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Abstract: Lymphangiogenesis has received considerable attention and become a new research hotspot of tumor
metastasis. Recently, C-C chemokine receptor 7 (CCR7) is known to promote metastasis of non-small cell lung
cancer (NSCLC) cells into lymph nodes. In this study, we investigated the relationship between CCL21/CCR7 and
the lymphangiogenic factor vascular endothelial growth factor (VEGF)-D in human lung cancer cells and its impact
on patients’ prognosis. We found that CCL21/CCR7 increase the expression of VEGF-D in NSCLC Cell Lines through
induced ERK1/2 and Akt phosphorylation. In addition, our study found that the expression levels of CCR7 and
CCL21 were correlated with VEGF-D, lymphatic vessels density (LVD), clinical stages, lymph node metastasis, and
patient Survival in 90 human non-small cell lung cancer (NSCLC) specimens. Taken together, our results provide
evidence that CCL21/CCR7 induce VEGF-D up-regulation and promote lymphangiogenesis via ERK/Akt pathway in
lung cancer.
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Introduction

Tumor invasion and metastasis are the key
malignant characteristics of human cancers.
Mortality of tumor patients principally resulted
from cancer cells spread to distant organs [1].
Lymph node involvement was one of the impor-
tant features of metastatic cancers. Recent
researches strongly implicated that lymphatic
vessels played an important role in tumor cells
dissemination. So to clarify the mechanism of
the cancer cells lymphatic metastasis was a
challenging and important subject.

VEGF-C and VEGF-D was two major lymph-
angiogenic factors, which had been linked to
induce lymph-angiogenesis in animal models
[2, 3]. The binding of VEGF receptor (VEGFR)-3
and VEGF-C or VEGF-D stimulated the prolifera-
tion and migration of lymphatic endothelial
cells [4], which following increased the num-
bers of new lymphatic vessels. The high expres-
sion of VEGF-D strongly correlated with metas-
tases in regional lymph nodes in human bladder

cancer, papillary thyroid, gastric, colorectal,
prostate, breast, ovarian, and lung carcinomas
[5-12]. Immunohistochemical staining demon-
strated that VEGF-D was significantly elevated
within many tumor cells [13], suggesting that
tumor cells played a critical role in generating
VEGF-D and activating the lymph-angiogenesis.
But the mechanism of VEGF-D up-regulated
expression in tumor cells is poorly understood.

CCRY is a chemokine receptor, and is expressed
on naive T and B-cells, some central memory
T-cells and mature dendritic cells (DCs). The
interactions between CCR7 and its ligands (che-
mokines CCL19 and CCL21) play a central role
in lymphocyte trafficking and homing to lymph
nodes during immune and inflammatory reac-
tions [14, 15]. Recently, CCR7 expression in
several different types of cancer was confirmed
including breast cancer, head and neck squa-
mous cell carcinoma, esophageal squamous
cell carcinoma, lung cancer, melanoma [16-22].
Some mechanisms of CCR7-mediated metasta-
sis have been proposed, Cuesta-Mateos C et al.



CCR7 induce VEGF-D up-regulation

reported that CCL19/21 was markedly reduc-
ed by inhibitors of PI3K and the Rho effect or
molecule and MAPKs signal transduction path-
ways, which could mediate B-Chronic Lym-
phocytic Leukemia cells migration and survival
[23]. Wang J et al. had reported that CCR7
could activate phosphoinositide-3 kinase and
mediated invasion in head and neck cancer
cells [24]. Recently, a critical role of CCR7 in
lymph-angiogenesis has been reported in
SW620 human colon cancer cells nude mice
xenograft model [20]. However, the precise
mechanisms of CCR7 in lymph-angiogenesis
remain to be determined.

In this study, we discovered that VEGF-D was
one of the major downstream genes of CCR7 in
human lung cancer cells. The up-regulation of
VEGF-D by CCR7 was mediated by the ERK1/2
and Akt pathway. CCR7-induced VEGF-D up-
regulation correlated with clinical stages, the
lymph node metastasis and prognosis in NSCLC
patients. Our findings open newer therapeutic
modalities against lymphatic metastasis by tar-
geting CCRY.

Material and methods
Antibodies and reagents

Polyclonal anti-CCR7, VEGF-D, Akt, ERKM, and
p-ERIr(i/2 antibodies and monoclonal anti-B-
actin antibody were purchased from Santa Cruz
Biotechnology(USA). Polyclonal p-akt antibody
was purchased from Cell signaling (USA).
Monoclonal D2-40 (ready to use) antibody and
3, 3’-diaminobenzidine tetrahydrochloride
(DAB) were purchased from MaiXin Biotech-
nology (China). P-Akt inhibitor (LY294002) and
p-ERIr(l/2 inhibitor (PD98059) were purchased
from Cell signaling (USA).

Cell culture

Human lung cancer cell lines A549 (pulmonary
adenocarcinoma cell), NCI-H460 (pulmonary
large carcinoma cell), SPC-A1 (pulmonary ade-
nocarcinoma cell), BE1 (pulmonary large carci-
noma cell), LTE (pulmonary adenocarcinoma
cell), were maintained in RPMI1640 supple-
mented 10% fetal bovine serum (Gibco, USA)
with 100 units/ml streptomycin, and 100 units/
ml penicillin in a humidified 5% CO, atmosphere
until 75% confluent. Cells were incubated with
RPMI1640 including respectively CCL19 (100
ng/ml), anti-CCR7 antibody (50 pg/ml), p—ERKl/2
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inhibitor PD98059 (50 pmol/ml), p-Akt inhibitor
LY294002 (50 pymol/m).

Stable transfection of CCR7

The plasmid pLNCX2-CCR7 was kindly provided
by Dr. Sam T. Hwang (National Institutes of
Health USA). A549 cells were stably transfect-
ed pLNCX2-CCR7 in the presence of
Lipofectamine 2000 (Invitrogen) following the
manufacturer’s instructions and placed under
G418 (500 pg/ml) selection for 4 weeks.
Surviving colonies were isolated and expand-
ed.

Western blot analysis

The protein was extracted with lysis buffer (150
mM NaCl, 1% NP-40, 0.1% SDS, 2 ug/ml apro-
tinin, L mM PMSF) for 1 h at 4°C. The superna-
tants were centrifuged at 12000xg for 30 min
at 4°C. The supernatants containing total pro-
tein were harvested. Aliquots containing 80 ug
of proteins were separated on a 10% SDS-
polyacrylamide gel and transferred to polyvi-
nylidene fluoride (PVDF) membranes. After
blocking, blots were respectively incubated
with different primary antibodies and followed
by each corresponding second antibody at
room temperature for 2 h. The EC3 Imaging sys-
tem (UVP Inc.) was used to catch up the specific
bands, and the optical density of each band
was measured using the Image J software.

RNA isolation and reverse transcriptase-PCR

Total RNA was isolated using TRIZOL (Invitrogen
USA) according to the manufacturer’s instruc-
tions. The primer sequences are: CCR7, 5'-GAG
GCT ATT GTC CCC TAA ACC-3' (forward) and
5-TGG AGG ACA GTG AAG AAA ACG-3’ (reverse).
VEGF-D, 5-TCA GCA TCC CAT CGG TCC ACT
AG-3’ (forward) and 5-CAA CAG CCA CCA CAT
CGG AAC AC-3’ (reverse) and B-actin, 5-AAA
TCG TGC GTG ACA TTA A-3’ (forward) and 5’-CTC
GTC ATA CTC CTG CTT G-3’ (reverse). Reaction
mixture was first denatured at 95°C for 10 min.
The PCR condition was 95°C for 1 min, 59°C
for 1 min, and 72°C for 1 min for 30 cycles, fol-
lowed by 72°C for 5 min. PCR products were
visualized by ethidium bromide staining after
agarose gel electrophoresis.

SiRNA treatment of cells

Design of siRNA and Transfection of A549 cells.
Small interference RNA (siRNA) specific to
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Figure 1. CCR7 up-regulates VEGF-D in NSCLC cells. CCR7-overexpressed cells (BE1-CCR7-1, BE1-CCR7-2), and the
vector control cells were obtained as described under “Materials and Methods.” A. The expressions of CCR7 mRNA
(top) and protein (bottom) were increased by RT-PCR and western blotting. B. RT-PCR and western blotting analyses
of VEGF-D and B-actin mRNA (top) and protein (bottom) in CCR7 tansfected cells (BE1-CCR7-1).
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Figure 2. VEGF-D expression was correlated with CCR7 in different NSCLC cell lines and reduced by CCR7 antibody.
The correlation between the VEGF-D and CCR7 in mRNA (A) and protein (B) levels in NSCLC cell lines. Cells were
cultured in the same condition and analysis the protein and mRNA by Western blot and RT-PCR. (C) CCR7 antibody
reduced the expression of VEGF-D protein in A549 cells. A549 cells were serum-starved and treated with CCR7 an-
tibody for indicated times. (D) A549 cells were transfected with scrambled siRNA sequence (Sc) or siRNA for CCR7
(Si) followed by incubation for 48 h. Total protein was isolated and expression of CCR7 and VEGF-D was analyzed
by Western blot.

CCR7 was designed as follow: sense 5-GGA GCCTTATGAAGTCATAT-3. Cells were plated

CGT GCG GAA CTT TAA AdTdT-3’; antisense
5-TTT AAA GTT CCG CAC GTC CdTdT-3". Control
scrambled siRNA sequences: 5-GAC TTC ATA
AGG CGC ATG CdTdT-3’; antisense 5-GCATGC-
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onto 10-cm? cell culture dishes and grown to
30-50% confluence before transfection. The
duplexes were diluted to give a final concentra-
tion of 30 nM. Transfections were performed

Int J Clin Exp Pathol 2015;8(12):15729-15738
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Figure 3. CCRY7 induced ERK, , and Akt phosphorylation in lung cancer cells. The expression of p-ERK, ,, ERK

1/2? 1/2’

p-Akt, Akt protein were determined by western blotting. A. The expressions of p-ERK, , and p-Akt were increased in
BE1-CCRY7 cells, while exhibiting no effect on the total protein levels of ERK, , or Akt. B. A549 cells were transfected
with scrambled siRNA sequence (Sc) or siRNA for CCR7 (Si) followed by incubation for 48 h. Total protein was iso-
lated and expression of phosphorylation of ERKU2 or Akt was determined by western blot analysis.
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Figure 4. Involvement of ERKl/2 and Akt in CCR7-
mediated VEGF-D up-regulation. Serum-starved
BE1-CCR7 cells were treated with ERK, , inhibitor
PD98059 (50 um) or AKT inhibitor LY2§4002 (50
um) followed by incubation for 24 h. A. Total protein
and RNA were isolated and subjected to RT-PCR and
Western blotting to analysis the expression of VEGF-
D. The results showed that VEGF-D mRNA (top) and
protein (bottom) were reduced after incubation with
PD98059 or LY294002, which was more significant
in LY294002 incubated cells. B. The expression of
p-ERKi/2 and p-Akt were decreased significantly by
PD98059 or LY294002 respectively, while exhibiting
no effect on each other.

with Lipofectamine 2000 (Invitrogen) and by
following the manufacturer’s instructions.
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Patients and specimens

A total of 90 cases of NSCLC were obtained
from the 15t January 1980 to the 315t December
2005 at the First Affiliated Hospital of China
Medical University. The tumor tissues in this
study were from patients who had NSCLC
proved by pathological diagnosis without dis-
tant metastasis. None of the 90 cases had
received radiation therapy or chemotherapy
before surgery. The NSCLC stage classification
was based on the TNM staging system of the
UICC. The survival time was calculated from the
operation day to death until the last follow-up
date (December 2006). The following-up of the
surviving patients averaged 32.55 months and
ranged from 1to 96 months. Clinicopathological
information of the patients about age, tumor
size, clinical stage, histological type, differenti-
ation, and lymph node metastasis was summa-
rized in Table 2. This study has been approved
by hospital ethical committee.

Immunohistochemistry and quantitation of
lymphatic vessel densities

4 ym sections were prepared from the paraffin-

embedded tissues. Immunostaining was per-
formed by the streptavidin-peroxidase (S-P)

Int J Clin Exp Pathol 2015;8(12):15729-15738
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Table 1. Correlation between levels of chemo-
kine receptor 7 (CCR7) and vascular endo-
thelial growth factor-D (VEGF-D) expression in

human lung cancer
CCR7
VEGF-D —— r P-value
Lower Higher
Lower 20 16

Higher 7 47 0.455 P <0.001

method (Ultrasensitive™ MaiXin, Fuzhou,
China). The primary antibodies were anti-D2-40
antibody, anti-CCR7 (1:200) and anti-VEGF-D
antibody (1:150). The peroxidase reaction was
developed with 3, 3’-diaminobenzidine tetrahy-
drochloride (DAB, MaiXin, Fuzhou, China), the
primary antibodies were replaced by non-
immune serum for negative control. The per-
centage of positive tumor cells (0% = negative,
1-50% = 1, 51-75% = 2, > 76% = 3) and the
intensity of CCR7 or VEGF-D immunostaining (1
= weak, 2 = moderate, and 3 = intense) were
assessed in at least 5 high power fields (x400
maghnification). The scores of each tumorous
sample were multiplied to give a final score of
0,1,2,3,4,60r9, and the tumors were finally
determined as low expression: score < 4; or
high expression: score > 6. If the difference
between the numbers counted by two patholo-
gists was more than 10%, the lumens were
recounted and a consensus between each
observer was reached. We identified the area
containing the most D2-40-positive vessels
(hot spot) for determination of lymphatic vessel
density by scanning the sections at low magni-
fication. Lymphatic vessel density was then
determined by counted the number of D2-40-
positive vessels in a blinded manner from three
areas of the highest vessel density/section at
high-power fields. Three sections/tumors were
analyzed. Each stained lumen was regarded as
a single countable microvessel. All the samples
were evaluated by 2 independent pathologists.

Statistical analysis

The statistical package SPSS16.0 (SPSS incor-
porated, Chicago) was used for all analysis. All
values were expressed as mean + SD. The Chi-
square test was used to determine the correla-
tion between CCR7 expression and clinicopath-
ological factors; Kaplan-Meier curves were
used for survival analysis, and log-rank was
determined based on the differences. Other
results were analyzed using the t-test. Values of
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P < 0.05 were considered statistically signifi-
cant.

Results

CCRY7 up-regulated VEGF-D in NSCLC Cell Lines

To study whether the lymphangiogenic factor
VEGF-D was the downstream effectors gene of
CCR7 in human lung cancer, we developed an
CCR7 over-expressed cell clone (BE1-CCR7
cells) through transducing retroviral vectors
carrying CCR7 gene to BE1 cells (human big
cell lung cancer) and observed the transfection
efficiency by RT-PCR and western blot.
Meanwhile, we analyzed the expression of
VEGF-D by RT-PCR and western blotting. The
results showed that CCR7 was over-expressed
in BE1-CCR7 cells than control cells both at
mRNA and protein levels (Figure 1A), simulta-
neously the expression of VEGF-D mRNA and
protein in BE1 cells were increased after CCR7
over-expression (Figure 1B).

We additionally examined whether CCR7 regu-
lation of the VEGF-D gene in other five human
lung cancer cell lines. We found a correlation
between the expression levels of CCR7 and
VEGF-D mRNA (Figure 2A). Consistent to mRNA
levels, western blot showed that high expres-
sion levels of CCR7 protein also displayed
greater abundance of VEGF-D protein (Figure
2B). Treatment of A549 cells with CCR7 anti-
body could significantly attenuate the endoge-
nous VEGF-D protein level (Figure 2C). Genetic
inhibition of CCR7 by siRNA method significant-
ly decreased VEGF-D expression in A549 cells
(Figure 2D). These data demonstrated that
CCR7 could up-regulate VEGF-D expression in
the NSCLC cells.

CCRY induced ERK, o and Akt phosphorylation
in BE1 cells

To investigate CCR7 how to regulate VEGF-D,
we detected p—ERKl/Z, ERKM, p-Akt and Akt
protein expressions in CCR7 gene over-
expressed cell clone (BE1-CCR7 cells). Western
blotting showed that the expressions of
p—ERKM and p-Akt were increased in BE1-
CCR7 cells, while exhibiting no effect on the
total protein levels of ERKl/2 or Akt (Figure 3A).
Furthermore, Specific blocking CCR7 expres-
sion by siRNA method inhibited the expression
of phosphorylation of ERKU2 and Akt were
determined by western blot analysis (Figure
3B).

Int J Clin Exp Pathol 2015;8(12):15729-15738



CCR7 induce VEGF-D up-regulation

Table 2. Correlation of clinicopathologic parameters with CCR7 and VEGF-D expressions in NSCLCs

No. of CCR7 Expression VEGF-D Expression
Factor - P value - P value
cases Lower Higher Lower Higher
LvD 20.58+7.6 28.09+10.57 0.001 19.38+7.22 30.1449.87 <0.001
Age
<50 50 13 37 20 30
> 50 40 14 26 0.355 16 24 1.000
Tumor size
T1+T2 38 12 26 19 19
T3+T4 52 15 37 0.78 17 35 0.098
Histology
Sq 55 17 38 23 32
Ad 35 10 25 0.813 13 22 0.659
Differentiation
Well 14 4 10 4 10
Poor-moderate 76 23 53 0.899 32 44 0.342
Stage
I+l 39 18 21 22 17
H+1V 51 9 42 0.003 14 37 0.005
Lymph node status
Negative 36 17 19 22 14
Positive 54 10 44 0.004 14 40 0.001
Involvement of ERK1/2 and Akt in CCR7-mediat- ated with CCR7 expression in 90 NSCLC speci-
ed VEGF-D up-regulation mens (r = 0.455, P < 0.001, Table 1). We then
quantified the number of lymphatic vessels in
To confirm whether CCR7 up-regulate VEGF-D NSCLC with CCR7 and VEGF-D high and low
by p-ERK, , and p-Akt, we inhibit the activity of expression NSCLC using antibodies against
p—ERKl/2 and p-Akt with their inhibitors D2-40. Quantification of the D2-40-positive
PD98059 and LY294002 respectively. RT-PCR vessels in the tumors indicated that tumor with
and western blotting results suggested that the high expression of CCR7 had a higher LVD than
VEGF-D mRNA and protein expression in BE1- in low CCR7 expressing tumors (28.09+10.57
CCR7 cells were decreased significantly after for CCR7 high expression tumors, n = 63, and
incubation with PD98059 or LY294002, 20.58+7.6 for CCR7 low expression tumors, n =
respectively (Figure 4A). Furthermore, in BE1- 27, P =0.001, t test). Tumors with VEGF-D high
CCRY cells, PD98059 did not affect phosphory- expression had a higher LVD than in low VEGF-D
lation of Akt, and LY294002 did not inhibit expressing tumors 30.14+9.87 for VEGF-D high
ERKl/2 phosphorylation under basal condition expression tumors, n = 54, and 19.38+7.22 for
(Figure 4B), indicating that PI3K/Akt and ERKl/2 VEGF-D low expression tumors, n = 36, P <
pathways are independently involved in CCR7- 0.001, t test). These results indicated that the
mediated VEGF-D up-regulation The results expression patterns of CCR7, VEGF-D associat-
suggested that ERKl/2 and Akt signal pathways ed well with the expression of LVD in NSCLC tis-
were independent of each other during CCR7 sues (Figure 5).

up-regulate VEGF-D.
Patients with high expression of CCR7 were

CCRY expression correlates with VEGF-D more likely to have advanced disease (P =
level, lymphatic vessel density, clinical stages, 0.003) and lymph node metastasis (P = 0.004)
lymph node metastasis, and patient survival in than that of low expression patients. High
NSCLC expression of VEGF-D have advanced disease

(P = 0.005) and lymph node metastasis (P =
Immunohistochemical analysis revealed that 0.001) than that of low expression patients. In
the VEGF-D expression was significantly associ- addition, Patients who low expression CCR7

15734 Int J Clin Exp Pathol 2015;8(12):15729-15738
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Figure 5. CCR7 expression correlates with mediated VEGF-D protein levels, lymphatic vessel density, and prognosis
of patients with lung cancer. CCR7 immunostaining with (A) and without (D) positive nodes. VEGF-D expression in
serial sections with (B) and without (E) node metastasis. D2-40 expression in serial sections with (C) and without
(F) node metastasis. It was shown that CCR7 and VEGF-D expression was correlated with lymph node status; identi-
cal coexpression and localization of CCR7 and VEGF-D; D2-40 expression was correlated with CCR7 and VEGF-D
expression. Original magnification: all x200. Kaplan-Meier survival plots for patients grouped according to CCR7
(G) and VEGF-D (H) protein expression. It was statistically significant between overall survival of patients with CCR7

expression (P = 0.036) and VEGF-D expression (P = 0.009).

had a statistically significantly longer survival
than high expression patients (P = 0.036;
Figure 5G). The median survival time for
patients with high VEGF-D was 24.64+3.9
months; 95% confidence interval 16.97-32.31
months, which was significantly shorter than
patients with low VEGF-D expression (P =
0.009, Figure 5H). These results provide a pos-
sible explanation that CCR7 high expression
patients were more likely to have poor progno-
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sis, possibly resulting from CCR7-mediated lym-
phangiogenesis via up-regulation of VEGF-D in
human NSCLC.

Discussion
CCRY is expressed by many immune cells and
interacts with its ligand CCL21/19 may regu-

late directionally migration. Previous studies
have demonstrated that CCR7 expression cor-

Int J Clin Exp Pathol 2015;8(12):15729-15738
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related with lymph node metastasis in several
different types of cancers [7, 22-26]. Further-
more a significant correlation between lym-
phangiogenesis and lymph node metastasis
has been shown in human breast cancer [27,
28], suggesting a possible role of CCR7 in
tumor lymphangiogenesis. Recently, a critical
role of CCR7 in lymphangiogenesis has been
reported in SW620 colon cancer cells [24], but
the mechanism had not been published up to
now.

Studies have demonstrated that VEGF-D
strongly correlated with lymph node metasta-
ses of various human cancers and has been
identified as a lymphangiogenic growth factor.
We therefore examined the effect of CCR7 on
the expression of VEGF-D in lung cancer cells.
In our studies, we found that the expression of
VEGF-D mRNA and protein in BE1 cells were
greatly increased after CCR7 over-expression.
In contrast, VEGF-D expression level was
decreased when CCR7 was blocked with anti-
body or specific siRNA. Furthermore CCR7
tightly regulates VEGF-D gene expression, was
commonly observed in the different human
lung cancer cell lines. These data supported
that VEGF-D is a downstream gene of CCR7 in
lung cancer.

The human VEGF-D promoter contains one opti-
mal binding site for transcription factor AP-1
[29]. AP-1 is a different member of Fos and Jun
protein family members which is mainly regu-
lated via the activation of ERKM. It therefore
might be anticipated that ERK, , is involved in
VEGF-D up-regulation in response to CCR7 in
lung cancer cells. In our studies, we found that
the expression of p—ERKl/2 was increased after
CCR7 over expression. However specific block-
ing CCR7 expression by siRNA method inhibited
ERKi/2 phosphorylation. Furthermore, CCR7-
induced VEGF-D up-regulation was decreased
significantly after blocking phosphorylation of
ERK, , with PD98059. The data presented here
suggest that activation of ERKU2 plays an
important role in CCR7-induced VEGF-D
up-regulation.

PKC plays an important role in lymphangiogen-
esis. Here, we found that p-Akt was increased
after CCR7 over expression; using Akt inhibitor
LY294002 significantly suppressed CCR7-
induced VEGF-D up-regulation in protein level.
These data strongly suggest that Akt is a criti-
cal mediator to transducer the signaling of
VEGF-D expression.
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Various isoforms of PKC differentially modulate
MAPK signaling pathways [30, 31]. In contrast,
studies been shown to activate MAPK (ERK, ,)
via PKC-independent pathways [32]. In this
study, we showed that inhibit Akt did not affect
ERKl/2 phosphorylation, in contrast, inhibit
ERKl/2 did not affect phosphorylation of Akt.
These data supporting the possibility that
MAPKs and Akt were independent of each
other.

In 90 NSCLC tissues, we confirmed that CCR7
highly expressed. The high expression level of
CCR7 correlated well with VEGF-D high expres-
sion, clinical stages, more lymph node metas-
tasis, higher lymphatic vessel density, and
shorter survival rate of patients. Together with
our studies in lung cancer cells, we speculated
that CCR7 promote lymphangiogenesis via
VEGF-D and may induce lymph node metasta-
sis in NSCLC tissues.

In conclusion, our study demonstrated that,
CCR7 could induce VEGF-D gene expression via
ERK,, and Akt signaling pathway in NSCLC
cells. Overexpression of CCR7 and VEGF-D play
an important role in lung cancer lymphangio-
genesis. Thus, targeting CCR7 may potentiate
new therapeutic strategy against lymphangio-

genesis and lymphatic node metastasis.
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