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Abstract: High levels of angiogenesis are associated with poor prognosis and a highly invasive phenotype in esopha-
geal squamous carcinoma. C-C chemokine receptor type 7 (CCR7) is overexpressed in multiple tumor types and has
been suggested to act as an oncogene and pro-angiogenic factor. This study aimed to elucidate the effect of CCR7
on the angiogenic capacity of esophageal squamous carcinoma cells in vitro. Expression of CCR7 in esophageal
squamous carcinoma cell lines and normal human esophageal epithelial cell line was examined by western blot-
ting and quantitative real-time PCR. CCR7 was stably overexpressed or transiently knocked down in esophageal
squamous carcinoma cell lines. Overexpressing CCR7 enhanced the capacity of esophageal squamous carcinoma
cell conditioned media to induce human umbilical vein endothelial cells (HUVEC) proliferation and migration and
neovascularization in the chicken chorioallantoic membrane (CAM) assay. While silencing CCR7 caused an oppo-
site outcome. Moreover, we demonstrated that CCR7 activated nuclear factor kappa-light-chain-enhancer of acti-
vated B cells (NF-kB) signaling and regulated its targets, including vascular endothelial growth factor A (VEGF-A),
VEGF-C, tumor necrosis factor-a (TNFa), interleukin (IL)-6, IL-8 and transforming growth factor-B (TGF-B3) expression.
Additionally, CCR7 down-regulation reduced tumor volume and weight in xenograft mouse model, and significant-
ly decreased NF-kB signaling pathway. This study suggests that CCR7 plays an important pro-angiogenic role in
esophageal squamous carcinoma via a mechanism linked to activation of the NF-kB pathway; CCR7 may represent
a potential target for anti-angiogenic therapy in esophageal squamous carcinoma.
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Introduction

Esophageal squamous cell carcinoma (ESCC)
is one of the most aggressive tumors and is
also the most common cause of esophagus
cancer deaths worldwide [1]. Most of individu-
als presenting with ESCC are diagnosed with
advanced disease, due to the late emergence
of clinical symptoms. In particular, the pres-
ence of regional invasion, distant metastasis
and tumor-induced angiogenesis indicate high-
ly malignant potential in esophageal carcinoma
patients [2]. Although these patients may ben-
efit from primary tumor surgery or chemothera-
py, the prognosis is still quite poor. Plenty of
researches demonstrate that tumor induced
angiogenesis is required to maintain malignant
ESCC growth and metastasis, and constitutes

an important hallmark of ESCC progression [3].
Tumor angiogenesis is the complex processes
by generation of a new network of blood ves-
sels develop from an existing vasculature that
penetrates into the neoplastic tissue to supply
the nutrients and oxygen required to maintain
and enable tumor growth and invasion [4].
Consequently, application of specific strategy,
including monoclonal antibody therapeutics
and tyrosine kinase inhibitor that may block
tumor angiogenesis could prevent the forma-
tion of tumor blood vessels and combat ESCC
[B].

Tumor angiogenesis is a consequence of an
imbalance between pro-angiogenic factors,
such as the vascular endothelial growth factor
(VEGF) family and inhibitors of angiogenesis,
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including endostatin, angiostatin and other
related molecules [6]. VEGF family comprises
several isotypes, including VEGF-A (vascular
permeability factor), VEGF-B, VEGF-C and
VEGF-D, as numerous splice variant isoforms
[7]. VEGF-A regulates the sprouting and prolif-
eration of endothelial cells and can stimulate
tumor angiogenesis. A number of currently-
used anti-angiogenesis drugs function by inhib-
iting pro-angiogenic factors, for example the
monoclonal antibody bevacizumab binds to
VEGF-A and prevents it from binding to the
VEGF receptors, and sunitinib and sorafenib
are small molecules that attach to VEGF-R and
inhibit the binding of VEGF-A [8]. However, seri-
ous side effects, such as hypertension, bleed-
ing and gastrointestinal perforation, have been
associated with currently available anti-VEGF
agents, limiting their chronic use. However, our
knowledge of the precise regulation and mech-
anisms of tumor angiogenesis is clearly limited
and the identification of other novel targets of
angiogenesis is urgently required to improve
the treatment outcomes and extend survival
for cancer patients [9].

Chemokines belong to the small molecule che-
mo-attractive cytokine family and are grouped
into CXC chemokines and CC chemokines on
the basis of the characteristic presence of four
conserved cysteine residues [10]. Chemokines
mediate their chemical effect on target cells
through G-protein-coupled receptors, which are
characterized structurally by seven transmem-
brane spanning domains and are involved in
the attraction and activation of mononuclear
and polymorphonuclear leukocytes. Chemo-
kines and their receptors play important roles
in metastasis and tumor growth, however, the
role of chemokine receptors in angiogenesis
has only recently been explored [11]. As a mem-
ber of chemokine receptor family, C-C chemo-
kine receptor type 7 (CCR7) is mainly located
on the membrane of mature dendritic and T
cells, and it could induce the “homing” of den-
dritic and T cells to the lymph node by binding
with its specific ligands CCL19 and CCL21,
which are highly expressed in the endothelium
of lymphatic vessels and secondary lymph
nodes [12]. Interestingly, studies have identi-
fied the up-regulation of CCR7 in various types
of malignant tumors, such as breast cancer,
gastric cancer, and prostate cancer, and have
revealed its function in promoting lymph node
metastasis. Chemokines and their receptors
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are induced by inflammatory stimuli in the
tumor microenvironment, which are often
potent activators of nuclear factor-kB (NF-kB)
and activator protein 1 (AP1) transcription fac-
tors, thereby linking chronic inflammation to
cancer progression [13]. Accumulating eviden-
ces suggest that poor therapeutic effect and
the dismal survival rate of ESCC are associated
with aberrantly activated signaling pathways,
including NF-kB signaling. It has been reported
that the constitutive activation of NF-kB signal-
ing plays key roles in the development and pro-
gression of ESCC and contributes to character-
istics of the malignant phenotype in ESCC [14].
For instance, activated NF-«kB signaling results
in ESCC cell resistance to chemotherapy and
promotes cell survival, while inhibition of NF-kB
signaling dramatically reduces the proliferation
of oral squamous cell carcinoma. In addition,
NF-kB signaling is involved in the EGF-induced
epithelial-mesenchymal transition (EMT) and is
positively associated with lymph node metasta-
sis of ESCC [15]. Based on these findings, CCR7
has been suggested to function as an onco-
gene in multiple tumor types. However, the
effect of CCR7 on tumor angiogenesis in esoph-
ageal squamous carcinoma has not yet been
elucidated.

To clarify the role of CCR7 in esophageal ESCC,
we investigated the CCR7 expression using
western blotting, RT-PCR and performed Can-
cer Genome Atlas (TCGA) analysis. Additionally,
ectopic overexpression of CCR7 enhanced the
angiogenic capacity of esophageal squamous
carcinoma cells in vitro and also up-regulated
VEGF-A and VEGF-C, whereas knock-down
CCR7 had the opposite effects. This study also
demonstrates that CCR7 may promote angio-
genesis and the expression of VEGF in esopha-
geal squamous carcinoma cells by activating
the NF-kB signaling pathway; therefore, CCR7
may have potential as a therapeutic target in
ESCC.

Methods
Cells and treatments

The normal human esophageal epithelial cell
line, HEEC and HUVEC were purchased from
and cultured as recommended by the American
Type Culture Collection (Manassas, VA, USA)
and were cultured in 1640 or M199 with 10%
FBS, and 1% Penicillin/Streptomycin mix and
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maintained at 37°C in a humidified atmosph-
ere containing 5% CO,. The esophageal squa-
mous carcinoma cell lines ECA109, TE-1, TE-2,
TE-3, TE-8 and TE-12 were purchased from the
ATCC and cultured in Dulbecco’'s modified
Eagle’'s medium (DMEM; Invitrogen, Carlsbad,
CA, USA) supplemented with 10% fetal bovine
serum (FBS) and 100 U penicillin-streptomycin
(Invitrogen) in a humidified incubator at 37°C
in 5% CO,,.

Vectors, retrovirus infection and transfection

The CCR7 expression construct was generated
by sub-cloning PCR-amplified full-length human
CCR7 cDNA into pMSCV-retro-puro using the
forward primer 5-CCTCCGGTGCTGCCTCAAGC-
CCTTGG-3’ and reverse primer 5-TTAGGGCC-
AGAAAGTGGTTGTGCTCT-3'. To knockdown CC-
R7, a siRNA sequence targeting human CCR7
(The sequences of siCCR7 and was: CCR7,
5-GCGUCAACCCUUUCUUGUATT-3’) was cloned
into pSuper-retro-puro (Promega) to generate
pSuper-retro-CCR7-RNAI (referred to as CCR7-
Ri). The esophageal squamous carcinoma cells
were transiently transfected using Lipofe-
ctamine 2000 reagent (Invitrogen) according
the manufacturer’s instructions.

Cell viability assay

Briefly, cells (3 x 10* cells per well) were seed-
ed in 96-well plates and cultured for the indi-
cated time. Cell viability was measured by
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide (MTT) assay and three
independent experiments with triplicate were
carried out.

Wound healing assay

We examined the migration of human umbilical
vein endothelial cells (HUVEC) using a wound-
healing assay. Briefly, cells were each grown on
3.5-cm plates with M199. After the growing cell
layers had reached confluence, we inflicted a
uniform wound in each plate using a pipette tip,
and washed the wounded layers with PBS to
remove all cell debris. Then, cells were cultured
with culture supernatants from the indicated
cells. We evaluated the closure at 24 h using
bright-field microscopy [16].

Quantitative real-time RT-PCR

Total cellular RNA was extracted using TRIzol
reagent (Invitrogen) and 2 ug of RNA was sub-
jected to cDNA synthesis using random hexam-

3284

ers. Quantitative real-time RT-PCR (gRT-PCR)
was performed using an Applied Biosystems
7500 Sequence Detection system with an ini-
tial denaturation step at 95°C for 10 min, fol-
lowed by 28 cycles of denaturation at 95°C for
60 sec, primer annealing at 58°C for 30 sec
and primer extension at 72°C for 30 sec, with
a final extension step at 72°C for 5 min. Target
gene expression was calculated using the
threshold cycle (Ct) values and the formula
2-[(Ct of Genes) - (Ct of GAPDH)] relative to the
internal control gene GAPDH. PCR primers were
designed using Primer Express version 2.0
(Applied Biosystems, Foster City, CA, USA) and
were as follows: CCR7 forward: 5-CCCTTGGG-
TGTCAAAGGTAAA-3’ and reverse: 5'-AAACTGAT-
GCGTGAAGTGCTG-3’; GAPDH forward: 5-GAC-
TCATGACCACAGTCCATGC-3' and reverse, 5-A-
GAGGCAGGGATGATGTTCTG-3'.

Western blotting

Total cellular protein was extracted and the
samples were heated at 100°C for 5 min.
Samples containing 20 ug protein were sepa-
rated by SDS-PAGE, electro-blotted onto PVDF
membranes (Millipore, Billerica, MA, USA),
blocked in non-fat milk, probed with polyclonal
rabbit anti-CCR7 (Abcam, Cambridge, MA, USA),
anti-IKK, anti-phosphorylated-IKK (p-IKK), anti-
IkBa or anti-p-IkBa (p-IkBa; all Cell Signaling,
Danvers, MA, USA), VEGF-A (Cell Signaling),
VEGF-C (Cell Signaling), TNF-a (Cell Signaling),
IL-6 (Cell Signaling), IL-8 (Cell Signaling), and
TGF-B (Cell Signaling). The membranes were
stripped and re-probed using anti-a-Tubulin
(Cell Signaling) as a loading control.

Chicken chorioallantoic membrane assay

The chicken chorioallantoic membrane (CAM)
assay was performed using eight-day-old fertil-
ized chicken eggs. A 1 cm diameter window
was created in the shell of each egg and the
surface of the dermic sheet was removed to
expose the CAM. A 0.5 cm diameter filter paper
was placed on top of the CAM, and 100 pl cul-
ture supernatants harvested from the indicat-
ed esophageal squamous carcinoma cells
placed on the center of the filter paper. The
eggs were incubated at 37°C at 80-90% rela-
tive humidity for 48 h, then the windows in the
shell were closed using sterilize bandages.
Following fixation with stationary solution (1:1
vol/vol mixture of methanol and acetone) for
15 min, the CAM was excised and imaged using
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Figure 1. CCR7 is up-regulated in esophageal squamous carcinoma. A. The expression of CCR71 in esophageal
squamous carcinoma versus paired non-tumorous esophageal epithelial tissues using datasets deposited in the
TCGA datasets (Reporter ID: IMAGE: 2345206). B. Western blotting analysis of CCR7 expression in the normal hu-
man esophageal epithelial cell line and six cultured esophageal squamous carcinoma cell lines; o-Tubulin was used
as a loading control. C. mRNA expression of CCR7 was assessed by qRT-PCR in normal cell line and six cultured
ESCC cell lines. Transcript levels were normalized to GAPDH and expressed relative to HEEC cells. Data is mean *

SD of three independent experiments; for indicated comparisons, *P < 0.05, **P < 0.01.

a digital camera. The number of second- and
third-order vessels in the test groups was
expressed relative to that of CAM treated with
culture supernatants from the indicated cells
[47].

Luciferase reporter assay of NF-kB transcrip-
tional activity

The pNF-kB-luciferase reporter and control
plasmids (Clontech, Mountain View, CA, USA)
were used examine NF-kB transcriptional activ-
ity. Approximately 1.5 x 10* esophageal squa-
mous carcinoma cells were seeded in triplicate
in 24-well plates, allowed to adhere, and co-
transfected with 100 ng of the NF-kB luciferase
reporter plasmid or control luciferase plasmid
and 1 ng of pRL-TK Renilla plasmid (Promega)
using Lipofectamine 2000 reagent (Invitrogen).
The luciferase and Renilla signals were mea-
sured 48 h after transfection using the Dual
Luciferase Reporter Assay Kit (Promega)
according to the manufacturer’s protocol.

ELISA

Cells (7 x 10°%) were plated in six-well dishes
and treated for 24 h. Supernatants were col-
lected and ELISA for TNF-q, IL-6, IL-8, and TGF-B
following the manufacturer’s instructions [18].
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Mouse Xenografts

All animal procedures were approved by the
ethical commission of the Institutional Animal
Care and Use Committee (IACUC) of Third
Military Medical University. Ecal09 (5 x 10°
cells per mouse) were injected s.c. into the right
posterior flanks of 7-wk-old immunodeficient
NOD/SCID female mice (6 mice per group).
Tumor volume and mice body weight were mea-
sured every 3 days. Tumor volume was calcu-
lated as mm® = 0.5 x length x width (mm)>.
After sacrificing mice on day 37, tumor tissues
were assessed with specific antibodies using
western blotting analysis [19]. All animal experi-
ments were carried out in compliance with the
Guidelines for the Institutional Animal Care and
Use Committee (IACUC) of Third Military Medical
University.

Statistical analysis

All experimental data are presented as the
mean + SD of three independent biological rep-
licates. Statistical analyses were performed
using SPSS 13.0 (IBM, Armonk, NY, USA).
Analysis of variance (ANOVA) was used to evalu-
ate the significance of the differences between
two groups. P-values < 0.05 were considered
statistically significant.
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Figure 2. CCR7 enhances the angiogenic capacity of esophageal squamous carcinoma cells in vitro. A. Western
blotting analysis of CCR7 protein expression in ECA109-vector, and ECA109-CCR7 cells; o-Tubulin was used as a
loading control. B. Cell viability was determined by MTT proliferation assay after ECA109-vector and ECA109-CCR7
cells cultured for the indicated days. C. Representative images of cell morphology in ECA109 cells were transfected
with vector or CCR7. D. HUVEC viability was determined by MTT proliferation assay after cells after incubation in
culture supernatants derived from the indicated cells. E. Representative images (left) and quantification (right) of
the number of migrated HUVEC cells after incubation in culture supernatants derived from the indicated cells in
the migration assay. F. Representative images (left) and quantification (right) of capillaries formed in the CAM assay
when stimulated by culture supernatants derived from the indicated cells. G. Western blotting analysis of VEGF-A
and VEGF-C expression in the indicated cells. Data is mean + SD of three independent experiments; for indicated
comparisons, *P < 0.05, **P < 0.01.

Results were performed to examine CCR7 protein

expression in esophageal squamous carcino-
CCRY is up-regulated in esophageal squamous ma cell lines. Our data showed CCR7 protein
carcinoma expression was significantly higher in all five

esophageal squamous carcinoma cell lines
tested compared with the normal human
esophageal epithelial cell line, HEEC, which

To determine whether the expression of CCR7
in esophageal squamous carcinoma is altered,

Oncomine analysis of neoplastic vs. normal tis- expressed low levels of CCR7 (Figure 1B).
sue from TCGA dataset (https://tcga-data.nci. Consistently, qQRT-PCR revealed that CCR7 was
nih.gov/tcga) proved that CCR7 was significant- significantly overexpressed in g esophageal
ly over-expression in esophageal squamous squamous carcinoma cell lines at mRNA level,
carcinoma (Figure 1A). To further assess the compared with HEEC (Figure 1C). Taken togeth-
expression level of CCR7 in esophageal squa- er, these data suggest that CCR7 is up-regulat-
mous carcinoma, western blotting analyses ed in esophageal squamous carcinoma cells.
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Figure 3. Knockdown of CCR7 reduces the angiogenic capacity of esophageal squamous carcinoma cells in vitro. A.
Western blotting analysis of CCR7 protein expression in CCR7-siRNA-transduced Eca109 cell line (shown as CCR7-
RNAI) and the corresponding control cells (shown as RNAi-Vector); a-Tubulin was used as a loading control. B. Cell
viability was determined by MTT proliferation assay after CCR7-siRNA-transduced Ecal109 and Vector-siRNA-trans-
duced Ecal09 cells cultured for the indicated days. C. Representative images of cell morphology in Ecal09 cells
were transfected with Vector-siRNA or siRNA-CCR7. D. HUVEC viability was determined by MTT proliferation assay
after cells after incubation in culture supernatants derived from the indicated cells. E. Representative images (left)
and quantification (right) of the number of migrated HUVEC cells when incubated in culture supernatants derived
from the indicated cells in the Transwell migration assay. F. Representative images (left) and quantification (right)
of neovessels formed in the CAM assay when stimulated by culture supernatants derived from the indicated cells.
G. Western blotting analysis of VEGF-A and VEGF-C expression in the indicated cells. Data is mean * SD of three
independent experiments; for indicated comparisons, *P < 0.05, **P < 0.01.

CCR7 promotes the angiogenic capacity and
expression of VEGFC

The esophageal squamous carcinoma cell line
ECA109 expressed moderate levels of CCR7
and was used to create stable cell line overex-
pressing CCR7. Overexpression of CCR7 in the
stable cell lines was verified by western blotting
(Figure 2A). As analyzed by MTT assay and
shown in Figure 2B and 2C, CCR7 over-expres-
sion significantly increased the cell viability of
ECA109 cells, as compared with their corre-
sponding control cells. Firstly, the effect of
CCRY on the ability of ECA109 cells to induce
angiogenesis was investigated using the HUVEC
proliferation assay. HUVECs were seeded in
culture supernatants harvested from CCR7-
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overexpressing ECA109 cells. Culture superna-
tants derived from CCR7-transduced cells sig-
nificantly increased the growth of HUVEC cells
compared to culture supernatants from vector
control cells (Figure 2D). Moreover, culture su-
pernatants from CCR7-overexpressing ECA109
cells significantly increased the migration of
HUVEC cells in the migration assay (Figure 2E).
Furthermore, ectopic over-expression of CCR7
in ECA109 cells enhanced the ability of culture
supernatants to induce the formation of ves-
sels in the CAM assay (Figure 2F). As neovessel
formation is closely associated with VEGF, we
examined the expression of VEGF-A and VEGF-C
in CCR7-overexpressing and vector control
ECA109 cells using western blotting analysis.
Both VEGF-A and VEGF-C protein expression
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As VEGF has been reported to
be a downstream target of the
NF-kB pathway, we explored
effect of CCR7 on NF-kB sig-

trol. C. Western blotting analysis of the expression of genes downstream of naling activity. Luciferase

NF-kB in the indicated cells; transcript levels were normalized to a-Tubulin.
D. ELISA assay was conducted to evaluate the TNF-«, IL-6, IL-8, and TGF-3
secretion in the indicated cells. Data is mean + SD of three independent
experiments; for indicated comparisons, *P < 0.05, **P < 0.01.

was significantly up-regulated in the CCR7-
overexpressing ECA109 cells (Figure 2G). Taken
together; these results suggest that CCR7
enhanced the capacity of esophageal squa-
mous carcinoma cells to induce neovessel for-
mation in vitro.

Silencing CCR7 reduces the angiogenic capac-
ity and expression of VEGFC

To further confirm the effect of CCR7 on angio-
genesis during the progression of esophageal
squamous carcinoma, stable Ecal09 cell line
in which CCR7 was silenced were established;
knockdown of CCR7 in these cells was con-
firmed by western blotting (Figure 3A).
Compared to culture supernatants from control
cells, culture supernatants from CCR7-silenced
cells inhibited Ecal109 proliferation (Figure 3B
and 3C); suggesting that knockdown of
endogenous CCR7 reduced the proliferation
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reporter assays demonstrat-
ed that overexpression of
CCR7 enhanced the transcrip-
tional activity of a NF-kB
reporter gene, while knock-
down of CCR7 suppressed NF-kB transcription-
al activity (Figure 4A). Western blotting showed
that over-expression of CCR7 increased the lev-
els of phosphorylated IKK and phosphorylated
IkBat but did not significantly change the total
protein level of IKK or IkBa (Figure 4B). In addi-
tion, the levels of number of NF-kB target
genes, including TNF-a, IL-6, IL-8, and TGF-B
were up-regulated in CCR7-overexpressing cells
and down-regulated in CCR7-silenced esopha-
geal squamous carcinoma cells (Figure 4C and
4D). Taken together, these results indicated
that the NF-kB pathway may underlie the pro-
angiogenic effect of CCR7 in esophageal squa-
mous carcinoma.

Down-regulation CCR7 inhibits esophageal
squamous carcinoma cells growth in vivo

In view of these findings in vitro, we tested the
efficacy of siRNA targeting CCR7 in a nude

Am J Transl Res 2017;9(7):3282-3292
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Figure 5. CCR7 siRNA inhibits esophageal squamous carcinoma cells growth in the nude mouse xenograft model.
Representative images of tumor-bearing mice (A) and tumor volume from all of the mice in each group (B). n = 6,
Data is mean+SD of three independent experiments; for indicated comparisons, *P<0.05, **P<0.01. (C) Effect of
CCR7 siRNA on the expression of VEGF-A, VEGF-C, TNF-q, IL-6, IL-8, TGF-f3 expression and NF-kB phosphorylation in
the nude mouse xenograft was detected by western blotting with specific antibodies.

mouse xenograft model, which were vaccinat-
ed subcutaneously 1 x 107 Eca109 cells after
CCR7 siRNA. As shown in Figure 5A and 5B,
control siRNA group did not affect the growth of
tumor, whereas mean tumor volume in mice
injected with CCR7 siRNA was significantly
decreased compared that in mice treated with
control siRNA. In addition, compared with the
control groups, no significant body weight
change or other toxicity was observed in the
treatment groups (data not shown). To explore
the molecule mechanisms of suppressing
expression of CCR7 leading to tumor growth
inhibition in the nude mouse xenograft, the
tumor protein expression of VEGF-A, VEGF-C,
TNF-q, IL-6, IL-8, TGF-B and NF-kB were detect-
ed by western blotting (Figure 5C). In accor-
dance with the results in vitro, after the expres-
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sion of CCR7 was suppressed, the levels of
VEGF-A, VEGF-C, TNF-«, IL-6, IL-8 and TGF-B
were simultaneously significantly decreased
and NF-kB signaling pathway was block-
ed.

Discussion

Even though the mortality and incidence rate
for esophageal squamous cell carcinoma
(ESCC) have decreased over the last two
decades, likely due to improved nutritional sta-
tus and advancesin detection and treatment.
ESCC is however, still one of the most lethal
types of digestive tract malignancy in China
[20]. Surgical resection remains chief curative
therapy, but tumor angiogenesis allows poor
prognosis. Angiogenesis is essential for ESCC

Am J Transl Res 2017;9(7):3282-3292
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Tumor growth
Angiogenesis

Figure 6. Proposed model by which CCR7 regulated
NF-kB/VEGF pathway and induced angiogenesis in
esophageal squamous carcinoma cells.

progression in order to supply nutrients and
oxygen, and remove metabolic waste [21].
Therefore, inhibiting the angiogenic process
may be used as a potential therapy to prevent
tumor growth and metastasis. Among the
angiogenic factors, vascular endothelial growth
factors (VEGF) are positively associated with
the proliferation, migration and tube formation
of endothelial cells. Upon VEGF binding to VEGF
receptor (VEGFR), the main functional receptor
tyrosine kinases of VEGF are activated, and a
cascade of events are initiated, including the
phosphoinositide 3-kinase (PI3K)/protein kin-
ase B (AKT) and RAF/MEK/ERK signaling path-
ways, which stimulate endothelial cell prolifera-
tion, migration and tube formation [22]. Most
anti-angiogenic therapies currently being evalu-
ated in clinical trials target the VEGF pathway;
however, the tumor vasculature can acquire
resistance to VEGF-targeted therapy by shifting
to other angiogenesis mechanisms. Therefore,
better strategies of treatment will ultimately
require understanding the molecular mecha-
nisms of the angiogenesis step of tumor and
identifying and specifically targeting the critical
signaling effectors.

CCR7 can promote the growth and survival of
esophageal squamous carcinoma cells and
was the first gene identified to be up-regulated
in the presence of HBxAg, indicating CCR7 may
potentially play a role in the progression of
esophageal squamous carcinoma [23]. Alth-
ough several studies have indicated that CCR7
may act as an oncogene in various tumor types,
the exact function and molecular mechanism
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of actions of CCR7 on angiogenesis in esopha-
geal squamous carcinoma has not yet been
precisely elucidated. In the present study, we
demonstrate for the first time that over-expres-
sion of CCR7 increased the proliferation in
HUVEC cells and significantly increased the
migration of HUVEC cells, and enhanced the
ability to induce the formation of vessels of
CAM. Therefore, all of the results indicate CCR7
may exert a number of functions during the
development and angiogenesis of esophageal
squamous carcinoma and should be consid-
ered as a potential novel therapeutic target for
esophageal squamous carcinoma. In combina-
tion with the ability of CCR7 to promote the
angiogenic capacity of esophageal squamous
carcinoma cells, VEGF-A and VEGF-C were
markedly up-regulated in CCR7-overexpressing
cells, indicating that an association exists
between CCR7 and VEGF.

VEGF is one of the target genes downstream of
the NF-kB pathway [24]. Luciferase reporter
assays showed overexpression of CCR7 signifi-
cantly enhanced the transcriptional activity of
NF-kB, suggesting NF-kB plays an essential
role in the CCR7-induced angiogenic capacity of
esophageal squamous carcinoma cells. NF-kB
has been widely studied as a transcription fac-
tor that regulates inflammatory and immune
responses, as well as range of other physiologi-
cal and pathological processes including the
development and progression of cancer. NF-kB
mediates a range of biological processes in
cancer cells by transcriptionally activating nu-
merous target genes [25]. Activation of NF-kB
signaling is negatively regulated by the IkBs,
which bind and sequester NF-kB in the cyto-
plasm in an inactive state. IkBs are phosphory-
lated by IKKs, which leads to ubiquitin-mediat-
ed degradation of the IkBs and consequently
enables the release and translocation of NF-kB
to the nucleus. Consistent with these well-stud-
ied processes, the present study demonstrated
that over-expression of CCR7 up-regulated the
level of p-IKK and p-IkBa and ultimately
enhanced the activation of NF-kB. These find-
ings indicate that CCR7 promotes the angio-
genic capacity of esophageal squamous carci-
noma cells - at least in part - by activating the
NF-kB/VEGF signaling pathway.

Additionally, overexpression of CCR7 up-regu-

lated a number of genes downstream of the
NF-kB signaling pathway: TNF-q, IL-6, IL-8 and
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TGF-B. TNF-a is well-recognized to promote
angiogenesis and drive remodeling of blood
vessels in vivo; interleukin-6 increases the
expression of VEGF and can promote angiogen-
esis; IL.-8 has been shown to play an important
role in tumor angiogenesis; and TGF-3 plays an
essential role in vasculogenesis and angiogen-
esis during the development and progression
of various types of cancer. It would be interest-
ing to explore whether TNF, IL-6, IL-8 or TGF-
play a role in angiogenesis and disease pro-
gression in esophageal squamous carcinoma,
and explore the correlation between the expres-
sion of these genes and NF-kB/VEGF pathway.
The regulatory mechanism by which up-regula-
tion of CCR7 modulates the NF-kB/VEGF path-
way and enhances the angiogenic capacity of
esophageal squamous carcinoma cells remains
to be elucidated and should be investigated
further. In conclusion, this study demonstrates
that CCRY7 is upregulated in esophageal squa-
mous carcinoma cell lines and enhances the
angiogenic capacity of esophageal squamous
carcinoma cells via activation of the NF-kB sig-
naling pathway. The major findings in this study
can be illustrated in Figure 6. These results
may provide new insight into the mechanisms
that regulate angiogenesis in esophageal squa-
mous carcinoma; targeting CCR7 may repre-
sent a promising therapeutic strategy for
esophageal squamous carcinoma.
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