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CD44 is involved in CXCL-12 induced acute myeloid leukemia
HL-60 cell polarity
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ABSTRACT:  CXCL-12 and its receptor CXCR4 participate in breast cancer and melanoma cell metastasis
to bone and lymphoid nodes. CD44, as a receptor for hyaluronic acid, is involved in lymphocyte recirculation,
homing, adhesion and migration. But the role of CD44 in CXCL-12 induced leukemia cell migration still
remains unclear. The present study showed that CXCL-12 stimulation induced the rapid internalization of
CXCR4 and facilitated the formation of lamellipodia and uropod in acute leukemia cell line HL-60. CXCL-
12 also induced CD44 translocation into the uropod, while CD44 remained evenly distributed on the un-
treated cell membranes.  Results suggest that CD44 participates in CXCL-12 induced cell polarization and
subsequent cell migration.
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The chemokine stromal cell-derived factor-1
(CXCL-12, also named SDF-1) is the only powerful
chemoattractant for human CD34+ progenitors (Aiuti
et al., 1997). It is also one of the few chemokines that
binds only to one receptor, CXCR4 (Burger and Kipps,
2006). CXCL12 is constitutively produced in many or-
gans including the human bone marrow, suggesting a
major role for CXCL12 /CXCR4 interactions in steady-
state homeostatic processes such as the control of leu-
kocyte trafficking and retention of undifferentiated and
maturing hematopoietic cells within the bone marrow
in both normal and pathological conditions (Burger and
Burkle, 2007; Gieryng and Bogunia-Kubik, 2007;
Avigdor et al., 2004).

Adhesion molecule CD44 is a cell surface trans-
membrane glycoprotein encoded by a single gene. As a
receptor for hyaluronic acid, CD44 is involved in lym-
phocyte activation, recirculation and homing, adhesion
of extracellular matrix, angiogenesis, cell proliferation,
cell differentiation and migration (Haynes et al., 1989;
Slevin et al., 2007; Pals et al., 1993). CD44 and its down
stream Rho-ROCK pathway is required for posterior
protrusion, thereby the migration of cells (Lee et al.,
2004; Bourguignon et al., 2003). CD44 is expressed on
leukemic blasts in all acute myeloid leukemia subtypes
(Wood, 2007; Gadhoum et al., 2004; Charrad et al.,
2002), but the role of CD44 in these cells’ chemotaxis
and homing is still unclear. Here we show that CXCL-
12 promoted lamellipodia formation of the human cell
line HL-60 on hyaluronic acid, and CD44 was involved
in cell polarization.

The human acute myeloid leukemia HL-60 cells
were cultured in RPMI 1640 medium (Sigma, St. Louis,
MO, USA) containing 10% fetal calf serum in 5% CO
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humidified air at 37°C. For flow cytometry assay, HL-
60 cells were incubated with staining buffer (phosphate
buffer-saline containing 0.03% bovine serum albumin)
containing 4μg/ml antibodies as follows: fluorescein-
conjugated anti-CXCR4 monoclonal antibody 2B11
(BD Bioscience, San Jose, CA, USA) and anti-CD44
antibody. The stained cells were washed and analyzed
by flow cytometry (FACSCalibur, Becton–Dickinson).

For immunostaining, HL-60 cells were incubated in
the presence or absence of 20 nM CXCL12 on hyalu-
ronic acid-coated culture slides (Becton–Dickinson, San
Jose, CA, USA) at 37°C for 30 min and then fixed with
3.3% paraformaldehyde for 15 min at room temperature,
treated with 0.2% Triton X-100 for 2 min, and blocked
with 5% bovine serum albumin for 30 min. Then the cells
were exposed to anti-α-tubulin (Sigma, St. Louis, MO;
dilution 1/400), or anti-CD44 monoclonal antibodies (BD
Biosciences, USA; dilution 1/200) for 60 min. After wash-
ing, the cells were incubated with AlexaFluor488-conju-
gated goat anti-mouse IgG (Molecular Probes, Eugene,
OR, USA) and AlexaFluor594-conjugated phalloidin for
60 min. After washing, the stained cells were mounted
with antifade-containing glycerol/phosphate buffer-saline
and examined with a confocal laser-scanning microscope
(TCS SP2, Leica, Germany).

As expected, HL-60 cells expressed both CXCL-
12 and CD44 receptors (Fig. 1). Then the cells were

stimulated with CXCL-12 and CXCR4 expression on
the cell surface was detected by flow cytometry. The
results showed CXCR4 began to internalize immedi-
ately and reached a baseline 5 min later, which was
maintained for at least 30 more minutes (Fig. 2).

FIGURE 1. Expression of CXCR-4 and

CD44 in HL-60 cells. Cells were incu-

bated in 0.03% bovine serum albumin/

RPMI containing fluorescein- conjugated

anti-CXCR4 monoclonal antibody for 30

mins. Then the stained cells were washed

and analyzed by flow cytometry. A. Ex-

pression of CXCR-4 in HL-60 cells. Cells

were stained without (left panel) or with

anti-CXCR4 antibody (right panel). B.

Expression of CD44 in HL-60 cells. Cells

were stained without (left panel) or with

anti-CD44 antibody (right panel).

FIGURE 2. CXCR4 internalized by HL-60 cells after CXCL12

treatment. Cells were incubated in 0.03% bovine serum al-

bumin/RPMI containing fluorescein-conjugated anti-CXCR4

monoclonal antibody for 30 mins on ice. Then they were stimu-

lated with SDF-1, and the reaction was stopped by centrifug-

ing at 4ºC at several times after stimulation. The stained cells

were washed and analyzed by flow cytometry.
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FIGURE 4. CXCL12 induced CD44 location on the uropod.

HL-60 cells were incubated in the presence (upper panel) or

absence (lower panel) of 20 nM CXCL12 on the hyaluronic

acid-coated culture slides at 37ºC for 30 min. The cells were

stained with anti-CD44 monoclonal antibody for 60 min, then

followed by incubation with AlexaFluor488-conjugated goat

anti-mouse IgG and AlexaFluor594-conjugated phalloidin for

60 min, and they were examined with a confocal laser-scan-

ning microscope. Scale bars represent 10 μm. Arrows show

uropod formation.

Also, HL-60 cells were treated with CXCL-12 for
15 mins, and lamellipodia and uropod formation was
observed after immunofluorence staining (Fig. 3), sug-
gesting that CXCL-12 can induce leukemia cell HL-
60 migration.

Since Lee et al. (2004) have shown that CD44 par-
ticipates in uropod formation in EL4.G8 T-lymphoma
cells, we treated HL-60 cells with CXCL12 and inves-
tigated CD44 localization in them. Results showed that
CD44 spread on the uropod after CXCL12 treatment,
while it was evenly localized on the cell membrane of
untreated cells (Fig. 4) suggesting that CD44 may play
a role in uropod formation in HL-60 cells.

The present study showed that acute leukemia cell
line HL-60 expressed both CXCR4 and CD44, and that
CXCL-12 stimulation induced the rapid internalization
of CXCR4 and facilitated the formation of lamellipodia
and uropod in them. CXCL-12 also induced CD44 trans-
location into the uropod, while CD44 remained evenly
distributed on the membrane of untreated cells. These
results suggest that CD44 may have a significant role
in CXCL-12 induced cell polarization and subsequent
cell migration.

In recent years, a number of studies emphasized
the idea that tumor cell migration and organ-specific
metastasis are critically regulated by chemokines and
their receptors and that. CXCL-12 participates as a
multi-functional chemokine in this context (Karnoub
and Weinberg, 2006-2007; Wang et al., 2006). CXCL-
12 and its receptor CXCR4 participate in regulating the
retention of normal hematopoietic stem cells within the
bone marrow and their release into the circulation. They
have also been shown to participate in breast cancer and
melanoma cell metastasis to bone and lymphoid node
(Tavor et al., 2004). In the current study, CXCL-12

FIGURE 3. CXCL12 induced lamellipodia

and uropod formation.

HL-60 cells were incubated in the presence

or absence of 20 nM CXCL12 on the HA-

coated culture slides at 37ºC for 30 min.

The cells were stained with anti-α-tubulin

monoclonal antibody for 60 min, then fol-

lowed by incubation with AlexaFluor488-

conjugated goat anti-mouse IgG and

AlexaFluor594-conjugated phalloidin for 60

min. Finally they were examined with a

confocal laser-scanning microscope, and

scale bars represent 10 μm.

stimulation induced the internalization of CXCR4 in
HL-60 cells in a time-dependent manner. Also, after
exposure to CXCL-12 for 15 mins, HL-60 cells formed
lamellipodia and uropod formation, which also substan-
tiates the possible role of the CXCL-12/CXCR4 axis in
mediating HL-60 cell migration.
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Two codependent steps have been proposed for pro-
moting lymphocyte motile polarized morphology in re-
sponse to chemoattraction, “posteriorization” of the
plasma membrane mediated by ERM proteins phospho-
rylation, and “uropod protrusion”, mediated by Rho–
ROCK activation. pERM is important for CD44 binding
to hyaluronan in myeloid cells (Brown et al., 2005). And
our result showed CD44 localizated in the uropod, in a
way similar to the report (Lee et al., 2004)  that CD44 is
concentrated in the uropod in CXCL12 treated lymphoma
cells, suggesting that CD44 may be involved in the uro-
pod formation induced by CXCL-12 in HL-60 cells.

In conclusion, CXCL12 stimulation induced HL-
60 cells migration, and CD44 binding to hyaluronan and
its concentration in the uropod may participate in uro-
pod formation and cell migration.
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