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Stromal cell-derived factor-1o. and macrophage
migration-inhibitory factor induce metastatic behavior
in CXCR4-expressing colon cancer cells
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Abstract. Metastasis of cancer cells is a major cause of
death in cancer patients. The process of cancer metastasis
includes the proliferation of primary cancer cells, local
invasion, intravasation and cancer cell survival in blood
flow, extravasation and attachment to secondary organs and
metastatic growth in a new environment. In these mechanisms
of cancer metastasis, CXC chemokine receptor 4 (CXCR4)
and its ligand play an important role. Stromal cell-derived
factor-la. (SDF-1a., also known as CXCL12) is well known
as a ligand of CXCR4, and macrophage migration-inhibitory
factor (MIF) has recently become known as a ligand of
CXCRA4. In many types of cancers including breast, pancreatic
and colorectal cancer (CRC), CXCR4/SDF-1a. has been inves-
tigated in metastasis-related cancer behavior, which include
cell proliferation, adhesion, migration and invasion. However,
CXCR4/MIF has rarely been investigated in the metastatic
behavior of colon cancer cells. In this report, the effect of
SDF-1a or MIF was studied on cell cycle, cell proliferation,
adhesion and migration of the CXCR4-expressing colon
cancer cell line SW480. SDF-1a or MIF caused a decrease
in the number of cells in GO/G1 phase and an increase in
the numbers of cells in S and G2/M phases. In addition,
SDF-1a or MIF caused an increase in cell proliferation, cell
adhesion to fibronectin and migration. AMD3100, a CXCR4
antagonist, attenuated these effects, which included increased
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cell proliferation, adhesion and migration due to treatment of
CXCR4-expressing colon cancer cells with SDF-1a or MIF.
In conclusion, SDF-1a. or MIF affects the metastasis-related
behaviors of CXCR4-expressing colon cancer cells.

Introduction

Colorectal cancer (CRC) is the third leading cause of
cancer-related death for both genders throughout the world
(1). Cancer cells can metastasize to distinct organs from the
primary site (2). Moreover, metastasis of cancer cells is a
major cause of death in cancer patients (3,4). In particular,
colon cancer cells mainly metastasize to the lymph nodes,
liver, and lung (4,5). The processes and critical steps of
metastasis include proliferation of primary cancer cells, local
invasion, intravasation, cancer cell survival in blood flow,
extravasation, attachment to secondary organs, and metastatic
growth in a new environment (6). In this mechanism of metas-
tasis for many types of cancer, chemokine receptors and their
corresponding chemokine ligands play an important role (7).
One of the chemokine receptors that promotes metastasis
is CXC chemokine receptor 4 (CXCR4) (7,8). CXCR4 is a
G protein-coupled human chemokine receptor, which has a
seven-transmembrane domain. CXCR4 is mostly expressed in
various cancer types including CRC, breast cancer, prostate
cancer, and ovarian cancer as well as immune cells including
B lymphocytes and T lymphocytes (9). The expression of
CXCR4 affects the metastatic behavior of CRC cells, which
is associated with poor patient prognosis and lymphatic
and distant dissemination (10-12). CXCR4-overexpressing
cancer cells have an increased ability of migration in vitro
and metastasis to other organs in vivo (13,14). On the other
hand, CXCR4-knockdown cancer cells have decreased
invasive ability (15). CXCR4 modulates cellular biology
(i.e., cell growth and migration) through several signaling
pathways including G protein signaling, ERK, JNK, and
JAK/STAT signaling by binding its ligand, CXC chemokine
ligand 12 (CXCLI12 also known as SDF-1a) (16,17). Stromal
cell-derived factor-la. (SDF-1a) is one of the small pro-
inflammatory chemoattractant cytokines and binds to CXCR4
and CXCR7 (18,19). SDF-1a is expressed in primary tumors
including breast cancer, pancreatic cancer, ovarian cancer
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and in primary sites of metastatic cancer (i.e., lung, liver, and
bone) (18).

CXCR4/SDF-1a influences a variety of behaviors in cancer
cells, for example, migration, metastasis, growth/survival,
angiogenesis, and malignant progression as well as trafficking
of stem cells (19-21). In mechanisms of CXCR4/SDF-1a-
mediated tumor metastasis, CXCR4-expressing cancer cells
are attracted to a target organ that secretes SDF-1a by sensing
a chemokine gradient. Upon receiving this chemokine signal,
CXCR4-expressing cancer cells migrate to the secondary
organ through multiple processes (6,7,18).

Recently, macrophage migration-inhibitory factor (MIF)
has become known as a new ligand of CXCR4 and it has
chemokine-like functions. Moreover, MIF binds to CXCR2,
CXCR7, CD44, and CD74 (22). Inflammatory cells including
B lymphocytes and T lymphocytes and various tumor cells
have shown expression of MIF. MIF plays various roles as a
critical mediator of acute and chronic inflammatory disease
and is also involved in tumor progression and develop-
ment (23). MIF regulates cell proliferation and survival in
monocytes, T cells, and fibroblasts in an autocrine manner.
Moreover, it regulates tumor cell proliferation and angio-
genesis in a paracrine manner (24). In recent reports, it
was shown that MIF regulates tumor cell metastasis in
rhabdomyosarcoma and is associated with invasive ability of
drug-resistant human colon cancer cells that express CXCR4
(25,26).

Although the mechanism of CXCR4/SDF-1a-mediated
metastasis-related cancer cell behaviors (i.e., invasion, cell
proliferation and adhesion) is well known, the function of
CXCR4/MIF in colon cancer metastasis remains largely
unknown. To confirm the effect of SDF-1a and to compare the
effect of MIF with the effect of SDF-1a in cancer metastatic
behaviors, we performed experiments adding human recom-
binant SDF-1a or MIF to CXCR4-expressing colon cancer
cells. Here, we investigated the effect of SDF-1a or MIF on
cell cycle, proliferation, adhesion, and migration in CXCR4-
expressing colon cancer cells.

Materials and methods

CRC cell lines and culture conditions. Thirty-two human
CRC cell lines were obtained from the Korean Cell Line
Bank (Seoul, Korea) and were grown in RPMI-1640 medium
with 10% fetal bovine serum (FBS), except for Caco-2 which
was grown in Minimum Essential Medium with 10% FBS
and WiDr in Dulbecco's modified Eagle's medium (all were
from Invitrogen Life Technologies, Carlsbad, CA, USA) with
10% FBS. Each medium contained 100 U/ml of penicillin and
0.1 mg/ml of streptomycin. Cells were grown in humidified
incubators at 37°C, in 5% CO, and 95% air.

RNA isolation and ¢cDNA synthesis. Cells were collected
by trypsinization and suspended in easy-BLUE (Intron
Biotechnology, Gyeonggi, Korea). According to the manu-
facturer's instructions, total RNA was isolated. For cDNA
synthesis, 2 pug of total RNA and 1 pl of the random primers
were mixed and heated at 70°C for 10 min. Then, they were
incubated on ice for 5 min. A mixture containing 4 ul of
5X FS buffer, 2 ul of 0.1 M DTT, 1 ul of 2.5 mM dNTP,
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1 pl of Superscript II reverse transcriptase (Invitrogen Life
Technologies) and 1 pl of distilled water was added, and
reverse transcription reaction was carried out. The reaction
conditions were 1 h for 30 min at 42°C and 15 min at 80°C.
Finally, 80 pl of distilled water was added to dilute the cDNA.

Reverse transcriptase-PCR (RT-PCR). Cells were collected by
trypsinization and suspended in easy-BLUE. According to the
manufacturer's instructions, total RNA was isolated and cDNA
synthesis was performed. For PCR amplification, cDNA-
specific primers for CXCR4, SDF-1a, MIF, and B-actin, as a
quantitative control, were used. The primer sequences for
CXCR2 were forward, 5-~-AGGCACAGTGAAGACATCGG-3'
and reverse, 5'-CAGCAGGCTCAGCAGGAATA-3' (27); for
CXCR4 forward, 5-AGGGGATCAGTATATACACTT-3' and
reverse, 5S'"TGCCCACAATGCCAGTTAAG-3' (28); for
CXCR?7 forward, 5'-TGGGTGGTCAGTCTCGT-3' and
reverse, 5'-CCGGCAGTAGGTCTCAT-3' (29); for SDF-1a
forward, 5'-AGAGCCAACGTCAAGCATCT-3' and reverse,
5-CGTCTTTGCCCTTTCATCTC-3' (30); for MIF forward,
5'-CTCTCCGAGCTCACCCAGCAG-3' and reverse, 5-CGC
GTTCATGTCGTAATAGTT-3' (31) and for (3-actin forward,
5'-GACCACACCTTCTACAATGAG-3' and reverse, 5-GCA
TACCCCTCGTAGATGGG-3' (32). PCR amplification was
carried out in a programmable thermal cycler (PCR System
9700; Applied Biosystems, Foster City, CA, USA). The ampli-
fied DNA fragments were fractionated in a 1.5% agarose gel
and stained with ethidium bromide.

Protein isolation and western blotting. Cells were rinsed
three times with PBS and lysed in PRO-PREP protein extrac-
tion solution (Intron Biotechnology) and placed on ice for
30 min. The lysates were centrifuged at 13000 x g for 20 min
at 4°C and then the supernatant was collected. The protein
concentration was determined using the SMART Micro BCA
protein assay kit (Intron Biotechnology). Twelve micrograms
of protein was resolved by 4X SDS sample buffer and boiled
at 95°C for 5 min. Protein was loaded on a 4-12% Bis-Tris
gel at 100 V for ~3 h and transferred to a polyvinylidene
fluoride (PVDF) membrane (all were from Invitrogen Life
Technologies) by electroblotting at 270 mA constant current
for 1 h 30 min at 4°C. For blocking, the membrane was
incubated in 1.7% non-fat dry milk and 0.5% Tween 20-TBS
buffer containing 1 mM of MgCl, for 1 h at room tempera-
ture. Primary antibodies against CXCR4 (Abcam, Cambridge,
UK) (1:3,000), MIF (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA) (1:1,000) and (-actin (Applied Biological
Materials, Inc., Richmond, Canada) (1:5,000) were introduced
to the membrane and incubated at room temperature for 1 h.
Peroxidase-conjugated mouse or rabbit IgG antibody (Jackson
ImmunoReasearch, Baltimore, MD, USA) (1:5,000) was used
as a secondary antibody and incubated at room temperature
for 1 h. Chemiluminescent working solution, WEST-ZOL
(Intron Biotechnology), was decanted to the membrane. The
membrane was exposed to Fuji RX film for 1-5 min.

Recombinant human proteins and AMD3100. Recombinant
human proteins, rhSDF-1a and rhMIF, were purchased from
R&D systems (Minneapolis, MN, USA) and 100 ng/ml of
SDF-1a or 50 ng/ml of rhMIF was used in the proliferation
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assay, cell cycle analysis, cell counting, adhesion assay, and
migration assay. AMD3100 (1 pg/ml) (Sigma-Aldrich, St.
Louis, Mo, USA), which is a CXCR4 antagonist, was used for
the inhibition of CXCR4.

Cell cycle analysis. For the cell cycle analysis, 4x10° cells/well
were seeded on 6-well plates. Cells were starved with serum-
free media for 24 h and then rhSDF-1a (100 ng/ml) or rhMIF
(50 ng/ml) was added. After 12-72 h, cells were washed
in cold PBS and collected by trypsinization. They were
fixed in 70% ethanol and incubated at -20°C for 48 h. After
fixation, cells were washed with cold PBS and stained with
propidium iodide (PI) (100 ug/ml) (Sigma-Aldrich) and
RNase A (10 mg/ml) (Intron Biotechnology) for 30 min in ice.
Cells were introduced to a fluorescence-activated cell sorter
(FACSCanto II; BD Biosciences, Franklin Lakes, NJ, USA) to
determine the proportion of cell cycle phases.

Cell counting. Cells (3.6x10%/well) were seeded on 6-well
plates and incubated in growth medium for 24 h. Cells were
starved with serum-free media for 24 h. For CXCR4 inhibi-
tion, the cells were pretreated with AMD3100 (1 pg/ml) for
2 h and then rhSDF-1a (100 ng/ml) or thMIF (50 ng/ml) was
added for 24-72 h. The cells were stained with 0.4% Trypan
blue and cell counting was performed using a Countess® cell
counting chamber slide and Countess automated cell counter
(Invitrogen Life Technologies). This experiment was repeated
three times.

Adhesion assay. A 96-well plate was coated with 20 pg/ml
of human fibronectin (Gibco-BRL) and incubated overnight
at 4°C. Before the adhesion assay, this plate was blocked
in RPMI-1640 with 0.5% BSA for 1 h. Cells were starved
with serum-free media for 24 h and then 0.5x10° cells/well
were added onto the fibronectin-coated plate with rhSDF-1a
(100 ng/ml) or rhMIF (50 ng/ml). In the case of CXCR4
inhibition, pretreatment with AMD3100 (1 ug/ml) for 30 min
was carried out before seeding the cells. After 1 h of incuba-
tion at 37°C, the adherent cells were washed in RPMI-1640
with 0.1% BSA, fixed with 96% ethanol and stained with
0.1% crystal violet. After washing with PBS, 0.2% Triton-X
in distilled water was added to the wells. The absorbance was
measured using an ELISA reader (Molecular Devices Co.,
Sunnyvale, CA, USA) at 595 nm.

Migration assay. The migration assay was performed using
a polycarbonate membrane Transwell plate with 8-ym pore
filters (24-well plate; Corning, Tewksbury, MA, USA). The
inserts of the Transwell plate were rehydrated with warm
RPMI-1640 at 37°C for 2 h. Cells were starved with serum-
free media for 24 h and 5x10* cells/well were placed on
the insert in the serum-free media. In the case of CXCR4
inhibition, pretreatment with AMD3100 (1 u#g/ml) for 30 min
was carried out before placing the cells. In the lower well,
rhSDF-1a (100 ng/ml) or rhMIF (50 ng/ml) in RPMI-1640
was added, and the Transwell plate was incubated at 37°C for
48 h. Cells on the upper surface of the insert were removed
using a cotton swab. Migrated cells on the lower surface of
the insert were washed in PBS three times and fixed with
100% ethanol and then stained with 0.1% crystal violet. The
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number of migrated cells was evaluted by photography and
counted under an inverted microscope in three random fields.
The migration assay was performed in triplicate wells.

Statistical analysis. All data were analyzed with the SPSS
software version 19.0 and expressed as means + standard
deviation. One-way analysis of variance (one-way ANOVA)
was used to determine whether there were any significant
changes in a time-dependent manner. For the post hoc test,
Tukey was used. Comparisons between the two groups were
carried out with the Student's two-tailed t-test. P<0.05 was
considered to indicate a statistically significant result.

Results

Expression of CXCR2, CXCR4, CXCR7, SDF-1a, and MIF
in CRC cell lines. In order to investigate the mRNA levels
of CXCR2, CXCR4, CXCR7, MIF, and SDF-1a in 32 human
CRC cell lines, RT-PCR was carried out. The mRNA expres-
sion of CXCR2 was observed in several cell lines including
SNU-503 and HCT116. The mRNA expression of CXCR4 in
10 cell lines including Caco-2 and SW480 was highly detected.
The mRNA expression of CXCR7 in 8 cell lines including
Caco-2 and SNU-1047 was highly detected. The mRNA
expression of MIF in most of the cell lines was moderately or
highly detected. The mRNA expression of SDF-1a was highly
detected only in several cell lines including SNU-503 and
Caco-2 (Fig. 1A). We performed western blotting to determine
the CXCR4 and MIF protein expression in 17 CRC cell lines.
The protein levels of CXCR4 and MIF were moderately or
highly detected in most of the CRC cell lines (Fig. 1B).

SDF-1a or MIF treatment and their effects on the cell
cycle of CXCR4-expressing SW480 colon cancer cells.
In order to investigate the effect of SDF-1a or MIF on
the cell cycle of CXCR4-expressing colon cancer cells,
SWA480 cells were treated with human recombinant SDF-1a
(100 ng/ml) or MIF (50 ng/ml). When SW480 cells were
treated with SDF-1a, the percentage of cells in the GO/G1
phase decreased (from 70 to 43%) and the percentage of cells
in the S and G2/M phases increased (from 16 to 29% and
from 13 to 26%, respectively) in a time-dependent manner
(P<0.05 in all phases) (Fig. 2A). Similarly, when SW480 cells
were treated with MIF, the percentage of cells in the GO/G1
phase decreased (from 70 to 43%) and the percentage of cells
in the S and G2/M phases increased (from 16 to 31% and
from 13 to 23%, respectively) in a time-dependent manner
(P<0.05 in all phases) (Fig. 2B).

SDF-1a or MIF treatment and the effects on the cell prolif-
eration of CXCR4-expressing SW480 colon cancer cells. In
order to investigate the effect on cell viability of SDF-1a or
MIF in CXCR4-expressing colon cancer cells, we carried
out cell proliferation assays. In serum-free media, SDF-1a
(100 ng/ml) or MIF (50 ng/ml) caused an increase in cell
proliferation. When SW480 cells were treated with SDF-1a or
MIF, approximately a 1.8- and 2-fold increase in cell numbers
was observed at 48 and 72 h, respectively (P<0.05) (Fig. 3).
When the cells were pretreated with AMD3100 (1 xg/ml) only,
no effect on the viability of the two cell lines compared to the
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Figure 1. Analysis of CXCR2, CXCR4, CXCR7, MIF, and SDF-1a expression levels by RT-PCR and western blotting. (A) The mRNA expression levels of
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Figure 2. Effects of SDF-1a or MIF on the cell cycle. Starved SW480 cells were treated separately using (A) SDF-1a (100 ng/ml) or (B) MIF (50 ng/ml) in
serum free media for 12-72 h. After ethanol fixation, cell cycle analysis was performed with PI staining and FACS. This experiment was repeated three times.

“P-value, change of each phase in a time-dependent manner.

serum-free medium group was noted (P>0.05). Although
SDF-1a or MIF was added to SW480 cells, cell proliferation
did not increase with AMD3100 pretreatment compared to the
serum-free medium group (P>0.05).

SDF-1a or MIF treatment and their effects on the adhesion to
fibronectin in CXCR4-expressing SW480 colon cancer cells.
We investigated the effects of SDF-1a or MIF on adhesion to
fibronectin, which is part of the extracellular matrix (ECM),
in CXCR4-expressing colon cancer cells. Starved cells were
seeded onto a fibronectin-coated 96-well plate with or without
SDF-1a (100 ng/ml) and with or without MIF (50 ng/ml). In
SW480 cells, SDF-1a or MIF caused increased adhesion to
fibronectin (~22 and 30%, respectively). Pretreatment with
AMD3100 decreased these effects when MIF was added
(P<0.05) (Fig. 4).

SDF-1a or MIF treatment and their effects on the migratory
ability of CXCR4-expressing SW480 colon cancer cells.
The migratory ability of cancer cells is related to cancer
metastasis. In order to determine the effect of SDF-1a or MIF
on the migration of CXCR4-expressing SW480 colon cancer
cell line, we carried out a migration assay with Transwell

plates. SDF-1a (100 ng/ml) and MIF (50 ng/ml) were applied
separately to the lower wells and serum-free media were used
as a negative control.

The migratory ability of the SW480 cells was enhanced
~16- and 6-fold by SDF-1a and MIF, respectively (P<0.05).
Only cells pretreated with AMD3100 (1 ug/ml) showed no
significant effect. Moreover, pretreatment with AMD3100
attenuated the SDF-1a- or MIF-induced increase in migration
(Fig. 5).

Discussion

CXCR4 is G protein-coupled human chemokine receptor
which has a seven-transmembrane domain. At first, CXCR4
was studied in the co-receptor of T and dendritic cells for
HIV entry (33). Since then, CXCR4 and its ligand, SDF-1a
have been studied in regards to many behaviors of cancer
cells. CXCR4 mainly regulates cell migration, invasion, cell
growth/survival, malignant progression, and angiogenesis by
binding its ligand, SDF-1a, in many cancer cells including
ovarian cancer, breast cancer, and rhabdomyosarcoma (7,34).
In 2007, Bernhagen et al (22) showed that MIF interacts
with CXCR2 and CXCR4 in Jurkat T cells. CXCR4/MIF has
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Figure 3. Effects of SDF-1a. or MIF on cell proliferation. A proliferation assay in SW480 cells was carried out using cell counting in triplicate wells. For
CXCR4 blocking, 1 pg/ml of AMD3100 was used to pretreat the cells for 2 h. SW480 cells were treated with (A) SDF-1a (100 ng/ml) or (B) MIF (50 ng/ml)
for 24-72 h. "P<0.05 compared with serum-free medium group; "P<0.05 compared with SDF-1a or MIF group.
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Figure 4. Effects of SDF-1a or MIF on the cell adhesion to fibronectin. An adhesion assay in SW480 cells was carried out with fibronectin (20 pg/ml)-coated
96-well plates. SW480 cells were seeded on plates (A) with or without SDF-1a (100 ng/ml) and (B) with or without MIF (50 ng/ml). For inhibition of CXCR4,
cells were pretreated with AMD3100 (1 ug/ml). This experiment was repeated three times. “P<0.05 compared with serum-free medium group; “P<0.05

compared with SDF-1a or MIF group.

been studied in drug-resistant human colon cancer cells and
CXCR4/MIF-mediated JNK and AKT signaling pathways in
mouse fibroblasts and T cells (25,35). AMD3100 is a proto-
type non-peptide antagonist of CXCR4. AMD3100 binds to
CXCR4 through the interactions of three acidic anchor-point
residues in CXCR4 and blocks other agonists from binding to
CXCR4 (36).

Behavior of metastatic cancer cells are related to cell
survival, resistance to apoptosis, adhesion to extracellular
matrix molecules, and cell migration/invasion. The function
of CXCR4/SDF-1a in these metastatic features has been

intensely studied in many types of cancer cells (11,37).
However, CXCR4/MIF has rarely been studied particularly in
colon cancer cells. In this study, we hypothesized that SDF-1a.
or MIF, which interacts with CXCR4, affects the metastatic
behaviors of CXCR4-expressing colon cancer cells and
performed experiments to confirm the effects of SDF-1a or
MIF on CXCR4-expressing colon cancer cells.

Many cancer cells including breast, ovarian, and prostate
cancer overexpress CXCR4 (9). We also found that the mRNA
or protein of CXCR4 was expressed in 17 out of 32 (53%) and
17 out of 17 (100%) CRC cell lines, respectively. CXCR?2 and
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Figure 5. Effects of SDF-1a or MIF on migratory ability. A migration assay
in SW480 cells was carried out with Transwell plates in triplicate wells. Each
lower well was filled with SDF-1a (100 ng/ml) or MIF (50 ng/ml) in serum-
free medium. The cells were treated with AMD3100 (1 pg/ml) for blockage
of CXCR4. This experiment was repeated three times. 'P<0.05 compared with
serum-free medium group; “P<0.05 compared with SDF-1a or MIF group.

CXCRY7 are also receptors for SDF-1a and MIF (19,22,26).
Therefore, we confirmed their mRNA level by performing
RT-PCR. We used SW480 cells, which do not express mRNA
of CXCR2 and CXCR?7, in order to confirm the effect of MIF
or SDF-1a on CXCR4-expressing colon cancer cells. MIF is
induced in the serum and tumor specimens of patients with
CRC and it is overexpressed in solid tumors including prostate
and breast cancer (38,39). We observed that the mRNA or
protein of MIF was expressed in 29 out of 32 (90%) and
17 out of 17 (100%) CRC cell lines, respectively. The SDF-1a
expression has been frequently noted in primary tumors and
at the sites of metastasis, which include lymph nodes, bone
marrow, liver, and lung (40). In this study, the mRNA expres-
sion of SDF-1a was rarely observed in 9 out of 32 (28%)
CRC cell lines except in SNU-503, SNU-C2A, Caco-2 and
NCI-H716.

Cell proliferation/survival is an important part of the
mechanism of cancer metastasis. The transition of the cell
cycle phase is related to cell division and proliferation/survival
(41). In peripheral blood CD34* cells, SDF-1a significantly
increased the percentage of cells in S and G2/M phases (42).
In addition, SDF-1a decreased cells in the sub-GI1 phase
and increased cell proliferation in serum-free conditions in
CXCR4-expressing pancreatic cancer cells (43). The effect
of MIF on cell cycle in colon cancer cells has been rarely
studied. Therefore, we investigated the effects of SDF-1a
or MIF on cell cycle and cell proliferation. In general, cells
incubated in serum-free media are arrested in the cell cycle
at the GO/G1 phase. In this report, SW480 cells were starved
with serum-free media and the result at the O h, the start point,
showed a high percentage of cells in the GO/G1 phase. The
percentage of SW480 cells in S and G2/M phases increased
in a time-dependent manner after the cells were treated
separately with SDF-1a or MIF.

In CXCR4-expressing pancreatic cancer cells, the cell
proliferation was enhanced by the addition of SDF-la in
serum-free conditions (43). MIF activates AKT signaling,
which is related to cell survival and induces the suppression
of apoptosis in fibroblasts and breast cancer cells (44). In this
study, treatment with SDF-1a or MIF showed an increase in
cell proliferation by carrying out cell counting. When CXCR4
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was blocked by AMD3100, the effect of the increased cell
proliferation by SDF-1a or MIF was inhibited.

Colon cancer cells can disseminate to the liver and lymph
nodes through lymphatic vessels or blood vessels. In these
processes, colon cancer cells are detached from the primary site
and invade lymphatic vessels or blood vessels and migrate to
secondary sites (6). When colon cancer cells are metastasized,
they attach to various ECM molecules (i.e., E-selectin, integrin,
and fibronectin) (6). CXCR4/SDF-1a. was found to increase
cell adhesion to elements of the ECM including fibronectin
and collagen type IV by activating the ERK signaling pathway
in ovarian cancer cells (45). However, the effect of SDF-1a or
MIF on CXCR4-expressing colon cancer cell adhesion has
rarely been reported. From the results of the adhesion assay
in this study, SDF-1a or MIF induced an increase (approxi-
mately 22-30%) in cell adhesion to fibronectin in SW480 cells.
Blockage of CXCR4 by AMD3100 did not inhibit the effect of
SDF-1a on cell adhesion to fibronectin but decreased the effect
of MIF. Further experiments are necessary to confirm the effect
of SDF-1a or MIF on cell adhesion to other ECM molecules
(i.e., laminin, Matrigel, and collagen) in CXCR4-expressing
colon cancer cells.

As previously reported, migration/invasion of cancer
cells is related to metastasis, and chemokine receptors and
their ligands are involved in the mechanisms of metastasis
(7). CXCR4/SDF-1a regulates cell trafficking, migration,
and invasion in stem cells and many cancer types including
breast and prostate cancer (18,21). CXCR4/MIF was found to
promote the invasive ability of drug-resistant colon carcinoma
HT-29 cells in an autocrine manner. When CXCR4 or MIF
was blocked by its inhibitor (each AMD3100 and ISO-1),
the aggressive phenotype of drug-resistant HT-29 cells was
abolished (25). We observed that SDF-1a. or MIF caused an
increase in cell migration in the CXCR4-expressing colon
cancer cell line, SW480. When the cells were pretreated with
AMD3100, the effect of increased migration by SDF-1a or
MIF was blocked.

Based on the finding of this study, we conclude that not
only the CXCR4/SDF-1a axis but also the CXCR4/MIF axis
induces metastatic behavior of colon cancer cells and thus can
be a therapeutic target in the metastasis of colon cancer cells.
Moreover, further studies concerning signaling pathways and
other metastatic features are required.
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