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Background and Objective. A novel role for shedding
of the surface molecule L-selectin has been proposed
as an adjunctive phenomenon during cell detach-
ment from marrow stroma or vessel endothelium. We
wished to examine whether variations in expression
of L-selectin on a lymphoma B cell line were linked
to shedding.

Design and Methods. Mapping of L-selectin expres-
sion on the surface of Daudi lymphoma cells was per-
formed by flow cytometry, fluorescence microscopy,
and electron microscopy. Levels of shed L-selectin
were evaluated by Western blotting of culture super-
natants. Evaluation of cell cycle and proliferative
activity was performed by flow cytometry.

Results. Large Daudi cells in S+G2/M phases were
L-selectin positive, whereas small Daudi cells in
G0/G1 phase were L-selectin negative. During mito-
sis, L-selectin was distributed along the cleavage
furrow, and gradually lost. Electron microscopy
revealed that separating Daudi cells were negative
for L-selectin on the entire surface, except minute
aggregates of L-selectin within the cleavage furrow.
Addition of agents known to interfere with the ligand-
binding portion of L-selectin (sulfatides, MoAbs:
Lam1.3 and TQ1) results in loss of L-selectin.
Removal of L-selectin by digestion with chymotrypsin
inhibits Daudi proliferation. The MoAb FMC46 did
not interfere with proliferation. Proliferating Daudi
cells produced large quantities of shed L-selectin.
Inhibition of Daudi proliferation resulted in levels of
shed L-selectin below the limit of detection.

Interpretation and Conclusions. L-selectin is re-dis-
tributed on the cell surface of Daudi cells during the
last phase of mitosis, in which plasma membrane
invagination occurs between newly formed daughter
cells. Shedding of L-selectin is involved in the cytoki-
nesis of Daudi cells.
©1999, Ferrata Storti Foundation
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During the late stages of mitosis, after the DNA
has been pulled apart to form two equal sets,
cytokinesis occurs. During this phase, the

mitotic cell begins to cleave by formation of the cleav-
age furrow. Cleavage is achieved by the contraction
of an actin filament ring. This contractile ring is
bound to the cytoplasmic face of the plasma mem-
brane by uncharacterized attachment proteins. Slid-
ing of actin and myosin filaments in the contractile
ring generates force to invaginate the plasma mem-
brane.1 During normal cell division the contractile
ring does not thicken as the furrow develops, sug-
gesting the continual depolymerization of the fila-
ments. The rearrangement of microtubules and
microfilaments and their effects on the distribution of
cell surface receptor-ligand complexes were initially
studied by the evaluation of the distribution of lectin-
binding cell-surface proteins during cytokinesis. It
was observed that these lectin-binding proteins were
concentrated on microvilli in the cleavage furrow of
dividing Xenopus eggs.2 Shortly thereafter, similar
observations were made using fluorescently labeled
ConA lectin on macrophage, fibroblast and epithelial
cell lines.3 The movement of the ConA-binding pro-
tein appears orderly and is not due to diffusion.4 In
addition, observations made on giant multinucleat-
ed Reed-Sternberg cells, characteristic of Hodgkin’s
lymphoma, showed that the lectin-binding proper-
ties of their cell surface proteins were radically differ-
ent from those of normal cells. It was determined
that on the cell surface, there was a deficiency of ter-
minal sugars including sialic acid and fucose while
the nucleolus was rich in fucose and sialic acid bind-
ing proteins. Bramwell et al. postulated that the accu-
mulation of glycoproteins within the nucleoli was
linked to the failure of Reed-Sternberg cells to under-
go cytokinesis during mitosis.5 Recently, it was shown
that movement of lectin-binding surface receptors
during mitosis involved association, either direct or
indirect, with actin filaments.6

L-selectin is a lectin-binding membrane glycopro-
tein7 involved in lymphocyte trafficking and site-spe-
cific extravasation, and interacts with cytoskeletal
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proteins, as a-actinin and other cytoskeletal proteins
co-precipitate with L-selectin.8 L-selectin localizes to
the tips of microvilli on resting human leukocytes.9, 10

It was shown by Brenner et al. that ligation of L-
selectin directly induced a change in cytoskeletal
organization, as measured by actin filament poly-
merization.11 Pilarski et al. demonstrated that L-
selectin is concentrated along the cleavage furrow of
dividing human thymocytes using the anti-L-selectin
MoAb FMC46.12 The naturally occurring endothelial
ligands discovered to date include: GlyCAM-1,13

CD34 modified by tissue-specific glycosylation and
conformational changes,14, 15 and Sgp200.16,17 In
addition, MAdCAM-1 contains a mucin-like region
that may mediate L-selectin binding.18 These
endothelial ligands are sialylated,19 sulfated,16 and
O-linked fucosylated.20,21 The ligand-binding area of
L-selectin, as defined by binding to high endothelial
venules on frozen sections, interacts with a number
of known agents, including sulfatides21 and MoAbs
TQ1, Lam1.3,22 and Dreg56.23

Most research on L-selectin has focused on its role
in endothelial recognition, and its shedding during
endothelial recognition. Recently, it was shown that L-
selectin shedding is not necessary for the endothelial
transmigration of neutrophils.24 This opens up the
prospect of still to be discovered L-selectin functions
within tissue. Some human B cells react with a mon-
oclonal antibody towards sulfatides, a putative ligand
for L-selectin.25 Thus, L-selectin and one of its ligands
can be co-expressed on the same cell. It is unknown yet
whether L-selectin and its ligand on the same cell may
interact in some situations. The altered B cell differ-
entiation and function reported after signaling B cells
via sulfatides invites the possibility that L-selectin may
act as a co-stimulatory molecule during antigen-recog-
nition, or later during cell differentiation. Another nov-
el function of L-selectin shedding was described for
neutrophils, in which shedding of L-selectin enables
newly formed neutrophils to leave the bone marrow
environment,26 possibly by releasing binding to an L-
selectin ligand on stromal cells. A non-endothelial lig-
and was described on a human hematopoietic cell
line, KG1a. This ligand was not dependent on sulfa-
tion, nor was it recognized by the MECA79 mono-
clonal antibody towards the endothelial L-selectin lig-
and,27 but warrants further speculation on roles for L-
selectin within hematopoietic tissue.

We provide evidence that L-selectin may be
involved in cytokinesis of Daudi cells. We demon-
strate that L-selectin is concentrated along the cleav-
age furrow of Daudi cells undergoing cytokinesis. We
propose that L-selectin and its putative ligand on the
same cell interact during the mitotic membrane
invagination. In addition, data presented suggest that
L-selectin facilitates daughter cell separation by its
proteolytic cleavage from the surface, once the cell
has completed the G2/M phase of the cell cycle.

Design and Methods

Cells
The Daudi cell line28 was obtained from the Amer-

ican Type Culture Collection, Rockville, Md, USA.
Cultures were maintained in RPMI 1640 enriched
with 10% heat-inactivated FCS, 1% streptomy-
cin/penicillin, 1% glutamine, and 1% HEPES (all from
Gibco, Burlington, Ontario, Canada) in a starting
concentration of 2–33105 cells/mL. Cells were har-
vested in 25 mL aliquots, washed and resuspended in
RPMI 1640 before assaying.

Monoclonal antibodies (MoAbs)
A series of epitopes have been defined for L-

selectin, and different functional characteristics are
ascribed to each epitope. Five different monoclonal
antibodies were used in parallel: Dreg-56, TQ1 and
Lam1.3 from Coulter Electronics (Hialeah, FL, USA),
Leu8 from Becton-Dickinson (Mountain View, CA,
USA), and FMC46 from Serotec (Markham, ON,
Canada). TQ1, Dreg56, and Lam1.3 MoAbs recog-
nize specific antigenic determinants involved in lig-
and recognition.22,23

Immunofluorescence
Immunostaining with anti-L-selectin antibodies

TQ1-RD, Dreg-56-FITC was performed in a single
step. Lymphocytes were distributed in amounts of
23105 cells in immunofluorescence (IF) buffer (1%
heat-inactivated fetal calf serum and 0.02% azide in
phosphate-buffer saline) per well in microtiter plates
(Nunc, Denmark). TQ1-RD was added, and follow-
ing incubation, the cells were washed twice in IF
buffer, and then the labeled cell samples were fixed
in 1% formalin. IgG1-PE and IgG2b-PE antibodies
were used as isotype controls to measure non-specific
Fc binding for TQ1-RD, Dreg-FITC and Leu8-PE. L-
selectin MoAbs Lam1.3, and FMC46, were indirect-
ly stained using goat-anti-mouse (GAM) antibodies
conjugated to PE (Becton-Dickinson) at a dilution
of 1:100. Matching isotype specific control antibod-
ies were used to measure non-specific binding. Two
washes with IF buffer were performed between the
first and second staining. Two additional washes
were done after the second staining and the samples
were fixed in 1% formalin.

Cell cycle analysis with dual propidium Iodide
and immunofluoresence staining

Indirect staining on parallel samples of 13106 lym-
phocytes in 15 mm Falcon tubes was performed with
TQ1 and IgG1 using a previously described  method.
Goat anti-mouse F(ab’2) fragments conjugated to
FITC (Gibco) was used as the secondary antibody.
Subsequent propidium iodide staining for chromo-
some density was performed after 2 washes in IF buffer
in which the pellets were resuspended in 250 µL each
of RPMI-1640 (Gibco) and heat-inactivated fetal calf
serum. Then, 1.5 mL of 70% ice cold ethanol was

J.L. Po et al.786

Haematologica vol. 84(9):September 1999



drop-added into the suspension. Ethanol permeabi-
lization for 30 minutes at 4°C was followed by two
washes with PBS. After resuspension of the pellet in 1
mL PBS, 5 µL of DNAse-free RNAse (Boehringer
Mannheim, Germany) was added and the cells were
left to incubate for 30 minutes at 37°C in 5% CO2. The
tubes were subsequently placed on ice and cooled to
4°C and 100 µL of PI (Boehringer Mannheim) was
added. Cells were analyzed using flow cytometry.

Flow cytometric evaluation of proliferative
activity 

Daudi cells were stained with the lipophilic mem-
brane dye PKH-67 (green fluorescence) according to
the manufacturer’s directions (Sigma, Missisauga
Ontario, Canada). The labeled cells were distributed
in 96-welll microplates, and each growth condition
was evaluated in triplicate. Cells were cultured at
37°C (5% CO2) overnight either in RPMI in the pres-
ence or absence of fetal calf serum, or in the presence
of both fetal calf serum and one of the following L-
selectin-binding agents: sulfatides, Lam1.3, TQ1, or
FMC46. Neither Lam1.3 nor TQ1 mediates signal
transduction via L-selectin, although both recognize
the ligand-binding area of the molecule. FMC46 and
sulfatides mediate signaling. Assaying the prolifera-
tion of Daudi cells, the amount of cells with
unchanged fluorescence intensity was quantified as a
measure of the relative proportion of cells remaining
in the parent population. The evaluation was per-
formed using ModFit software. The mean and stan-
dard error of the mean was calculated from individ-
ual data from triplicate wells.

Flow cytometric evaluation of immunostaining
Flow acquisition and analysis were conducted on

a FACScan (Becton-Dickinson). The 488 nm line of
a 15 milliwatt argon-ion laser was used for excita-
tion. Band pass filters of 530 nm and 585 nm were
used for FITC and PE/PI, respectively. Filter configu-
rations were identical for acquisition of data on
membrane staining and DNA staining. Dead cells
were excluded from analysis by electronic gating. A
range of 5,000-15,000 cells were analyzed using flow
rates of 60 mL/min (L-selectin acquisition) and 12
mL/min(cell cycle acquisition). Signal processing was
managed using a Hewlett-Packard Model 310 (9000
series) computer. Programs used were FACScan,
ModFit, and CELLFIT (cell-cycle acquisition and
analysis), all from Becton Dickinson.

Fluorescence microscopy
Indirect staining on parallel samples of 23106 lym-

phocytes in microtiter plates was performed with TQ1
and IgG1 using the previously described method. Goat
anti-mouse F(ab’2) fragments conjugated to FITC
(Gibco) were used as the secondary antibody. After
washing with IF buffer, cells were resuspended in 50 µL
of 1% formalin and the contents of a full dropper of
each sample were placed on a glass slide (Fisher Sci-

entific, Nepean, Ontario, Canada). A drop of 1,4-
Diazabicyclo[2.2.2.]octane (DABCO) (Sigma, St-
Louis, MS, USA) was added to each sample to
decrease the rate of bleaching. Fluorescence micro-
scopy was performed using an Axiophoto Microscope
(Carl-Zeiss, Germany) with a 530 nm UV lamp for exci-
tation. Photographs of cells were taken with Kodak
P3200 (Rochester, NY, USA) black and white film.

Electron microscopy
Daudi cells in suspension were incubated with TQ1

MoAb for 10 minutes at room temperature in IF
buffer, washed twice and incubated with goat anti-
mouse IgG conjugated to 10 nm colloidal gold
(British BioCell International) for 30 minutes. Cells
were centrifuged into a loose pellet and fixed in 4%
paraformaldehyde for 2-4 hours at room tempera-
ture. The fixed cells underwent dehydration with
increasing concentrations of ethanol: 30%, 50%,
70%, 95%, for 10 minutes each, followed by infiltra-
tion with LR-White resin (J. B. EM services Inc., Mon-
treal, Canada). The resin was heat polymerized at
50°C for 24 hours. The embedded cells were cut into
thin (75 nm) transverse sections using an ultratome.
The sections were floated onto Formvar coated Ni
grids. The sections were counterstained with uranyl
acetate and lead citrate and examined in a Philips
301 transmission electron microscope.

Cell cycle arrest
Daudi cells were cultured in a 24-well cell culture

plate (Nunc, Denmark) in RPMI 1640 enriched with
10% heat-inactivated FCS, 1% streptomycin/peni-
cillin, 1% glutamine, and 1% HEPES (all from Gibco)
at a concentration of 13106 cells/mL. In some sam-
ples, cells were treated with 50 mg/mL aphidicholin
(Sigma), 0.02 µL/mL vincristine (Sigma), anti-L-
selectin antibodies (TQ1, Lam1.3, Dreg56), sul-
fatides, or anti-human IgM antibody (The Binding
Site, Birmingham, United Kingdom) and incubated
for 24 hours. Cell culture supernatants were collect-
ed and vacuum concentrated to 103 concentration
for Western blot detection of soluble L-selectin. Alter-
natively, culture supernatants were concentrated 10
times using disposable SpinX-UF concentrators with
a molecular weight cut-off at 10 kDa (Corning Costar
Corp., Cambridge, MA, USA).

Shed L-selectin detection by Western blotting
The shed L-selectin from Daudi cells was not

detectable by a commercial ELISA kit for shed L-
selectin, possibly because of glycosylation differences.
Instead, we analyzed culture supernatants by West-
ern blotting. Concentrated aliquots of cell culture
supernatants were applied to 6% non-reducing poly-
acrylamide gels. Following electrophoresis, the pro-
teins were transferred to a nitrocellulose membrane
for 1 hour, then blocked for 1 hour with 5% BSA in
PBS-Tween (0.1%). The membrane was incubated
with the anti-L-selectin monoclonal antibody Leu8
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overnight at 4°C. Rabbit anti-mouse-peroxidase
(DAKO, Missisauga, ON, Canada) was used as sec-
ondary antibody, and then visualized using Dupont-
NEN’s Renaissance Western blot chemiluminescence
reagent (Dupont-NEN, Wilmington, Delaware, USA)
according to the manufacturer’s instructions.

Results

L-selectin is expressed at high density on large
Daudi cells, whereas small Daudi cells from
the same culture do not express L-selectin

When Daudi cells were harvested during log phase
of cell growth, forward scatter analysis revealed two
cell populations based on size (Figure 1, top). Gates
were set on the large cell population versus the small
cell population, and histogram analysis showed that
L-selectin is highly expressed on large cells while small
cells had very low or no expression of L-selectin. This
observation was made for all anti-L-Selectin antibod-
ies tested: TQ1, Lam1.3, FMC46, and Dreg56. The
fluorescence intensity was evaluated on each subset
as the difference between fluorescence intensity for
TQ1 and IgG1. The binding of the TQ1 antibody to
small cells was only minimally greater than the bind-
ing of the isotype control antibody to the same sub-
set (Figure 1, left). The binding of TQ1 to large cells
was over 70 times stronger than the non-specific bind-
ing of the isotype control antibody (Figure 1, right).

L-Selectin-positive Daudi cells are mainly in
the G2/M phase while L-selectin-negative Dau-
di cells are mainly in the G1 phase of cell cycle

Cell cycle analysis of the small versus large Daudi
cells confirmed that the small cells are almost all in
the G1 phase, whereas the larger cells are predomi-
nantly cells in the S+G2/M phases. Interestingly, when
Daudi cells were gated on high versus low/no L-
selectin expression, a high proportion of the L-
selectin positive, large Daudi cells are seen in the S
phase (45%) and G2/M phase (43%). There is a five-
fold higher proportion of these cells in the G2/M
phase as compared to small, L-selectin negative Dau-
di cells (G2/M phase: 8%), supporting the observa-
tions made about Figure 2.

L-selectin is concentrated along the cleavage
furrow of dividing Daudi cells

Fluorescence microscopy using the anti-L-selectin
MoAb TQ1 revealed that most small cells appear
almost negative for L-selectin (Figure 3a), whereas
large Daudi cells express L-selectin at a high density
(Figure 3b). In addition, there is high expression of L-
selectin within the cleavage furrow of dividing Daudi
cells, as indicated by the arrows in Figure 3c.

In order to examine the expression of L-selectin on
dividing Daudi cells, these cells were harvested dur-
ing exponential growth, loosely pelleted, stained with
the TQ1 antibody and colloidal gold, and processed
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Figure 1. Variable L-selectin
expression on subpopulations
of Daudi cells. Two populations
of Daudi cells, small cells and
large cells, were observed (top
histogram). Small cells were L-
selectin-negative (left histo-
grams) while large cells were L-
selectin-positive (right histo-
grams). The data are represen-
tative of six experiments per-
formed. The mean and median
fluorescence and percent posi-
tive cells for each population,
and comparative numerical
analysis are listed in Table 1.



for electron microscopy. Sections were examined at
low magnification to search for areas where two cells
were separating by membrane invagination. A medi-
um magnification was used to scan the membrane
for staining. The surface of dividing Daudi cells was
negative for L-selectin, except for foci within the cleav-
age furrow (Figure 4).

Proliferation of Daudi cells was inhibited by
agents that block L-selectin’s ligand-binding area

Daudi cells were stained with PKH67, and a small
sample was examined by flow cytometry immediately,
to establish the PKH67 fluorescence intensity of the
parent population. Cells were cultured for 24 hours in
the absence or presence of several different MoAbs
(Lam1.3, TQ1) or sulfatides which interact with the
ligand-binding area of the L-selectin molecule. Cells
were harvested, washed, and evaluated by flow cyto-
metric analysis using ModFit software, which allows

for quantification of cells remaining in parent popu-
lation, as the PHK67 fluorescence intensity is halved
upon each cell division. Cultures without any L-selectin
blocking agents or in the presence of the MoAb
FMC46 proliferated well during the 24 hours, and less
than 10% of cells remained in the parent population.
In parallel cultures without serum, more than 60% of
cells remained in the parent population. Cells cultured
in the presence of TQ1, Lam1.3, or sulfatides had
between 35 and 45% of cells remaining in parent pop-
ulation. Daudi cells may leak some PKH67 dye during
culturing, in the absence of proliferation. Assuming
that serum-free culture conditions would retard pro-
liferation to almost nil, the serum-free cultures were
the proper controls after 24 hours of culture. The addi-
tion of L-selectin-blocking agents reduced the prolif-
eration close to that which was observed in serum-
free cultures.
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Figure 3. Fluorescence microscopy, photographed at a mag-
nification of 1000x. Daudi cells were harvested during the
log phase and stained with the anti-L-selectin MoAb, TQ1.
(a) is the IgG1 isotype control. (b) shows a large, L-selectin-
positive cell and a small, L-selectin-negative cell. (c) shows
a Daudi cell undergoing cytokinesis with L-selectin con-
centrated in the cleavage. The diameter of the small cell in
(a) is approximately 10 µm.

Figure 2. Daudi cell cycle profiles: Daudi cells were har-
vested during the log phase, stained with the TQ1 antibody,
and the DNA content of subsets was analyzed using pro-
pidium iodide fluorescence intensity as a function DNA con-
tent. (A) ungated cell population; (B) L-selectin-positive
large cells; (C) L-selectin-negative small cells. The data are
representative of three experiments performed.



Soluble L-selectin is detected in Western blot
detection of culture supernatants of cells
arrested in G0/G1

To test the hypothesis that L-selectin is shed dur-
ing cytokinesis, cells were cultured in the presence
and absence of Lam1.3, which we had shown to
retard proliferation. The presence of shed L-selectin
was assayed using culture supernatants and a non-

denaturing Western blotting system. The presence of
soluble L-selectin in the supernatant of untreated
control cells indicated a normal cycling cell popula-
tion in which L-selectin was shed as a consequence of
cell division. When Daudi cells were cultured in the
presence of Lam1.3, the proliferative activity was
reduced to levels close to those seen in serum-free
cultures (Figure 5). In these cultures, shed L-selectin
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Figure 4. Electron microscopy of 3 mitotic cells. The larger pictures are x7,000, and the inserts are photographically enlarged
to show the minute aggregates of L-selectin staining on the otherwise apparently negative, dividing cells. The observations
shown represent three separate experiments.

Figure 5. Proliferation of Daudi cells was retarded by addi-
tion of L-selectin binding agents.
(A) The histograms of fluorescence intensity of PKH67

staining is shown (ragged lines), along with the com-
puter-calculated generations (dark parables: parent
population, lighter gray parables: daughter genera-
tions), using ModFit software. The original PKH67
staining of Daudi cells is shown in the top left his-
togram, and the residual proliferation and PKH67 loss
by leaking and some proliferative activity is shown in
the top right histogram (serum free cultures). The pro-
gression of parent Daudi cells into subsequent daugh-
ter generations is shown in the bottom left histogram
(unstimulated Day 1), in which almost no Daudi cells
remained in the parent population. The effect of addi-
tion of TQ1 on Daudi proliferation is shown in the bot-
tom right histogram. The data shown are representa-
tive of 3 similar experiments.

(B) The percentage of Daudi cells remaining in the parent
population is shown as bars. The initial staining with
PKH67 is shown as Day 0, and the almost complete
progression of Daudi cells into daughter generations
is shown as unstimulated cells. The various agents
used to attempt blocking of L-selectin interacting
with a putative ligand on the same cell are listed
below. The error bars show the standard error of the
mean for triplicate culture wells in one experiment.
The data shown are representative of 3 similar exper-
iments.

A

B



was below levels of detection (Figure 6).
When Daudi cells were treated with chymotrypsin,

known to remove L-selectin but not integrins or
CD44, proliferation was inhibited for 48 hours. Dau-
di cells were cultured in the presence of drugs that are
known to interfere with cell division. Aphidicholine is
a drug that arrests cells in the G1 phase, immediate-
ly after completion of mitosis. Thus, in the cultures
with aphidicholine, the cells were allowed to progress
through one full cycle including one mitosis. This
drug had no effect on the shedding of L-selectin after
a 24-hour culture period. This is in contrast to data
from cultures to which vincristine was added. Vin-
cristine is a vinca-alkyloid drug that arrests cells in
the G2 phase of the cell cycle just before entering
mitosis. In the cultures with vincristine, all cells were
stopped prior to mitosis, and shedding of L-selectin
was drastically reduced.

Discussion
We have demonstrated a high expression of L-

selectin on large Daudi cells in G2/M phase, ready to
undergo mitosis, and a lack of L-selectin on recently
divided small cells in the G0/G1 phase. Our electron
micrographs show that L-selectin is not expressed on
the surface of mitotic cells, except for minute, dense
aggregates within the cleavage furrow. In addition,
Western blotting of cell culture supernatants measur-
ing soluble L-selectin supports the observation that L-

selectin is shed during mitosis. L-selectin is associated
with cytoskeletal elements crucial for separation of
daughter cells8 and is able to regulate the polymeriza-
tion of actin.11 It, therefore, seems plausible that L-
selectin binds to a ligand on the same cell during the
formation of the cleavage furrow, with shedding
occurring during the physical separation of daughter
cells.

L-selectin is considered primarily to be involved in
rolling of lymphocytes, mediating the initial attach-
ment of lymphocytes on lymph node HEVs and neu-
trophils on activated endothelial cells. L-selectin may
play other roles within tissues. The recent demon-
stration that B cells and bone marrow-derived
hematopoietic cells express ligands for L-selectin25,27

allows us to speculate that binding to a ligand on the
same cell may be used to facilitate the formation of
the cleavage furrow. The fact that some MoAbs
directed towards the ligand-binding area on L-
selectin retard mitosis of Daudi cells supports this
idea. Recently, shedding of L-selectin was shown as
to be a mechanism by which neutrophils detach from
the bone marrow environment, allowing them to
enter circulation.26 We speculate that the utilization
of an existing linkage to the cytoskeleton and the
mechanism for proteolytic cleavage may be the rea-
sons for L-selectin’s involvement in the development
of the cleavage furrow and the facilitation of separa-
tion of two daughter cells.

In Figure 7, we hypothesize that in the initial stages
of cytokinesis, L-selectin and its ligand on the same cell
are able to bind along the developing cleavage furrow.
During the final stages of cytokinesis, daughter cell
separation is accompanied by the proteolytic cleav-
age of L-selectin from the plasma membrane. The
presence of shed L-selectin in the supernatant of cells
that have completed mitosis contrasts with the
absence of shed L-selectin in growth-arrested cultures
(whether arrested by an L-selectin binding agent (Fig-
ure 5) or cytostatic drugs (data not shown). This is in
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Figure 6. Non-denaturing Western blot of cell culture super-
natants measuring soluble L-Selectin levels. The arrow indi-
cates the L-selectin band. The control lane (2) shows the
level of shed L-selectin from culture supernatants in which
Daudi cells were allowed to proliferate normally, and the
Lam1.3 lane (1) shows the absence of shed L-selectin in
supernatants from cultures in which proliferation was retard-
ed or arrested by addition of Lam1.3.

Table 1. Agents with specificity for human L-selectin.

Agent/ CD# Clone Source Blocks function Ca++ signal

MoAb CD62L TQ1 Coulter Yes [22] No [30]

MoAb CD62L Lam1.3 Coulter Yes [22] No [30]

MoAb CD62L Dreg56 Coulter Yes [23] No [30]

MoAb CD62L FMC46 Serotec (not known) Yes [30]

MoAb CD62L Leu8 Becton-Dickinson No [30] No [30]

Sulfatides N/A Sigma Yes [7,22] Yes [7,22]

Table 2. Functional consequences of L-selectin-binding
agents on Daudi lymphoma cells.

Inhibitory effect on:
Agent/treatment Proliferation Shedding

TQ1 +++ +++
Lam1.3 +++ +++
FMC46 — —
Sulfatides +++ +++
Chymotrypsin treatment ++++ —
Vincristine ND ++++
Aphidicholine ND —



line with earlier observations that ConA-binding pro-
teins were lost from dividing macrophage cell lines.3

Further studies are required to determine the pres-
ence and nature of the L-selectin ligand on cells
undergoing cytokinesis. However, due to its peculiar
role in the formation of the cleavage furrow, it is sus-
pected that the ligand will not interact with the nor-
mal configuration of L-selectin, despite the shared
binding site associated with lymphocyte - endothelial
cell interaction.

It is obvious that L-selectin is not a molecule nec-
essary to the mitosis of all cell types, as many L-
selectin-negative cell types are able to divide. Howev-
er, the fact that ligation of L-selectin is able to slow

down the proliferative activity of Daudi lymphoma
cells could indicate a novel mechanism for manipu-
lating the rate of mitosis of L-selectin-positive malig-
nant cells. One report that elevated levels of shed L-
selectin are found in serum of leukemic patients29 may
be partially explained by increased proliferation of
malignant cells releasing L-selectin into the circula-
tion. Levels of shed L-selectin and proliferative activi-
ty of tumor cells need to be correlated for hematopoi-
etic malignancies with a high proliferative index. A
better understanding of L-selectin and its involvement
in cytokinesis on certain cell types may in the future
contribute to the development of therapies facilitat-
ing retardation of rapid proliferation of some types of
malignant cells of hematopoietic origin.
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