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CCRY7 regulates cell migration and invasion through MAPKs
in metastatic squamous cell carcinoma of head and neck

FA-YU LIU, JAWAD SAFDAR, ZHEN-NING LI, QI-GEN FANG,
XU ZHANG, ZHONG-FEI XU and CHANG-FU SUN

Departments of Oromaxillofacial - Head and Neck Surgery and Oral and Maxillofacial Surgery,

School of Stomatology, China Medical University, Shenyang, Liaoning 110002, PR. China

Received August 14, 2014; Accepted September 12,2014

DOI: 10.3892/ij0.2014.2674

Abstract. Migration and invasion of tumor cells are
essential prerequisites for the formation of metastasis
in malignant diseases. Previously, we have reported that
CC chemokine receptor 7 (CCR7) regulates the mobility
of squamous cell carcinoma of head and neck (SCCHN)
cells through several pathways, such as integrin and cdc4?2.
In this study, we investigated the connection between
CCR7 and mitogen-activated protein kinase (MAPK)
family members, and their influence on cell invasion and
migration in metastatic SCCHN cells. Western blotting,
immunostaining and fluorescence microcopy were used to
detect the protein expression and distribution of MAPKs,
and the Migration assay, Matrigel invasion assay and
wound-healing assay to detect the role of MAPKSs in CCR7
regulating cell mobility. To analyze the correlation between
CCR7 and MAPK activity and clinicopathological factors
immunohistochemical staining was emplyed. The results
showed stimulation of CCL19 and the activation of CCR7
could induce ERK1/2 and JNK phosphorylation, while it
had no efect on p38. After activation, ERK1/2 and JNK
promoted E-cadherin low expression and Vimentin high
expression. The MAPK pathway not only mediated CCR7
induced cell migration, but also mediated invasion speed.
The immunohistochemistry results showed that CCR7 was
correlated with the phosphorylation of ERK1/2 and JNK
in SCCHN, and these molecules were all associated with
lymph node metastasis. Therefore, our study demonstrates
that MAPK members (ERK1/2 and JNK) play a key role in
CCRY7 regulating SCCHN metastasis.
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Introduction

Squamous cell carcinoma of head and neck (SCCHN), a malig-
nant tumor of epithelial origin, represents >90% of all head
and neck cancers. The 5-year survival rate is only 30-40% in
SCCHN, the main reasons are invasion and metastasis, espe-
cially metastasis to lymph nodes (1). The mechanisms leading
to SCCHN metastasis are incompletely understood.

Chemokines are a group of small, structurally-related
molecules that constitute a superfamily of inducible, secreted,
proinflammatory proteins that are involved in a variety of
immune responses (2-5). Chemokines are classified into four
major groups based on the number and spacing of conserved
cysteines: CXC, CC, C and CX3C. The CC chemokine
receptor 7 (CCR7) has two ligands: CCL19 and CCL21.
The interaction between CCR7 and its ligands promotes the
migration, invasion and chemotaxis of T cells, B cells, natural
killer cells (NK cells), mature dendritic cells (DC) and some
tumors (6-9). The tumors affected by this interaction include:
esophageal squamous cell carcinoma, colorectal carcinoma,
non-small cell lung cancer, hepatocellular cancer, breast
cancer, and melanoma (10-15). We have reported that CCR7
regulates cell migration and adhesion in metastatic SCCHN by
activating integrin avf3, integrin f1 and PI3K/cdc42 (16-24).
However, when these downstream molecules are inhibited,
the role of CCR7 could not be blocked completely. Thus, we
hypothesize there may be other molecules in the CCR7 signal
pathway.

Generally, chemokine receptors relay intracellular
signals that regulate chemotaxis through the Gi subfamily
of G proteins (25). These intracellular signaling molecules
include mitogen-activated protein kinase (MAPK)
family members (26-28). MAPKs comprise a family of
protein-serine/threonine kinases, which are highly conserved
in protein structures from unicellular eukaryotic organisms to
multicellular organisms, including mammals (29). Mammalian
cells contain three major classes of MAPKs: ERK1/2,JNK, and
p38. These molecules are important regulators of chemotaxis
and/or random motility in a variety of cell types (28,30-32).

We hypothesized that MAPK members may be down-
stream molecules of the CCR7 pathway induced by CCL19 in
SCCHN. The goals of this study were to determine whether
MAPK members are activated by CCR7, the role and the
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molecular mechanisms of MAPK in CCR7-regulating SCCHN
metastasis.

Materials and methods

Human tumor samples and cell lines. All clinical investiga-
tions were conducted according to the principles expressed in
the Declaration of Helsinki. The study protocol was granted
approval from the Ethics Committee of the China Medical
University, and all participants provided their written informed
consent to participate in this study.

SCCHN tissue specimens were obtained from 78 patients
by biopsy prior to chemotherapy or radiotherapy at the
Department of Oral and Maxillofacial Surgery, School and
Hospital of Stomatology, China Medical University. The term
‘metastatic’ in this study refers to patients with positive lymph
nodes that were recognized either at initial presentation or later
based on the histopathological diagnosis after neck dissection.
The classification of SCCHN, including primary tumors (T),
regional lymph nodes (N), distant metastasis (M) and stage
grouping, was determined according to the rules of the Union
for International Cancer Control (UICC) for head and neck
cancer (Tumor node metastasis, TNM classification, 1997).
Ten samples of normal tissues adjacent to the benign tumor
were chosen as controls.

PCI-4B and PCI-37B, which are well-characterized SCCHN
cell lines that are derived from the metastatic lymph node of
SCCHN patients, were kindly donated by the University of
Pittsburgh Cancer Institute (33,34). The cells were cultured in
DMEM medium (Invitrogen Life Technologies, Carlsbad, CA,
USA) containing 10% fetal bovine serum (Gibco, Carlsbad,
CA, USA), 100 U/ml penicillin G and 100 U/ml streptomycin.
When inhibitors were used, we ensured that the dosage used
did not affect the viability or expression of CCR7 of the cells.

Reagents and antibodies. CCL19, CCR7 specific mono-
clonal antibody (mouse anti-human CCR7 antibody) were
purchased from R&D Systems (Minneapolis, MN, USA),
PD98059 (ERK inhibitor) was purchased from Promega
Corporation (Madison, WI, USA), SP600125 (JNK inhibitor)
was purchased from Biomol GmbH (Hamburg, Germany). The
anti-phospho-JNK, anti-JNK, anti-phospho-ERK, anti-ERK,
anti-phospho-p38 MAPK, anti-p38 MAPK, anti-E-cadherin
and anti-Vimentin were purchased from Cell Signaling
Technology, Inc. (Danvers, MA, USA).

Immunohistochemical staining and evaluation. Sections were
deparaffinized in xylene for 10 min and were then rehydrated
through graded alcohols. To inhibit endogenous peroxide
activity, sections were immersed in 100% methanol containing
0.3% hydrogen peroxide for 40 min. Following immersion,
sections were put in a microwave oven in a jar filled with
10 mM sodium citrate buffer (pH 6.0) for 10 min and cooled at
room temperature. Sections were incubated with normal goat
serum for 20 min and were then incubated with the primary
antibody for 1 h. After the incubation period, sections were
washed three times with PBS and were then incubated with
the linking reagent (biotinylated anti-immunoglobulin; Zymed
Laboratories, Inc., South San Francisco, CA, USA) at room
temperature for 1 h. After being washed three times with PBS,
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the sections were incubated with a complex of Avidin DH and
biotinlylated enzyme (Zymed Laboratories, Inc.) for 30 min.
The sections were again washed three times with PBS and
incubated with a medium consisting of an equal volume of
0.02% hydrogen peroxide and diaminobenzidine tetrahydro-
chloride (Beijing Zhongshan Golden Bridge Biotechnology Co.,
Ltd., Beijing, China) for 1 min in the dark. After chromogen
development, sections were washed in water and counterstained
with hematoxylin. The stained slides were investigated inde-
pendently by two pathologists who had no knowledge of the
clinical parameters and outcomes. All these cells were scored
as negative (-) (<10% or no staining), weak positive (+) (11-50%),
positive (++) (51-75%), or strongly positive (+++) >75%).

Western blotting. Cells were harvested in a lysis buffer (10 mM
tris(hydroxymethyl)aminomethane (Tris) HCI, pH 7.6, 50 mM
Na,P,0,,50 mM NaF, 1 mM NaV,0,, 1% Triton X-100 and 1X
protease inhibitor of protein tyrosine phosphatases). Lysates
were sonicated for 3 sec and centrifuged at 4°C, 14,000 rpm
for 30 min. The supernatant was collected for protein quantifi-
cation using the Bio-Rad Protein Assay dye reagent (Bio-Rad
Laboratories, Richmond, CA, USA). Protein (50 pg) was
size-fractionated through a 10% SDS-PAGE gel and trans-
ferred onto nitrocellulose filters. The filters were blocked (1%
non-fat dry milk, 0.1% Triton X-100, 150 mM NaCl, 50 mM
Tris (pH 7.5) and incubated with the primary antibody, which
was diluted to a ratio of 1:1,000. Nitrocellulose filters were
incubated with horseradish peroxidase-conjugated secondary
antibodies. Bands were visualized using the enhanced
chemiluminescence system (Amersham Pharmacia Biotech,
Piscataway, NJ, USA) and quantified by scanning densitom-
etry using FlourChem V2.0 software.

Immunostaining and fluorescence microscopy. Cells were
fixed in 4% paraformaldehyde in PBS (10 min at room tempe-
rature) and permeabilized with 0.2% Triton X-100 (10 min at
room temperature). Cells were then incubated individually in
anti-E-cadherin or anti-Vimentin (1 h at room temperature)
and FITC-conjugated immunoglobulins (1 h at room tempera-
ture). Cell nuclei were stained by DAPI. Representative fields
of cells were photographed by fluorescence microscopy.

Migration assay. Disposable 24-well Transwell inserts with
8 ym pore size were run in triplicate in DMEM with 0.5% (w/v)
BSA. Aliquots of the chemokine CCL19 were added to the
lower chamber at a concentration of 500 ng/ml. The inhibi-
tors-pre-treated PCI-4B and PCI-37B cell suspensions (2x10°)
were placed in the top of inserts. After 24 h of incubation,
the cells on the upper surface of inserts were removed with a
cell harvester, and the membrane was washed with medium.
Cells that penetrated the membrane were fixed with ice-cold
methanol, stained with 0.5% crystal violet, photographed,
and counted under the microscope. Mean + standard devia-
tion (SD) was recorded for each condition and migration index
was calculated based on the control, random migration.

Matrigel invasion assay. Cell invasion was quantified in vitro
using Matrigel-coated semipermeable, modified inserts with
a pore size of 8 ym. The analysis of Matrigel invasion assay
was performed as described in the migration assay incubated
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Figure 1. Western blotting of mitogen-activated protein kinase (MAPK) expression induced by CCL19 for different time periods. PCI-4B and PCI-37B
cells were treated with CCL19 (200 ng/ml) for 0-60 min, and MAPK total protein expression and phosphorylation of protein were evaluated. The results are

representative of three independent experiments.

with CCL19 for 36 h. Mean + SD was recorded for each condi-
tion and invasion index was calculated based on the control,
random invasion.

Wound-healing assay. SCCHN cells were plated in a 24-well
plate at initial density of 1.5x10° cells/cm?. A uniform mono-
layer formed in 2-3 days. The wounding assays were performed
in a serum-free medium. A micropipette tip was used to create
a wound in the monolayer by scrapping. The relative cell free
area was calculated based on the control group.

Statistical analysis. Data were expressed as the mean + SD
of repeated assays. The correlation was analyzed using the
Spearman's test and ¥ test. Statistical differences between
the two groups were evaluated using an unpaired Student's
t-test. P<0.05 were considered to be significant. All statistical
analyses were performed with SPSS 11.0 software.

Results

CCRY7 stimulates the phosphorylation of ERK1/2 and JNK.
MAPK family members (ERK1/2, p38, and JNK) have been
implicated in regulating chemotaxis in some systems and
random motility in others (28,30,31). Our previous results
demonstrated that CCR7 mediated SCCHN cell migration
and invasion (17-19). Therefore, we analyzed whether CCR7
induced activation of MAPKs in SCCHN cells. PCI-4B
and PCI-37B cells were stimulated with CCL19 for various
time periods, then lysed, and the lysates were analyzed by
western blotting using antibodies specific for the phosphory-
lated/active forms and total protein of the three MAPKs.

The results showed that stimulation with CCL19 resulted in
a transient and potent phosphorylation of ERK1/2 and JNK,
but no effect on p38. Phosphorylation of ERK1/2 and JNK
reached a maximum after 15-30 min, and returned to levels
close to baseline by 60 min. Total ERK1/2, JNK, p38 and
the phosphorylation of p38 had no change under the induca-
tion (Fig. 1).

To further determine whether CCR7 regulates the activa-
tion of MAPKSs, PCI-4B and PCI-37B cells were pre-treated
with CCR7 mAb, the antibody can neutralize the bioactivity of
CCR?7. Control and CCR7 mAb-treated PCI-4B and PCI-37B
cells were stimulated with CCL19, and activation of ERK1/2
and JNK was analyzed. Treatment with CCR7 mAb completely
abrogated the CCL19-dependent activation of ERK1/2 and
JNK (Fig. 2), indicated that its CCR7 activation stimulates the
phosphorylation of ERK1/2 and JNK in SCCHN cells.

To analyze the possible relationship between ERK1/2 and
JNK after stimulation of CCR7, we used pharmacological
agents. PCI-4B and PCI-37B cells were pre-treated with
ERK1/2 inhibitor (PD98059) and JNK inhibitor (SP600125)
respectively. The results showed, PD98059 could blunt the
increase of the phosphorylation of ERK1/2 induced by stimula-
tion with CCL19, without affecting JNK, and SP600125 could
blunt the increase of the phosphorylation of JNK, without
affecting ERK1/2, indicating that ERK1/2 and JNK activated
independently (Fig. 2).

ERKI1/2 and JNK regulate CCR7-dependent migration and
invasion.Our previous results have shown that CCL19 induces
PCI-4B and PCI-37B cell migration and invasion, and this
can be blocked by CCR7 mAb (17,19) (Figs. 3 and 4). In this



LIU et al: CCR7 REGULATES SCCHN CELL MIGRATION AND INVASION THROUGH MAPKS

2505

PCI-4B PCI-37B
CCL19 CCL19
Control - mAb PD SP Control - mAb PD SP
—ERK1/2 — e
D_JNK \ ~aid ; ;- -p—
Bactin s S S —— . — Wt

Figure 2. Western blotting of the inhibitors in CCL19 induced ERK1/2 and JNK phosphorylation. PCI-4B and PCI-37B cells were pre-treated with CC
chemokine receptor 7 (CCR7) mAb (10 ug/ml), PD98059 (20 xM) and SP600125 (50 xM) for 4 h, and then CCL19 (200 ng/ml, 30 min). Phosphorylation of
ERK1/2 and JNK expression was evaluated by western blotting. The results are representative of three independent experiments.
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Figure 3. The role of ERK1/2 and JNK inhibitors in CCL19 induced cell
invasion. PCI-4B and PCI-37B cells were pre-treated with CC chemokine
receptor 7 (CCR7) mAb (10 pzg/ml), PD98059 (20 xM) and SP600125 (50 M)
for 4 h, then CCL19 (500 ng/ml, 36 h). The results are representative of three
independent experiments. "P<0.05 compared to CCL19 group.

study, we examined whether ERK1/2 and JNK were involved
in regulating the migratory and invasive speed induced by
CCRY7 activation. The results showed, the cell invasion index
induced by CCL19 was almost three times that of the control
group, and the inhibition of ERK1/2 and JNK significantly
blocked the effect of CCL19 in both cell lines, leading to
decreased cell invasion to almost the baseline, as well as CCR7
mAD (Fig. 3). The migration index was the same as the inva-
sion index. The CCL19 induced migration was significantly
blocked by the ERK1/2 and JNK inhibitors (Fig. 4). We also
used the wound-healing assay that requires both migration
and proliferation of cells. The defined lesions were gener-
ated in subconfluent layers of cells and the repopulation of
denuded areas was studied. After 12 and 24 h, the gap started
to close slowly in the control group, and in the CCL19 group
the gap closure was accelerated, and almost merged. After
the inhibitor of ERK1/2 and JNK were pre-treated, the cell
migration and proliferation decreased significantly, free area
was even larger than the control group (Fig. 5). The results
indicated that ERK1/2 and JNK regulate CCR7-depedent
migration and invasion.
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Figure 4. The role of ERK1/2 and JNK inhibitors in CCL19-induced cell
migration. PCI-4B and PCI-37B cells were pre-treated with CC chemokine
receptor 7 (CCR7) mAb (10 pg/ml), PD98059 (20 M) and SP600125 (50 pM)
for 4 h, then CCL19 (500 ng/ml, 24 h). The results are representative of three
independent experiments. "P<0.05 compared to CCL19 group.

ERK]1/2 and JNK mediate the expression levels of E-cadherin
and Vimentin induced by CCR7. CCL19 can induce SCCHN
cell migration and invasion. E-cadherin and Vimentin are
known to associate with epithelial-mesenchymal transi-
tion (EMT), a key point in tumor progress, and to generally
participate in migration and invasion. Our results showed that
CCL19-treated PCI-4B and PCI-37B cells led to a significant
increase in the level of Vimentin protein and a significant
decrease in the level of E-cadherin, which can be reversed by
CCR7 mAb, implying that CCR7-induced cell migration and
invasion may be through E-cadherin and Vimentin expression.
After the inhibitor of ERK1/2 and JNK were pre-treated,
CCL19-induced high expression of Vimentin was decreased
and low expression of E-cadherin was increased (Fig. 6).
Combined with previous results, we think ERK1/2 and JNK
mediate the expression levels of E-cadherin and Vimentin
induced by CCR7, and this pathway may play a key role in
SCCHN metastasis.

To demonstrate this conclusions further, we designed an
immunofluorescence assay. As Fig. 7 shows, the control cells
contacted each other and the immunostaining of E-cadherin
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Figure 5. ERK1/2 and JNK inhibitors in CCL19-induced wound-healing. PCI-37B cells were pre-treated with PD98059 (20 xM) and SP600125 (50 uM) for

4 h, and then CCL19 (500 ng/ml), the cell free area was evaluated at 0-24 h. The results are representative of three independent experiments. "P<0.05 compared
to CCL19 group.
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Figure 6. Western blotting of the ERK1/2 and JNK inhibitors in CCL19-induced E-cadherin and Vimentin expression. PCI-4B and PCI-37B cells were
pre-treated with CC chemokine receptor 7 (CCR7) mAb (10 xg/ml), PD98059 (20 yM) and SP600125 (50 uM) for 4 h, and then CCL19 (200 ng/ml, 30 min).
E-cadherin and Vimentin expression was assessed by western blotting. The results are representative of three independent experiments.
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Figure 7. CC chemokine receptor 7 (CCR7), ERK1/2 and JNK in CCL19-induced E-cadherin and Vimentin distribution. PCI-37B cells were pre-treated with
CCR7 mAb (10 pg/ml), PD98059 (20 M) and SP600125 (50 #M) for 4 h, and then CCL19 (500 ng/ml, 30 min). E-cadherin and Vimentin distribution was
assessed by immunostaining and fluorescence microscopy. The results are representative of three independent experiments.
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Figure 8. Immunohistochemical staining of CC chemokine receptor 7 (CCR7), ERK1/2 and JNK phosphorylation in normal tissue, squamous cell carcinoma

of head and neck (SCCHN) primary tumor, and metastatic lymph nodes.

is very strong. CCL19 group presents no cell-cell contact, and
the E-cadherin expression is very low and diffused. When
pre-treated with CCR7 mAbD, the inhibitors of ERK1/2 or
JNK, the E-cadherin expression becomes stronger, although
CCL19 induced. On the contrary, control group exhibited
diffuse and low cytoplasmic Vimentin staining. In response to
CCL19, a network of Vimentin filaments spanning the cell and
establishing cell-to-cell contacts was observed. Application
of CCR7, ERK1/2 or JNK inhibitor blocked CCL19-induced
Vimentin fiber formation and restored the cellular distribution
pattern to that under control conditions.

CCRY7 and phosphorylation of ERK1/2 and JNK expressed
by immunohistochemical staining had significant positive
correlation in tumor tissues. Firstly, we studied the expression
of CCR7 and phosphorylation of ERK1/2 and JNK in
specimens from SCCHN patients by immunohistochemical
staining. As Fig. 8 shows, in normal mucosa, CCR7 and
phosphorylation of ERK1/2 and JNK were almost not
stained. However, CCR7 was strongly immunolocalized
in the membrane and the cytoplasm of cancer cells, and
phosphorylation of ERK and JNK were detected in the
nucleus and the cytoplasm. In metastatic lymph nodes, they
were all highly expressed in tumor cells. Of the 78 patients,
48 cases were positive for CCR7 (48/78), and 46 cases
were positive for phosphorylation of ERK1/2 (46/78),
41 cases were positive for phosphorylation of JNK (41/78).
However, in ten control cases, CCR7, ERK1/2 and JNK
phosphorylation was noted only in one case (1/10).

SCCHN and normal tissues have significant difference
in the expression of CCR7, phosphorylation of ERK1/2 and
phosphorylation of JNK (P<0.05). Table I summarizes the
relationship between CCR7 expression, phosphorylation of
ERK1/2 and JNK, and the clinicopathological factors of the
78 SCCHN patients. The expression of CCR7, phosphorylation
of ERK1/2 and JNK were all significantly correlated with
cervical lymph node metastasis and clinical stage (P<0.05),
and had no significant difference with age or gender (P>0.05).
Furthermore, our data also suggested that the phosphorylation
of ERK1/2 and JNK was correlated with CCR7 expression,
respectively (P<0.05) (Table II).

Discussion

Metastasis involves the separation from the primary tumor,
migration into the extracellular matrix, blood vessel invasion,
adhesion to endothelium and extravasation and growth in
a secondary organ (35). Therefore, these steps will regulate
cancer cells metastasis. CCL19 is expressed constitutively
within lymphoid tissues (36). The interaction of CCR7 and
CCL19 promotes cell migration and adhesion in metastatic
SCCHN (17-19). However, the mechanisms of adhesion and
migration and the signaling pathway involved remains poorly
understood.

MAPKSs regulate many physiological processes in response
to diverse stimuli including cytokines, growth factors, antigens,
toxins, drugs, cell shape, adherence to extracellular matrix, and
cell-cell interactions. The activation of MAPKSs in response to
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Table I. Correlations between CCR7, ERK1/2 phosphorylation, JNK phosphorylation and the clinicopathological factors of

SCCHN.
ERK1/2 JNK
CCR7 Statistical ~ phosphorylation  Statistical  phosphorylation  Statistical
Clinicopathological ~ No. of analysis ———————— analysis ——————— analysis
characteristics cases  +~+++ - v + ~ +++ - v +~+++ - x>
Age
=60 40 25 15 0.032 21 19 1422 21 19 0.000
<60 38 23 15 25 13 20 18
Gender
Male 50 32 18 0.357 32 18 1.454 23 27 2.407
Female 28 16 12 14 14 18 10
Tumor size
T1,T2 65 37 28 3510 37 28 0.678 29 36 9.882*
T3, T4 13 11 2 9 4 12 1
Clinical stage
LI 37 15 22 13.113® 17 20 4938 13 24 8.575
11, IV 41 33 8 29 12 28 13
Nodal metastasis
Yes 37 29 8 8.434* 28 9 8.115* 24 13 4271*
No 41 19 22 18 23 17 24

*P<0.05 (the internal difference of CCR7, ERK1/2 phosphorylation or JNK phosphorylation expression within clinicopathological characte-
ristics). CCR7, CC chemokine receptor 7; SCCHN, squamous cell carcinoma of head and neck.

Table II. Correlations between CCR7 expression, ERK1/2
phosphorylation and JNK phosphorylation in SCCHN primary
tumor.

ERK1/2 phosphorylation  JNK phosphorylation
+ ~ +++ - +~ 4+ -
CCR7
+~+++ 32 16 31 17
- 14 16 10 20

CCR7, CC chemokine receptor 7; SCCHN, squamous cell carcinoma
of head and neck.

these diverse stimuli contributes to the control of transcrip-
tion, proliferation, development, cell death, motility, and many
other important regulatory responses in cells. To control such
diverse biological responses, MAPKs are activated and inacti-
vated with spatial and temporal accuracy within the cell (37).
Riol-Blanco et al investigated the intracellular pathways that
regulate CCR7-dependent chemotaxis and migratory speed in
DCs, and found that CCR7 induced a G(i)-dependent activa-
tion of MAPK members ERK1/2, JNK, and p38, with ERK1/2
and p38 controlling JNK (38). Recently, Shannon et al reported
that the CCR7 signaling pathway leading to T-lymphocyte
migration on fibronectin is a 1 integrin-dependent pathway
involving ERK1/2 phosphorylation (39). Our results also

showed that, in solid tumor (SCCHN), stimulation of CCL19
and the activation of CCR7 can induce ERK1/2 and JNK phos-
phorylation, while has no effect on p38, suggesting ERK1/2
and JNK may be the downstream signaling pathway of CCR7
in SCCHN. Furthermore, the phosphorylation of ERK1/2 or
JNK did not influence each other, suggesting the two molecules
participate in the signaling pathway independently. In DC,
ERK1/2, JNK, and p38 only regulated chemotaxis, but not
the migratory speed (38), and in B-cell chronic lymphocytic
leukemia, ERK1/2 participates in CCL21-dependent migra-
tion and invasion simultaneously (40). In our results, ERK1/2
and JNK not only mediated CCR7-induced cell migration, but
also mediated the speed of invasion.

MAPKSs are members of a three-kinase phosphorylate
system composed of the MAPK, MAPK kinase (MKK) and
MAPK kinase kinase (MKKK). MKKKs phosphorylate
and activate MKKs, which in turn phosphorylate and acti-
vate MAPKSs. Scaffolding proteins organize MKK-MAPK
complexes for activation by specific MKKKs and do so in
specific locations in the cell. It is the MKKK associated with
the scaffolded complex that provides selectivity for activation
by upstream stimuli including GTPases, additional kinases
and receptors (41).

The activation of MKK-MAPK complexes regulate the
physiological processes by many target proteins. E-cadherin is
a transmembrane glycoprotein associated with the cytoskeleton
via cytoplasmic proteins. Normal squamous epithelium of the
esophagus showed strong E-cadherin/f3-catenin expression
especially on cell-cell boundaries except in the superficial
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layer (42). EMT plays an important role in tumor prognosis,
known to dismantle cadherin-medicated cell-cell junctions (43).
Thus, disruption of E-cadherin-mediated adhesion is considered
as a key step in the progression toward the malignant phase
of carcinoma (44). In ovarian cancer, it has been shown that
E-cadherin is downregulated by epidermal growth factor (EGF)
receptor (EGFR)activation viap38 MAPK ,and that cells with low
E-cadherin expression are particularly invasive (45). In human
oral squamous cancer CAL-27 cells, treatment with the ERK
inhibitor could also upregulate the expression of the E-cadherin
molecule. Vimentin, the major intermediate filament (IF)
protein of mesenchymal cells, is also associated with EMT.
In lung cancer, transforming growth factor-f1-induced EMT
was reversed by ERK inhibitor by attenuating the expression
of Vimentin (46). In our study, the CCR7-induced ERK and
JNK activation downregulated E-cadherin and upregulated
Vimentin expression simultaneously, and then affected cell-cell
contact and expansion. Therefore, we presumed that E-cadherin
and Vimentin are ERK and JNK downstream target molecules
in CCR7 regulating SCCHN cell migration and invasion, and
this MAPK pathway may generally participate in tumor cells
separated from the primary tumor, migrating into extracellular
matrix, invading blood vessels and adhering to the endothelium.
The immunohistochemistry results not only showed that CCR7
was correlated with the phosphorylation of ERK1/2 and JNK in
SCCHN, but also showed that these molecules are all associated
with lymph node metastasis. This confirmed the results in vitro.

Taken together, our study supports a hypothesis that CCR7
regulate SCCHN metastasis via MAPK members (ERK1/2
and JNK). However, signaling pathways controlling direc-
tional cell migration are not linear, but integrate signals from
a plethora of upstream switches into a molecular matrix,
resulting in complex cellular responses. Further study is
required to elucidate the sequence of events leading to the
CCR7-mediated metastatic phenotype, which will enable the
development of therapeutic strategies aiming at blocking these
carcinogenic and metastatic effects.
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