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Cell Motility Is Decreased in Macrophages Activated by Cancer
Cell-Conditioned Medium
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Abstract

Macrophages play a role in innate immune responses to various foreign antigens. Many products from primary tumors influence
the activation and transmigration of macrophages. Here, we investigated a migration of macrophages stimulated with cancer cell
culture-conditioned medium (CM). Macrophage activation by treatment with CM of B16F10 cells were judged by the increase in
protein levels of inducible nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX2). The location where macrophages were at
4 h-incubation with control medium or CM was different from where they were at 5 h-incubation in culture dish. Percentage of su-
perimposed macrophages at every 1 h interval was gradually increased by CM treatment as compared to control. Total coverage
of migrated track expressed in coordinates was smaller and total distance of migration was shorter in CM-treated macrophages
than that in control. Rac1 activity in CM-treated macrophages was also decreased as compared to that in control. When macro-
phages were treated with CM in the presence of dexamethasone (Dex), an increase in COX2 protein levels, and a decrease in
Rac1 activity and total coverage of migration were reversed. In the meanwhile, biphasic changes were detected by Dex treatment
in section distance of migration at each time interval, which was more decreased at early time and then increased at later time.
Taken together, data demonstrate that macrophage motility could be reduced in accordance with activation in response to cancer
cell products. It suggests that macrophage motility could be a novel marker to monitor cancer-associated inflammatory diseases
and the efficacy of anti-inflammatory agents.
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INTRODUCTION 2008), which is accomplished by phagocytosis and the pro-
duction of inflammatory cytokines (Gordon, 2002). In addition,
Cell migration plays a role in many physiological and patho- inflammatory chemoattractants induced by distant primary
logical processes (Singer and Kupfer, 1986). Cell migration tumors influence the attraction of macrophages in secondary
is a multistep cycle including extension of a protrusion, for- sites before metastasis (Hiratsuka et al., 2006). The presence
mation of stable attachments near the leading edge of the of macrophages within tumors is a sign of a poor prognosis as
protrusion, translocation of the cell body forward, release of they enhance angiogenesis and metastases (Balkwill et al.,
adhesions and retraction at the cell rear (Lauffenburger and 2005; Condeelis and Pollard, 2006; Mantovani et al., 2008).
Horwitz, 1996). Macrophages also transmigrate through the However, the migration of activated macrophages has not yet
endothelial wall, basal membranes, and connective tissues to been elucidated.
reach infection or inflammation sites (Cougoule et al., 2010; Many cellular factors such as Arp2/3 complex, profiling and
Aflaki et al., 2011). FAK, are involved in cell migration (Borisy and Svitkina, 2000;
Macrophages are resident phagocytic cells in lymphoid and Webb et al., 2002; Luedde, 2010). Cell migration is resulted
nonlymphoid tissues (Gordon, 2002). Macrophages are criti- from the integration and temporal coordination of many dif-
cal effectors to be involved in steady-state tissue homeostasis, ferent processes in spatially distinct locations of cells (Webb
via the clearance of apoptotic cells, the production of growth et al., 2002). Wide variety of proteins is involved in forming a
factors, and the regulation of inflammation and innate immune complex structure accompanying the re-organization of actin
response (Geissmann et al., 2010). Macrophages are the cytoskeleton during cell migration (Chen et al., 2000; Yamaza-
first line of host defense against microorganisms (Medzhitov, ki et al., 2005). Cytoskeletal reorganization is dependent on
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small GTPases, including Rac1, Cdc42, and Rap1 (Takai et
al., 1995; Takai et al., 2001; Bailey et al., 2009), which is also
important in macrophage migration (Aflaki et al., 2011). How-
ever, little has been reported about the regulation of Rac1 in
activated macrophages.

In the present work, we examined the mobility of macro-
phages stimulated with cancer cell culture-conditioned me-
dium. In addition, we would like to establish a system testing
macrophage motility for the application to screen drug candi-
dates by using dexamethasone with a strong anti-inflammato-
ry efficacy. We found that CM treatment reduced macrophage
motility as judged by the percentage of superimposed cells,
the coverage of migrated track in coordinate, and total dis-
tance of migration. Our data also showed that CM-induced
changes in motility were reversed by the treatment with dexa-
methasone. It suggests that macrophage motility could be
used as a novel marker for diagnosis or for the development of
drug candidates to cancer-associated inflammatory disease.

MATERIALS AND METHODS

Reagents

Dexamethasone was purchased from Sigma chemical
company (St. Louis, MO, USA). Antibody which is reactive
with COX2 was obtained from Cayman Chemical Co. (Ann
Arbor, MI, USA). Antibody to iNOS was obtained from Millipore
Corporation. Except where indicated, all other materials are
obtained from the Sigma chemical company (St. Louis, MO,
USA).

Cell cultures

B16F10 mouse melanoma cells (H-2°) were obtained from
the Korea Institute of Radiological and Medical Science (KIR-
MS) cell bank (Seoul, Korea). IC-21 mouse macrophage cells
(H-2°) were obtained from Korea Research Institute of Biosci-
ence and Biotechnology (Daejeon, Korea). B16F10 and IC-
21 cells were maintained and cultured in Dulbecco’s modified
Eagle’s medium (DMEM) and RPMI 1640 medium (GIBCO,
Grand Island, NY, USA), respectively, supplemented with 5%
heat-inactivated fetal bovine serum (GIBCO, Grand lIsland,
NY, USA), 2 mM L-glutamin, 100 units/ml penicillin and 100
units/ml streptomycin (GIBCO, Grand Island, NY, USA). Cells
were incubated in an incubator at 37°C in an atmosphere of
5% CO, in air.

Analysis of macrophage migration

IC-21 macrophage culture dishes were focused under live
cell imaging light microscope. Cells were treated with culture-
conditioned medium (CM) of B16F10 cells. Video image of live
macrophages were automatically taken for 12-15 h. Changes
in image of each macrophage was analyzed with tracking pro-
gram, ImageJ plugin MTrackd (Version 1.5.0).

Measurement of active GTP-bound Rac1

The level of active GTP-bound Rac1 was determined using
the GST-pulldown assay (Bos et al., 2001). In brief, cells were
harvested and lysed. Then, Rac1-GTP was concentrated by
the incubation of 500 ng of clarified cell lysates with GST-
PBD of PAK in the presence of glutathione immobilized beads
(Santa Cruz Biotechnology, CA) at 4°C for 1 h with rotation.
Unbound proteins were removed by centrifugation. Following
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washings with 1xPBS, the samples were eluted in 3xSDS sam-
ple buffer and run on SDS-PAGE. Rac1-GTP was detected by
immunoblot analyses using the Rac1-specific antibodies.

Immunoblot analysis

Cells were lysed in ice-cold lysis buffer containing 0.5%
Nonidet P-40 (vol/vol) in 20 mM Tris-HCI (pH 8.3); 150 mM
NaCl; protease inhibitors (2 pg/ml aprotinin, pepstatin, and
chymostatin; 1 ug/ml leupeptin and pepstatin; 1 mM phenyl-
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Fig. 1. Macrophage motility was increased by the treatment with
B16F10 melanoma cell culture-conditioned medium (CM). (A) IC-
21 cells were treated with CM. Each protein of iINOS and COX2
was detected by immunoblot analysis. (B) and (C) CM-treated
macrophages were photographed for each time. Cells were shaped
with different color, yellow for 4 h-incubation and green for 5 h-incu-
bation. Then, two colors were overlapped to compare the changes
in location by movement (B). Percentage of superimposed cells
was analyzed at each time interval. Data were the representative
of three experiments. Data in the bar graph represent the means *
SED. *p<0.05; **p<0.01, significantly different from control group.
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methyl sulfonyl fluoride (PMSF); and 1 mM Na,VO,. Lysates
were incubated for 30 minutes on ice before centrifugation at
14,000 rpm for 5 minutes at 4°C. Proteins in the supernatant
were denatured by boiling for 5 minutes in sodium dodecyl
sulfate (SDS) sample buffer. Proteins were separated by 12%
SDS-polyacrylamide gel electrophoresis (SDS-PAGE), trans-
ferred to nitrocellulose membranes. Following transfer, equal
loading of protein was verified by Ponceau staining. The mem-
branes were blocked with 5% skim milk in Tris-buffered sa-
line with Tween 20 (TBST) (10 mM Tris-HCI, pH 7.6; 150 mM
NaCl; 0.5% Tween 20) and incubated with the indicated anti-
bodies, monoclonal Myc (1:1,000), tubulin (1:5,000), and poly-
clonal mouse BAFF (1:1,000). Bound antibodies were visual-
ized with HRP-conjugated secondary antibodies with the use
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Fig. 2. Total area and distance of macrophage movement were
reduced by CM treatment. (A) and (B) IC-21 cells were treated with
CM. Macrophage motility was measured and the changes in image
of each macrophage were analyzed with tracking program, ImageJ
plugin MTrackdJ (Version 1.5.0) by the method described in materi-
als and methods. Movement track was presented with colored line
(A, top) or in coordinates for each cell (A, bottom). Total distance
of macrophages was calculated for 15 h-migration. Data were the
representative of three experiments. Data in the bar graph repre-
sent the means + SED. **p<0.01, significantly different from control
group (B).
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of enhanced chemiluminescence (ECL) (Pierce, Rockford, IL).

Statistical analyses

Experimental differences were tested for statistical signifi-
cance using ANOVA and Students’ t-test. p value of <0.05 or
0.01 was considered to be significant.

RESULTS

Treatment with cancer cell culture-conditioned medium
(CM) decreased macrophage motility

To study the effect of cancer cell culture-conditioned me-
dium (CM) on macrophages, we used IC-21 macrophages.
When macrophages were activated by the treatment with CM
of B16F10 cells, protein levels of inducible nitric oxide syn-
thase (INOS) and cyclooxygenase 2 (COX2) were increased
(Fig. 1A). We compared the location of macrophages between
4 h and 5 h after incubation. As shown in Fig. 1B, the loca-
tion at 4 h-incubation was different from that at 5 h-incubation.
We measured the number of superimposed cells at every 1
h interval during total incubation for 15 h. As the incubation
time passed, percentage of superimposed macrophages was
gradually increased by CM treatment as compared to control
(Fig. 1C). As we also observed macrophages with various
type of movement during incubation (Fig. 2A, top), each mi-
grated track of macrophages was expressed in coordinates.
Total coverage of migrated tack was smaller in a group of CM-
treated macrophages than that in control (Fig. 2A, bottom). In
addition, total distance of migration was significantly shorter in
a group of CM-treated macrophages than that in control (Fig.
2B). Data demonstrate that macrophage motility could be re-
duced in activated macrophages.

Previous reports showed that various proteins are involved
in the course of cell migration and adhesion and form a com-
plex structure accompanying the re-organization of actin cy-
toskeleton (Chen et al., 2000; Yamazaki et al., 2005). Given
that Rac1 plays a role in regulation of actin dynamics (Takai et
al., 1995; Takai et al., 2001; Kometani et al., 2004; Yamazaki
et al., 2005), we measured Rac1 activity in CM-treated mac-
rophages. As shown in Fig. 3, Rac1 activity in CM-treated
macrophages was decreased as compared to that in control
macrophages. It suggests that macrophage motility could be
regulated by Rac1 activity in the activated macrophages.
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Fig. 3. GTP-bound Rac1 activity was inhibited by CM treatment.
IC-21 cells were treated with CM for the indicated times (3, 6,
and 9 h). Rac1 activity was measured by GST-Pulldown assay as
described in materials and methods. COX2 proteins were detected
by immunoblot analysis.
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Fig. 4. CM-induced decrease in macrophage motility was reversed by the treatment with dexamethasone. (A) and (B) IC-21 cells were
treated with CM in the presence or absence of dexamethasone (Dex). COX2 proteins were detected by immunoblot analysis (A). Rac1 ac-
tivity was measured by GST-Pulldown assay as described in materials and methods (B). Band intensity to control protein was normalized
with NIH image analysis software (version 1.62). Fold increase to control group was represented under each band (A and B). Macrophage
motility was measured and the changes in image of each macrophage was analyzed with tracking program, ImageJ plugin MTrackdJ (Version
1.5.0) by the method described in materials and methods. Movement track was presented in coordinates for each cell (C). Moved distance
of macrophages was calculated at every 40 min interval for 15 h. Data were the representative of four experiments. Data in the bar graph
represent the means + SED. *p<0.05; **p<0.01, significantly different from CM-treated group (D).

Macrophage motility decreased by CM was reversed by the
treatment with dexamethasone

To examine whether macrophage motility is regulated by
inflammatory responses, the effect of dexamethasone (Dex),
a famous anti-inflammatory agent, was measured in CM-
treated 1C-21 cells. When IC-21 cells were treated with CM in
the presence of Dex, COX2 inflammatory protein levels were
significantly decreased as compared to that in CM-treated
control group (Fig. 4A). In addition, Rac1 activity was a little
increased in Dex-treated group as compared to that in CM-
treated control (Fig. 4B). Total shape of coverage on macro-
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phage migration was comparable to the group of CM-treated
macrophages (Fig. 4C). In the meanwhile, biphasic changes
were detected in section distance of Dex-treated macrophage
migration at each time interval (Fig. 4D). Section distance was
decreased for about 7 h and then increased at later time after
the treatment with Dex. Data demonstrate that a reduction of
macrophage motility could be associated with inflammatory
activation in response to cancer cell products. It suggests that
macrophage motility could be a novel marker to monitor ef-
ficacy of anti-inflammatory agents.
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DISCUSSION

Cell migration plays a role in maintaining physiological ho-
meostasis (Singer and Kupfer, 1986). Transmigration of mono-
cytes and macrophages into inflammation or infection site is
critical in the progression of diseases (Cougoule et al., 2010;
Aflaki et al., 2011). Cell migration is dependent on many cel-
lular factors such as small Rho GTPase family (RhoA, Cdc42,
Rac) involved in signal transduction and the continuous orga-
nization of the actin cytoskeleton (Takai et al., 1995; Borisy
and Svitkina, 2000; Takai et al., 2001; Webb et al., 2002; Bai-
ley et al., 2009; Luedde, 2010; Aflaki et al., 2011). A little has
been answered about the molecular and cellular mechanisms
to regulate macrophage motility. Several signaling molecules
were reported to be involved in macrophage migration. Ma-
trix metalloproteinase 9 is linked to the recruitment of mac-
rophages in an aortic aneurysm model (Gong et al., 2008).
The Src-family protein tyrosine kinases, Hck, Fgr, and Lyn,
regulate macrophage migration and degranulation (Baruzzi et
al., 2008; Cougoule et al., 2010). In addition, migration of rest-
ing macrophages was induced by Rac1 activation (Aflaki et
al., 2011). Our data showed that macrophage migration was
inhibited in the state of stimulation with CM (Fig. 1, 2). Our
data also showed that migration in activated macrophages
was associated with a decrease in Rac1 activity (Fig. 3). It
suggests that Rac1 might regulate migration of macrophages
that is resting or activated state.

The presence of macrophages is associated with a poor
prognosis in tumors (Balkwill et al., 2005; Condeelis and Pol-
lard, 2006; Mantovani et al., 2008). Therefore, it is becoming
a challenge to specifically control tissue infiltration of mac-
rophages (Cougoule et al., 2010). Furthermore, new anti-in-
flammatory and antitumor-based drugs could be developed by
targeting macrophage migration-related molecules (Luster et
al., 2005; Mackay, 2008). Our results also showed that Dex
reversed CM-induced changes in macrophage migration that
was represented by total coverage in coordinates, total dis-
tance and Rac1 activity (Fig. 4). However, we still have no
information about the reason why Rac1 activity was increased
in CM-untreated group. Our data support a previous report
that macrophage migration could be a target for drug develop-
ment. In addition, it suggests that innate immune responses
by tumor-producing products could be accompanied with a
decrease in macrophage motility for a long time interaction
between tumor cells and macrophages in tumor microenviron-
ment.

Overall, although it has not been cleared all of possible sig-
nal transduction on CM-activated macrophage migration, this
work suggests that CM could negatively regulate macrophage
migration for a long time interaction with tumor cells. Data also
suggest that CM-induced macrophages may crosstalk to in-
hibit immune responses in tumor microenvironment through
the inhibition of migration. It may provide additional informa-
tion to develop a new candidate for the regulation of macro-
phage migration activated by tumor cell-producing products.
In addition, data suggest that our experimental system to test
macrophage motility could be useful for screening drug can-
didates.
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