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Synopsis
Human leukaemic HL-60 cells are widely used for studying interactions involving adhesion molecules [e.g. P-selectin
and PSGL-1 (P-selectin glycoprotein ligand-1)] since their rolling behaviour has been shown to mimic the dynamics of
leucocyte rolling in vitro. HL-60 cells are neutrophilic promyelocytes that can undergo granulocytic differentiation upon
exposure to compounds such as DMSO (dimethylsulfoxide). Using a parallel plate flow chamber functionalized with
recombinant P-selectin–Fc chimaera, undifferentiated and DMSO-induced (48, 72 and 96 h) HL-60 cells were assayed
for rolling behaviour. We found that depending on P-selectin incubation concentration, undifferentiated cells incurred
up to a 6-fold increase in rolling velocity while subjected to an approximately 10-fold increase in biologically relevant
shear stress. HL-60 cells exposed to DMSO for up to 72 h incurred up to a 3-fold increase in rolling velocity over the
same shear stress range. Significantly, cells exposed for up to 96 h incurred up to a 9-fold decrease in rolling velocity,
compared with undifferentiated HL-60 cells. Although cell surface and nuclear morphological changes were evident
upon exposure to DMSO, flow cytometric analysis revealed that PSGL-1 expression was unchanged, irrespective
of treatment duration. The results suggest that DMSO-treated HL-60 cells may be problematic as a substitute for
neutrophils for trafficking studies during advanced stages of the LAC (leucocyte adhesion cascade). We suggest that
remodelling of the cell surface during differentiation may affect rolling behaviour and that DMSO-treated HL-60 cells
would behave differently from the normal leucocytes during inflammatory response in vivo.
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INTRODUCTION

In the microcirculation, the innate immune response is often de-
scribed as a cascade of events starting with the recruitment or
trafficking of leucocytes from the circulatory pool to the area
of injury. The immune response begins with the release of in-
flammatory cytokines and other signalling molecules by host
cells, which activates vascular endothelial cells and induces up-
regulation of P- and E-selectins [1] in order to attract freestream
leucocytes. Initial adhesive contact also depends on PSGL-1 (P-
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Abbreviations used: BN, banded nuclei; CD11b, cluster of differentiation molecule 11b; DMF, dimethylformamide; FBS, fetal bovine serum; FOV, field of view; GN, cytoplasmic
granules; ICAM, intercellular adhesion molecule; LAC, leucocyte adhesion cascade; LFA-1, lymphocyte function-associated antigen-1; Mac-1, macrophage-1 antigen; NT, no treatment;
PBA, PBS containing 1 % FBS and 0.02 % sodium azide; PE, phycoethryin; PSGL-1, P-selectin glycoprotein ligand-1.
1 To whom correspondence should be addressed (email David_Gee@mail.RIT.edu).

selectin glycoprotein ligand-1) and L-selectin, which are found
on the tips of leucocyte microvilli [2]. Eventually, the activated
leucocyte transmigrates out of the blood vessel, facilitated by
integrins, in order to carry out its immune function.

For leucocytes in the near-wall environment, cell rolling is
enabled by the formation and rapid dissociation of receptor–
ligand bonds between P-selectin and PSGL-1 [3,4]. Rolling is
considered when the translational velocity is less than or equal
to 50 % of the associated stream velocity at that point [5]. It
has been demonstrated in vitro for leucocytes on artificial lipid
bilayers containing purified P-selectin [6], for leucocytes on

C© 2012 The Author(s) This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial Licence (http://creativecommons.org/licenses/
by-nc/2.5/) which permits unrestricted non-commercial use, distribution and reproduction in any medium, provided the original work is properly cited.
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P-selectin–Fc-coated surfaces [7], for cell-free rolling assays
with ligand-coated microspheres [8,9], and in vivo in exposed rat
mesentery [10]. Studies have shown that deficiency in P- and E-
selectins can eliminate cellular inflammatory response even when
integrins and their respective ligands are available [11], demon-
strating that selectin-mediated rolling is critical for inflammatory
response [12].

The HL-60 leukaemic cell line, derived from a female patient
with acute promyelocytic leukaemia [13], is multipotent and can
be induced to terminally differentiate towards cell types with dis-
tinct lineages. Treatment with DMSO (dimethylsulfoxide) and
other polar compounds, and butyric acid have been shown to
induce differentiation into myelocytes, metamyelocytes and ban-
ded and segmented neutrophils [13,14]. Several additional stud-
ies have shown that incubation with all-trans-retinoic acid in
growth media will induce differentiation to functionally ma-
ture granulocytes [15,16]. One important surface marker that
can be up-regulated is CD11b, the αM protein subunit for the
β2-integrin αMβ2 or Mac-1 (macrophage-1 antigen) [16,17].
Although mature myeloid cells are positive for CD11b [18],
undifferentiated HL-60 cells do not express or only weakly
express CD11b surface antigen or mRNA [17]. β2-Integrins,
including LFA-1 (lymphocyte function-associated antigen-1;
integrin αLβ2) and p195,50 (integrin αXβ2), play key roles in
the recruitment of leucocytes to sites of tissue injury [19] and
therefore their expression and function are important in leucocyte
trafficking. Hence, it is important whether or not differentiated
HL-60s mimic leucocyte rolling behaviour by binding tightly to
ligand-coated surfaces representing an inflamed endothelium for
advanced stages of the LAC (leucocyte adhesion cascade).

The ultrastructure of the HL-60 cell is similar to that of the
early promyelocyte in size and shape of nucleus, structure of
chromatin and the presence of well-developed Golgi apparatus
[20]. The constitutive expression of PSGL-1 [4,21] by HL-60
cells makes them an excellent candidate cell line for studies in-
volving the initial stages of leucocyte recruitment and multiple
researchers [4,7,22] have used these cells as surrogates for neutro-
phils in order to investigate the rolling of leucocytes over models
of inflamed endothelium, or to investigate cell-sorting techniques
via receptor-mediated adhesion [23,24]. In the present study, we
investigated the rolling behaviour of DMSO-exposed HL-60 cells
in order to assess whether the treated HL-60 cells would repro-
duce selectin-mediated rolling adhesion events. Using a parallel
plate flow chamber, we found that depending on P-selectin in-
cubation concentration untreated cells incurred up to a 6-fold
increase in rolling velocity while subjected to an approximately
10-fold increase in biologically relevant shear stress. HL-60 cells
exposed to DMSO for up to 72 h incurred up to a 3-fold increase
in rolling velocity over the same shear stress range. Significantly,
cells exposed for up to 96 h incurred up to a 9-fold decrease
in rolling velocity, compared with undifferentiated HL-60 cells.
Flow cytometry data indicated that PSGL-1 expression was un-
changed, irrespective of treatment duration. The results suggest
that DMSO-treated HL-60 cells may be problematic as a substi-
tute for neutrophils for trafficking studies during advanced stages
of the LAC.

MATERIALS AND METHODS

Cell lines
HL-60 cells were donated by Dr Michael King (Department of
Biomedical Engineering, Cornell University, Ithaca, NY, U.S.A.)
and maintained in suspension culture in RPMI 1640 medium sup-
plemented with 10 % heat-inactivated FBS (fetal bovine serum),
2 mM L-glutamine and antibiotics in a humidified 5 % CO2 incub-
ator. Viability was quantified by Trypan Blue dye exclusion. To
induce differentiation, viable log-phase cells were resuspended in
complete RPMI 1640 growth medium containing 1.25 % DMSO
and incubated for 24–96 h. To prepare cells for rolling, cultures
were centrifuged and washed two times in PBS. Cells were resus-
pended at a density of 106 cells/ml in HBSS (Hanks’ balanced salt
solution; Invitrogen) supplemented with 2 mM CaCO3, 10 mM
Hepes and 0.5 % BSA (Sigma).

Cell rolling assay
rhP-selectin (recombinant human P-selectin)–Fc chimaera (R&D
Systems) was dissolved in PBS to yield a final concentration of
100 μg/ml. Two different concentrations were used in these ex-
periments and were prepared on the morning of an experiment
from stock solution by diluting in PBS. To functionalize the flow
chamber, a rectangular double-well flexiPERM gasket (Sigma)
with the interior wall removed was placed on the lower sur-
face of a 35-mm polystyrene culture dish (Corning). A portion
(300 μl) of dilute P-selectin concentration was placed inside the
well and the plate was gently rocked for 2 h (Orbit). The surface
was washed three times with 300 μl of PBS and blocked for non-
specific adhesion with 2 % BSA in PBS for 1 h. The flow chamber
(2.5 mm wide×0.127 mm thick, GlycoTech) was assembled on
top of the dish and the device was mounted on an Olympus IX71
inverted microscope (Olympus America Inc.). A ×10 objective
(UPlanFL ×10/0.30) (×100 total magnification) was used to ob-
serve cell rolling events. Cells were perfused through the flow
chamber at a specific volume flow rate using a syringe pump
(KD Systems). The flow rate was adjusted in order to repro-
duce wall shear stresses in the range 0.5–5 dyn/cm2, which have
been measured in postcapillary venules [25]. In calculations, we
assumed a fluid viscosity of 1 cP (centipoises).

Data acquisition and cell tracking
Cell rolling was monitored using a microscope-linked Hitachi
CCD camera KP-M1AN (Hitachi) and recorded on a DVD re-
corder (Sony DVO-1000MD). Cell-rolling videos (recorded at
30 frames/s) were converted into AVI-formatted files (WinXDVD
Ripper) and individual tracks were converted into a series of JPEG
images using SC Video Decompiler. Tracking of cells was ac-
complished using ImageJ software (ImageJ 1.44) and individual
cells were generally tracked for 30 s, although some were only
tracked for 10–20 s. Rolling velocity was computed by converting
pixel data into coordinate data and dividing by the corresponding
time interval. Rolling flux was computed by counting the number
of cells rolling across the FOV (field of view) for a 1-min period.
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DMSO exposure modulates HL-60 cell rolling interaction

Specifically, we simply averaged counts of rolling cells taken at
the beginning and end of a 1-min period and divided by the FOV.

Flow cytometry
HL-60 cells (106 cells/ml; treated +−1.25 % DMSO) were washed
in freshly made PBA (PBS containing 1 % FBS and 0.02 % so-
dium azide) and harvested by centrifugation at 300 g for 5 min.
Resuspended cells were blocked in 4 μl of 1:1 mixture of Fc-
block (cat. no. 553142; BD Pharmingen) and PBA for 10 min on
ice. Cells were stained with 1:50 dilution of PE (phycoerythrin)-
conjugated anti-PSGL-1 antibody (cat. no. 556055; BD Pharmin-
gen) for 60 min on ice (protected from light). Control cells were
pre-incubated with 1:50 dilution of unconjugated anti-PSGL-1
(cat. no. 556053; BD Pharmingen) for 60 min (after blocking)
before being stained with PE-conjugated anti-PSGL-1 antibody.
After staining, volume was increased to 1 ml with PBA and cells
were centrifuged at 300 g for 5 min and resuspended in 200 μl
PBS. Cells were run on a BD Flow Cytometry 12-colour LSRII
(BD Biosciences) with at least 10000 events routinely analysed
for each sample. Data analysis was performed using FlowJo (Tree
Star).

Cell staining
Suspensions of 4×105 HL-60 cells were cytocentrifuged on to
glass slides for 10 min at 800 rev./min. Cells were fixed and
stained according to the ‘Diff-Quik®’ staining protocol [26]. Cells
were imaged using a Zeiss Axiovert 40 CFL inverted microscope
and digital camera.

Data analysis
All results are presented as means +− S.E.M., and represent the
average of a minimum of 39 rolling interactions (n�39, unless
otherwise indicated) from two separate independent experiments.
Differences among groups were statistically analysed using an
unpaired two-tailed Student’s t test; P < 0.05 was considered
statistically significant.

RESULTS

Undifferentiated HL-60 cells interact strongly with
P-selectin–Fc surfaces
The acute promyelocytic leukaemia HL-60 cell line expresses the
adhesion molecule PSGL-1 and HL-60 cells roll on P-selectin
coated surfaces [27–29]. Using the parallel plate flow chamber,
we examined the rolling interactions of HL-60 cells for two dif-
ferent incubation concentrations of P-selectin: 0.5 and 1.5 μg/ml.
Cells were initially pulled into the flow chamber and the pump
was turned off for ∼1 min. Some cells settling on to the sub-
strate were observed and those cells appeared buoyant. Once the
flow rate was selected and flow initiated, cells were observed

Figure 1 Rolling interactions of undifferentiated HL-60 cells over
P-selectin surfaces; incubation concentration in μg/ml
Rolling velocity data are presented as means +− S.E.M. and represent
the average of a minimum of 39 rolling interactions (n�39, unless
otherwise indicated) from two separate independent experiments. (A)
For 0.5 μg/ml and over an approximate 10-fold increase in wall shear
stress, rolling velocity is seen to increase approximately 4-fold. This
same trend is evident for 1.5 μg/ml P-selectin, producing a 5–6-fold
increase. Differences in rolling velocity for the conditions tested were
not significant (P > 0.05). (B) Cell rolling flux is reasonably stable at
the higher concentration even as the absolute numbers of rolling cells
is decreased. Control surface consisting of dish treated with blocking
buffer (2 % BSA) but no selectin did not support rolling. HL-60 cells are
also negative for rolling on plain polystyrene surfaces.

to form an immediate attachment to immobilized P-selectin cell
adhesion molecules. Cell rolling followed immediately there-
after in response to hydrodynamic shear forces and short-lived
tether bonds. In Figure 1, rolling velocity results are presented as
means +− S.E.M. and represent the average of a minimum of 39
rolling interactions (n�39, unless otherwise indicated) from two
separate independent experiments. For 0.5 μg/ml P-selectin con-
centration and over the course of an approximate 10-fold increase
in wall shear stress, rolling velocity is observed to increase ap-
proximately 4-fold (Figure 1A). The same trend is evident at the
higher concentration, producing a 5–6-fold increase. A control
surface treated with blocking buffer (2 % BSA) but no selectin
did not support rolling. HL-60 cells are also negative for rolling
on plain polystyrene surfaces (Figure 1).
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Figure 2 Morphological changes to HL-60 cells after exposure to DMSO
With NT, HL-60 cells are relatively circular and uniform in shape and size (A). After exposure to 1.25 % DMSO in growth
media for 48, 72 and 96 h, HL-60 cells exhibit membrane projections, changes in shape and loss of uniformity (B–D)
respectively. In addition, HL-60 cells exposed to DMSO display thin-filament-membrane extensions (E, F). Cell viability
averaged between 85 and 95 % for all exposure periods (results not shown).

The cell rolling flux is reasonably stable at both incubation
concentrations over the shear stress range tested, even as the ab-
solute numbers of rolling cells are lower for the higher incubation
concentration (Figure 1B). The flux data represent the simple av-
erage of two independent rolling experiments. While examining
the video of rolling interactions, there was no visual evidence
of a discernible increase in the number of rolling cells suddenly
released from the surface at the higher incubation concentration.

We also examined the effect of DMSO (e.g. 48, 72 and 96 h ex-
posure) in order to ascertain its effect, if any, on HL-60 rolling in-
teractions. DMSO is one of several small molecule agents known

to induce granulocytic differentiation of HL-60 cells [13,30,31]
and up-regulate CD11b expression.

Morphological changes induced by exposure
to DMSO
HL-60 cells were imaged after NT (no treatment) or treatment
with 1.25 % DMSO in growth media for 48, 72 and 96 h. The
viability of undifferentiated HL-60 cells and cells exposed to
DMSO for up to 96 h averaged 85–95 % using Trypan Blue ex-
clusion assays. Figure 2 shows that morphological changes can be
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Figure 3 HL-60 cells exposed to DMSO display nuclear and cytoplasmic changes
Undifferentiated HL-60 cells (A) have large, dark-staining, uniform nuclear compartments. After 48 h of 1.25 % DMSO
treatment (B) nuclear shape is altered with BN and GN becoming more apparent after 72 h (C) and 96 h (D) of treatment.

observed in cells exposed to DMSO. Cells that were not treated
were consistent in shape with a spherical appearance; Fig-
ure 2(A). Morphological changes, evident using phase-contrast
imaging, are apparent upon DMSO exposure and include the
formation of membrane extensions resulting in the loss of uni-
formity of shape (Figures 2B–2D). Thin membrane filaments
extending from the surface are also clearly visible on many of
the cells exposed to DMSO (Figure 2E, indicated with arrow).
Figure 2(F) illustrates that multiple filaments can extend from
the surface. It should be noted that we have observed these struc-
tures on untreated cells as well (results not shown). These surface
features are similar in appearance to those found in HL-60 cells
exposed to DMF (dimethylformamide) for 96 h [32].

In order to image the cytosolic and nuclear compartments,
HL-60 cells at various times of DMSO exposure were cytocentri-
fuged, fixed and stained with ‘Diff-Quik®’ stain. Although gross
cellular morphology is not preserved after cytocentrifugation,
DMSO-induced HL-60 cells display nuclear and cytoplasmic
changes; Figure 3. NT HL-60 cells have large, dark-staining,
uniform nuclear compartments; Figure 3(A). After 48 h, alter-
ation in nuclear shape is evident; Figure 3(B). At 72 and 96 h
time-points, there are cells with obvious lobular nuclei or BN
(banded nuclei) and GN (cytoplasmic granules), both hallmarks
of granulocyte differentiation [14,33]; Figures 3(C) and 3(D).

HL-60 exposure to DMSO does not affect PSGL-1
expression
PE-conjugated anti-PSGL-1 antibody was used to stain PSGL-1
surface expression for HL-60 cells that were NT (not treated)

or treated with 1.25 % DMSO for 24, 48, 72 and 96 h. These
samples were run on a BD Flow Cytometry 12-colour LSRII flow
cytometer. All conditions showed very similar profiles for PSGL-
1 surface expression (Figure 4). Populations of NT cells that were
unstained or cells that were pre-incubated with unconjugated anti-
PSGL-1 antibody were indistinguishable.

Exposure to DMSO can significantly affect
rolling interactions
Figure 5(A) illustrates the effect of DMSO exposure on rolling ve-
locity. Irrespective of the exposure period, induced cells generally
increase their rolling velocity as a function of fluid shear stress,
similar to NT HL-60 cells. However, cells exposed to DMSO for
48 and 72 h roll significantly faster (P < 0.05) than NT cells at
the lower shear stresses. This difference in rolling velocity as a
function of exposure duration becomes less pronounced as shear
stress increases, and rolling velocities are largely similar at the
higher shear stresses, independent of exposure duration. By con-
trast, cells exposed to DMSO for 96 h roll significantly slower
than NT cells, even as they increase their rolling velocity with
shear stress.

Cell rolling flux (i.e. number of cells rolling across the FOV
over a 1-min period) under the same conditions is illustrated in
Figure 5(B). For NT HL-60 cells and cells exposed to DMSO for
up to 72 h, the rolling flux is observed to remain approximately
constant or decrease moderately as a function of increasing shear
stress. After 96 h of exposure, cell rolling flux is observed to
increase as a function of shear stress. For NT HL-60 cells, rolling
flux is monotonic non-increasing as a function of shear stress,
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Figure 4 Using flow cytometric analysis, PSGL-1 expression on HL-60 cells does not significantly change during time-
course treatment with 1.25 % DMSO
PE-conjugated anti-PSGL-1 antibody was used to stain PSGL-1 surface expression from HL-60 cells that were NT or treated
with 1.25 % DMSO for 24, 48, 72 and 96 h. All conditions showed very similar profiles for PSGL-1 surface expression.
Populations of NT cells that were unstained or cells that were pre-incubated with unconjugated anti-PSGL-1 antibody were
indistinguishable.

whereas for 96 h cells rolling flux is monotonic non-decreasing
as a function of shear stress.

DISCUSSION

HL-60 cells express LFA-1, a member of the β2 family of leu-
cocyte integrins [34,35]. Although expression of LFA-1 remains
consistent with DMSO treatment [17,34], HL-60 cells exposed to
DMSO in culture up-regulate the αM (CD11b) and αX (CD11c)
subunits for Mac-1 and p150/95 respectively, suggesting that
DMSO-treated HL-60 cells might interact with a model of in-
flamed endothelium much like neutrophils do; rolling on selectin-
coated surfaces initially and then adhering to ICAM (intercellular
adhesion molecule)-1, ICAM-2 or VCAM-1 (vascular cell adhe-
sion molecule-1) surfaces upon integrin activation. This might
increase the value of the cell line as a surrogate for fresh leuco-
cytes in trafficking studies as long as rolling interactions mediated
by selectins are not adversely affected.

Using the parallel plate flow chamber, we examined rolling
interactions of undifferentiated HL-60 cells for two different in-
cubation concentrations of P-selectin: 0.5 and 1.5 μg/ml. In both
cases, the rolling velocities were comparable and increased uni-
formly with increasing shear stress (Figure 1A). The cell rolling
flux exhibited some sensitivities to selectin concentration, but
was only mildly responsive to increase in fluid shear stress (Fig-
ure 1B). Next, we examined the effect of various treatment
periods with DMSO (48, 72 and 96 h) on rolling velocity for
0.5 μg/ml P-selectin incubation concentration and found sim-
ilar trends when compared with undifferentiated cells; namely
that cell-rolling velocity exhibited mostly an upward trend as a
function of fluid shear stress. However, and in particular, at the
lower shear stresses, significant differences in absolute value of

rolling velocity were calculated as a function of the exposure
period. These differences tended to disappear with increasing
shear stresses. Also of note, for cells exposed to DMSO for 96 h
cell-rolling velocity was significantly lower than for any other
condition tested, even though surface expression of PSGl-1 re-
mained approximately constant (Figure 4).

Upon exposure to DMSO, HL-60 cells undergo differentiation
towards metamyelocytes, band and segmented neutrophils. We
observed characteristic transformation of the nuclear compart-
ment from a rounded appearance (typical of immature granulo-
cytes) to lobular appearance (typical of mature granulocytes)
that was dependent on exposure time (Figure 3). Changes in cell
morphology were also observed with formation of membrane ex-
tensions (Figure 2). Similar changes to surface morphology have
been captured for HL-60 cells exposed to DMF, another known
terminal differentiation inducing agent [32]. Some of these fea-
tures appear as soon as 24 h after treatment (results not shown)
and, in addition, many cells appear to lose their uniform spherical
shape. Indeed, it has been shown that DMSO-induced differen-
tiation of HL-60 cells into mature granulocytes takes approxim-
ately 7 days and that by this time only 2 % of cells remain with
S + G2M DNA content [30], characteristic of proliferating cells.
It seems likely, then, that remodelling of the cell surface during
differentiation plays a key role in modulating the observed cell
rolling behaviour, perhaps through increased cell deformability,
even as PSGL-1 expression remains consistent over the course of
the exposure period studied here.

In summary, we examined the rolling interactions of undif-
ferentiated HL-60 leukaemic cells and HL-60 cells exposed to
DMSO, a known terminal differentiating agent, over surfaces
containing immobilized P-selectin–Fc. Undifferentiated HL-60
cells incur a 4–6-fold increase (depending on the concentration)
in rolling velocity over the approximately 10-fold increase in
wall shear stress examined. The numbers of rolling cells are rel-
atively high, regardless of incubation concentration. HL-60 cells
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Figure 5 Effect of DMSO exposure on rolling interactions
Rolling velocity data are presented as means +− S.E.M. and repres-
ent the average of a minimum of 39 rolling interactions (n�39, un-
less otherwise indicated) from two separate independent experiments
(*P < 0.05). (A) For cells treated up to 72 h, the rolling velocity is sig-
nificantly higher (compared with NT cells), but this effect is seen to
gradually diminish with increasing shear stress. For cells treated up
to 96 h, rolling velocity is significantly lower, compared with NT cells.
(B) Cell rolling flux is reasonably robust as a function of the exposure
period. For NT cells, flux is monotonic non-increasing as a function of
shear stress. For cells treated up to 96 h, flux is monotonic non-de-
creasing over the tested shear stress range.

that were induced towards terminal differentiation by exposure
to 1.25 % DMSO in growth media for 48 and 72 h continue to
roll on these surfaces in numbers reasonably comparable with
undifferentiated cells. However, we have observed some signi-
ficant changes to cell rolling velocity over P-selectin surfaces
for cells transiting through the various stages of differentiation.
After 96 h of exposure, we detected a significant decrease in cell
rolling velocity, compared with undifferentiated cells, across the
shear stress range tested. Treated cells became less uniform in
appearance and extended membrane projections. BN and GN
became more apparent after 72 and 96 h of DMSO treatment. Al-
though important integrin protein subunits appear in conjunction
with granulocytic differentiation [17,34], the specific time-course
treatment with DMSO significantly alters rolling interactions
with P-selectin surfaces, as well as surface morphology. Thus,

for the exposure periods tested, integrin-mediated interactions of
differentiated HL-60 cells may not be comparable with normal
leucocytes during immune response. Future work will investigate
changes in the cytoskeleton in HL-60 cells during differentiation.
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