
Abstract. Metastatic squamous cell carcinoma of the head
and neck (SCCHN) has been shown to express chemokine
receptor 7 (CCR7), which activates phosphoinositide-3
kinase/Akt/mammalian target of rapamycin (PI3K/Akt/
mTOR) signal pathway to promote the invasion and survival
of SCCHN cells. Since nuclear factor-kappa B (NF-κB) is
shown to be the downstream signal molecule of PI3K/Akt in
many tumors, we investigated whether it also exists in the
CCR7 pathway in SCCHN, and the relationship between
NF-κB and PI3K/Akt/mTOR, and the role it plays in
SCCHN. We assayed the phosphorylation of the inhibitor of
NF-κB (IκB·), the NF-κB DNA-binding capacity and location.
The results showed that the interaction between CCR7 and the
ligand for CCR7, CCL19, induces phosphorylation of IκB·,
causes NF-κB to translocate to the nucleus and raises the
DNA-binding capacity of NF-κB. The phosphorylation and
DNA-binding capacity were abolished by the inhibition of
CCR7, PI3K, Akt and mTOR. Further research demonstrated
that inhibitors of NF-κB and CCR7-PI3K attenuate the
survival of CCR7-mediated cells, causing decreased viability,
increased apoptosis and increased cell cycle arrest in SCCHN
cells. In clinical samples from 78 patients, immunohisto-
chemical assay also showed that CCR7 and NF-κB are not
only highly expressed in SCCHN, but also correlated with
each other, and related to lymph node metastasis and clinical
stage. Together, our data indicate that NF-κB is activated by
CCR7 via PI3K/Akt/mTOR, and this signal pathway plays an

important role in regulating the cell survival and prognosis
of SCCHN.

Introduction

Chemokines are a group of small, structurally-related mole-
cules that constitute a superfamily of inducible, secreted,
proinflammatory proteins that are involved in a variety of
immune responses (1-4). 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. The tumors affected by this interaction
include: esophageal squamous cell carcinoma, colorectal
carcinoma, non-small cell lung cancer, hepatocellular cancer,
breast cancer, and melanoma (5-12).

Recently, a novel role for CCR7 was described in mesan-
gial cells. CCR7 and its ligand, CCL21, may potentially be
involved in proliferation, apoptosis, tissue homeostasis and
adhesion in the kidney (13-15). Additionally, CCR7 activates
signals that inhibit apoptosis of mature DCs and T lympho-
cytes through the phosphatidylinositol 3-kinase (PI3K)/Akt
pathway (16,17). In metastatic SCCHN cell lines, CCR7 also
prevented cell death by phosphorylation of Akt in a PI3K-
dependent fashion (18-20). These studies indicate that CCR7
mediates cell survival by activating the PI3K/Akt pathway.

PI3K/Akt is a well-studied signaling pathway. We
recently reported that in metastatic SCCHN cell lines, CCR7
activates the mammalian target of rapamycin (mTOR) signal
by PI3K/Akt. This signal cascade plays a important role in
CCL19-induced cell survival (21).

Aside from its effects on the mTOR signal, the PI3K/Akt
signal pathway influences many other downstream molecules,
including nuclear factor-kappa B (NF-κB). The mammalian
NF-κB family consists of five members, p50, p52, p65/RelA,
c-Rel, and RelB, which are tightly controlled by a family of
inhibitory molecules (IκBs). This family comprises IκB·,
IκBß, IκBÂ and the precursor molecules for p50 and p52,
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p105 and p100, respectively. IκB proteins prevent nuclear
entry and DNA binding of NF-κB (22). The Akt-induced
activation of the IκB kinase (IKK) complex results in the
phosphorylation of IκBs, which are subsequently degraded
by the proteasome. The degradation of IκBs allows for the
transient translocation of NF-κB into the nucleus (23) and
binding to DNA. The activation of NF-κB plays a pivotal role
in the regulation of diverse cellular processes such as
inflammation, immune response, differentiation, proliferation,
and apoptosis (22).

We hypothesized that NF-κB may be a downstream target
of the CCR7 pathway induced by CCL19. The goals of this
study were as follows: to determine whether NF-κB is acti-
vated by CCR7 through PI3K/Akt/mTOR and to identify the
signal cascade's role in head and neck squamous cell survival
as well as in the development and progression of cancer.

Materials and methods

Human tumor samples and cell lines. 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 classi-
fication of SCCHN, including primary tumors (T), regional
lymph nodes (N), distant metastasis (M) and stage grouping,
was determined according to the rules of the International
Union Against Cancer (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. Gastric cancer was chosen as positive
control sample, and negative control sample was absence of
primary antibody. The study protocol was granted approval
from the Ethics Committee of the China Medical University,
and informed consent was obtained from the patients before
surgery.

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 (19,20). The cells
were cultured in DMEM medium (Invitrogen, Carlsbad, CA,
USA) containing 10% fetal bovine serum (Gibco, Carlsbad,
CA, USA), 100 U/ml penicillin G and 100 U/ml strepto-
mycin. When inhibitors were used, we ensured that the dosage
used did not affect the viability or expression of CCR7 by the
cells.

Reagents and antibodies. CCL19, CCR7 specific monoclonal
antibody (mouse antihuman CCR7 antibody) were purchased
from R&D System (Minneapolis, MN, USA), PI3K inhibitor
(LY294002), Akt inhibitor and mTOR inhibitor (rapamycin)
were purchased from Merck-Calbiochem (Darmstadt,
Germany), NF-κB inhibitor (PDTC), 3-(4,5-dimethyl-2-
tetrazolyl)-2,5-diphenyl-2H tetrazolium bromide (MTT),
propidium iodide (PI), 4,6-diamino-2-phenyl indole (DAPI)
and dimethyl sulfoxide (DMSO) were purchased from Sigma
(St. Louis, MI, USA). Rabbit NF-κB p65 antibody and rabbit

phospho-IκB· (serine 32) antibody were purchased from Cell
Signaling Technology (Beverly, MA, USA), Annexin-V/PI
Apoptosis Detection Kit was purchased from BD Bioscience
PharMingen (Rockville, MD, USA). TransAM™ NF-κB
p65 assay kit was purchased from Active Motif (Tokyo,
Japan).

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, South San Francisco, CA, USA) at room temperature
for 1 h. After being washed three times with PBS, the sections
were incubated with a complex of avidin DH and biotinlylated
enzyme (Zymed) 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 tetrahydrochloride (Zhongshan Ltd.,
Beijing, China) for 1 min in the dark. After chromogen
development, sections were washed in water and counter-
stained with hematoxylin.

The stained slides were investigated independently by
two pathologists who had no knowledge of the clinical para-
meters and outcomes. All these cells were scored as negative
(-) (<10% or no staining), weak postive (+) (11-50%),
positive (++) (51-75%), or strongly positive (+++) (>75%).

Western blot analysis. Cells were treated with or without
the inhibitors and CCL19 was added following treatment.
Cells were harvested in a lysis buffer (10 mM Tris HCl, pH
7.6, 50 mM Na4P2O7, 50 mM NaF, 1 mM NaV3O4, 1% Triton
X-100 and 1X protease inhibitor of protein tyrosine
phosphatases). Lysates were sonicated for 3 sec and centri-
fuged at 4˚C, 14,000 rpm for 30 min. The supernatant was
collected for protein quantification using the Bio-Rad Protein
Assay dye reagent (Bio-Rad Laboratories, Richmond, CA,
USA). Fifty micrograms of protein were size-fractionated
through a 10% SDS-PAGE gel and transferred onto nitro-
cellulose filters. The filters were blocked (1% non-fat dry
milk, 0.1% Triton X-100, 150 mM NaCl, 50 mM Tris
[tris(hydroxymethyl)aminomethane] (pH 7.5) and incubated
with the rabbit phospho-IκB· antibody, which was diluted to
a ratio of 1:1000. 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 densitometry using FlourChem
V2.0 software.

Immunostaining and fluorescence microscopy. Cells were
fixed in 4% paraformaldehyde in PBS (10 min at room
temperature) and permeabilized with 0.2% Triton X-100
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(10 min at room temperature). Cells were then incubated
individually in rabbit NF-κB p65 antibody (1 h at room
temperature) and FITC-conjugated anti-rabbit immuno-
globulins (1 h at room temperature). Cell nuclei were stained
by DAPI. Representative fields of cells were photographed
by fluorescence microscopy.

TransAM NF-κB p65 transcription factor assay kit. The
TransAM NF-κB p65 assay kit, an ELISA-based kit used to
detect and quantify transcription factor activation, is specific
for bound NF-κB p65. This kit has been shown to be 10 times
more sensitive and 40 times faster than the gel retardation
technique. Briefly, cells were scraped off the dishes and
washed twice with PBS. The nuclear protein was extracted
using a nucleic protein extraction kit (Keygen, Nanjing,
Jiangsu, China) and quantified by protein quantitation, similar
to the quantification process in a Western blot analysis. A
12-μg sample of the nuclear protein from the different samples
was added to each of the sample wells. After NF-κB bound to
its consensus sequence, the primary antibody and secondary
antibody were added individually to the sample wells. Each
well was incubated for 1 h at room temperature with mild
agitation (100 rpm on a rocking platform) and was then
exposed to a colorimetric reaction using a developing solution.
The optical density (OD), which represented NF-κB consti-
tutive activation, was detected within 5 min by a spectro-
photometer (Tecan, Männedorf, Switzerland) at 450 nm with
a reference wavelength of 655 nm. The NF-κB DNA-binding
activity was calculated relative to the control group (untreated
group).

MTT assay. This is a colorimeter assay that relies on the
ability of viable cells to convert a soluble tetrazolium salt,
MTT, into a quantifiable, insoluble formazan precipitate
(yellow to purple color change). Cell death correlates with
reduced purple precipitate formation. In brief, SCCHN cells
were plated in a 96-well plate at an initial density of 5x104

cells per well. Confluent cells (70-80%) were serum starved
for 24 h, then treated with or without the inhibitors, followed
by the addition of CCL19, and then cisplatin. Media were
discarded and 20 μl MTT (5 μg/ml in PBS) was added for
4 h. DMSO (200 μl) was then added to each well, and
the plate was incubated at 37˚C in 5% CO2 atmosphere for
1 h to lyse all of the cells, and the media were collected for
measurement. OD was read by a spectrometer (Tecan) at
490 nm. The percent cell viability was calculated as follows:
viability percentage (%) = (OD of treatment group)/(OD of
control group) x 100%.

Flow cytometry. To determine the role of CCR7 and the
signaling pathway in apoptosis, Annexin-V and PI staining
were performed. Briefly, cells were pretreated with the inhi-
bitors, followed by the addition of CCL19, and then cisplatin.
Cells were harvested at the indicated time points, and the
cells were stained with fluorescein isothiocyanate (FITC)-
conjugated Annexin V and PI according to the manufacturer's
recommendation. In these experiments, the cells that were
apoptotic were those that are Annexin-V positive/PI negative.
Samples were analyzed using a FACSCalibur flow cytometer
and CellQuest software (BD, Sparks, MD, USA).

For cell cycle analysis, cells were treated the same way
as they were in the apoptosis assay. Cells were harvested
and fixed in 70% ethyl alcohol for 16 h and stained with a
cocktail of PI (50 μg/ml), RNAase (20 μg/ml) and sodium
citrate (1 mg/ml) in the dark at 4˚C for at least 20 min.
Samples were analyzed using a FACSCalibur flow cytometer
and CellQuest software (BD).

Statistical analysis. Data were expressed as the mean ±
standard deviation (SD) of repeated assays. The association
between CCR7 or NF-κB expression and clinicopathological
factors were analyzed using a ¯2 test. Statistical differences
between the two groups were evaluated using an unpaired
Student's t-test. P-values <0.05 were considered to be signi-
ficant. All statistical analyses were performed with the
software SPSS 11.0.

Results

Correlations between CCR7, NF-κB expression and clinico-
pathological factors. First, we studied the expression of
CCR7 and NF-κB-signaling molecules in specimens from
SCCHN patients by immunohistochemical staining. As
Fig. 1 shows, CCR7 was strongly immunolocalized in the
membrane and the cytoplasm of cancer cells, and NF-κB was
detected mostly in the cytoplasm and also in the nucleus.
Of the 78 patients, 48 cases were positive for CCR7 (48/78),
and 38 cases were positive for NF-κB (38/78). However, in
ten control cases, only one case was positive for CCR7 (1/10)
and no cases were positive for NF-κB (0/10). The differences
between SCCHN and normal tissues in the two molecules
were significant (P<0.05). Table I summarizes the relation-
ship between CCR7 expression, NF-κB expression and the
clinicopathological factors of the 78 SCCHN patients. The
expression of CCR7 and NF-κB were both significantly
correlated with cervical lymph node metastasis and clinical
stage (P<0.05). However, there were no significant differences
between CCR7 or NF-κB expression and age or gender. Of
the 78 cases, 28 cases were CCR7+/NF-κB+, and 20 cases
were CCR7-/NF-κB-, which suggests that the two molecules
were also correlated with each other (Spearman r=0.414,
P<0.05). In addition, in metastatic tumors, the level of CCR7
and NF-κB were all seem higher than that of the primary
tumor (Fig. 1).

CCL19-induced phosphorylation of IκB· through PI3K/Akt.
Phosphorylation of IκB· by upstream kinases promotes its
degradation, allowing NF-κB to translocate to the nucleus
and induce target genes. Therefore, the level of phospho-
rylation of IκB· can represent the constitutive activation
of NF-κB. We hypothesized that NF-κB is a nuclear target
in the CCL19-induced survival via a PI3K/Akt cascade in
metastatic SCCHN cells. To study this, we determined
whether CCL19 induces phosphorylation of IκB·. Cells were
treated with CCL19 for the indicated time and were used to
prepare lysates that were analyzed by Western blot analysis
with anti-phospho-IκB·. The results showed that CCL19-
stimulated PCI-4B and PCI-37B cells showed a significant
increase in the phosphorylation of IκB· at serine 32, and that
this phosphorylation was time-dependent within 60 min.
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In 120 min, the phosphorylation was approximately equal
to that observed in 60 min (Fig. 2). To study whether this
phosphorylation is induced by the CCR7 activation via a
PI3K/Akt/mTOR cascade, the CCR7 mAb, PI3K inhibitor
(LY294002), Akt inhibitor and mTOR inhibitor (rapamycin)
were pretreated before treatment with CCL19. As shown
in Fig. 3, the inhibitors can attenuate the phosphorylation
of IκB· to varying degrees, indicating that NF-κB may be a
nuclear target of CCR7 via the PI3K/Akt/mTOR cascade.
Fig. 3 also shows that factors inhibiting NF-κB activation
(PDTC) could also attenuate the phosphorylation of IκB·.

Generally, NF-κB exists in an inactive form in the cyto-
plasm. When IκBs are phosphorylated, NF-κB translocates
to the nucleus. Thus, determining whether NF-κB exhibits
nucleus translocation can be used to determine whether or
not it is active. In Fig. 4, NF-κB was labeled by FITC, which
appears green under a fluorescence microscope, and the
nucleus was stained by DAPI, which appears blue under a
fluorescence microscope. In untreated PCI-4B cells, NF-κB
is distributed evenly in the cytoplasm and nucleus. After treat-

ment with CCL19, the majority of NF-κB was observed to
be aggregated in the nucleus, appearing as regions of intensive
fluorescence while the cytoplasm appeared to be weakly
fluorescent. After being pretreated by CCR7 mAb and PDTC,
respectively, the intensity of fluorescence of NF-κB in the
nucleus decreased significantly and the cytoplasm and nucleus
recovered to become well-distributed. The same results were
observed in PCI-37B cells.

After NF-κB was translocated into the nucleus, it bound
with DNA and activated target genes that regulate a number
of cellular processes. To study the DNA-binding capacity of
NF-κB in the nucleus, a TransAM NF-κB p65 transcription
factor assay kit was used. As shown in Fig. 5, CCL19
induced the activation of NF-κB, such that NF-κB was more
than twice as high as the baseline (incubation in media
alone) in both cell lines. This DNA-binding capacity was
also blocked selectively in the presence of CCR7 mAb,
LY294002, Akt inhibitor and rapamycin, as well as in the
presence of PDTC. Taken together, these results showed
that NF-κB is a nuclear target of the CCL19-induced CCR7
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Figure 1. Immunohistochemical staining of CCR7 and NF-κB in normal tissues, primary SCCHN, and metastatic lymph nodes (x400). (A and F) Negative
staining of CCR7 or NF-κB in a normal tissue. (B and G) Positive staining of CCR7 or NF-κB in primary SCCHN. (C and H) Strong positive staining of
CCR7 or NF-κB in a metastatic lymph node. (D and I) No staining of CCR7 or NF-κB in negative control samples (absence of primary antibody). (E and J)
Strong positive staining of CCR7 or NF-κB in positive control sample (gastric cancer). Arrow indicates CCR7 or NF-κB positive cells (yellow-staining).
Bar, 100 μm.
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signaling pathway in metastatic SCCHN cells, and that this
pathway occurs via the PI3K/Akt/mTOR cascade.

NF-κB is involved in the signaling pathway of CCR7, which
protects cells from cisplatin-induced death. CCR7 can
regulate SCCHN cell survival (19,20). Our previous studies
also showed that PI3K/Akt/mTOR participates in this

mechanism. Since NF-κB has many different functions in
a number of different cell types, whether it also participate
this mechanism in the downstream of CCR7 in SCCHN cell
lines? To study this, we examined the viability, cell-cycle
and apoptosis of the two cell lines. As shown in Table II,
the percentage of viable cells upon cisplatin treatment was
reduced to <50 from 100% in untreated PCI-4B and PCI-37B
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Table I. Correlations between CCR7, NF-κB expression and clinicopathological factors of SCCHN.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CCR7 NF-κB
Clinicopathological ––––––––––––– Statistical ––––––––––––– Statistical
characteristics No. of cases +-+++ - analysis +-+++ - analysis
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age

≥60 40 25 15 ¯2=0.032 21 19 ¯2=0.470
<60 38 23 15 17 21

Gender
Male 50 32 18 ¯2=0.357 27 23 ¯2=1.555
Female 28 16 12 11 17

Tumor size
T1, T2 65 37 28 ¯2=3.510 28 37 ¯2=4.967a

T3, T4 13 11 2 10 3

Clinical stage
I, II 37 15 22 ¯2=13.113a 7 30 ¯2=25.019a

III, IV 41 33 8 31 10

Nodal metastasis
Yes 37 29 8 ¯2=8.434a 28 9 ¯2=20.475a

No 41 19 22 10 31
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aP<0.05 (the internal difference of CCR7 or NF-κB expression within clinicopathological characteristics).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. CCL19 induces the phosphorylation of IκB·. PCI-4B (A) and PCI-37B cells (B) were treated with CCL19 (200 ng/ml, at 37˚C for 30-120 min) and
were then analyzed to determine the level of phosphorylation of IκB· by Western blotting. The relative mean density of p-IκB· was calculated relative
to control group (CCL19, 0 min), and ß-actin was used as an internal control. The results are representative of three independent experiments. *Indicates
P<0.05 in comparison to the control group.
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cells. However, when CCL19 was added, the viability
increased to ~80%. The effect of cisplatin and CCL19 on the
G1 phase and on apoptosis were consistent with their effects
on viability. This data showed that CCR7 regulates SCCHN

cell survival. To investigate the role of NF-κB in this pathway,
we used cisplatin to induce death and CCL19 to protect the
cells. Then, we analyzed changes in cell viability, cell cycle
progression and apoptosis in the presence of the inhibitors of
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Figure 3. CCR7-induced phosphorylation of IκB· via the PI3K/Akt/mTOR pathway. PCI-4B (A) and PCI-37B cells (B) were pretreated with or without
CCR7 mAb (R7 mAb, 10 μg/ml), LY294002 (LY, 10 μM), Akt inhibitor (Akt in, 10 μM), rapamycin (Rapa, 100 nM) and PDTC (50 μM) at 37˚C for 4 h,
followed by treatment with CCL19 (200 ng/ml) at 37˚C for 1 h. Cell lysates were then analyzed for the presence of phosphorylated IκB· by Western blotting.
The relative mean density of p-IκB· was calculated relative to the control group (the untreated group). ß-actin was used as an internal control. The results
are representative of three independent experiments. *Indicates P<0.05 compared to the CCL19 group.

Figure 4. CCR7-induced nucleus translocation of NF-κB. PCI-4B cells were pretreated with or without CCR7 mAb (10 μg/ml) or PDTC (50 μM) at 37˚C for
4 h, followed by treatment with CCL19 (400 ng/ml) at 37˚C for 6 h. The location of NF-κB (p65) in the cells was then examined by immunostaining and
fluorescence microscopy. (A) NF-κB labeled by FITC (green fluorescence) in untreated cells. (B) Nucleus stained by DAPI (blue fluorescence) in untreated
cells. (C) Overlap of NF-κB (green fluorescence) and nucleus (blue fluorescence) in untreated cells. (D) NF-κB labeled by FITC (green fluorescence) in
CCL19-treated cells. (E) Nucleus stained by DAPI (blue fluorescence) in CCL19-treated cells. (F) Overlap of NF-κB (green fluorescence) and the nucleus
(blue fluorescence) in CCL19-treated cells. (G) NF-κB labeled by FITC (green fluorescence) in CCL19+CCR7 mAb-treated cells. (H) Nucleus stained by
DAPI (blue fluorescence) in CCL19+CCR7 mAb-treated cells. (I) Overlap of NF-κB (green fluorescence) and nucleus (blue fluorescence) in CCL19+CCR7
mAb-treated cells. (J) NF-κB labeled by FITC (green fluorescence) in CCL19+PDTC-treated cells. (K) Nucleus stained by DAPI (blue fluorescence) in
CCL19+PDTC-treated cells. (L) Overlap of NF-κB (green fluorescence) and nucleus (blue fluorescence) in CCL19+PDTC-treated cells. Arrow indicates
positive staining of NF-κB in nucleus. Bar, 100 μm.
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this pathway. As shown in Table II, PDTC blocked the effect
of CCL19 and CCR7 in both cell lines, leading to decreased
cell viability, an increased percentage of cells in the G1 phase
and an increase in the number of cells undergoing apoptosis.
The difference between cells pretreated with PDTC and cells
that were only treated with CCL19 and cisplatin was signi-
ficant, as well as LY294002, Akt inhibitor and rapamycin,
indicating that NF-κB participates in CCR7-induced activation
of the PI3K/Akt/mTOR pathway to mediate cell survival.

Discussion

Squamous cell carcinoma is the most common malignant
tumor occurring in the head and neck and has a poor
prognosis. CCR7 has been shown to interact with chemokines
such as CCL19 and CCL21, to enhance the survival and
proliferation of metastatic SCCHN cells (19,20). However, it
is unclear how CCR7 protects cells and what intercellular
signaling pathways are involved. We determined that NF-κB is
an important nuclear target of the CCR7 signaling pathway
via the PI3K/Akt/mTOR cascade in metastatic SCCHN cells.
This pathway can serve to reverse cell death, and is correlated
with the development and progression of cancer.

The activation of NF-κB may result from different signaling
pathways triggered by a variety of cytokines, growth factors
and tyrosine kinases. Enhanced expression of members of the
epidermal growth factor receptor, the insulin growth factor
receptor, and the tumor necrosis factor receptor families may
also be responsible for NF-κB activation (24). In SCCHN
cell lines, our results showed that stimulation of CCL19
could also result in an elevation in IκB· phosphorylation
at Serine 32, which causes NF-κB to translocate into the
nucleus and bind to DNA. CCL19 can activate downstream
mediators of CCR7, including Akt in metastatic SCCHN
cells (19). The activated Akt molecules directly phosphorylate
TSC1 (tuberous sclerosis complex 1) and TSC2 (tuberous
sclerosis complex 2). Since these are negative regulators of
mTOR, the loss of TSC1 or TSC2 leads to the hyperactivation
of mTOR signaling (25). It is generally accepted that PI3K/
Akt is involved in NF-κB activation (24,26). Regarding the
relationship between mTOR and NF-κB, Jundt et al reported
that, in Hodgkin's lymphoma (HL) and anaplastic large cell
lymphoma (ALCL), the mTOR signaling pathway inhibitor
(RAD) can also significantly down-regulate constitutive
NF-κB DNA binding activity. This inhibits the proliferation
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Figure 5. CCR7-induced DNA-binding capacity of NF-κB via the PI3K/
Akt/mTOR pathway. PCI-4B and PCI-37B cells were pretreated with or
without CCR7 mAb (R7 mAb, 10 μg/ml), LY294002 (LY, 10 μM), Akt
inhibitor (Akt in, 10 μM), rapamycin (Rapa, 100 nM) and PDTC (50 μM) at
37˚C for 4 h, followed by treatment with CCL19 (200 ng/ml) at 37˚C for 1 h.
The NF-κB DNA-binding activity was then examined using a TransAM
NF-κB p65 Transcription Factor Assay Kit. The results are representative of
three independent experiments. *Indicates P<0.05 compared to the CCL19
group.

Table II. The percentage of cells that were viable, in the G1 phase or undergoing apoptosis, respectively, after treatment with
inhibitors, CCL19 and cisplatin.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Viability (%) G1 phase (%) Apoptosis (%)
–––––––––––––––––––––––– ––––––––––––––––––––––––– –––––––––––––––––––––––-

4B 37B 4B 37B 4B 37B
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Untreated 100±0.00 100±0.00 65.98±2.86 70.75±2.05 4.04±0.92 2.31±0.71

Cisplatin 45.33±2.26a 42.94±3.27a 88.65±1.43a 89.41±1.79a 18.35±1.91a 15.01±0.84a

CCL19+cisplatin 82.90±3.52 80.45±5.67 72.14±2.66 76.39±1.45 9.59±0.86 7.55±0.66

CCR7 mAb+CCL19+cisplatin 58.80±2.85a 57.89±5.23a 82.40±2.14a 83.15±1.67a 14.90±0.36a 11.26±0.71a

LY294002+CCL19+cisplatin 53.63±3.80a 53.05±3.92a 83.40±1.77a 88.05±1.81a 14.49±1.46a 12.67±0.77a

Akt inhibitor+CCL19+cisplatin 60.97±6.07a 65.83±2.27a,b 82.56±2.14a 83.05±1.25a 13.21±1.15a 10.89±0.71a

Rapamycin+CCL19+cisplatin 60.40±1.67a 61.32±3.09a,b 89.21±2.49a 88.38±2.13a 14.91±1.19a 10.56±0.90a

PDTC+CCL19+cisplatin 46.63±3.95a 38.26±4.36a 88.08±1.99a 87.51±0.89a 15.71±0.72a 15.30±0.56a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
PCI-4B and PCI-37B cells were pretreated with or without the following: CCR7 mAb (10 μg/ml); PI3K inhibitor (LY294002, 100 μM); Akt inhibitor
(100 μM); mTOR inhibitor (rapamycin, 1 μM); and PDTC (50 μM) at 37˚C for 4 h. Following treatment, cells were treated with CCL19 (400 ng/ml) at
37˚C for 6 h, and then with cisplatin (80 μM in MTT assay and 40 μM in Annexin-V/PI staining and PI staining) at 37˚C for 12 h. The percentage of
cells that were viable, in the G1 phase and undergoing apoptosis, respectively, were assayed using an MTT assay, Annexin-V/PI staining and PI staining.
The data are shown as the mean ± SD of three independent experiments. aIndicates P<0.01 compared to the CCL19+cisplatin group; bindicates P<0.05
compared to the CCL19+cisplatin group.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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of cells in vitro and arrests cell cycle progression in G0/G1

(27). In the human lung cancer cell line A549, IL-1ß up-
regulates functional NF-κB through a classical inflammatory
signaling pathway involving PI3K/Akt/mTOR (28). The
same result was seen in B6.Sle1bz.lpr mice (29). In human
solid tumors, the reports are rare. Our results showed that
when CCR7 and the PI3K/Akt/mTOR pathway were
inhibited, the CCL19-induced NF-κB activation was also
inhibited, IκB· phosphorylation decreased and less NF-κB
translocated into the nucleus and bound to DNA. Thus, in
SCCHN, CCR7-mediated NF-κB activation occurred not
only via PI3K/Akt but also via their downstream mTOR.

CCR7 protects metastatic SCCHN cells from cell death
via PI3K/Akt/mTOR (21). NF-κB plays a pivotal role in the
regulation of a number of cellular processes, such as inflam-
mation, immune response, differentiation, proliferation, and
apoptosis (22). To investigate the role of NF-κB in the CCR7
pathway in metastatic SCCHN cells, we assayed cell viability,
the percent of cells in the G1 phase and the percent of cells
undergoing apoptosis. The results showed that when PI3K/
Akt/mTOR and NF-κB were blocked, viability decreased
and an increased percentage of cells stayed in G1 phase and
began to undergo apoptosis, despite the stimulation by
CCL19. This indicates that NF-κB may be a nuclear target
in the CCR7-mediated protection of metastatic SCCHN cells
against death via the PI3K/Akt/mTOR cascade.

CCR7 and NF-κB were highly expressed in various
tumors, including SCCHN (30-33). The results from our
78 cases were consistent with previous studies. CCR7 and
NF-κB expression were all significantly correlated with
cervical lymph node metastasis and clinical stage. Our results
also demonstrated the correlation between CCR7 and NF-κB.
Following our results in vitro, together with the results of
other studies (20,21,34-36), we presumed that in SCCHN
CCR7-induced NF-κB activation, the high CCR7 and NF-κB
expression regulates cell survival and promotes tumor cells to
metastasize to lymph nodes in the concentration gradient of
chemokine. Once arriving at the lymph node, the expression
of CCR7 and NF-κB was enhanced conversely. These
processes were mediated by PI3K/Akt/mTOR.

Some mediated survival mechanisms exist in malignant
tumors, and it is necessary to decode this aspect of the
behavior of cancer in order to develop more effective and less
toxic therapies. Our experiments demonstrated that CCR7-
dependent activation of PI3K/Akt/mTOR and NF-κB parti-
cipates in this mechanism. However, the PI3K signaling
pathway is not a linear pathway, but a result of integrated
signals leading to complex cellular responses. Similarly,
CCR7-mediated activation of this pathway is complex.
Therefore, it is impossible to cure tumors by simply blocking
the CCR7 or NF-κB pathway. However, our data provided a
new idea to improve prognosis by blocking CCR7 and NF-κB
in cooperation with other factors as an adjuvant treatment of
chemotherapy or surgery. Therefore, further work on this
topic should be conducted.
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