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Abstract
BACKGROUND—Modification of Notch receptors by O-linked fucose and its further elongation
by the Fringe family of glycosyltransferase has been shown to be important for Notch signaling
activation. Our recent studies disclose a myeloproliferative phenotype, hematopoietic stem cell
(HSC) dysfunction, and abnormal Notch signaling in mice deficient in FX, which is required for
fucosylation of a number of proteins including Notch. The purpose of this study is to assess the
self-renewal and stem cell niche features of fucose-deficient HSCs.

STUDY DESIGN AND METHODS—Homeostasis and maintenance of HSCs derived from
FX-/- mice were studied by serial bone marrow transplantation, homing assay, and cell cycle
analysis. Two-photon intravital microscopy was performed to visualize and compare the in vivo
marrow niche occupancy by fucose-deficient and wild type (WT) HSCs.

RESULTS—Marrow progenitors from FX-/- mice had mild homing defects that could be partially
prevented by exogenous fucose supplementation. Fucose-deficient HSCs from FX-/- mice
displayed decreased self-renewal capability compared with the WT controls. This is accompanied
with their increased cell cycling activity and suppressed Notch ligand binding. When tracked in
vivo by 2-photon intravital imaging, the fucose-deficient HSCs were found localized further from
the endosteum of the calvarium marrow than the WT HSCs.

CONCLUSION—The current reported aberrant niche occupancy by HSCs from FX-/- mice, in
the context of a faulty blood lineage homeostasis and HSC dysfunction in mice expressing Notch
receptors deficient in O-fucosylation, suggests that fucosylation modified Notch receptor may
represent a novel extrinsic regulator for HSC engraftment and HSC niche maintenance.

Introduction
The selective adhesion of hematopoietic stem cells (HSCs) and hematopoietic progenitor
cells (HPCs) to the extracellular matrix and the stromal cells plays an important role in the
regulation of stem cell self-renewal, lineage commitment, and differentiation.1 HSCs reside
in the endosteal niche along the bone surface where the osteoblasts adhesively interact with
HSCs.2,3 A variety of intrinsic factors, including c-Myc, p21, p27, and p53 are involved in
the regulation of HSC self-renewal.4-7 In addition, extrinsic cues, including Notch ligand,
cdc42, Ang-1/Tie2, retinoid acid, BMP, and CXCR4/CXCL12 may coordinate to regulate
the ability of HSCs to lodge and engraft at the endosteal niche.2,3,8-10
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The Notch gene family is important for cell fate determination in many processes including
mammalian hematopoiesis.11 Notch receptors are decorated by various post-translation
modifications including O-fucosylation, with fucose moieties attached to the conserved
serine or threonine residues of EGF-like repeats present on the Notch receptor extracellular
domain. The O-fucose residues can then be further modified by the Fringe family of
glycosyltransferases. These fucose-dependent modifications modulate Notch signaling
through ligand-receptor interactions.12,13 Studies have shown that Notch activation
promotes HSC expansion in vitro and favors lymphoid over myeloid lineage outcome in
vivo.14-17 In addition, Notch activation by osteoblasts expressing the Notch ligand,
Jagged1, in the bone marrow niche promotes self-renewal of primitive hematopoietic cells.3
However, loss-of-function studies using the conditional knockout of Notch1, Notch1
combined with Notch ligand Jagged1, or expression of a dominant negative regulator of
canonical Notch transcriptional activation, did not reveal an essential role of Notch1
signaling on HSC self-renewal.18-20 It remains possible that other Notch/Notch ligand pairs
may be important for the maintenance of the HSC pool. Also, it is unclear whether aspects
of Notch pathways upstream of Notch activation, eg, its association with ligand-expressing
osteoblasts which dictates the physical association of HSC with marrow micro-environment,
may be critical for HSC biology.

We previously reported a chronic myeloproliferative phenotype and abnormal Notch
signaling in FX-/- mice.13 Deletion of the FX locus eliminates constitutive GDP-fucose
synthesis, but leaves intact a salvage pathway for GDP-fucose synthesis that uses exogenous
fucose.21 Therefore fucosylation of glycans and proteins are conditionally dependent on
exogenous fucose via the salvage pathway in FX-/- mice. We disclosed that chronic
myeloproliferation found in FX-/- mice is a result of loss of controlled suppression of
myelopoiesis exerted by Notch. In the context of a wild-type fucosylation phenotype, O-
fucosylation of Notch, expressed on HSCs and hematopoietic progenitor cells (HPCs), is
required for effective interaction of these cells with Notch ligand and the transduction of
Notch signal activation. This effective interaction is required for Notch exerted suppression
of overt myeloid development. By contrast, fucosylation-deficient myeloid progenitors have
lost the wild-type Notch ligand-binding phenotype, do not transcribe Notch target genes, and
display uncontrolled myeloid differentiation. More recently, we found that HSCs deficient in
cellular fucosylation have decreased lymphoid but increased myeloid developmental
potentials. These features were accompanied with their suppressed in vitro binding ability
with recombinant Notch ligand. Further, these cells displayed a 13.7-fold reduction of HSC
frequency by limiting dilution transplant analysis (Yan et al, manuscript in press).22 In this
study, we studied the mechanism underlying the dysfunction of HSCs expressing
fucosylation-deficient Notch by examining their in vivo self-renewal capability. In order to
explore whether an altered self-renewal capability of fucose-deficient HSC is associated
with their aberrant stem cell niche features, we performed two-photon intravital microscopy
to visualize and compare the in vivo marrow niche occupancy by fucose-deficient and wild
type HSCs.

Materials and Methods
Mice

The animal research described in this manuscript was approved by Case Western Reserve
University Institutional Animal Care and Use Committee. Mice used include 8~24-wkold
WT and FX-/- mice maintained and prepared as described.21 The Notch reporter transgenic
(NTg) mouse was purchased from the Jackson Laboratory (stock # 005854). The NTg
mouse carries a hemizygous allele of Notch-signaling CBF-1 response element and a
minimal SV40 promoter driven enhanced green fluorescent protein (eGFP). This mouse has
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been used to define active Notch signaling in HSCs in vivo.23 FX-/--NTg mouse was
generated by crossing the NTg with the FX-/- mouse, and maintained as described.13

Flow cytometry analysis and cell sorting
Flow cytometric analyses and cell sorting were performed as described.13 Briefly, marrow
mononuclear cells were incubated with biotin conjugated rat anti-mouse antibody cocktails
(CD3, CD4, CD8, Gr-1, CD11b, B220, Ter119), followed by lineage depletion with goat
anti-rat IgG magnetic beads (Miltenyi Biotec, Auburn, CA). Lineage-depleted cells were
further stained with streptavidin-APC-Cy7, fluorescein isothiocyante (FITC)-anti-Sca-1, and
allophycocyanin (APC)-anti-c-kit, and sorted using FACSAria (BD Biosciences, San Jose,
CA). For cell cycle G1/G0 analysis in the stem cell compartment, bone marrow nucleated
cells were incubated with DNA dye Ho (4 μg/liter) and RNA dye PY (1 μg/ml) at 37°C for
45 min, respectively (17), then labeled with FITC-anti-lineage antibodies, APC-anti-c-kit
and PE-Cy7-anti-Sca-1. For S-G2/M cell cycle ananlysis, mice were injected
intraperitoneally with one dose of Brdu and fed with water containing Brdu for 3 days. The
percent of LSKs in S-G2/M phase of the cell cycle was analyzed by anti-Brdu and 7-amino-
actinomycin D (7-AAD). Flow cytometry was performed on FACSAria and BD LSR II
Instruments (BD Biosciences).

Recombinant mouse Notch ligand (Dll4) binding assay
Recombinant Notch ligand comprised of the extracellular domains of Dll4 fused with human
IgG Fc were constructed as described.24 Recombinant Dll4 were prepared from HEK 293 T
cells transfected with hIgG-Dll4 or the vector, and quantified by ELISA. Binding assay was
performed by incubating LSK cells with recombinant Dll4 in Hanks balanced salt solutions
supplemented with Ca2+, and analyzed by flow using PE-anti-human IgG Fc.

Bone marrow transplantation and homing assay
Primary and secondary bone marrow transplantation was performed as described.13 Briefly,
2×106 donor marrow cells were injected into lethally irradiated (950 Rad) female recipient
mice. Recipient mice were monitored daily for survival for more than 30 days. The mice
were sacrificed at 2 to 4 months, and bone marrow cells were prepared from those mice and
injected into new female recipients. To perform homing assays, bone marrow cells from
donor animals (WT or FX-/- mice) (Ly5.2) were prepared as 2×106 cells/200 μl volume in
PBS, and were injected into lethally irradiated WT recipient mice. An aliquot is also plated
in methylcellulose cultures (M3434, Stem Cell Technologies, Vancouver, BC, Canada) to
quantify committed progenitor cells of various lineages. Sixteen hours later, single-cell
suspensions were prepared from the bone marrow of the recipients, and cultured in duplicate
to assess donor colony forming unit (CFU) recovery in the recipient animals. The number of
homed CFU per femur was corrected to represent the whole BM (multiplied by 16.9).25 The
number of donor CFUs recovered after 16 h in BM was expressed as a percentage of total
CFUs infused.

Multi-photon intravital imaging studies
Intravital imaging of adoptively transplanted hematopoietic progenitors was performed as
described.26 Briefly, isolated Lineage-c-kit+ (Lin-c-Kit+) cells (5-50×105) were injected into
the tail vein of lethally-irradiated recipient mouse. At indicated times after i.v. transfer, mice
were anaesthetized and a small incision was made in the scalp so as to expose the underlying
dorsal skull surface. Donor cell homing to the skull marrow was imaged using a SP5/AOBS/
2-photon microscope tuned to 860 nm (Leica Microsystems & Coherent Inc., Lawernceville,
GA) while mice are under inhaled anesthesia (1-2% isoflurane) on a warmed microscope
stage (37°C). To highlight the bone marrow vasculature, TRITC-Dextran (Sigma, St. Louis,
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MO) was injected into recipient mice 5 min prior to imaging experiments. Simultaneous
visualization of bone endosteum, vasculature and HSC was achieved by second harmonic
generation (SHG) microscopy, Dextran dye, and cells with GFP signals, respectively.
Fluorescent images from optical sections of individual xy-planes were collected through pre-
determined, fixed optical z-slices. This data set was then analyzed using imaging software
(Imaris; BitPlane, Inc., Saint Paul, MN), which allows simultaneous tracking of object
positions in 3 dimensions over time with statistical calculations.

Statistical analysis
Data are presented as means plus or minus SD, unless otherwise stated. Statistical
significance was assessed by Student t test.

Results
Mild marrow homing defects of FX-/- cells can be partially prevented by exogenous fucose

The deletion of the FX locus abolishes the expression of all fucosylated glycans, including
the counter receptors for the selectins, which are involved in the rolling and homing of
hematopoietic stem cells to the marrow.27 To assess the contribution of defective homing to
the stem cell defects we observed in the FX-/- mice, we compared the CFUs of marrow cells
recovered from recipient mice 16 h after transplantation of donor marrow cells derived from
WT or FX-/- mice. As shown in Figure 1A, the percentage of recovered HPCs that homed to
the BM was 12.2 ± 0.9% in the WT control group. As expected, the fucose-deficient FX-/-

HPCs had decreased homing by 52% when compared to the control group. However, the
homing ability of fucose-deficient FX-/- HPCs could be partially prevented with HPCs that
were derived from FX-/- mice that had been reared on fucose-supplemented chow. Although
the progenitors of myeloid lineage were relatively increased in FX-/- mice maintained on
standard chow, the proportion of different lineages of progenitors recovered was not
changed compared to the cells infused (Fig 1B). Therefore to ensure equal homing of donor
cells to the recipient marrow, the transplantation experiments described thereafter were
performed using cells from WT or FX-/- mice maintained on fucose-supplemented chow,
and the recipients were provided with fucose-supplemented drinking water for 9-12 days
after receiving intravenous injection of donor cells, and then maintained on standard chow.
13

FX-/- HSCs have decreased self-renewal, are less quiescent, and have increased cell
cycling activity

The frequency of LSK cells (lineage-Sca-1+c-kit+) under steady state is mildly decreased in
FX-/- mice compared to WT controls, or FX-/- mice with fucose-supplementation (0.13% in
WT, 0.10% and 0.12% in FX-/- mice without or with fucose-supplementation, respectively).
However, a reduction of HSC frequency in FX-/- mice by competitive transplant after
myeloablation suggests that fucose-deficient HSCs may have decreased engraftment or
decreased self-renewal.22 Serial bone marrow transplantation was performed to test this
hypothesis. We found that in the primary transplant setting, the pool of donor-derived bone
marrow LSK cells was modestly decreased in the WT recipient when the marrow cells are
derived from FX-/- mice. LSKs were further decreased in the secondary recipients receiving
marrow cells derived from the FX-/- donor. Interestingly, although the LSK frequency was
not changed in the FX-/- recipients receiving WT donor cells in both primary and secondary
transplant settings, LSK pools were severely diminished when both marrow cells and the
stroma are of the fucose-deficient genotype, indicating a marrow stromal dependent
mechanism that maintains HSC pool by interacting with HSCs in these settings. Because
stem cell quiescence is critical for protection from myelotoxic injury and preservation of the
stem cell pool, we decided to examine the cell cycling status of the HSCs in FX-/- mice.
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Using the RNA dye Pyronin Y as a measure of quiescence among the LSK and Hoechst
33342 low-staining bone marrow cells,28 we found that FX-/- marrow progenitors were less
quiescent by displaying less cells in G0 phase (Fig 2C). Further, we found that more FX-/-

marrow LSKs were engaged in active cell division by using bromodeoxyuridine (BrdU)
incorporation and 7-amino-actinomycin D staining (7-AAD) (Fig 2D). These results indicate
that decreased self-renewal of HSCs expressing Notch receptors deficient in O-fucosylation
could be accounted for by enhanced HSC cycling and depletion of the long-term HSC pool.

FX-/- HSCs display decreased Notch ligand binding and aberrant endosteal niche
occupancy

Proper endosteal niche occupancy has been shown to be essential for HSC self-renewal and
marrow engraftment. In addition, there is evidence that perivascular space may delineate
another important niche for HSC engraftment or expansion, as the major cell type,
osteoblasts, in the endosteum, were also found in the perivascular regions.26 In order to
understand the cellular mechanism by which the differential cellular positioning of HSCs
may be regulated by Notch and its modification by O-fucose, we first examined the binding
of Notch-expressing HSCs with Notch ligand.3 We then performed transplant experiments
followed by 2-photon microscopy to visualize the niche positioning of transplanted HSC/
HPC that are either fucose-replete or fucose-depleted in the calvarium marrow.29 The
calvarium marrow has been shown to have HSC frequencies comparable to long bones,26
and is easily accessible for intravital imaging by 2-photon microscopy. Marrow cells were
isolated from either FX-/--NTg mice that had been fed standard chow (FX-/--NTg, - fucose)
or WT-NTg mice. The NTg mouse carries a hemizygous allele of Notch-signaling CBF-1
response element and a minimal SV40 promoter driven enhanced green fluorescent protein
(eGFP). GFP expression indicates Notch activation, which is a hallmark of primitive HSC,
whereas HSCs undergoing proliferation and differentiation display down-regulated Notch
activation.23 By flow cytometric analysis, we found that GFP expression was decreased by
~50% in fucose-depleted LSK cells when compared to WT LSK cells. In addition, these
GFP+ cells showed decreased binding ability to recombinant Notch ligands in vitro, such as
Dll4 (Fig 3A) and Jagged1 (data not shown).

Five million marrow Lin-c-kit+ cells from either WT-NTg mice or FX-/--NTg mice
maintained on standard chow (no fucose supplementation), were transplanted into WT
recipient mice. High-resolution 2-photon microscopy images were obtained 16 h later.
Consistent with our previous finding that fucose-deficient progenitors have decreased
homing capability (Fig 1), we observed less engrafted cells that are derived from FX-/--NTg
donors compared to that from the WT-NTg donors in the recipient calvarium. About 35% of
GFP+ cells (green) from WT-NTg mice were found lining along the blood vessels. In
comparison, only ~20% of GFP+ cells from FX-/--NTg donor (no fucose) were bound to the
vascular segments (Fig 3B), while more cells were found scattered in the central marrow
cavity (data not shown). No statistical difference was identified when the average distance
of GFP+ cells from WT-NTg mice to the vessels was compared to that from GFP+ cells
from FX-/--NTg mice. Whether FX-/- and WT HSCs show any difference in their physical
relationship to the osteoblasts that are embedded in the vasculature remains to be
determined.26

We then compared the endosteal niche localization of HSCs that are either fucose-replete or
fucose-depleted. Visualization of bone endosteum and HSC was achieved by second
harmonic generation (SHG; blue) microscopy and GFP signals (green) from HSCs,
respectively.26 XYZ stack Images were collected and processed using Imaris Software (Fig
4A). The shortest three-dimensional distance between GFP+ cells and the endosteal surface
was determined (Fig 4B). The average distance of the fucose-depleted cells to the
endosteum was 12.51μm, which is greater than the 8.56μm observed in fucose-replete cells.
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These findings suggest that the niche positioning of marrow progenitors from FX-/- mice is
affected by the absence of fucose on these cells, which correlates with their decreased Notch
ligand binding and Notch activation.

Discussion
HSCs ensure sustained production of all blood cells through complex processes regulated by
intricate signaling pathways and interactions with the marrow micro-environment/ stem cell
niche. HSCs expressing members of the Notch family of receptors are located in bone
marrow where they interact with surrounding stromal cells expressing Notch ligands.
3,30-32 Such direct cell-cell interaction via Notch and Notch ligand coupling may provide
an important means for HSCs to position themselves in the stem cell niche where they are
exposed to cytokines and signals released from the niche supporting cells. This hypothetical
role of Notch has been suggested by recent studies done by Celso et al using a combination
of confocal microscopy and 2-photon imaging system, which showed that quiescent HSCs
are significantly closer to osteoblasts lining the endosteal surface than cells undergoing rapid
proliferation. Further, HSCs are found localized closer to the endosteal surface in a
transgenic mouse model in which increased numbers of osteoblasts have been shown to
drive stem cell expansion.3,26 Significantly, Calvi et al showed osteoblasts that exert this
regulatory role express increased level of the Notch ligand, Jagged1.3 These findings
suggest that HSC endosteal niche localization may be facilitated by Notch and Notch ligand
coupling.

This notion is now supported by our observation that HSCs with Notch activation are found
localized closer to the endosteal surface. Since the Notch/Notch ligand coupling can be
modulated by Notch receptor O-fucose modification,13,33 and the endosteal niche is
essential for HSC quiescence maintenance, we speculate that HSC niche occupancy can be
influenced by the status of Notch receptor glycosylation that may dictate the strength of
interaction between Notch expressed on HSC and Notch ligand expressed on osteoblasts. If
this is the case, then HSCs expressing non-fucosylated Notch molecules may exhibit
aberrant niche occupancy resulting in more active cell division and therefore are prone to
differentiation along the myeloid lineag.13 Indeed, we found that fucose-deficient HSCs are
positioned further from the endosteal surface than fucose-replete HSCs. The altered physical
relationship of fucose-deficient HSCs with the marrow endosteum correlates with their
decreased quiescence, increased cell cycling, suppressed ligand binding ability and
suppressed Notch activation. Our observations are consistent with the finding by Duncan et
al who found that HSCs undergoing rapid proliferation and differentiation display down-
regulated Notch activation.23 Because the observed phenotype in the FX-/- mouse model
may not be specific for Notch, future studies will be targeted to confirm these results by
using genetically-engineered animal models targeting Notch-specific fucose modification, or
by agents that directly target the Notch /Notch ligand binding.

Notch signaling is essential for T cell fate specification and differentiation in other
hematopoietic lineages. Whether canonical Notch intracellular signaling activation is
required for HSC self-renewal is controversial.34 The negative finding of an essential role
of Notch canonical signaling in HSC self-renewal suggests that aspects of Notch pathways
that are independent of the transcriptional control of Notch signaling mediated by
Mastermind-like 1 may be critical for HSC functional control.20 To assess the contribution
of Notch intracellular signaling to HSC self-renewal that is independent of glycosylation-
modified Notch and ligand coupling, we examined the consequence of restoring Notch1
intracellular activation on cell fate of marrow progenitors that are fucose-deficient.
Interestingly, forced expression of Notch1 appears to be able to reverse the aberrant lineage
commitment in the marrow progenitors associated with fucose deficiency, but it also
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decreases the LSK frequency.22 This latter finding could be caused by the secondary
leukemogenic effect of non-physiological does of Notch activation in promoting aberrant T
cell development in the marrow HSC population.35 It remains to be determined whether
signaling from other Notch family members alone, or in concert with Notch1, may be
required for HSC maintenance in the HSC compartment.

In summary, our observations indicate that Notch and Notch ligand interaction may
represent an important mechanism being part of a complex network mediated by a group of
adhesion and signaling molecules in a specialized micro-environment that supports the stem
cell niche.1 Therefore, similar to what has been described in Rb-/- mice,36 we believe that
the defective HSC phenotype and the myeloproliferation are inter-related in FX-/- mice, and
is likely reflective of the role of fucosylation-modified Notch as a novel extrinsic regulator
of HSC self-renewal and fate determination. Although evidences presented in this study as
well as our previous reports strongly support that abnormal Notch ligand binding and Notch
signaling could account for the observed aberrant hematopoietic phenotypes and HSC
defects in FX-/- mice, it remains possible and unknown yet whether fucose deficiency could
impact hematopoiesis mediated by other fucosylated proteins. O-fucose is present on EGF
repeats of uninary plasminogen activator and some of the clotting factors, as well as the
thrombospondin type 1 repeats (TSRs) in many secreted and transmembrane proteins.37-40
Recently, it was shown that O-fucosylation sites on TSR of ADAMTS like-1/punctin-1 and
ADAMTS13 are functionally significant for secretion of these proteins. 41,42 In addition,
other forms of fucosylated cell surface glycans and matrix proteins may be implicated in a
variety of biological processes including cell growth and cell-cell adhesion. 43 It remains
possible that lack of fucose on fucosylated glycans other than Notch may be directly or
indirectly cause HSC defects mediated through altered intercellular signaling. Therefore a
clear link between Notch fucosylation and hematopoietic and stem cell defect awaits further
analysis of fucose deficiency specific for Notch pathway. Nevertheless, we hope the
findings from this study may provide a rationale for future research in understanding the
importance of Notch fucosylation, and fucosylation of other relevant biological molecules,
for HSC niche competency and HSC functional control, and may also advance efforts in the
future to use such knowledge in stem cell therapy.
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Figure 1. Mild homing defects associated with FX-/- marrow progenitors are corrected by
exogenous fucose
Lethally irradiated WT recipients were injected with bone marrow cells derived from WT
mice, mice raised on standard chow (FX-/-, - fucose), or mice raised on fucose-supplemented
chow (FX-/-, + fucose). (A) CFUs were determined from the recipient bone marrow 16 h
after injection, and expressed as percentage recovery of infused CFU-Cs (n=5 per group).
(B) Proportions of different lineages of CFUs were determined from the recovered marrow
progenitors, including Burst-forming unit-erythroid (BFU-E), myeloid lineage colonies of
granulocyte/macrophage/granulocyte macrophage (CFU-G/M/GM), and multi-potential
progenitors CFU-GEMM (CFU-granulocyte, erythroid, macrophage, megakaryocyte).
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Figure 2. FX-/- HSCs have decreased self-renewal in serial trasnplantation, are less quiescent,
and have increased cell cycling activity
Flow cytometry analysis of LSK cells in the primary recipients 4 months after
transplantation (A) and secondary recipients 3 months after transplantation (B). N=5 for
each group, *p < 0.05, ** p< 0.01 compared with primary (A) or secondary (B) transplant
WT recipients receiving WT donor cells. (C) Shown is a representative distribution of G0
versus G1 in the LSKs defining an increased cycling fraction in FX-/- mice. Mouse bone
marrow cells were stained with lineage antibodies, APC-anti-ckit, PE-anti-Sca-1, Pyronin Y
(RNA dye), and Hoechst 33342 (DNA dye). LSK cells were gated by means of a stringent
parameter. Cells residing in G0 appear at the bottom of the G0/G1 peak, and G1 cells are the
upper part as indicated. (D) Mice were injected intraperitoneally with one dose of Brdu and
fed with water containing Brdu for 3 days. The percent of LSKs in S-G2/M phase of the cell
cycle was analyzed by anti-Brdu and 7-amino-actinomycin D (7-AAD). Data shown in (C)
and (D) is one representative of 3 similar experiments.
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Figure 3. FX-/- HSCs have decreased Notch ligand binding but similar physical relationship to
the vasculature compared to WT HSCs after homing in mouse calvarium bone marrow
(A) Marrow LSK cells from WT-NTg or FX-/--NTg mice without fucose supplementation
were examined for GFP expression. GFP+ cells were gated and analyzed for their binding
with vector control or recombinant Notch ligand Dll4 using PE-anti-hIgG Fc by flow
cytometric analysis. Data shown is one representative of five similar experiments as
indicated by the mean fluorescent intensity (MFI) after binding of LSKs with vector or Dll4.
(B) Shown are 2 representative images of each taken by 2-photon intravital microscopy of
engrafted GFP+ marrow progenitors isolated from either WT-NTg (left 2 panels) or FX-/--
NTg (- fucose) (right 2 panels) mouse donors, respectively. Calvarium blood vessels were
highlighted by TRITC-Dextran.
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Figure 4. Marrow HSCs without fucose are localized more distant to the endosteum in the
calvarium
(A) A representative image of 3 similar experiments showing HSCs (GFP+, green) localized
in the marrow after transplantation. The shortest three-dimensional distance (μm) between
HSC and the endosteum (blue) was determined and marked with white lines and numbers.
(B) GFP+ cells from fucose-replete mice are closer to the endosteum than GFP+ cells from
fucose-depleted mice.
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