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Abstract
Selectins are carbohydrate-binding adhesion molecules critically involved in leukocyte recognition
of endothelium. The endothelial selectins have been implicated in homing of hematopoietic stem/
progenitor cell(s) (HSPC) to the bone marrow (BM) during bone marrow transplant (BMT), but
the precise role(s) of individual selectins in this process have never been defined. BMT of lethally
irradiated mice lacking both endothelial selectins (E/P KO) with limiting numbers of wild-type
BM cells rescued significantly fewer E/P KO than WT recipients, but higher numbers of
transplanted WT cells rescued E/P KOs in a dose-dependent fashion. Short term homing assays
confirmed a substantial defect in HSPC homing to BM in E/P KO mice. In contrast, BMT of E-
selectin null (E KO) or P-selectin null (P KO) mice at limiting cell number uniformly rescued
>95% of the transplanted animals. Consistent with these functional results, flow cytometric
analysis revealed both E-selectin ligands and P-selectin ligands on distinct subsets of HSPC.
Taken together, these results demonstrate overlapping functions for the endothelial selectins in
HSPC homing to BM in the setting of BMT, and define a novel aspect of HSPC heterogeneity
linked to selectin ligand expression.
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INTRODUCTION
Leukocyte-endothelial recognition is controlled by several different families of molecules
that govern distinct steps in the overall process of leukocyte recruitment [1]. The initial steps
of interaction between blood borne leukocytes and the vessel wall are mediated by selectins,
a family of carbohydrate-binding adhesion molecules whose attachment and rolling activity
is crucial for the subsequent steps of leukocyte activation, firm adhesion and transmigration
[2, 3]. L-selectin is expressed exclusively on leukocytes, whereas both E- and P-selectin are
expressed on activated endothelium, and P-selectin is also expressed on activated platelets.
Numerous studies firmly establish the critical importance of L-selectin in normal
homeostatic lymphocyte recirculation, and all three selectins function in the tissue-specific
recruitment of all classes of leukocytes to sites of inflammation in specific tissues. Thus,
inhibition of selectin activity by monoclonal antibodies (mAb) or by targeted gene
disruption inhibits leukocyte recruitment in a variety of settings of acute and chronic
inflammation [4-9].

Hematopoietic reconstitution via transplantation of bone marrow or mobilized peripheral
blood is a widely used clinical intervention for hematological disorders that depends upon
the ability of intravenously infused hematopoietic stem and progenitor cells (HSPC) to home
from the blood to the marrow cavity to re-establish productive hematopoiesis. Despite its
clinical value, molecular mechanisms governing HSPC homing in the context of bone
marrow transplantation (BMT), or even during steady-state hematopoiesis [10], remain
incompletely defined. Both E- and P-selectin are constitutively expressed on the
endothelium of murine bone marrow sinusoids [11, 12], although in distinct patterns [13],
and one or both are required for efficient homing of HSPC to BM [14]. A critical role for
VLA-4/VCAM-1 interactions in murine HSPC homing to BM is also well documented [12,
14, 15]. However, existing studies do not address the specific, possibly unique, roles of
individual selectins in HSPC function, and their distinct patterns of expression [13] raise the
possibility of unique functions. In the present study, we analyzed the role of individual
endothelial selectins in the homing of HSPCs to BM during BMT, and detailed the
expression of E- and P-selectin ligands on highly enriched hematopoietic stem cells and
progenitor populations.

MATERIALS & METHODS
Mice

C57BL6/J mice expressing the CD45.1 allotypic marker (congenic C57BL6/J mice are
normally CD45.2) were purchased from Jackson Labs and were bred and maintained in our
colony. Mice with homozygous null mutations in either E-selectin, P-selectin, or both E- and
P-selectin (E KO, P KO or E/P KO, respectively) [8] backcrossed to C57BL6/J were kindly
supplied by Dr. Dan Bullard, UAB, Birmingham AL, and were bred and maintained in our
colony. Mice were 4-8 weeks old when used. Both sexes were used for these experiments,
but were never mixed in BMT experiments (i.e. male mice received BM from male mice
only, and female mice received BM from female mice only).

Bone marrow transplantation (BMT)
Total BM cells were obtained from CD45.1 mice by flushing femurs and tibia with ice cold
HBSS/2% FCS followed by hypotonic lysis of erythrocytes. Mice (n = 10-12) of the
indicated genotypes were irradiated with 1100 Rads in split doses 3-4 hours apart using a
Cs137 source and transplanted within 2 hours with the indicated numbers of BM cells by
intravenous injection into the tail vein under sterile conditions. Irradiation control mice were
irradiated as above and were either transplanted with PBS or were not transplanted. All
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BMT mice were maintained on a combination of neomycin, tetracycline and trimethoprim
for at least 4 weeks following BMT, by which time all deaths following BMT had occurred.
No evidence of graft vs host disease, infection, or other complication was observed upon
necropsy for any animals in the results reported here. Surviving mice were followed for up
to 6 months, and were then sacrificed for FACS analysis of donor contribution to the
hematopoietic compartment.

CFC assays
BM was isolated at various timepoints from mice that had undergone BMT, and was plated
at 5 × 104, 105 and 2 × 105 cells/dish in duplicate in 0.9% methylcellulose containing either
PWM-conditioned media (myeloid colonies) or IL-7-containing media (pre-B colonies)
(Stem Cell Technologies, Vancouver, BC, Canada), according to the manufacturer’s
instructions. Colonies were identified by standard morphologic criteria and enumerated
single blind after 7-8 days (pre-B), 8-10 days (CFU-GM) or 14 days (BFU-E) by individuals
unfamiliar with the identity of experimental groups.

Flow cytometry
To ascertain the contribution of donor cells to hematopoietic reconstitution in mice
following BMT, two color FACS analysis was performed, for CD19 and separately CD11b
vs CD45.1 (donor) and CD45.2 (host). BM was isolated as above from mice 4-6 months
after BMT, and 5 × 105 cells were stained on ice with empirically determined optimal
concentrations of PE-conjugated mAb to mouse CD19 or CD11b, or FITC-conjugated mAb
to CD45.1 or CD45.2 (BD Biosciences). The percent of CD19+ or CD11b+ cells that were
CD45.1+ was then determined, and considered to represent donor contribution.

For analysis of selectin ligand expression on HSPCs, bone marrow mononuclear cells were
enriched by magnetic selection for HSPCs by either c-Kit positive selection or lineage
depletion (using biotinylated antibodies to the lineage markers CD3, CD4, CD5, CD8,
CD19, B220, Mac-1 (CD11b/CD18), Gr-1, and Ter119). C-kit selection was performed
using a Miltenyi Biotech AutoMACS and anti-c-Kit microbeads; lineage depletion was
performed using a Dynal magnetic particle concentrator (MPC-L) and sheep anti-rat IgG
Dynabeads (Invitrogen). HSPC-enriched BM cells were stained with either E-selectin
receptor-IgG (as tissue culture supernatant from CHO cells stably transfected with the E-
RIgG construct; kindly supplied by Dietmar Vestweber) or P-selectin receptor-IgG [16] (BD
Biosciences) and appropriate AF647- or AF488-conjugated anti-human IgG (Jackson
Immunoresearch), followed by rat IgG to block unbound sites on the 2nd step. Cells were
then stained with PE-TR-conjugated streptavidin (to detect lineage antibodies) and
antibodies to c-Kit (APC-Cy7), Sca-1 (PE-Cy7), CD150 (PE or APC), and CD48 (FITC or
Pacific Blue) or CD44 (PerCP-Cy5.5) and CD162 (PE) (eBioscience).

Statistical analysis
Differences between groups in Kaplan-Meier plots were analyzed in a pairwise fashion with
the log rank test, using the Curve Comparison function within the Prism4 program. All other
statistical comparisons were by pairwise 2 way Student’s t-test. Coefficients of correlation
(Pearson’s product-moment correlation coefficients) were calculated in Microsoft Excel
using .fcs files exported from FlowJo.
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RESULTS
Function of endothelial selectins in rescue and reconstitution of mice undergoing BMT
following lethal irradiation

To identify the most sensitive system for detection of altered homing or reconstitution by
HSPCs, we first sought to define the lowest dose of BM cells required for complete or
nearly complete rescue of lethally irradiated C57BL6/J mice. Groups of 10-12 mice were
lethally irradiated and injected with graded numbers of BM cells from CD45.1 mice of the
same sex. All mice receiving 2 × 106 BM cells, and 90% of mice receiving 2 × 105 cells,
survived for >4 weeks. However, at cell doses below 2 × 105 total BM cells/mouse, survival
of lethally irradiated mice past 4 weeks fell precipitously, with <30% of mice surviving after
transplant with 2 × 104 BM cells (fig 1A, p<0.01). These results are consistent with those
previously reported by others [14, 17]. With the exception of a single mouse, all irradiation
control mice, which were lethally irradiated but not transplanted, died within 25 days, with
most dead by day 17. These kinetics of mortality are consistent with death due to
hematopoietic failure, and examination of mice at necropsy revealed no evidence of graft-
vs.-host disease or disseminated bacterial infection.

We next examined the survival of mice deficient in both E- and P-selectin [8] (E/P KO) after
lethal irradiation followed by BMT with wild-type (WT) BM cells. Consistent with previous
studies [14], E/P KO mice transplanted with 2 × 105 BM cells survived poorly after BMT,
with only ~20% of mice surviving >4 weeks (fig 1B, p<0.01). The kinetics of death in the E/
P KO group was indistinguishable from that of the irradiation controls, suggesting death
from hematopoietic failure, and examination of these mice at necropsy also failed to show
any evidence of graft-vs.-host disease or disseminated bacterial infection. To determine if
the engraftment defect we observed in E/P KO recipients could be overcome by
transplantation with higher cell numbers, we examined survival post-transplant of lethally
irradiated E/P KO mice receiving 106 or 107 WT BM cells. E/P KO mice transplanted with
106 cells showed equivalently high rates of mortality as E/P KO mice transplanted with 2 ×
105 BM cells, whereas transplant of E/P KO mice with 107 BM cells/mouse rescued all or
nearly all recipient animals (fig 1C). The requirement for higher doses of transplanted cells
to rescue lethally irradiated E/P KO mice likely reflects inefficient homing and/or
engraftment of HSPCs in the absence of both endothelial selectins. These results confirm
previous findings [14] indicating that lethally irradiated E/P KO mice engraft poorly when
transplanted with limiting numbers of WT BM cells following lethal irradiation.

These results strongly support the hypothesis that the endothelial selectins are important for
homing of HSPCs to BM in the context of lethal irradiation and BMT, but do not determine
whether it is the absence of E-selectin, P-selectin, or both, which is responsible for the
defective HSPC homing and hematopoietic reconstitution in E/P KO animals. Results of
hematopoietic reconstitution following BMT in mice deficient in individual endothelial
selectins have not been previously reported. We therefore carried out BMT experiments
using mice deficient in either E-selectin or P-selectin as recipients. In contrast to the results
with E/P KO mice, E KO and P KO mice survived as well as WT mice after BMT using
limiting numbers (2 × 105 WT BM cells/mouse) of transplanted cells, with >90% survival in
all three groups (fig 1D). Cumulative results of all experiments performed with 2 × 105 BM
cells/mouse for all recipient genotypes are summarized in Table 1.

Equivalent donor cell contributions to long term reconstitution in surviving selectin-
deficient mice transplanted with WT BM cells

To address the possibility that surviving mice, particularly in the E/P KO recipient cohort,
were rescued in part by contribution from residual host HSCs [17, 18], we analyzed the
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relative contribution of donor vs. host cells to reconstitution of the hematopoietic
compartment in surviving mice 3-6 months after BMT. BM cells were stained in two colors
for either CD19, a pan-B cell marker expressed early in B cell development, or CD11b, a
pan-myeloid marker expressed early after myeloid commitment, and for either CD45.1
(donor) or CD45.2 (host) (Table 2). For nearly all mice across all recipient genotypes, the
vast majority of both B lymphoid and myeloid cells were of donor origin, with a small but
reproducible host component present in virtually all mice examined. These data indicate that
in both WT and selectin-deficient recipients, mice were reconstituted by donor LT-HSCs,
which homed to BM, leading to engraftment and long-term reconstitution of the
hematopoietic compartment, independent of recipient genotype or surviving fraction.

Impaired homing of HSPC to BM of E/P KO mice
Our data demonstrate that expression of either E-selectin or P-selectin is sufficient for full
rescue and radioprotection of lethally irradiated mice following BMT at limiting cell
number, thereby suggesting an overlapping function for endothelial selectins in HSPC
homing to murine bone marrow. To examine more directly the issue of HSPC homing in the
absence of endothelial selectins, we next quantified the number of hematopoietic colony
forming cells (CFU-C) detectable in the BM of WT recipients following ablative irradiation
and BMT at early time points, prior to death from hematopoietic failure. WT mice were
irradiated at 1100rad and transplanted with either 2 × 105 or 2 × 106 unfractionated BM
cells. As expected, control experiments showed zero CFU-C in irradiated, untransplanted
animals (data not shown). Very few CFU-C were detected one day after BMT (fig 2A).
When analyzed at later timepoints, however, the total number of CFU-C increased
logarithmically until at least day 7, and was proportional to the input dose of BM cells for all
timepoints (fig 2A), reaching the level of normal unmanipulated WT bone marrow within
two weeks (data not shown). These data establish a time course for the normal homing of
CFC precursors, which include HSC, to the BM following intravenous injection into
irradiated recipients, and confirm that the homed cells subsequently give rise to more
differentiated cells, which can then be detected in conventional CFU-C assays. Based on
these data, we next determined the number of CFU-C detectable in the BM of WT or E/P
KO mice 7 days following BMT with 2 × 106 WT cells, to evaluate possible differences in
the efficiency of HSPC homing in transplanted E/P KO mice. For all CFU-C types
examined, including CFU-GM, BFU-E and CFU-pre-B, the number of CFUs in the E/P KO
recipients was diminished by 70-80% (fig 2B, p< 0.05). These data are closely concordant
with previous work [14], and clearly show that homing to bone marrow of HSPC (which
subsequently give rise to CFU-C) is substantially impaired in E/P KO mice.

Expression of selectin ligands on HSCs and HPCs
The data above implicate E- and/or P-selectin as critical homing receptors in the trafficking
of HSPC to BM. To begin to dissect the relative importance of these two adhesion
molecules in the migration of various subsets of HSPCs, we used 7-color flow cytometry
with selectin-IgG chimera proteins to quantitatively assess the expression and distribution of
E- and P-selectin ligands on primitive hematopoietic cells. HPC were defined as lineage
marker-negative, Sca-1+, c-kit+ (LSK) BM cells, and within this subset, the most primitive,
long term-reconstituting HSC (LT-HSC) were defined as LSK, CD48-negative, CD150-
positive [17, 19] (fig 3A). E-selectin ligands were detected on a majority of LSK cells
(89.4+/−3.1%, n=4) and on a significant fraction of LT-HSC (50.7+/−9.2%, n=4) isolated
from the BM of WT mice (fig 3B and 3C). Similarly, P-selectin ligands were easily detected
on LSK cells (55.4+/−4.5% n=4) and LT-HSC (46.7+/−4.2% n=4) (fig 3B and 3C). These
data are consistent with the BMT data presented above, yet indicate that only a subset of
HSPC, including a subset of LT-HSC, expresses ligands for both endothelial selectins. Thus,
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HSPC exhibit heterogeneity with respect to selectin ligand expression that likely influences
their migratory capacity and contributions to hematopoietic reconstitution following BMT.

To determine whether expression of selectin ligands on HSPC was associated with
upregulation of specific glycoprotein scaffolds, we examined the correllated expression of
E- and P-selectin ligands with CD44 and PSGL-1. We found minimal correlation (r < 0.4)
between either CD44 or PSGL-1 and ligands for either E- or P-selectin (fig 4A). Similarly,
levels of CD43, which has also been implicated as an E-selectin ligand scaffold on HSPC
[20], were uniformly high (fig 4B), and uniformly exhibited high levels of core 2 O-
glycosylation (fig 4B). These data show that the heterogeneity of expression of selectin
ligands on HSPCs is not a function of selective expression of these known or candidate
glycoprotein scaffolds.

DISCUSSION
Molecular mechanisms governing HSC traffic, including the homing of HSC to specific
microenvironments in the BM, remain incompletely understood. For mature leukocytes, it is
well established that a cascade of overlapping molecular interactions underlies the distinct
steps of leukocyte attachment, rolling, progressive slowing, arrest, and transmigration.
Selectins mediate the initial steps of attachment and rolling, following which progressive
activation of leukocyte integrins by lumenal chemokines leads to their slowing and eventual
arrest [1]. To a significant extent, this model has been thought to apply to HSPC homing to
bone marrow as well. Specifically, attachment and rolling of HPC/HSC is thought to involve
one or both endothelial selectins, with VLA-4 (α4β1) integrin mediating firm adhesion via
interaction with VCAM-1 [12, 14, 15]. The chemokine SDF-1 (CXCL12) and its receptor
CXCR4 play important roles in both induction of firm adhesion as well as maintenance of
progenitors within appropriate marrow microenvironments [21]. Thus, homing of HSC/HPC
to BM appears to follow similar rules as recruitment of mature leukocytes to sites of
inflammation and normal lymphocyte recirculation [1, 22].

Despite this, the particular roles of the endothelial selectins have not previously been
individually evaluated, and the expression of selectin ligands on HSC has not been studied.
We present the first genetic evidence showing that expression of either E-selectin or P-
selectin alone is sufficient to support rescue and hematopoietic reconstitution of lethally
irradiated recipients following BMT. Single selectin deficient mice survived as well as WT
mice under conditions in which limiting numbers of BM cells were transplanted. In contrast,
doubly-deficient E/P KO mice showed significantly reduced survival under the same
experimental conditions. Importantly, this impaired survival could be overcome by
increasing the number of BM cells transplanted, suggesting a defect in the efficiency of
HSPC homing to BM in E/P KO recipients.

Consistent with this hypothesis, direct homing studies of HSPC in E/P KO mice
demonstrated a substantial impairment in the rapid homing to BM of HSPC which give rise
to CFU-C. In WT mice, donor-derived reconstitution of BM CFU-C was dose-dependent
and led to restoration of normal levels of BM CFU-C within two weeks. In E/P KO
recipients at day 7 after transplant, the levels of CFU-C of all lineages examined were
70-80% lower than WT. These data are consistent with a defect in HSPC homing to BM in
the absence of functional endothelial selectins in the recipient animals. Our data thus
reinforce the idea [14] that endothelial selectins play an important role in efficient homing of
HSPCs during BMT.

Papayannopoulou and colleagues have argued [23] that the death of E/P KO mice following
lethal irradiation and BMT seen in previous work [14] was attributable solely or primarily to
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infectious complications and not to defective HSPC homing, and hence that endothelial
selectins are not critical for HSPC homing to BM. Several lines of evidence argue against
this conclusion, and support the idea that E/P KO mice that died following BMT died of
hematopoietic failure rather than from bacterial infection, at least in the present study. First,
all of the BMT mice in this study were maintained on multiple broad-spectrum antibiotics
for at least four weeks after transplant, by which time all BMT-associated deaths had
occurred. Second, the kinetics of death in transplanted animals were indistinguishable from
the kinetics of death in the irradiation control group (which consisted of WT animals), and
this was independent of the genotype of the recipient or the number of transplanted BM
cells. Infectious disease would be expected to act both more quickly and less synchronously.
Third, although E/P KO mice sometimes experience chronic subclinical bacterial infections,
these infections are limited to the skin; the blood and internal organs of these mice are
routinely sterile [8]. Papayannopoulou and colleagues argued that the high neutrophil counts
of the post-BMT animals was indicative of ongoing infection. However, this conclusion
preceded the understanding that high neutrophil counts are a characteristic and stable feature
of E/P KO animals, as well as other mice with genetically engineered disruptions of
neutrophil recruitment [5, 8, 24-26], suggesting that the high neutrophil counts in E/P KO
recipients following BMT simply represent restoration of the “normal”, unperturbed E/P KO
hematopoietic phenotype. Indeed, more recent work has clearly shown that high neutrophil
counts in adhesion molecule-deficient mice occur due to interruption of a feedback loop that
maintains blood neutrophil counts within a narrow window, and thus are unrelated to
infection [27]. Finally, and most compellingly, E/P KO mice transplanted with higher
numbers of BM cells survived, which is inconsistent with the idea that infectious
complications are a primary factor in the deaths of mice undergoing BMT. Taken together,
these considerations make it unlikely that fatal bacterial infections played a significant role
in either the present study or that of Frennette and colleagues [14], and reinforce the idea
that endothelial selectins play a critical role in HSPC homing to BM.

The survival of both E-selectin KO and P-selectin KO mice following lethal irradiation and
BMT implies the expression and function of both E-selectin ligands and P-selectin ligands
on at least a subset of HSPC. This inference was directly confirmed by flow cytometric
detection of E-selectin and P-selectin ligands on HPCs and LT-HSCs. These results are
consistent with a recent report that also found P-selectin ligands expressed at a low level on
HSC [28], and with the BMT data presented above showing that survival of single selectin
KO mice is equivalent to that of WT following lethal irradiation and BMT. That report also
showed an increase in P-selectin ligands with differentiation, consistent with our finding that
LSK cells express higher levels of both E- and P-selectin ligands. Since expression levels of
known selectin ligand scaffold glycoproteins are largely constant during early hematopoiesis
and do not strongly correlate with levels of selectin ligands, it is likely that this enhanced
expression of the selectin ligands on HPC vs LT-HSC is primarily a consequence of rising
levels of relevant glycosyltransferases which participate in selectin ligand biosynthesis [25,
29-31].

Available evidence strongly indicates that PSGL-1 is the sole P-selectin ligand on both
mature leukocytes and HSPC [32-37], but the nature and identity of E-selectin ligands on
HSPC remains poorly understood. A number of glycoproteins have been suggested as E-
selectin ligands on one or more hematopoietic cell types, including CD44, PSGL-1, CD43,
and ESL-1 [20, 38-43], and glycosphingolipids may also function as E-selectin ligands [44,
45]. Which of these are relevant for HSPC is still unclear, and may vary with cell type,
species, and/or state of differentiation. One recent report [20] identified CD43 and PSGL-1,
but not CD44, as E-selectin ligands on mouse HPC, although no functional data were
provided. These investigators also failed to detect ESL-1 on these cells [20]. In contrast,
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another report [45] detected ESL-1 on HPC, but whether ESL-1 functions as an E-selectin
ligand on these cells remains unclear.

More interestingly, this report [45] indicated that neither PSGL-1 nor CD44 were
responsible for a novel function of E-selectin as a regulator of HSC quiescence, and
suggested that glycosphingolipids may subserve this function. These findings add
complexity to the identification of E-selectin ligands by raising the possibility that the
ligands that act during homing of HSPC to the marrow niche are distinct from those that
enable the non-homing functions of E-selectin within the niche. These functions of selectins
may similarly be important for the migration and function of long-lived plasma cells [46]
and subsets of effector/memory T cells [47], as the bone marrow serves as an important
reservoir for these more differentiated hematopoietc cells as well [48, 49]. Thus, future
studies to further dissect selectin ligand heterogeneity will help to clarify the shared and
distinct mechanisms that maintain and support homeostatic migration of multiple classes of
primitive and mature leukocytes to BM.
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Fig 1. Role of endothelial selectins in rescue of lethally irradiated mice
Kaplan-Meier plots of survival following BMT of WT and selectin-deficient mice. (A) WT
mice were lethally irradiated and transplanted with the indicated numbers of WT (CD45.1+)
BM cells. (B) WT or E/P KO mice were lethally irradiated and transplanted with 2 × 105

BM cells or WT mice were irradiated but not transplanted (irr ctrl). (C) E/P KO mice were
irradiated and transplanted with increasing numbers of WT BM cells, as indicated. (D) WT,
E KO or P KO mice were transplanted with 2 × 105 WT BM cells or WT mice were
irradiated but not transplanted (irr ctrl). Each plot represents 1 representative experiment out
of at least 4, except for (C), which was performed three times. * indicates statistically
different from all other groups (p < 0.01 by log rank test).
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Fig 2. Short term homing of HSC/HPC to BM requires endothelial selectins
(A) Mice were irradiated and transplanted with either 2 × 105 or 2 × 106 WT BM cells, as
indicated, sacrificed on the indicated days (either 1, 4 or 7), and total CFU/femur were
enumerated as described in Materials & Methods. (B) Mice were irradiated and transplanted
with 2 × 106 WT BM cells, and sacrificed on day 7. CFU/femur were enumerated for each
class (myeloid, lymphoid, erythroid) of hematopoietic lineage. Filled columns, WT; hatched
columns, E/P KO.
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Fig 3. Expression of selectin ligands on HSPCs
Hematopoietic cells from WT mice were harvested from long bones and pelvic bones and
enriched for HSPCs by magnetic bead selection, as described in Materials and Methods. (A)
Strategy for discrimination of mouse HPC and LT-HSC. HSPC-enriched cells were stained
in 7 colors for viability (Sytox Blue dye), lineage markers (see Methods), c-Kit, Sca-1,
CD48, and CD150. These markers were used in sequential gating, left-to-right as indicated
by grey arrows, to differentiate Lin−Sca1+c-kit+ HPC (light grey gate) and Lin−Sca1+c-
kit+CD150+CD48− LT-HSC (black gate). (B) Expression of E-selectin ligands or P-selectin
ligands on HPCs or LT-HSCs, gated as in (A) and detected using IgG chimera reagents.
Data are depicted as histograms of chimera staining intensity for HPCs or LT-HSCs stained
with the indicated selectin chimera (black trace) or with secondary alone as a negative
control (grey trace). (C) Summary of flow cytometry data, depicting individual data points
(circles or triangles) and mean (+/− SD) percentage of HPC or LT-HSC showing positive
staining for the indicated selectin ligand.
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Fig 4. Expression of selectin ligand glycoprotein scaffolds does not determine selectin ligand
expression on HSPC
HPC and LT-HSC were identified as in fig 3 and analyzed for (A) E- or P-selectin ligands vs
either PSGL-1 or CD44; or (B) O-glycosylated (1B11) vs non-O-glycosylated (S7) CD43.
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Table 1
Cumulative survival of WT and selectin-deficient recipients following lethal irradiation
and BMT with 2 × 105 BM cells

Summary of all BMT experiments performed in this study using a dose of 2 × 105 BM cells/mouse.
Experiments using lower or higher doses of cells are excluded from this analysis. *Different (p<0.05) from all
other groups by pairwise Student’s t test.

genotype:

WT E KO P KO E/P KO WT (Irr ctrl)

Number of experiments 9 5 6 4 5

Number surviving/total 84/92 47/52 52/65 9/43* 1/50*

(%) (91.3) (90.3) (80) (20.9) (2)
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Table 2
Donor contribution to long term surviving mice following BMT

Mice surviving for at least 3 months following BMT, as indicated in Table 1, were sacrificed, BM was
harvested and stained for donor (CD45.1) or host (CD45.2) cells within the B cell (CD19+) or total myeloid
cell (CD11b+) compartment. Data are presented as mean +/− SD. There are no statistically significant
differences between any groups (p>0.05 by Student’s t test for all pairwise comparisons).

genotype:

WT E KO P KO E/P KO

Number analyzed 28 21 25 7

B cell (CD19+, %) 88.9 +/− 14.5 91.2 +/− 15.7 89.6 +/− 17.3 80.3 +/− 17.3

Myeloid (CD11b+, %) 72.9 +/−30 90.2 +/− 21 86 +/− 26 76.4 +/− 30
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