binding to untreated KGla and AML (M1) CD44; Student’s t-test, p < 0.001.

[0216] To gaininsight into the higher capacity of HCELL to
bind to L-selectin compared with that of PSGL-1, the expres-
sion of the sialyl-fucosylated structures (recognized by rat
moAb HECA-452) on CD44 and on PSGL-1 was examined,
which correlates with L-selectin binding capacity. SDS-
PAGE and HECA-452 immunoblot analysis of equimolar
amounts of CD44 and PSGL-1 immunoprecipitated from
KG1la membrane proteins revealed that CD44 was distinctly
more HECA-452-reactive than PSGL-1 (FIG. 16), suggest-
ing that HCELL contains a greater number of HECA-452
epitope(s) than PSGL-1, which could account for its higher

avidity towards L-selectin.

Example 11
Immunoaffinity Purification of HCELL and PSGL-1

[0217] HCELL and PSGL-1 were immunoprecipitated
from human HCs. The immunoprecipitation procedure was
followed as described (Dimitroff, C. J., Lee, J. Y., Fuhlbrigge,
R. C. and Sackstein, R. (2000) Proc. Natl. Acad. Sci. 97(25),
13841-13846). Briefly, membrane proteins of human HCs
(Dimitroff, C. J., Lee, J. Y., Fuhlbrigge, R. C. and Sackstein,
R. (2000) Proc. Natl. Acad. Sci. 97(25), 13841-13846) were
first solubilized in 2% NP-40 and precleared in Protein
G-agarose (Life Technologies). Membrane protein was then
quantified using Bradford protein assay (Sigma). Solubilized
and precleared membrane protein preparations (including
[*°S]-methionine-radiolabeled membrane proteins and
whole cell lysates (Dimitroff, C. J., Lee, J. Y., Fuhlbrigge, R.
C. and Sackstein, R. (2000) Proc. Natl. Acad. Sci. 97(25),
13841-13846)) were then incubated with anti-PSGL-1 Ab
PL-2 or anti-CD44 monoclonal Ab Hermes-1 (a ratio of 100
ng protein:3 pg antibody) for 18 hours at 4° C. on a rotator.
Immunoprecipitations with anti-CD34 antibody QBEND-10,
anti-L-selectin antibody (LAMI1-3) or mouse IgG/rat 1gG
isotype controls were also performed to serve as negative
controls. The antibody-lysate mixture was added to Protein
G-Agarose and incubated for 1 hr at 4° C. under constant
rotation. For SDS-PAGE/Western blotting, immunoprecipi-
tates were washed 5-times with lysis buffer/2% NP-40/1%
SDS/1% BSA and 3-times lysis buffer without BSA, and
boiled in reducing sample buffer for analysis. For functional
assessment of CD44 or PSGL-1 in adherence assays, respec-
tive immunoprecipitates were washed 5-times with lysis
buffer/2% NP-40/1% SDS/1% BSA and 3-times lysis buffer
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without NP-40, SDS or BSA, then suspended in PBS and
boiled for 5 min. to dissociate CD44 or PSGL-1 from immune
complexes. Eluates were then passed through 50 kDa MW
cut-off Microcon® filters (Fisher Scientific, Inc.). Protein
concentration of the retentate was measured by Bradford
protein determination assay.

[0218] Parallel experiments were performed wherein
respective antibodies were incubated with Protein G-agarose,
and immunoprecipitates were boiled in PBS as mentioned
above. Eluates analyzed by SDS-PAGE and Coomassie blue
staining revealed that >99% of the antibody was still bound to
Protein G-agarose after boiling in PBS and, therefore, con-
tributed negligibly to the protein levels quantified. Moreover,
with exception of a minor contaminating band at 30 kDa in
immunoprecipitates of Hermes-1, other non-CD44 and non-
PSGL-1 proteins, respectively, were not isolated by immuno-
precipation using Hermes-1 and PL-2 (see autoradiograms of
immunoprecipitates obtained from whole cell lysates (7) of
[*°S]-metabolically radiolabeled KG1a cells, FIG. 14A). The
use of the 50 kDa cut-off filter removed the contaminating
protein of' 30 kDa immunoprecipitated by Hermes-1, yielding
pure KGla CD44.

[0219] To confirm the contribution of N-glycans on
HCELL or O-sialoglycans on PSGL-1, membrane prepara-
tions were first treated with either N-glycosidase-F (0.8 U/ml)
or OSGE prior to immunoprecipitation as described (Dim-
itroff, C. J., Lee, J. Y., Fuhlbrigge, R. C. and Sackstein, R.
(2000) Proc. Natl. Acad. Sci. 97(25), 13841-13846). Immu-
noaffinity purified material (0.75-3 pg/spot) was spotted onto
glass slides for analyses in the Stamper-Woodruff assay (See
below for assay description). For autoradiographic analysis
of immunoprecipitated [**>S]-methionine-radiolabeled CD44
and PSGL-1, immunoprecipitates were spotted onto glass
slides, allowed to dry and exposed Kodak BioMax-MR film
for 12 hat -80° C. Densitometric analysis (optical density) of
the autoradiograms was performed with a Hewlett-Packard
Scanj et 5200C scanner and NIH Image processing and analy-
sis program.

Example 12

RT-PCR Analysis of a1,3 Fucosyltransferases (Fuc-
TIV and FucTVII) and 2,3 Sialyltransferase
(ST3Gal IV)

[0220] As HECA-452 expression is dependent on critical
sialofucosylations on core poly-N-acetyllactosaminyl chains,
it was investigated whether the relative difference in HECA-
452 epitope expression and L-selectin binding activity was a
consequence of up-regulated 02,3 sialyltransferase (ST3Gal
IV) and leukocyte 1,3 fucosyltransferases (FucTIV and
FucTVII), which are required for biosynthesis of HECA-452
epitope (Sasaki, K., Watanabe, E., Kawashima, K., Sekine, S.,
Dohi, T., Oshima, M., Hanai, N., Nishi, T. and Hasegawa., M.
(1993) J. Biol. Chem. 268(30), 22782-22787: Fuhibrigge, R.
C., Kieffer, D., Armerding, D. and Kupper, T. S. (1997)
Nature 389, 978-981; Zollner, O. and Vestweber, D. M.
(1996) J. Biol. Chem. 271, 33002-33008; Goelz, S., Kumar,
R., Potvin, B., Sundaram, S., Brickelmaier, M. and Stanley, P.
(1994) J. Biol. Chem. 269, 1033-1040).

[0221] Total cellular RNA was extracted with Trizol® LS
reagent according to manufacturer’s protocol (Gibco, Life
Sciences) and utilized in the Titan™ One Tube RT-PCR Sys-
tem (Roche Molecular Biochemicals). ST3Gal IV sense
S'-ctctcegatatetgttttattttcccateccagagagaagaaggag-3' and
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anti-sense 5'-gattaaggtaccaggtcagaaggacgtgaggttctt-3' prim-
ers and thermal cycling conditions [RT at 52° C. for 45
minutes, 1 cycle at 94° C. for 2 minutes, 30 cycles at 94° C. for
1 minute, 57° C. for 1 minute and 72° C. for 2 minutes, and 1
cycle at 68° C. for 7 minutes| were used to amplify a 0.96 kb
cDNA fragment of ST3Gal IV. To amplify a 0.55 kb cDNA
fragment of FucTVII (GenBank, Accn#U08112), specific
primers, sense 5'-cccaccgtggcccagtaccgettet-3' and anti-
sense 5'-ctgacctetgtgcccagecteecgt-3' and thermal cycling
conditions [RT at 52° C. for 45 minutes, 1 cycle at 94° C. for
2 minutes, 30 cycles at 94° C. for 30 seconds, 60° C. for 45
seconds and 72° C. for 1 minute, and 1 cycle at 68° C. for 7
minutes] were used. Using identical RT and thermal cycling
conditions, a 0.50 kb cDNA fragment of FucTIV was gener-
ated from sense 5'-cgggtgtgccaggctgtacagagg-3' and anti-
sense 5'-tcgggaacagttgtgtatgagatt-3' primers (GenBank,
Accen#M58597).

[0222] RT-PCR analysis of FucTIV and FucTVII and of
ST3Gal IV gene expression in KGla, HL60, K562 and
RPMI-8402 cells showed that FucT IV expression was rela-
tively similar in all cell lines (FIGS. 17A and 17B), but the
FucTVII expression was highest in HL60 and KGla cells
(Lane 1, FucTIV, and Lane 2, FucTVII; FIG. 17A). Interest-
ingly, ST3Gal IV (Lane 1; FIG. 6B) was expressed at a high
level in KG1la cells and at a very low level in all other cell
lines, suggesting that the inherent level of ST3Gal IV may
help regulate the expression of relevant HECA-452-reactive
structures and critical L-selectin binding determinants on
CD44 and/or PSGL-1.

[0223] HECA-452 expression is dependent on critical sia-
lofucosylations on core poly-N-acetyllactosaminyl chains.

the relative difference in HECA-452 epitope expression and
L-selectin binding activity was a consequence of up-regu-
lated 02,3 sialyltransferase (ST3Gal IV) and leukocyte a.1,3
fucosyltransferases (FucTIV and FucTVII), which are
required for biosynthesis of HECA-452 epitope was investi-
gated. RT-PCR analysis of FucTIV and FucTVII and of
ST3Gal IV gene expression in KGla, HL60, K562 and
RPMI-8402 cells showed that FucT IV expression was rela-
tively similar in all cell lines (FIGS. 17A and 17B), but the
FucTVII expression was highest in HL60 and KGla cells
(Lane 1, FucTIV, and Lane 2, FucTVII; FIG. 17A). Interest-
ingly, ST3Gal IV (Lane 1; FIG. 17B) was expressed at a high
level in KG1la cells and at a very low level in all other cell
lines, suggesting that the inherent level of ST3Gal IV may
help regulate the expression of relevant HECA-452-reactive
structures and critical L-selectin binding determinants on
KGla CD44 and/or PSGL-1.

EQUIVALENTS

[0224] From the foregoing detailed description of the spe-
cific embodiments of the invention, it should be apparent that
novel compositions and applications have been described.
Although particular embodiments have been disclosed herein
in detail, this has been done by way of example for purposes
of illustration only, and is not intended to be limiting with
respect to the scope of the appended claims which follow. In
particular, it is contemplated by the inventor that various
substitutions, alterations, and modifications may be made to
the invention without departing from the spirit and scope of
the invention as defined by the claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1
<210> SEQ ID NO 1

<211> LENGTH: 493

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Asp Lys Phe Trp Trp His Ala Ala Trp Leu

1 5 10

Gly Cys

Ala
20

Gln Ile Asn Ile Thr

25

Leu Ser Leu Asp Leu Cys

Val Phe Val Glu Ile Sser

45

His Asn Ser

35

Lys Gly

40

Arg Tyr

Ala Ala Asp Leu Cys Lys Ala Phe Asn Ser Thr Leu Pro

Gln Met Glu Ala Leu Ser Ile Phe Glu Thr

Arg

Val
15

Leu Pro

Phe
30

Ala Gly

Thr Glu

Thr Met Ala

65

Phe Ile

Ala

Cys

Gln Tyr

Glu

Ala

Asp
115

Lys

Gly

Asn

100

Thr

His
85

Asn

Tyr

70

Val

Thr

Cys

Val

Gly

Phe

Ile

Val

Asn
120

Gly

Pro

Tyr

105

Ala

Arg
90

Ile

Ser

75

Ile

Leu

Ala

His

Thr

Pro

cys

Pro

Ser

Pro
125

Arg

Asn

Asn

110

Glu

Tyr

Ser

95

Thr

Glu

Gly
80
Ile

Ser

Asp
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-continued

Cys Thr Ser Val Thr Asp Leu Pro Asn Ala Phe Asp Gly Pro Ile Thr
130 135 140

Ile Thr Ile Val Asn Arg Asp Gly Thr Arg Tyr Val Gln Lys Gly Glu
145 150 155 160

Tyr Arg Thr Asn Pro Glu Asp Ile Tyr Pro Ser Asn Pro Thr Asp Asp
165 170 175

Asp Val Ser Ser Gly Ser Ser Ser Glu Arg Ser Ser Thr Ser Gly Gly
180 185 190

Tyr Ile Phe Tyr Thr Phe Ser Thr Val His Pro Ile Pro Asp Glu Asp
195 200 205

Ser Pro Trp Ile Thr Asp Ser Thr Asp Arg Ile Pro Ala Thr Asn Met
210 215 220

Asp Ser Ser His Ser Thr Thr Leu Gln Pro Thr Ala Asn Pro Asn Thr
225 230 235 240

Gly Leu Val Glu Asp Leu Asp Arg Thr Gly Pro Leu Ser Met Thr Thr
245 250 255

Gln Gln Ser Asn Ser Gln Ser Phe Ser Thr Ser His Glu Gly Leu Glu
260 265 270

Glu Asp Lys Asp His Pro Thr Thr Ser Thr Leu Thr Ser Ser Asn Arg
275 280 285

Asn Asp Val Thr Gly Gly Arg Arg Asp Pro Asn His Ser Glu Gly Ser
290 295 300

Thr Thr Leu Leu Glu Gly Tyr Thr Ser His Tyr Pro His Thr Lys Glu
305 310 315 320

Ser Arg Thr Phe Ile Pro Val Thr Ser Ala Lys Thr Gly Ser Phe Gly
325 330 335

Val Thr Ala Val Thr Val Gly Asp Ser Asn Ser Asn Val Asn Arg Ser
340 345 350

Leu Ser Gly Asp Gln Asp Thr Phe His Pro Ser Gly Gly Ser His Thr
355 360 365

Thr His Gly Ser Glu Ser Asp Gly His Ser His Gly Ser Gln Glu Gly
370 375 380

Gly Ala Asn Thr Thr Ser Gly Pro Ile Arg Thr Pro Gln Ile Pro Glu
385 390 395 400

Trp Leu Ile Ile Leu Ala Ser Leu Leu Ala Leu Ala Leu Ile Leu Ala
405 410 415

Val Cys Ile Ala Val Asn Ser Arg Arg Arg Cys Gly Gln Lys Lys Lys
420 425 430

Leu Val Ile Asn Ser Gly Asn Gly Ala Val Glu Asp Arg Lys Pro Ser
435 440 445

Gly Leu Asn Gly Glu Ala Ser Lys Ser Gln Glu Met Val His Leu Val
450 455 460

Asn Lys Glu Ser Ser Glu Thr Pro Asp Gln Phe Met Thr Ala Asp Glu
465 470 475 480

Thr Arg Asn Leu Gln Asn Val Asp Met Lys Ile Gly Val
485 490
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What is claimed is:

1. An composition comprising a population of cells
enriched from blood, said cells expressing a glycosylated
CD44 polypeptide, wherein said glycosylated CD44
polypeptide comprises sialylated, fucosylated glycans, and
wherein said glycosylated CD44 polypeptide is a ligand for
E-selectin, L-selectin, or both.

2. The composition of claim 1, wherein the CD44 polypep-
tide comprises the amino acid sequence of SEQ ID NO: 1.

Aug. 4, 2011

3. The composition of claim 1, wherein the cells are stem
cells.

4. A method of treating a hematopoietic disorder in a mam-
mal, the method comprising administering to said mammal a
composition comprising the cells of claim 1.

5. A method of treating cancer in a mammal, the method
comprising administering to said mammal a composition
comprising the cells of claim 1.

# * #* ok %k
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