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CCL21 modulates the migration of NSCL cancer by
changing the concentration of intracellular Ca**
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Abstract. Recurrence and metastasis are the major factors
associated with the poor prognosis of non-small cell lung
cancer (NSCLCQ). It has been shown that multiple chemokines
and their receptors are related to the progression and metastasis
of NSCLC. The aim of this study was to conduct an investiga-
tion into whether CCL21 and its receptor, CCR7, play a role in
NSCLC invasion and metastasis. We used Western blotting,
immunocytochemistry and flow cytometry to detect CCR7
protein expression in four NSCLC cell lines EKVX, HOP-62,
NCI-H23 and Slu-01; and we conducted a cell migration
experiment to observe the pseudopodia formation and mobility
of the lung cancer cells. The concentration of intracellular
calcium was measured by fluorescence microscopy. CCR7
protein was positively expressed in the four NSCLC cell lines
EKVX, HOP-62, NCI-H23 and Slu-01. Following CCL21
stimulation, obvious pseudopodia formation of lung cancer
cells was observed. The cell migration experiment showed that
following incubation with CCL21, the number of EKVX cells
which passed through the polycarbonate micro-porous filter
membranes also increased to an obvious extent. After CCL21
incubation, the intracellular Ca?* level of the EKVX cells
increased to an obvious extent. Chemokine CCL21 facilitates
the migration of lung cancer by changing the concentration
of intracellular Ca?*. The CCL21-CCR7 axis may play an
important role in NSCLC invasion and metastasis. It may also
be a potential target for NSCLC therapy or for prevention of
the recurrence and metastasis of NSCLC.

Introduction
About 8-9 out of 10 cases of all lung cancers are non-small

cell lung cancer (NSCLC) being the most common cancer in
men and the third most common cancer in women worldwide,
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with more than 1.1 million new cases of NSCLC reported
annually and nearly 1.2 million deaths each year (1-3) and the
incidence continues to increase (4). After clinical diagnosis
of lung cancer, only about 20% patients benefit from curative
surgical therapies such as lung resection. Furthermore, a
recurrence rate as high as around 65% is seen within five
years and the survival rate is only 30-40% at five years
post-operatively. NSCLC recurrence and metastasis are the
main causes of treatment failure and the high fatality rate
of this cancer. So the major factors associated with the poor
prognosis of NSCLC are the high frequency of tumor recur-
rence and metastasis after curative resection (5-8). Therefore,
a deeper understanding of the molecular mechanism of lung
cancer occurrence and metastasis is critical to finding new
treatment methods and to achieving longer survival rates in
NSCLC patients.

The chemokines are a super-family of chemo-attractant
cytokines, which are grouped into four families (C, CC,
CXC and CX3C) based on the pattern of cysteine residues
in the ligands. Their receptors belong to a family of specific
G protein-coupled seven-transmembrane domain receptors
(9-13). It has been demonstrated that chemokines and their
receptors play a key role in the recruitment of leukocytes to the
site of inflammation. Recent studies have shown that they are
also correlated to tumor progression, invasion and metastasis
of many other kinds of tumors such as breast cancer (14-18),
gastric cancer, colorectal cancer, pancreatic cancer, lung cancer,
oral squamous cell carcinoma, nasopharyngeal carcinoma,
prostate cancer and neuroectodermal tumors (19-23).

It has been demonstrated that the chemokine, CCL21, and
its receptor, CCR7, are highly expressed in human lung cancer
tissues (24-26). Furthermore, Liu et al (27) demonstrated the
major contribution of the CCR7-CCL21 axis to non-small
cell lung cancer progression. Olkhanud er al (28) used the
artificial micro-RNA (miRNA) technique to study the effects
of CCR7 expression on NSCLC cell invasiveness and growth
in vitro and found that CCR7 gene expression knockdown
inhibited the invasiveness of human NSCLC cells. However,
the precise mechanism of the CCL21-CCR7 axis that enables
lung cancer cell migration and invasion is not clear and needs
further investigation.

In the present study, we have confirmed the enhanced
surface expression of CCR7 on NSCLC cell lines and inves-
tigated whether the CCL21-CCR7 axis is involved in the
migration and invasion of NSCLC cell lines in vitro. The
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change of intracellular Ca* levels may play an important role
in the function of the CCL21-CCR?7 axis.

Materials and methods

Reagents and cell culture. Reagents and their respective
sources used in this study are as follows: RPMI-1640 medium,
fetal bovine serum were obtained from Sigma; rabbit anti-
human CCR1, CCR7, CXCR4, CXCR3 monoclonal antibody,
goat anti-mouse IgG, DAB color kit (Dako ) and CCL21 were
from Invitrogen.

Four human NSCLC cell lines, including EKVX, HOP-62,
NCI-H23 and Slu-01 were obtained from the China Centre for
Type Culture Collection (CCTCC). These cell lines were
maintained in RPMI-1640 medium, supplemented with 10%
heat-inactivated fetal bovine serum in a humidified incubator
at 37°C in 5% CO,.

Western blot analysis. Cells were incubated with lysis buffer
[50 mM N-(2-hydroxyethyl)-piperazine-N9-(2-ethanesulfonic
acid), 150 mM NacCl, 1.5 mM MgCl,, 0.5 mM ethylenedi-
aminetetraacetic acid, 10% glycerol, 1% Triton X-100 (Sigma),
10 mM NaF, 1 mM dithiothreitol and 1 mM phenylmethylsul-
fonyl fluoride] for 15 min and then were alternately frozen
(-80°C) and thawed three times to rupture the cell membranes.
Subsequently, the lysates was centrifuged at 12000 g for 5 min
to pellet the cell membranes or subcellular organelles. Protein
concentrations were determined by a standard Bradford assay
(Bio-Rad). Equal amounts of protein (20 mg) from each cell
line were subjected to Western blot analysis. The antibodies
used for probing were mouse anti-CCR1, CCR7, CXCR4,
CXCR3 [1:1000; sc-1517 (Santa Cruz Biotechnology, Inc.)]
and mouse anti-actin [1:5000; 51K4888 (Sigma)].

Immunocytochemistry (ICC). Four cultured human NSCLC
cell lines were seeded into the eight wells of a Lab-Tec chamber
slide and washed with PBS three times; then 4% paraform-
aldehyde was added and fixed for 10 min, then washed with
PBS several more times. Normal serum closed fluid was
added, and then it was stored at room temperature for 30 min.
The slides were incubated sequentially with primary rabbit
anti-human CCR7 antibody (1:100 dilution) at 4°C overnight
and with goat anti-rabbit IgG for 45 min at 37°C. PBS washed
three times, each time for 5 min. A DAB test kit was used for
color reaction, after which it was washed with distilled water
to eliminate any color. As a control, the first antibody was
replaced with normal rabbit IgG.

Flow cytometry. Cultured NSCLC cells were harvested and
the first step was incubation in a washing buffer containing
5% normal goat serum in order to prevent any non-specific
binding. For antibody staining, 5x10° cells were incubated
with either 20 pg/ml of rabbit anti-human CCR7 or the same
concentration of normal rabbit IgG as a control. After being
washed twice with a washing buffer, the cells were incubated
with FITC-labeled goat anti-rabbit IgG (5 ug/ml). The cells
were then filtered thorough nylon mesh after being washed
twice. All incubations were done for 20 min on ice followed
by two washings in a washing buffer. A total of 1x10*-gated
events was collected from each flow cytometry sample.
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Figure 1. Western blot analysis detected chemokine receptor CCR7, CXCR4,
CXCR3 and CCR1 protein expression in four NSCLC cell lines EKVX,
HOP-62, NCI-H23 and Slu-01. f-actin served as a control for sample loading.
Representative results from three independent experiments are shown.

Pseudopodia observation and migration assay. We observed
the pseudopodia formation of EKVX cells incubated with
CCL21 by microscopy. EKVX cells were preseeded and
incubated with 900 nmol CCL21 for 2 h and they were then
examined by microscopy.

Tumor cell migration was assayed in 24-well-culture
chambers using 8 ym pore polycarbonate microporous filter
membrane (Sigma) inserts pre-coated with Matrigel and 1%
fetal bovine serum. The upper chamber was seeded with
100 g (1.5x105 cells/well) in the experimental group, and the
CCR7 ligand-CCL21 (50, 150, 250, 350 or 450 ng/ml) were
added to the chamber. After incubation at 37°C for 18 h, the
migrated cells attracted by chemokines were attached beneath
the membrane. After the filters were removed, the upper
surface was scraped, fixed with methanol and stained with
hematoxylin. The number of cells was counted as the number
of migrated cells per eight fields at x200 magnification.

Intracellular calcium assay. HOP-62 cells were incubated
with CCL21 (900 nm) and PBS (control) in the eight wells
of a Lab-Tec chamber slide, then washed with D-Hanks
before the addition of the fluorescent probe Fluo-3/AM (final
concentration 5 ymol/l), dark incubated at 37°C for 40 min.
After the Fluo-3/AM hydrolysis into Fluo-3 in the cytoplasm,
the concentration of intracellular calcium was measured and
quantified using a microscope.

Statistical methods. All data were expressed as the means +
SD and were analyzed statistically using the Student's t-test,
with p-values <0.05 considered statistically significant. All
statistical analyses were performed using SPSS 13.0 software.

Results

Chemokine receptor protein expression in NSCLC cell lines.
We first examined the protein expression of chemokine
receptors in several NSCLC cell lines with Western blotting.
Among the chemokine receptor protein that we examined,
CCRY7 protein was detected in all NSCLC cell lines (Fig. 1).
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Figure 2. (1) CCR7 protein expression of NSCLC cell lines by immunohistochemistry. Positive expression of CCR7 in EKVX, HOP-62, NCI-H23 and Slu-01
were determined by immunocytochemistry using specific polyclonal rabbit anti-human CCR7 antibodies (A-D). As a control, the first antibody was replaced
with normal rabbit IgG (a-d). (2) Flow cytometric analysis of cell-surface CCR7 expression by NSCLC cell lines. Cells (5 to 10x10°) were incubated with
rabbit anti-human CCR7 or normal rabbit IgG as a control. Representative results from three independent experiments are shown.

Immunohistochemical staining of CCR7 in NSCLC cell lines.
Immunohistochemical staining was used to establish whether
NSCLC cell lines expressed CCR7 protein. We detected posi-
tive immune reactions in all the cell lines that we examined
[Fig. 2(1A-D)]. The use of control antibodies did not give
rise to positive reactions at all [Fig. 2(1a-d)]. These results
implied that the observed immunoreactivities were specific.
Furthermore, flow cytometric analysis also detected CCR7
expression on all NSCLC cell lines [Fig. 2(2)], indicating that
CCR7 was expressed on the cell surface of these NSCLC cell
lines.

Chemokine-mediated morphological change and migration
of EKVX cells. Reorganization of morphological change was
an major event in the migratory response to chemokine. In the
absence of CCL21, EKVX cells appeared rounded (Fig. 3A).
However, in the presence of CCL21, pseudopodia formation
was observed in EKVX cells (Fig. 3B), Transwell migration
assays were performed to investigate the mobilizing effect of
CCL21 on EKVX cells in vitro. We found that CCL21 caused
directional migration of EKVX cells in a dose-dependent
manner. MCF-7 cells, which express very low levels of CCR7,
did not migrate in response to any concentration of CCL21
(Fig. 30).

Intracellular Ca?* levels. After the Fluo-3/AM hydrolysis into
Fluo-3 in the cytoplasm, the concentration of intracellular
calcium was measured using a fluorescence microscope. In
relation to the fluorescence intensity of intracellular Ca%
concentration, the fluorescence was more intensive in the
CCL21 incubated-group than that in control group (‘p<0.05)
(Fig. 4).

Discussion

Tumor metastasis is a multi-step process involving many path-
ways, including the release of tumor cells from the primary
cancer which then enter into vascular or lymphatic circula-
tion, and extravasate from circulation to a distant site (29-32).
Furthermore, the metastasis of many kinds of tumors have
organ specificity. It has been demonstrated that the migration
of tumor cells is directed by multiple chemokines and their
receptors, and this procedure is similar to the leukocyte traf-
ficking mediated by chemokine (33-36).

It has been confirmed that multiple chemokines and their
receptors correlate with the progression and metastasis of
NSCLC. Significant overexpression of CCL20 in the tumor
tissues and marked overexpression of the corresponding
receptor CCR6 in the tumor invasion front of NSCLC patients
compared to a normal liver have been reported (15,18,36).
It has been demonstrated that IL-8, a member of the super-
family of CXC chemokines, is related to metastatic potential,
such as vessel invasion of NSCLC (25,26,28,29,34,38). It has
also been demonstrated that CCL21, and its receptor, CCR7,
are highly expressed in human NSCLC tissue. Furthermore,
using the model of CCL21- or CCR7-deficient mice treated
with N-nitrosodiethylamine (DEN), demonstrates that the
CCR7-CCL21 axis plays an important role in lung cancer
(30). Whether the CCL21-CCR?7 axis plays a role in NSCLC
invasion and metastasis is not clear.

In the present study, we found that CCR7 protein was
positively expressed in the four NSCLC cell lines EKVX,
HOP-62, NCI-H23 and Slu-01. After stimulation with CCL21,
obvious pseudopodia formation of NSCLC cells was observed
with a fluorescence microscope. A cell chemotasis and migra-
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Figure 3. Microscopy for EKVX cells stimulated with CCL21. EKVX cells were incubated (A) without or (B) with 900 nmol CCL21 for 2 h. After stimulation
with CCL21, formation of pseudopodia on EKVX cells was observed. Migration of EKVX cells in response to CCL21 stimulation. Data show the number of
migrated cells in eight different fields from a representative experiment performed in triplicate and repeated three times with similar results. As a negative
control, MCF-7 cells (breast cancer cell line) were examined with the same method (C). All data are presented as the mean + SD.
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Figure 4. EKVX cells were incubated with CCL21 (900 nm) and PBS (control) in the eight wells of a Lab-Tec chamber slide. After the Fluo-3/AM hydrolysis into
Fluo-3 in the cytoplasm, the concentration of intracellular calcium in control group (A) and CCL21-incubated group (B) were measured and quantified using a micro-
scope. The fluorescence intensity was more intense in the CCL21 incubated-group than that in control group (C) ("p<0.05). All data are presented as the mean + SD.
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tion experiment showed that after incubation with CCL21,
the number of EKVX cells passing through the membrane
increased to an obvious extent. Based on the results, we can
presume that CCL21-CCR?7 axis may accelerate the migration
of NSCLC cells.

Chemokine receptors belong to a family of specific G
protein-coupled seven-transmembrane domain receptors.
Activation of chemokine receptors commonly leads to a PLC/
IP3-mediated release of Ca?* from intracellular stores and
results in large increases in cytosolic Ca?* concentrations in
various cell types (39). The change of Ca* concentrations
will trigger downstream signal transduction pathways. For
example, activation of CXCR4 induced glioma cell chemotaxis
and could trigger an increase of intracellular [Ca?*];. Such an
activation could result in the increased production of VEGF
by the stimulated tumor cells (18); Yoon et al (18) reported
that activation of CXCR4 by binding toxin-sensitive G protein,
could trigger an increase of intracellular [Ca%]; and cause the
activation of PyK2, which controls the activity of the BK,
channels, which then leads to activation of cell proliferation. In
our study, to further determine whether the CXCR4 receptor
expressed in NSCLC cell lines is functional, the effect of
CXCLI12 on intracellular calcium [Ca?*], mobilization was
assessed. The concentration of intracellular calcium was
measured using a laser scanner microscope, and after CXCL12
incubation the intracellular Ca?* level of EKVX cells increased
to an obvious extent. However, EKVX cells are only one of the
CXCR4 expressing NSCLC cell lines, therefore, we will estab-
lish these findings using other CXCR4 expressing NSCLC cell
lines in the future.

In summary, the present study found the positive expression
of functional CCR7 in four human NSCLC cell lines and the
activation of CCR7 increased the intracellular [Ca®']; concen-
tration. Our results suggested that the CCL21/CCR?7 axis may
play an important role in NSCLC invasion and metastasis. It
could also be a potential target for NSCLC therapy or preven-
tion of the recurrence and metastasis of NSCLC.
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