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Abstract

To study the molecular basis of “homing” of granulocyte-mac-
rophage progenitors (CFU-C), we synthesized probes by cova-
lent linking of sugars to bovine serum albumin. Long-term
marrow cultures were established in the presence and absence
of these probes. In the presence of galactosyl and mannosyl
probes, total cell and CFU-C production in the supernate as
well as the adherent layer were halted, and cobblestones (rep-
resenting CFU-C bound to stroma) disappeared. Fucosyl probe
and diffusible sugars had no effect on these parameters. These
studies suggested membrane lectins with specificity for galac-
tosyl and mannosyl residues may be responsible for the binding
of CFU-C to supporting stroma. To determine if CFU-C pos-
sesses homing receptors with these specificities, we induced
agglutination in marrow cell suspensions with these neoglyco-
protein probes. Selective agglutination was observed only by
galactosyl and mannosyl probes. The results suggest that
CFU-C homing receptors are membrane lectins with specific-
ity for galactosyl and mannosy! residues.

Introduction

Interactions between sugar residues of membrane glycopro-
teins and receptors capable of specific binding to these residues
have recently been implicated in a number of cell biological
phenomena that require selectivity and specificity (1-3). One
such phenomenon is selective “homing” of various types of
lymphocytes in different parts of lymphoid organs that is de-
pendent on lectinlike homing receptors (4, 5).

Homing is also involved in hemopoiesis, where hemopoi-
etic progenitor cells selectively “home” to hemopoietic
stroma, thus sustaining their proliferation and differentiation
(6-9). Thus, after lethal irradiation and infusion of marrow
cells in mice, the progenitor cells selectively seek and “home”
in the stroma of spleen (10) and marrow (11). The conceptual
frame of bone marrow transplantation in humans also rests on
this selective “homing” (12, 13). Here, too, a source of hemo-
poietic stem cells is introduced in the general circulation in
anticipation of their “homing” to the bone marrow stroma.

In recent years, the model of long-term marrow culture
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(LTMC)' has permitted in vitro reconstitution of interactions
between the stroma and hemopoietic progenitor cells (14, 15).
This model exploits the adherent capacity of stromal cells to
various substrata. Such adherent stroma is then seeded with
source progenitor cells which bind to the stromal cells. In this
model, granulocyte-macrophage progenitor cells (CFU-C)
proliferate and differentiate to form distinct foci on adherent
stroma that appear as “cobblestones.” Upon maturation, these
cells are then released in the supernate (16). Without binding
to the stroma, preexisting CFU-C in marrow cell suspensions
may undergo proliferation and differentiation to form colo-
nies (e.g., in agar culture), but these processes are not sus-
tained (17).

We have previously shown that in this model the homing
of hemopoietic stem cell (CFU-S) is mediated by membrane
lectins with galactosyl and mannosyl specificities (18). We now
have extended these studies to determine the molecular basis
whereby CFU-C is specifically recognized and bound to he-
mopoietic stroma cells and proliferates to form *“cobblestones”
on the surface of stroma. Using a series of neoglycoprotein
probes recently synthesized in our laboratory (19), we at-
tempted to inhibit the binding of CFU-C to the stromal cells.
We now provide evidence that this binding is also mediated by
a mechanism recognizing galactosyl and mannosyl residues
and can be inhibited in the presence of galactosyl and manno-
syl neoglycoprotein probes. In addition, suggestive evidence is
presented that CFU-C surface membrane may contain lectins
with these specificities.

Methods

Marrow cells. Male C57 black mice (10-12 wk old) were used. To
obtain bone marrow cells, tibias and femurs were removed and cleaned
from the surrounding tissues. The epiphyses were then removed and a
needle was inserted into one end of the tubular bone and the marrow
tissue was forced out in a test tube by a syringe containing Dulbecco’s
phosphate-buffered saline (PBS). Cell suspensions were made by agi-
tating the tube, and cell concentration was adjusted to 10% cells/0.5 ml.

Synthesis of neoglycoprotein probes. The method for the synthesis
of neoglycoprotein probes has been established in our laboratory and
described in detail elsewhere (19). These probes are made by covalent
binding of activated sugars in pyrannose form to a larger protein mole-
cule such as bovine serum albumin (BSA). The method we developed
for this purpose fulfills several theoretical requirements. () Binding of
the sugar to a larger molecule prevents diffusion of small sugar mole-
cules into the cells. (b) The sugar remains in pyrannose form that is

1. Abbreviations used in this paper: CFU-C, granulocyte-macrophage
progenitor cell; CFU-S, hemopoietic stem cell; HEV, postcapillary
venule; LTMC, long-term marrow culture; SEM, scanning electron
microscope.



necessary for binding to lectins or lectinlike substances. (c) The sugar/
protein ratio (~ 40:50) is high enough to permit the use of neoglyco-
proteins as probes.

LTMC. This was done essentially as described before (15, 20). The
marrow content of one long bone (femur or tibia) was flushed with a
21-gauge needle into a culture flask (T-25 Falcon 3013, Falcon Plas-
tics, Cockeysville, MD) containing 8 ml of Fisher medium (Gibco,
Grand Island, NY) supplemented with 20% horse serum and 1077 M
hydrocortisone. Cells were then gently pipetted several times to sus-
pend them. Cultures were incubated at 33° under 5% CO, in humidi-
fied air and the supernate was demidepopulated at weekly intervals.
After 3 wk, when adherent cell colonies had developed into confluent
state, all 8 ml of the supernate were removed, and freshly harvested
marrow cells were overlaid (recharged) at a concentration of 5 X 10°
cells per ml (total of 8 ml) in the presence or absence of 107> M
concentration of neoglycoproteins (calculated on the basis of the sugar
content of the preparation). This concentration of neoglycoproteins
was selected because in differential agglutination studies, it was found
capable of agglutinating the cells. Subsequent to recharging, the cul-
tures were again demidepopulated at weekly intervals, and total cell
count as well as concentration of CFU-C in the removed supernate
were determined. Both data were adjusted to weekly production of
cells and CFU-C. Cobblestones were also quantified and studied by
scanning electron microscope (SEM). Upon termination LTMC, at 7
wk, the adherent layer was removed by teflon spatula and cell suspen-
sion was made. Cell count and CFU-C concentration were determined
in this adherent layer.

Quantitation and morphology of cobblestones. Culture flasks were
studied at weekly intervals (before the change of medium) by phase
microscopy at low magnification. The entire surface of the culture
flask was screened systematically and the number of cobblestones was
scored. Cobblestone was defined as an accumulation of > 30 small
round cells bound to the stroma so that they could not be dislodged by
tilting the flask. For SEM, several round 12-mm coverslips were placed
in the flask. They were subsequently removed, fixed in modified Kar-
novsky fixative in cacodylate buffer (pH 7.2) for 2 h at 4° and then
postfixed in 1% similarly buffered OsO, for 1 h. The specimens were
dehydrated in graded ethanol, critical point dried, coated with gold
palladium, and studied.

CFU-C assay. This assay determines the number of granulocyte-
macrophage progenitors by their clonal growth and differentiation into
morphologically visible colonies. The method for their determination
has been described (21). Briefly, 5 X 10* cells were incubated in 0.3%
semisolid agar in alpha medium containing 20% horse serum. As a
source of colony-stimulating activity (CSA), 20% medium conditioned
with mouse peritoneal cavity macrophage (22) was incorporated into
the semisolid agar. Agar cultures were maintained for 7 d at 37°C in
5% CO, in humidified air. Cultures were then examined under phase
microscope, and colonies containing > 50 cells were counted as
CFU-C.

Differential agglutination technique. Differential cell agglutina-
tion was adapted from Inbar and Sachs with some modifications (23).
Marrow cell suspensions (10® cells/0.5 ml of PBS) were incubated in
0.7 X 10 cm polystyrene tubes with the desired sugar-BSA (final con-
centration, 107> M in PBS) for 60 min at 4°. In this method, those
marrow cells that possess membrane receptors capable of binding spe-
cific sugars undergo agglutination. This leaves other cells in monodis-
persed form. The cells were then gently layered with a pasteur pipette
on top of BSA solution (5% wt/vol, total vol 7 ml) in a 15-ml conical
tube.

Preliminary experiments indicated that this layering with BSA was
necessary to prevent sedimentation of nonagglutinated cells upon the
subsequent centrifugation. Cells were then centrifuged for 2 min at 50
g. Unagglutinated cells remained at the top of BSA solution and this
was called fraction 1. Most agglutinated cells formed large clumps (as
examined by phase microscopy) that could not be easily disaggregated.
These clumps sedimented to the bottom of the tube and were called
fraction 3. Some cells also formed much smaller clumps that remained
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in the BSA layer. In contrast to fraction 3, these clumps could easily be
disaggregated. This fraction was considered as fraction 2.

Cells in each fraction were collected and incubated for 10 min at 4°
with 0.2 M of diffusible competing sugar solution in PBS to disperse
the cells and obtain single cell suspensions again. The dispersed cells
were collected by cytocentrifugation, washed thrice with PBS, counted
in a hemocytometer, and representative samples were smeared and
stained with Wright-Giemsa for differential counting. CFU-C concen-
tration was then determined as discussed and the results were com-
pared with controls using Student’s ¢ test.

Preliminary experiments were also done omitting the centrifuga-
tion step and permitting sedimentation of agglutinated cells by gravity
for 15 min. It appeared that without centrifugation, sedimentation of
agglutinated cells was incomplete and a brief centrifugation at low
speed improved the sedimentation considerably. In addition, in some
preliminary experiments, 0.168 M NH,Cl was initially used to remove
the contaminant erythrocytes in the marrow cell suspensions. This
manuever did not improve cell or CFU-C yield and was therefore
abandoned.

Results

Cell and CFU-C production in LTMC. Fig. 1 shows cumula-
tive cell production in these experiments. The number of cells
at week zero reflects the number of cells in the medium before
the addition of marrow. In control cultures, cumulative cell
production continued almost as a linear function of time, as
has been observed before (14, 16). However, in cultures con-
taining 10~ M galactosyl or mannosyl probe cumulative cell
production, which was higher than control during the first
week, began to reach a plateau, indicating the cessation of cell
production in the cultures. Cultures grown in the presence of
fucosyl probe, all diffusible sugars, and BSA alone (in compa-
rable concentrations) exhibited the pattern of control culture,
indicating no effect on cell production.

A similar pattern was observed when CFU-C concentra-
tion was determined in these cultures (Fig. 2). In control cul-
tures, cumulative CFU-C production rose linearly as a func-
tion of time. In the presence of 10~ M galactosyl and manno-
syl probes, CFU-C production was halted 2 wk after the
initiation of cultures, so that the cumulative CFU-C produc-
tion reached a plateau. Cultures grown in the presence of fu-
cosyl probe, diffusible sugars, and BSA alone in comparable
concentrations showed a pattern similar to that of control. At
the termination of experiments, no CFU-C was found in the
adherent layer in those flasks grown in the presence of galac-
tosyl and mannosyl probes, but CFU-C was present in the
adherent layer in control flasks (18,810+710 per flask) and
those grown in the presence of fucosyl probe or diffusible
sugars.

Fig. 3 shows dose-response experiments for galactosyl
probe. Complete inhibition was obtained at the concentration
of 1073 M, whereas no inhibition was obtained at the concen-
tration of 103 M. Similar results were obtained for mannosyl
probe.

Mixing experiments. To determine if galactosyl and man-
nosyl probes are synergistic in their effect to inhibit cell and
CFU-C production, we carried out experiments in which the
two probes were used in 1:1 ratio so that the molarity of the
probes remained the same. There was no synergistic effect
between the two probes as the magnitude of inhibition of total
cell (Fig. 4 A) and CFU-C production (Fig. 4 B) in mixing
experiments was similar to those for each probe alone. Simi-
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Figure 1. Cumulative cell production in the presence and absence of the three neoglycoprotein probes (4) and diffusible sugars (B). In the pres-
ence of galactosyl mannosyl probes, cell production ceases and cumulative cell production reaches a plateau. In control cultures and in the
presence of fucosyl probe, BSA alone and the three diffusible sugars, cumulative cell production is a linear function of the time in culture.
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Figure 2. Cumulative CFU-C production in the presence and ab-

sence of the three neoglycoprotein probes, BSA alone, and the three
diffusible sugars. In control cultures, cumulative CFU-C production
is a linear function of the time in culture, whereas in the presence of
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galactosyl and mannosy! probes, it reaches a plateau indicating
CFU-C production in the cultures have halted. BSA alone, fucosyl
probe, and diffusible sugars give a pattern similar to the control.
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Figure 3. Cumulative CFU-C production in the presence of various

dose of galactosyl probes. Molarity was calculated on the basis of the
sugar content of the probe. Complete inhibition was obtained at the

concentration of 103 M, whereas no inhibition was obtained at the

concentration of 1075 M.

larly, mixing experiments with the noninhibitory fucosyl
probe and each of the two inhibitory probes showed inhibition
of the magnitude comparable with that of inhibitory probes
alone.

Quantitation and morphology of cobblestones. The number
of cobblestones per flask (Fig. 5) decreased in normal cultures
after the first week but, despite some variation, it stabilized
after the second week and remained so for 6-8 wk. A similar
pattern was also noted for cultures containing fucosyl probe.
By contrast, in cultures containing galactosyl and mannosyl
probes, the number of cobblestones was much lower in 1-wk-
old cultures and then approached zero and remained so. In
these cultures only adherent stromal cells could be seen after 3
wk. Even the few cobblestones that were seen before 3 wk

appeared in phase microscopy to be much smaller and also less
tightly bound to the stroma compared with control cultures as
observed by the tilting of the flask. Fig. 6 shows the morphol-
ogy of these cultures as seen by scanning electron micro-
scopy (SEM).

In SEM, the stroma essentially consisted of two cell types
(15). The first was spreading and forming a “floormat,” with
its branches spreading over the entire flask. The second cell
type had round contour and many surface ridges, some of
which appeared to be adherent to the flask surface. This cell
type was considered to be macrophage (15). The cobblestones
appeared as accumulation of > 30 small round cells slightly
heterogeneous in size (9 um) being adherent to the floormat
cells (Fig. 6 4). These cobblestones were frequent in control
cultures and cultures grown in the presence of fucosyl probe,
BSA alone, or diffusible sugars. Culture containing galactosyl
and mannosyl probes were completely devoid of cobblestones
and only the stromal adherent cells were seen (Fig. 6 B).

Functional potential of probe-exposed CFU-C and stroma.
To ensure that the exposure of probes did not alter the func-
tional potential of CFU-C cultures were grown for 1 wk in the
presence of probes. The supernate (containing CFU-C) was
then removed, washed free of probes, and grafted onto hemo-
poietic cell-free adherent layer. CFU-C production was then
monitored weekly. CFU-C production continued (Fig. 7, Exp.
1) at a rate similar to control culture. To determine the func-
tional potential of probe-exposed stroma, cultures were grown
in the presence of probes for 5 wk, at which time total cell and
CFU-C production was completely halted. At this time the
supernate was removed and the adherent stromal layer was
washed with medium and overlaid by stroma-free supernate
(containing CFU-C). CFU-C production in these cultures was
resumed at a rate comparable with control culture (Fig. 7, Exp.
2), indicating that the probe did not alter the potential of
stroma for the support of CFU-C growth.

Differential agglutination of marrow cells. These studies
suggested the presence of a sugar-lectin recognition system

Control
Figure 4. Mixing experiments.
Cumulative total cell (4) and
CFU-C production (B) in the
presence of various combination
of mannosyl (M), galactosyl (G),
and fucosyl (F) probes to a total

g:; concentration of 1073 M. The

M-F method is described in the text.
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Figure 5. Quantitation of cobblestone areas in LTMC. In control
cultures and in the presence of fucosyl probe, the number of cobble-
stones decreases during the first week and then reaches a plateau. In
the presence of galactosyl and mannosyl probes, the number of cob-
blestone is much lower after 1 wk and then approaches zero.

with galactosyl and mannosy! specificities as the basis of hom-
ing of CFU-C to its supporting stroma. To determine whether
CFU-C contains membrane lectins with these specificities,
marrow cells were subjected to differential agglutination with
all three neoglycoprotein probes as well as diffusible sugars.
The recovery as percentage of total was 63.3, 69.7, and 64.4%
in fraction 1, respectively, for galactosyl, mannosyl, and fuco-
syl probes. Corresponding figures for fraction 3 were 15.8,
22.7, and 13.3%. The remaining cells were found in fraction 2.
Fig. 8 shows the CFU-C concentrations in nonagglutinated
and agglutinated fractions after differential agglutination.

Figure 6. SEM of control culture (4) demonstrating the binding of a
group of round, small hemopoietic cells (C) to the adherent, spread-
ing stromial cells (S) and partially covering the latter cells. This forms *
a cobblestone that could be recognized by phase microscopy. In cul-
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Only galactosyl and mannosyl probes could differentially ag-
glutinate CFU-C with enrichment factors of 1.97 and 2.15,
respectively, in the agglutinated fraction. The results were sta-
tistically highly significant (P < 0.001). Most often agglutin-
ated cells were more differentiated granulocytic cells which
probably had retained their receptors in the course of matura-
tion. Fucosyl-BSA, BSA alone, and diffusible sugars alone did
not differentially agglutinate CFU-C, and the presence of
CFU-C in fraction 3 reflected only the centrifugal force that
was not differential.

Discussion

Hemopoiesis is the result of interaction between hemopoietic
progenitor cells and the supporting stromal cells to which pro-
genitor cells specifically bind (8). An experimental model that
has been useful for the study of this interaction is long-term
bone marrow culture (24). In this model CFU-C bind to ad-
herent stromal cells (25). The binding is highly selective and
specific (homing). Consequent to interactions between these
cells and the stroma, proliferation, differentiation, and matu-
ration of progenitor cells occur and mature cells are then re-
leased in the supernate. In this system, proliferating CFU-C is
also released in the supernate, and in fact CFU-C in the super-
nate is in a state of equilibrium with those bound to the
stroma. Proliferating and differentiating cells that are bound to
the stroma form distinctive areas that can be visualized micro-
scopically as cobblestones.

We have previously reported that the molecular basis of
CFU-S homing to hemopoietic stroma relies on a recognition
system with galactosyl and mannosyl specificities (18). In the
present study we investigated the molecular basis whereby
homing of CFU-C is mediated. The results provide strong evi-

ture containing galactosyl (B) and mannosyl probes, no cobblestones
are seen and the adherent stromal cells is seen (S) with its cytoplas-
mic branches spreading over the surface.of the flask forming a
“floormat.” 4-wk cultures. (4) X 1,000. (B) X 1,000.
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dence that it is also mediated by a recognition mechanism
involving galactosyl and mannosyl residues. Thus, binding of
progenitor cells to stromal cells and their subsequent prolifera-
tion and differentiation are inhibited in the presence of galac-
tosyl and mannosyl probes in the culture medium. This inhibi-
tion is reflected in the halting of total cell and CFU-C produc-
tion. Morphologically, too, cobblestones disappear in the
presence of these sugar probes. This is also indicated by ab-
sence of CFU-C in the adherent layer upon termination of
cultures, indicating that the absence of CFU-C in the super-
nate is not merely the result of different compartmentalization
(stronger binding of cells to the stroma and lack of their release
into the supernate).

That this halting is evident only after 2 wk may reflect
heterogeneity of CFU-C (26-28) and the presence in culture of
a population of these cells far advanced in their differentiation
state and no longer dependent on stromal binding. A similar

[ Non-Agglutinated fraction
Agglutinated fraction

200

150

Colonies per 10* cells

Gal-BSA Gal Man-BSA Man Fuc-BSA Fuc

BSA Control

Figure 8. Marrow cells were incubated with neoglycoprotein probes,
BSA alone, and diffusible sugars as discussed in the text. They were
then layered over 5% BSA solution (see experimental procedure) and
centrifuged. CFU-C concentration was determined in fractions 1
(nonagglutinated) and 3 (agglutinated). Galactosyl and mannosyl
probes differentially agglutinate CFU-C, whereas CFU-C concentra-
tion in the presence of fucosyl probe, BSA alone, and diffusible
sugars remain comparable in the two fractions. Control is from fresh
untreated marrow.
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situation is seen in the clonal analysis of CFU-C in agar, where
proliferation and differentiation occur to form granulocytic
colonies (17), but these processes are not sustained.

Because the sugar probes do not have direct cytotoxic effect
(18) and do not alter the functional potential of CFU-C or
stroma, our results indicate that the inhibition of total cell and
CFU-C production must be at the level of binding of progeni-
tor cells to stromal cells and that this binding is necessary for
the subsequent proliferation and differentiation of progenitor
cells.

The inhibitory effect of the two sugars on the homing of
CFU-C is not synergistic and apparently both sugars are
needed for homing because each of the probes can totally in-
hibit homing. This indicates that homing receptors must in-
teract with a certain specific configuration of membrane gly-
coconjugates that involves both residues. Either progenitor
cells or stromal cells may have membrane lectin-like sub-
stances (homing receptors) capable of specific recognition and
binding of these two sugar residues with membrane glycocon-
jugates of the other cells. The studies on LTMC do not indicate
whether these homing receptors are located on CFU-C or stro-
mal cells. Thus, we carried out differential agglutination stud-
ies on CFU-C. These studies suggested the presence of homing
receptors, interacting with galactosyl and mannosyl probes, on
the surface of progenitor cells. However, the alternative possi-
bility that stromal cells may also possess homing receptors can
not be rules out, as these two possibilities are not mutually
exclusive. That the enrichment factor hardly exceeds two may
reflect the relatively low affinity of these receptors for their
ligand. In a cloned hemopoietic progenitor cell, the dissocia-
tion constant (K) is in the range of 107® M (3.11 X 107 M for
galactosyl and 6.88 X 10™® M for mannosyl probes [18]),
whereas for most receptors K is usually in the range of 107° M
or even higher. This low affinity is understandable in view of
the fact that the association of hemopoietic cells with the
stroma is a transient one and, upon maturation, they must
become loose and enter the circulation. There is evidence in
the literature that stronger binding of hemopoietic cells to
stroma may inhibit their subsequent release and consequently
lead to ineffective hemopoiesis (29-33).

Considerable attention has recently been focused on hom-
ing receptors in lymphocytes (4). These receptors are responsi-
ble for specific interaction of different subpopulations of lym-
phocytes with the high endothelium of the postcapillary ven-
ules (HEV) in lymphoid organs, an interaction that underlies
the dynamic traffic of lymphocytes. It is of interest that hom-
ing receptors in lymphocytes are also lectins with specificity for
mannosyl phosphate residues (34, 35). Moreover, lymphocyte
homing receptors are associated with ubiquitin, thus forming a
branched-chain protein with two NH,-termini (4, 36). Relative
to lymphocytes, homing receptors of hemopoietic progenitor
cells have not been studied. This may be in part the result of
technical difficulties in obtaining purified preparations of he-
mopoietic progenitor cells. Whereas many subpopulations of
lymphocytes can now be isolated with the use of monoclonal
antibodies, assays for hemopoietic progenitor cells are still
crude bioassays.

Differences exist between lymphocyte homing in lymphoid
organs and CFU-C homing in the present system. Binding of
lymphocytes to HEYV is followed by engulfment of lymphocyte
by HEV in a similar manner that soluble ligands are internal-
ized (37-41). Lymphocytes are subsequently externalized to
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the abluminal side (42). CFU-C binding to the stroma is not
followed by internalization, and it is possible that the binding
may alter the configuration of receptors or membrane glyco-
conjugates so that CFU-C and its progeny are fixed to the
stromal cells preventing internalization. In fact, it is entirely
possible that this putative alteration in the configuration of the
molecules may be instrumental in initiating the processes of
proliferation or differentiation or the susceptibility of the cell
to stimulators of these processes. The relation of homing to
proliferation and differentiation of the cell requires further
studies. It is also to be noted that the binding of CFU-C to the
stromal cells must be a temporary phenomenon, because upon
maturation the cells are released into the supernate.

Nonetheless, certain parallelism exists between homing of
lymphocytes and CFU-C. In both systems, homing receptors
appear to be lectins with defined specificities for sugar residues
of membrane glycoconjugates.

It is entirely possible that this homing mechanism is also
involved in vivo. Binding of granulocytic progenitor cells to
specific type of alkaline phosphatase-positive stromal reticular
cell has been reported in bone marrow (43), and these cells
both morphologically and cytochemically resemble LTMC
stromal cells to which progenitor cells bind to form cobble-
stones. In this context, it should be mentioned that in vivo
homing of hemopoietic progenitor cells, such as may occur in
the case of bone marrow transplantation, appears to be some-
what more complicated, because it might involve a two-step
phenomenon. Progenitor cells must first be recognized by
marrow endothelium and transported to the extravascular
(hemopoietic) space where homing to specific stromal cells
occurs. It is possible that the specific recognition of these cells
by marrow endothelium also involves a similar mechanism. In
this context, it is of interest that receptors with defined speci-
ficity for galactosyl residues of glycoconjugates have been
identified on the luminal surface of marrow endothelium (44).
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