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Abstract. Lymph node metastasis in patients with urinary 
bladder cancer (UBC) is always associated with poor prognosis 
and is the determinant for tumor staging and the development 
of treatment regimens; however, its underlying mechanisms 
remain to be studied. Immunohistochemical staining of tumor 
sections from 62 UBC patients was performed using CCR7, 
D2-40 and CD34 antibodies. We showed that increased CCR7 
expression was significantly associated with positive lymph 
node status (P=0.008), pT3-T4 tumor stage (P=0.015), tumor 
grade (P=0.010) and worse overall survival (OS, P<0.001) 
and that both CCR7 expression and lymph node metastasis 
were independent prognostic factors for OS (P=0.031 and 
P=0.001, respectively) based on multivariate analysis. We 
found that there was a significant association between MLVD 
and lymph node status (P=0.006), but this relation was not 
observed for MVD. Furthermore, we showed that increased 
CCR7 expression correlated significantly with higher MLVD 
(P=0.014) and MVD (P=0.002). Wound-healing and matrigel 
transwell assays indicated that activation of CCR7 with 
CCL21 significantly enhanced the invasion and migration 
abilities of UM-UC-3 cells, and this enhanced effect was 
significantly abrogated by CCR7 knockdown using siRNA. 

Western blot analysis revealed that the phospho-ERK1/2 level 
was markedly increased when UM-UC-3 cells were treated 
with CCL21 and significantly decreased when the CCR7 
gene was silenced. MEK/ERK1/2 inhibition with PD98059 
significantly suppressed the migration and invasion abilities 
of UM-UC-3 cells and also significantly abrogated the effects 
of CCL21/CCR7 on cell migration and invasion. Based on 
these results, we conclude that activation of the CCL21/CCR7 
chemoaxis promotes lymph node metastasis of UBC in at least 
two ways. Firstly, although CCR7 is a promoting factor that 
induces both lymphangiogenesis and angiogenesis, it may 
promote lymph node metastasis through its lymphangiogenic 
effect rather than through its angiogenic effect. Secondly, the 
CCL21/CCR7 chemoaxis promotes the migration and invasion 
of UBC cells via the MEK/ERK1/2 signaling pathway rather 
than the PI3K/AKT pathway.

Introduction

Urinary bladder cancer (UBC), which is mainly accompanied 
by symptoms of intermittent hematuria and vesical irritability, 
is the ninth most common type of cancer worldwide (1) and 
the second most common cancer of the genitourinary tract (2), 
with an estimated 76,960 newly diagnosed cases and 16,390 
deaths in the United States in 2016 (3). Cigarette smoking is 
the most important risk factor for this heterogeneous cancer; 
other risk factors include schistosoma haematobium, occupa-
tional exposure to benzidine, β-naphthylamine, dyes or leather 
and physical trauma to the uroepithelium from infection, 
instrumentation or the presence of calculi. With respect to 
histopathology, transitional cell carcinomas account for >90% 
of all bladder cancers, whereas adenocarcinomas, squamous 
cell carcinomas (SCC) and undifferentiated bladder carci-
nomas constitute the remaining 10% of bladder cancers (4).

UBC displays the characteristic of frequent progression 
both at the time of diagnosis and after initial treatment. Such 
progression is the outcome of a tumorous natural history 
that includes the two closely related processes of invasion 
and metastasis. Tumor progression involves the migration of 
tumor cells and the invasion of other tissues and remains the 
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most common cause of cancer-related deaths (5). Although 
non-muscle-invasive bladder cancer (NMIBC) accounts for 
~70% of UBCs at initial presentation (6) and carries a 5-year 
survival rate of 90% (7), NMIBC tumors recur at a rate of 
50-70% and progress at a rate of 15% in recurrent UBC 
patients  (8). When NMIBC progresses to muscle-invasive 
bladder cancer (MIBC), which may display the characteris-
tics of metastatic malignant tumors and subsequently lead to 
death, the 5-year survival rate falls to 60% (7). Even worse, 
~50% of MIBC patients succumb to this disease despite 
optimal therapy (9), and ~80% of UBC patients with positive 
lymph node metastases die within the first 5 years after initial 
confirmed diagnosis (10,11). Tumor metastasis, which includes 
hematogenous and lymphatic metastasis, is one of the most 
critical aspects of tumor progression and contributes to ~90% 
of cancer-associated deaths (12). Despite advances in surgical 
techniques and in adjuvant chemotherapies and immuno-
therapies resulting from recent extensive studies of treatment 
options for advanced UBC with or without metastatic disease, 
the 5-year survival rate for patients with metastatic UBC was 
5% (13), and that of patients with lymph node metastasis was 
<30% (14). Although conventional clinicopathological char-
acteristics such as tumor grade and stage provide important 
prognostic information in UBC, they are of limited use in 
the prediction of tumor recurrence, progression, treatment 
response, and survival (15), partially due to the shortcomings 
of staging and grading subjectivity that can lead to high inter-
observer variability (16). Therefore, the investigation of novel 
molecular markers that are positively associated with tumor 
progression, metastasis and survival and determination of the 
molecular mechanisms of these markers in tumor progression 
are crucial for improving poor survival in UBC and developing 
a more exact prognosis-predictive and therapeutic strategy.

Various chemokines and their specific receptors have 
been shown to be involved in tumor progression, and some 
receptors have been particularly proposed as biomarkers for 
predicting survival, such as the CXCL12/CXCR7 axis in 
pancreatic (17), the CXCL12/CXCR4 axis in breast (18,19) and 
oral SCC (20), the CCL5/CCR1 axis in prostate (21) and the 
CCL21/CCR7 axis in gastric cancer (22). Among these, the 
most important chemokine/receptor axes are CXCL12/CXCR4 
and CCL21/CCR7, mainly because of their determinant role 
in regulating the directional migration and organ-selective 
metastasis of tumor cells. An early breast cancer study showed 
significantly elevated CXCR4 and CCR7 expression in breast 
cancer cell lines and in tissue samples from patients and 
from mice in an established breast cancer model compared 
with normal controls (18). Given the preferential expression 
of CXCL12 in lung, liver and bone marrow and of CCL21 in 
lymph nodes found in the present study, the authors concluded 
that the CXCL12/CXCR4 axis may be responsible for metas-
tasis to lung, liver and bone marrow and that CCL21 may 
be responsible for metastasis to lymph nodes (18). Notably, 
these hypotheses were confirmed by the results of subsequent 
experiments in vivo.

In the present study, we were most interested in the expres-
sion profile of CCR7 and the significance of the CCL21/CCR7 
axis in progression, metastasis and survival in human UBC. 
Therefore, in the present study, we have initially evaluated the 
expression of CCR7 by immunohistochemical staining and 

determined its correlation with clinicopathological charac-
teristics in 62 closely screened UBC patients. In addition, we 
investigated the microlymphatic vessel density (MLVD) and 
the microvessel density (MVD) in this cohort and determined 
their associations with CCR7 expression and clinicopatho-
logical parameters. These data provide preliminary evidence 
for a significant role of CCR7 in tumor progression, angio-
genesis, lymphangiogenesis, survival and prognosis in UBC. 
In addition, the invasion and migration abilities of UBC cell 
lines with or without the intervention of CCL21 treatment or 
CCR7 gene silencing were tested in vitro. To further elucidate 
the mechanisms through which the CCL21/CCR7 axis regu-
lates tumor behavior, the activities of the AKT and ERK-1/2 
signaling pathways were also analyzed.

Materials and methods

Cell lines and reagents. The human bladder cancer cell lines 
T24, 5637, UM-UC-3 and RT4, as well as the SV-40 immor-
talized human uroepithelial cell line SV-HUC-1, which was 
used as a normal control, were purchased from the Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China). The 
cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Gibco, Grand Island, NY, USA) (UM-UC-3), 
RPMI-1640 medium (T24, 5637 and RT4) and F12K medium 
(SV-HUC-1) supplemented with 10% fetal bovine serum 
(FBS; Gibco), 100 units/ml penicillin, 100 µg/ml streptomycin 
and 2 mmol/l glutamine at 37˚C in a humidified chamber 
supplemented with 5% CO2. When the cells reached 80-90% 
confluency, they were treated with various concentrations 
of recombinant human CCL21 purchased from PeproTech 
(Rocky Hill, NJ, USA) or with specific concentrations of 
CCL21 for 48 h to analyze the effect of activation of the 
CCL21/CCR7 axis on the invasion and migration capacity of 
UBC cells and the expression of possible related signaling 
pathway biomarkers.

Streptavidin-peroxidase (SP) ready-to-use kits, diamino-
benzidine (DAB) tetrahydrochloride chromogenic reagent and 
mouse monoclonal antibody against CD34 were purchased 
from Beijing Zhongshan Golden Bridge Biotechnology 
(Beijing, China). Rabbit monoclonal antibody to CCR7, rabbit 
polyclonal antibody to total-ERK1/2 and rabbit monoclonal 
antibody to phospho-ERK1/2 were obtained from Abcam 
(Cambridge, MA, USA). Rabbit polyclonal antibody to AKT 
and rabbit polyclonal antibody to phospho-AKT were from 
ImmunoWay Biotechnology Inc., (Newark, DE, USA). Mouse 
monoclonal antibody to β-actin and horseradish peroxidase 
(HRP)-conjugated secondary antibodies were from Santa 
Cruz Biotechnology (Santa Cruz, CA, USA). Mouse mono-
clonal antibody to D2-40 was from Dako (Carpinteria, CA, 
USA). RIPA lysis buffer and the BCA protein assay kit were 
from Beyotime Institute of Biotechnology (Haimen, China). 
Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) loading buffer was from Auragene Bioscience 
(Changsha, China). Lipofectamine 2000 was from Invitrogen 
(Carlsbad, CA, USA). Small interfering RNA (siRNA) oligo-
nucleotides targeting the CCR7 gene and a control scrambled 
sequence siRNA were designed and synthesized by Shanghai 
GenePharma Co., Ltd. (Shanghai, China). PD98059 was 
obtained from Sigma-Aldrich (St. Louis, MO, USA).
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Patient population and tissue specimen collection. After 
obtaining approval from the Xiangya Hospital Institutional 
Review Board, the clinical and pathological data of consecu-
tive UBC patients who underwent radical cystectomy with 
bilateral pelvic and iliac lymphadenectomy at the authors' 
institution between June 2006 and June 2011 were reviewed. 
We included only patients for whom sufficient tissue and 
valid follow-up data were available and from whom written 
informed consent was obtained before they were enrolled in 
the study. We also excluded patients who received neoadju-
vant chemotherapy or radiotherapy and those who exhibited 
synchronous or metachronous cancer in other organs, which 
finally left 62 patients for the analysis.

Tissue specimens were immediately formalin-fixed after 
surgery and then embedded in paraffin for immunohisto-
chemical analysis. Sections from each case were stained with 
hematoxylin and eosin and investigated by light microscopy 
to confirm histopathology. The pathological tumor stage and 
grade were assigned according to the 2009 UICC-TNM clas-
sification system and the 2004 WHO system, respectively. 
Eight additional samples of normal bladder tissues were also 
obtained from sites apparently distant from the tumors. All 
procedures were performed in accordance with the ethical 
principles set forth in the Declaration of Helsinki. We had no 
access to information that could be used to identify individual 
participants during or after data collection.

Immunohistochemical staining and evaluation. UBC tissue 
samples were fixed in 10% formalin, embedded in paraffin, 
and cut into 4-µm slices. Immunohistochemical staining was 
performed on a single representative block from each case 
using the streptavidin-peroxidase method with an SP ready-
to-use kit according to the manufacturer's instructions. Tissue 
blocks with at least 1 mm of peripheral tissue surrounding the 
tumor mass were selected. The tissue blocks were deparaf-
finized by incubating them twice in xylenol for 10 min at room 
temperature, dehydrated in a graded ethanol series (50, 75 
and 100%), incubated in 3% hydrogen peroxide for 30 min to 
block endogenous peroxidases, subjected to antigen retrieval 
in 10 mmol/l citric acid buffer (pH 6.0) in a microwave oven 
for 10 min and allowed to cool at room temperature. Following 
three 5-min washes in phosphate-buffered saline (PBS), the 
sections were treated with normal goat serum for 10 min at 
room temperature to block non-specific antibody reactions. 
The sections were further incubated overnight at 4˚C with 
the following diluted primary antibodies according to the 
manufacturer's instructions: rabbit monoclonal anti-CCR7 
(1:200), mouse monoclonal anti-CD34 (1:200) and mouse 
monoclonal anti-D2-40 (1:50). The sections were then sequen-
tially incubated with anti-goat polyvalent antibody for 10 min 
and with streptavidin-peroxidase for 10 min and subsequently 
visualized by incubation in 0.03% DAB tetrahydrochloride 
chromogenic reagent followed by counterstaining with hema-
toxylin. For negative controls, PBS was used as a substitute for 
the primary antibody. Human spleen tissues and normal lymph 
nodes were used as positive controls for CCR7 and D2-40 
staining, respectively, as suggested by the manufacturer.

For each tissue section, immunohistochemical detection 
of CCR7 expression was evaluated independently by two 
pathologists who were blinded to the patients' clinicopatholog-

ical data. Expression was evaluated using a semi-quantitative 
scoring system that depended on the percentage of positively 
stained tumor cells and the staining intensity. The percentage 
of positively stained cells was graded on a semi-quantitative 
5-point scale as follows: 0 (none); 1 (1-10%); 2 (11-50%); 3 
(51-75%); and 4 (76-100%). The immunostaining intensity 
was graded on a semi-quantitative 4-point scale as follows: 
0 (none, equivalent to the negative control); 1 (weak, slightly 
darker than the negative control); 2 (moderate, equivalent to 
an intensity between that of scores 1 and 3); and 3 (intense, 
equivalent to or darker than the positive control). Then, the 
percentage of positively stained cells and the staining intensity 
score were multiplied to yield a final score ranging from 0 to 
12. Borderline cases were re-evaluated by joint review and 
discussion or by consultation with a third investigator familiar 
with immunohistochemical evaluation of pathology.

Evaluation of MLVD and MVD. For evaluation of MLVD 
and MVD, tissue sections were stained with D2-40 (a mono-
clonal antibody containing 166 amino acids that recognizes 
a sialoglycoprotein expressed in lymphatic endothelial cells 
with high specificity and affinity and thus is widely used for 
labeling microlymphatic vessels) and CD34 (a highly glycosyl-
ated transmembrane glycoprotein that is expressed in vascular 
endothelial cells and thus is widely used for labeling microves-
sels) antibodies, respectively. MLVD and MVD were assessed 
by two independent pathologists who had no prior knowledge 
of the patient information according to the following steps: 
Firstly, areas with the most intense vascularization (hot spots) 
were selected under low-power magnification (x40 or x100); 
secondly, average MLVD/MVD was measured at high-power 
magnification (x200) in 3 randomized fields within the hot 
spots following agreement of the two pathologists. For each 
section, MLVD/MVD was defined as the average number of 
positively stained vessels per high-power field (HPF) in three 
HPFs within the selected hot spots. Hot spots within both 
the intratumoral area, which was defined as the area within 
the tumor mass, and peritumoral area, which was defined as 
the area within 1 mm of the tumor border, were analyzed. In 
addition to distinct stained vessels, single immunoreactive 
endothelial cells or clusters of immunoreactive endothelial 
cells (containing brown-colored particles due to the positive 
expression of CD34 or D2-40) that were clearly separated 
from the adjacent clusters or vessels, regardless of the pres-
ence of lumen, were also counted as one microvessel or as one 
microlymphatic vessel.

CCR7 gene silencing by siRNA. The target sequences of three 
siRNAs of CCR7 and one siRNA with a scrambled sequence, 
which served as a non-silencing control due to its random 
sequence that does not target any gene product, were as 
follows: CCR7 siRNA1 sense: 5'-GCGUCCUUCUCAUCAG 
CAAdTdT-3' and antisense: 5'-UUGCUGAUGAGAAGGA 
CGCdTdT-3'; CCR7 siRNA2 sense: 5'-GCUGGUCGUGUU 
GACCUAUdTdT-3' and antisense: 5'-AUAGGUCAACACGA 
CCAGCdTdT-3'; CCR7 siRNA3 sense: 5'-GAUGAGGUCA 
CGGACGAUUdTdT-3' and antisense: 5'-AAUCGUCCGUGA 
CCUCAUCdTdT-3'; scrambled siRNA sense: 5'-AGUUCAA 
CGACCAGUAGUCdTdT-3' and antisense: 5'-GACUACUGG 
UCGUUGAACUdTdT-3'. Cells in 6-well culture plates were 
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transfected with siRNA using Lipofectamine 2000 transfec-
tion reagent according to the manufacturer's instruction, and 
the transfection efficiency was assessed by western blot assay. 
Cells that showed effective depletion of CCR7 were selected 
for use in cell migration assays, cell invasion assays and 
western blot analysis.

Protein extraction and western blot analysis. Cells were lysed 
in RIPA lysis buffer for 30 min at 4˚C and centrifuged at 
130,00 rpm for 20 min at 4˚C; the protein concentration of the 
lysate was measured using the BCA protein assay kit. Protein 
samples were mixed with an equal amount of SDS-PAGE 
loading buffer and separated using 10% SDS-PAGE. After 
electrophoresis, proteins were transferred to polyvinylidene 
fluoride membranes by semi-dry electrophoretic transfer. The 
membranes were blocked in 5% skim milk and incubated 
with primary antibodies to CCR7 (1:5,000), phospho-ERK 
(1:500), total-ERK (1:2,000), phospho-AKT (1:2,000), and 
total-AKT (1:2,000) overnight at 4˚C. Monoclonal β-actin 
antibody (1:500) was used to provide a loading control. The 
membranes were washed five times in TBST and incubated 
with HRP-conjugated secondary antibodies. Immunoreactive 
bands were imaged with an EC3 300 Imaging System (UVP 
LLC, Upland, CA, USA), and the OD values corresponding 
to the image intensity were measured using Image-Pro Plus 
version 6.0 (IPP6.0; Media Cybernetics, Inc., Rockville, MD, 
USA) software.

Wound-healing assay. To assess the migration ability of 
human UBC cells, a wound-healing assay was performed. 
Cells were plated in 6-well culture dishes and incubated with 
DMEM containing 10% FBS with or without CCL21 treat-
ment for 24 h at 37˚C under 5% CO2. When the cells had 
formed a confluent monolayer, a scratch was made with a fine 
pipette tip, forming a linear wound in the central area of the 
cell monolayer, and the detached cells were carefully removed 
using PBS. The wound area was photographed at the begin-
ning of the experiment and at 24 and 48 h after wounding the 
cell monolayer. Cell migration was assessed by measuring the 
size of the wound gap in at least six fields. The wound-healing 
assay was performed in triplicate.

Matrigel invasion assay. To assess the invasion ability of human 
UBC cells, a Matrigel invasion assay was performed using 
a polycarbonate membrane transwell chamber containing 
a filter 6.5 mm in diameter with 8-µm pores (Corning Inc., 
Corning, NY, USA). The transwell filter was precoated with 
basement membrane matrigel (BD Biosciences, San Jose, 
CA, USA). Briefly, cells pretreated with or without CCL21 for 
48 h were resuspended in serum-free DMEM medium, and 
300 µl of the cell suspension (5x104 cells) was added to the 
upper chamber of the device. DMEM containing 10% FBS 
was added to the lower chamber as a chemoattractant. After 
incubation for 24 h at 37˚C under 5% CO2, non-invasive cells 
on the upper surface of the filter were removed completely and 
carefully using cotton swabs, and the lower surface of the filter 
was fixed in 4% formaldehyde and stained with 0.5% crystal 
violet for 20 min. After washing the filter twice with PBS, the 
cells on the lower side of the filter were photographed using 
an inverted microscope (x100 magnification), and absorbance 

was measured at 570 nm. The Matrigel invasion assay was 
performed in triplicate.

Statistical analysis. Data are presented as the mean ± standard 
deviation (SD) of the values obtained in three independent 
experiments or as the median (minimum-maximum) for non-
normally distributed data. Qualitative variables such as sex, 
histological grade, tumor stage and lymph node involvement 
are presented as frequencies or percentages. Qualitative vari-
ables were analyzed using the chi-square test or Fisher's exact 
test as appropriate. Quantitative variables were compared 
using the independent t-test or one-way analysis of variance 
(ANOVA) to compare differences in 2 or more groups, and 
the least significant difference (LSD) t-test, the Dunnett's t-test 
or the Student-Newman-Keuls (SNK) q-test, as appropriate, 
were used for post hoc subgroup analysis. Survival curves 
were calculated using the Kaplan-Meier method, and differ-
ences in the survival curves were examined using the log-rank 
test. Cox's proportional hazard regression model was used for 
multivariate analysis to assess the effect of tumor variables 
on the prognosis of UBC. Statistical analysis was performed 
using SPSS statistical software, version 19.0 (IBM, Armonk, 
NY, USA). The significance of differences was accepted at 
P<0.05 (2-tailed).

Results

Correlation between CCR7 expression and clinicopathological 
parameters and prognosis in 62 UBC patients. The expression 
and distribution of CCR7 protein in UBC tissues of different 
grades and stages, including papillary urothelial neoplasm 
of low malignant potential (PUNLMP), low-grade urothelial 
carcinoma (LGPUC) and high-grade urothelial carcinoma 
(HGPUC), as well as stage T1 (tumor invades the subepithelial 
connective tissue), stage T2 (tumor invades the muscularis 
propria bladder wall), stage T3 (tumor invades the perivesical 
tissue), and stage T4 (tumor invades any of the following: pros-
tate, uterus, vagina, pelvic wall, or abdominal wall) cancerous 
tissues, were measured by immunohistochemical analysis in 
clinical samples obtained from a total of 62 patients (49 men 
and 13 women) with UBC. Fig. 1 shows representative immu-
nostaining of CCR7 protein, which was positively stained 
only in the cytoplasm and cell membranes of UBC cells. The 
majority of cases showed a heterogeneous staining pattern that 
was characterized by variable staining intensity within the 
same section or field (Fig. 1C). The average CCR7 staining 
score for all 62 tumors was 5.80±0.04.

The clinicopathological data of all cases are summarized in 
Table I. The follow-up time was defined as the interval between 
surgery and death or between surgery and the last observation 
for surviving patients. The median (range) follow-up time after 
operation was 43.5 months (6-74 months). Thirty-nine patients 
were alive at the last follow-up examination; the others died 
of metastasis, local tumor invasion, severely compromised 
immunity and other causes. The median age of the study 
subjects at the time of treatment was 60.5 years (range, 34-77 
years).

For statistical analyses, the mean CCR7 staining score was 
used as a cut-off to separate tissue sections with high CCR7 
expression (final scores ranging from 6 to 12) from those with 
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Table I. Correlations between clinicopathological characteristics and CCR7, MLVD and MVD in 62 urinary bladder cancer 
patients.

	 CCR7 expression	 MLVD	 MVD
	 -----------------------------------------------------	 ----------------------------------------------	 ---------------------------------------------
	 No. of	 High	 Low		  MLVD/HPF		  MVD/HPF
Characteristics	 cases	 (n=40)	 (n=22)	 P-value	 (mean ± SD)	 P-value	 (mean ± SD)	 P-value

Age (years) 				    0.618a		  0.872c		  0.632c

  <60	 28	 19	 9		  6.40±2.06		  34.52±6.33
  ≥60	 34	 21	 13		  6.59±2.43		  33.74±7.26

Sex				    0.756b		  0.463c		  0.164c

  Male	 49	 31	 18		  6.37±2.53		  34.83±6.27
  Female	 13	 9	 4		  7.02±2.09		  31.32±7.56

Primary tumor (pT)e				    0.015a		  0.027c		  0.016c

  pT1-T2	 24	 11	 13		  3.87±2.37		  30.81±8.36
  pT3-T4	 38	 29	 9		  8.17±3.16		  36.17±7.24

Regional lymph nodes(pN)e				    0.008a		  0.006c		  0.385c

  pN0	 40	 21	 19		  4.03±2.03		  33.43±7.82
  pN1-N3	 22	 19	 3		  11.00±2.64		  35.30±6.59

Classification of 2004				    0.010a		  0.246d		  0.447d

WHO grading system
  PUNLMP	 5	 2	 3		  5.23±2.28		  34.16±8.93
  LGPUC	 24	 11	 13		  5.45±2.74		  33.78±7.02
  HGPUC	 33	 27	 6		  7.46±2.93		  34.31±7.40

PUNLMP, papillary urothelial neoplasm of low malignant potential; LGPUC, low grade urothelial carcinoma; HGPUC, high grade urothelial 
carcinoma; MLVD, microlymphatic vessel density; MVD, microvessel density; HPF, high power fields. aChi-square tests; bFisher's exact test; 
cindependent samples t-test; done-way analysis of variance. eStaging was confirmed based on the 2009 UICC-TNM staging system.

Figure 1. Immunohistochemical detection of CCR7 protein in patients with urinary bladder cancer. Intense, moderate and weak CCR7 expression in urinary 
bladder cancer patients is shown in panels (A, B and D), respectively. (C) The urinary bladder cancer case that showed a heterogeneous staining pattern was 
characterized by intense staining within the tumor periphery and moderate staining within the tumor center in the same field. Original magnification, x200.
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Figure 2. Kaplan-Meier curves for overall survival in 62 patients with urinary bladder cancer. The patients with high CCR7 expression and positive lymph 
node metastasis showed a significantly worse long-term overall survival rate than those with low CCR7 expression and negative lymph node metastasis by the 
log-rank test (P<0.001), whereas age (P=0.121), sex (P=0.886), primary tumor stage (P=0.325) and tumor grade (P=0.170) had no prognostic significance for 
overall survival.

Table Ⅱ. Prognostic factors of urinary bladder cancer and their variable categorization.

Prognostic factors	 Variable names	 Variable values

Age	 X1	 0=<60 years, 1=≥60 years
Sex	 X2	 0=male, 1=female
pT	 X3	 0=pT1-T2, 1=pT3-T4
pN	 X4	 0=pN1-N3, 1=pN0
Pathological grade	 X5	 0=PUNLMP-LGPUC, 1=HGPUC
CCR7 expression	 X6	 0=low, 1=high
Survival time	 t	 (months)
Survival status	 Y	 0=censoring, 1=death

PUNLMP, papillary urothelial neoplasm of low malignant potential; LGPUC, low grade urothelial carcinoma; HGPUC, high grade urothelial 
carcinoma.
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low CCR7 expression (final scores ranging from 0 to 4). The 
correlations between CCR7 immunoreactivity and the clini-
copathological characteristics of the subjects are summarized 
in Table I. High expression of CCR7 protein was identified in 
64.52% (40/62) of the tumors, and low expression was identified 
in 35.48% (22/62) of the tumors. CCR7 expression was signifi-
cantly higher in patients with lymph node status of pN1-N3 
than in patients with lymph node status of pN0 (P=0.008, 
Chi-square test) and was significantly associated with primary 
tumor stage (P=0.015; Chi-square test) and tumor grade 
(P=0.010; Chi-square test), whereas there was no significant 
correlation between CCR7 expression and patient age (P>0.05; 

Chi-square test) or sex (P>0.05; Fisher's exact test). Patients 
with high CCR7 expression exhibited a significantly worse 
overall survival rate than those with low CCR7 expression by 
the log-rank test (P<0.001; Fig. 2). Furthermore, lymph node 
metastasis was also correlated with overall survival rate (log-
rank test, P<0.001; Fig. 2), whereas patient's age (log-rank test, 
P=0.121; Fig. 2), sex (log-rank test, P=0.886; Fig. 2), primary 
tumor stage (log-rank test, P=0.325; Fig. 2) and tumor grade 
(log-rank test, P=0.170; Fig. 2) had no prognostic significance 
for overall survival. Prognostic factors of UBC and their vari-
able assignment as determined by the multivariate analysis are 
shown in Table II. By multivariate analysis based on the Cox's 

Figure 3. Immunohistochemical detection of D2-40 and CD34 proteins in patient with urinary bladder cancer. (A) Intratumoral lymphatic vessels (arrows) 
detected with D2-40 antibody in urinary bladder cancer samples presented collapsed and elongated size. (B) Peritumoral lymphatic vessels (arrows) detected 
with D2-40 antibody in urinary bladder cancer samples were found to be more dilated in the lumen, more numerous in vessel density and closer to anatomic 
locational correlation with blood vessels (arrowheads), which were identified by the characteristic of intraluminal erythrocytes compared with intratumoral 
lymphatics. (C) CD34-positive vessels representing blood vessels in normal control tissues were detected in the lamina propria and submucosa, while the epi-
thelium expression was not found. (D) CD34-positive blood vessels were homogeneously present in the peritumoral (PT) and intratumoral areas (IT) of urinary 
bladder cancer cases, and inflammatory infiltration (the area between the two arrows) by lymphocytes was observed in the peritumoral area. Representative 
intratumoral and peritumoral blood vessels detected with CD34 antibody are shown, respectively (E and F). (G) Intratumoral MVD (n=62) was the highest, 
followed by the MVD of normal bladder tissues (NT, n=8) and peritumoral MVD (n=62). *P<0.05 compared to the PT group and the NT group, **P<0.05 
compared to the IT group and the NT group (one-way ANOVA followed by the SNK q-test). (H) Peritumoral MLVD (n=62) was the highest, followed by the 
MLVD of normal bladder tissues (n=8) and intratumoral MLVD (n=21). *P<0.001 compared to the IT group and the NT group (one-way ANOVA followed by 
the SNK q-test). Original magnification, x200 in A, B, C, E and F; x40 in D.
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proportional hazard regression model, CCR7 protein expres-
sion level and pN were independent prognostic factors for 
overall survival in UBC patients (HR, 10.413, 95% CI, 1.242-
87.313, P=0.031 and HR, 0.211, 95% CI, 0.083-0.534, P=0.001, 
respectively), whereas, the patient's sex, age, tumor grade 
and primary tumor stage were not independent prognostic 
factors (P=0.318, P=0.792, P=0.816 and P=0.351, respectively) 
(Table III). These results indicate that high levels of CCR7 
expression may be associated with lymph node metastasis and 
poor overall survival in patients with UBC.

Identification of D2-40-positive lymphatic vessels and CD34-
positive blood vessels and measurement of MVD/MLVD. 
D2-40 positive staining was seen in thin-walled vessels devoid 
of erythrocytes, but no D2-40 staining was observed in tumor 
cells or blood vessels, indicating that D2-40 is specific for 
the lymphatic vasculature (Fig. 3A and B). D2-40-positive 
lymphatic vessels and CD34-positive blood vessels were 
detected in all tumor samples, and D2-40-positive lymphatic 
vessels were detected within peritumoral areas in 62 (100%) 
cases and within intratumoral areas in 21 (33.87%) cases. The 
morphological characteristics of D2-40-positive lymphatic 
vessels within intratumoral and peritumoral areas are shown in 
Fig. 3A and B. Peritumoral lymphatic vessels had more dilated 
lumina, were denser and more numerous, and showed a greater 
number of hotspots than intratumoral lymphatic vessels, which 
appeared collapsed and elongated. The anatomic locational 
correlation of peritumoral lymphatics with blood vessels was 
higher than that of intratumoral lymphatics (Fig. 3A and B). 
With regard to the eight normal bladder tissues obtained from 
obviously non-tumorous regions of bladder far from the tumor 
boundaries in patients who underwent radical cystectomy, 
both D2-40-positive lymphatic vessels and CD34-positive 
blood vessels were present in all normal control tissues, but 
were found only in the lamina propria and submucosa, and 
no epithelial expression was found (Fig. 3C). The average 
MLVD of normal bladder tissues was (2.56±1.08)/HPF, which 
was significantly lower than the average peritumoral MLVD 
[(6.50±2.01)/HPF; P<0.001, SNK q-test; Fig. 3H] and higher 
than the average intratumoral MLVD [(2.08±0.92)/HPF; 
P>0.05, SNK q-test; Fig. 3H], but the MLVD did not differ 
significantly between normal control tissues and intratumoral 
areas. Unlike the distribution of D2-40-positive vessels in 
serial tumor sections, CD34-positive blood vessels were 

homogeneously present in the peritumoral and intratumoral 
areas in the great majority of cases (Fig. 3D). The average 
MVDs of normal bladder tissues, peritumoral areas and intra-
tumoral areas were (22.40±4.59)/HPF, (15.33±10.23)/HPF and 
(34.09±7.26)/HPF, respectively, and the differences between 
any two groups were significant (P<0.05, SNK q-test; Fig. 3G). 
Inflammatory infiltration by lymphocytes was frequently 
observed in the peritumoral area (Fig. 3D).

Correlation of MVD/MLVD with clinicopathological parame-
ters and CCR7 expression in 62 UBC patients. Microlymphatic 
vessel density per high-power field (MLVD/HPF) and 
microvessel density per high-power field (MVD/HPF) were 
assessed by immunohistochemical staining of 62 UBC tissues 
with antibodies against CD34 and D2-40. Due to the low 
detection rate and potentially non-functional characteristics 
of collapsed intratumoral lymphatic vessels, we only studied 
the relationship of peritumoral MLVD with clinical patho-
logical parameters. As shown in Table i, a significantly higher 
MLVD/HPF was observed in patients with primary tumor 
stage of pT3-T4 (P=0.027) and lymph node status of pN1-N3 
(P=0.006) than in patients with primary tumor stage of pT1-T2 
and lymph node status of pN0. However, no obvious relation-
ship was found between MLVD/HPF and patient age, sex or 
tumor grade (all P>0.05). In addition, the data also showed 
that higher MVD/HPF was significantly related to a primary 
tumor stage of pT3-T4 (P=0.016) rather than pT1-T2. MVD/
HPF, however, was not significantly associated with patient 
age, sex, lymph node metastasis or tumor grade (all P>0.05).

For further analysis of the possible correlation between 
CCR7 expression and MLVD/MVD, the 62 UBC patients were 
grouped into a low-CCR7-expression group and a high-CCR7-
expression group according to their CCR7 expression levels. 
Table IV shows that increased CCR7 expression was signifi-
cantly correlated with higher MLVD/HPF (P=0.014) and 
higher MVD/HPF (P=0.002). These results imply that CCR7 
is a promoting factor that induces both lymphangiogenesis and 
angiogenesis but that it may be correlated with lymph node 
metastasis by virtue of its lymphangiogenic role rather than its 
angiogenic role.

Influence of the CCL21/CCR7 axis on the migration and 
invasion capacity of UBC cells. Prior to the investigation 
of the effect of the CCL21/CCR7 axis on the migration and 

Table Ⅲ. Cox multivariate analysis of the factors associated with overall survival.

Variables	 HR	 95% CI	 P-value

Age (<60 vs. ≥60 years)	 0.854	 0.264-2.761	 0.792
Sex (male vs. female)	 1.706	 0.598-4.869	 0.318
pT (pT1-T2 vs. pT3-T4)	 1.583	 0.603-4.157	 0.351
pN (pN1-N3 vs. pN0)	 0.211	 0.083-0.534	 0.001
Pathological grade (PUNLMP-LGPUC vs. HGPUC)	 1.141	 0.374-3.488	 0.816
CCR7 (low vs. high)	 10.413	 1.242-87.313	 0.031

PUNLMP, papillary urothelial neoplasm of low malignant potential; LGPUC, low grade urothelial carcinoma; HGPUC, high grade urothelial 
carcinoma. HR, hazard ratio; CI, confidence interval.
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invasion ability of UBC cells, we screened the constitutive 
expression of CCR7 in T24, 5637, UM-UC-3, RT4 UBC cells 
and SV-HUC-1 normal uroepithelial cells by western blot 
analysis. A significantly higher CCR7 expression level was 
observed in T24, 5637, UM-UC-3 and RT4 UBC cell lines 
than in SV-HUC-1 cell line which was used as the control cells 
(Fig. 4A). Furthermore, after treatment with 200 ng/ml CCL21, 

the migration ability of the UM-UC-3 cells assessed by the 
mean of wound-healing assay was significantly enhanced at 
24 h compared with other cells, and that of UM-UC-3 and T24 
cells was significantly enhanced at 48 h compared with other 
cells (Fig. 4C). Similarly, the invasive ability of UM-UC-3 cells 
determined by the mean of matrigel invasion assay using a 
polycarbonate membrane transwell chamber was significantly 

Figure 4. The CCL21/CCR7 axis modulates the invasion and migration by UM-UC-3 cells in a dose- and time-dependent manner. (A) Western blotting was 
used to detect the CCR7 expression in SV-HUC-1 control cells and T24, 5637, UM-UC-3 and RT4 urinary bladder cancer cells. *P<0.05 compared to the control 
group (one-way ANOVA followed by Dunnett's t-test). (B) Matrigel transwell assay was used to determine the invasion ability of T24, 5637, UM-UC-3 and 
RT4 urinary bladder cancer cells. *P<0.05 compared to UM-UC-3 cells (one-way ANOVA followed by Dunnett's t-test). (C) The wound-healing assay was 
used to assess the migration ability of T24, 5637, UM-UC-3 and RT4 urinary bladder cancer cells. *P<0.05 (one-way ANOVA followed by the SNK q-test). 
(D) Matrigel transwell assay was used to determine the invasion ability of UM-UC-3 cells untreated or pretreated with 50 100, 200 and 300 ng/ml CCL21 
for 48 h. *P<0.05 compared to untreated UM-UC-3 cells and to UM-UC-3 cells treated with 50 ng/ml CCL21 (one-way ANOVA followed by the LSD t-test). 
(E) The wound-healing assay was used to detect the migration ability of UM-UC-3 cells untreated or pretreated with 50, 100, 200 and 300 ng/ml CCL21 for 24 
and 48 h. *P<0.05 compared to UM-UC-3 group and to UM-UC-3 cells pretreated with 50 or 100 ng/ml CCL21 (one-way ANOVA followed by the LSD t-test). 
Each bar represents the mean ± SD from three independent experiments.
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higher than that of other UBC cells (Fig.  4B). Therefore, 
based on the results that the migration and invasion abilities 

of UM-UC-3 UBC cells were significantly higher than that of 
other UBC cells, the UM-UC-3 UBC cell line was selected 

Figure 5. Gene silencing of CCR7 by siRNA inhibits migration and invasion by UM-UC-3 cells. UM-UC-3 cells were transfected with scrambled siRNA as a 
negative control or with CCR7 siRNA-1, siRNA-2 or siRNA-3. (A) CCR7 protein expression in transfected or non-transfected UM-UC-3 cells was evaluated 
using western blotting. *P<0.05 compared to non-transfected UM-UC-3 cells and to UM-UC-3 cells transfected with scrambled siRNA (one-way ANOVA 
followed by the LSD t-test). The invasion and migration capacities were measured using the matrigel transwell assay (B) and the wound-healing assay (C) in 
four independent groups consisting of a control group, a CCR7-siRNA group, a CCL21 group and a CCR7-siRNA+CCL21 group. *P<0.05 (one-way ANOVA 
followed by the LSD t-test). Each bar represents the mean ± SD from three independent experiments.

Table Ⅳ. Correlations between CCR7 expression and MVD/MLVD in 62 urinary bladder cancer patients.

	 MLVD	 MVD
	 ---------------------------------------------------------------------------	 -------------------------------------------------------------------------
CCR7 expression	 No. of cases	 MLVD/HPF (mean ± SD)	 P-value	 MVD/HPF (mean ± SD)	 P-value

High	 40	 8.11±2.39	 0.014a	 37.03±8.03	 0.002a

Low	 22	 3.57±1.84		  28.76±7.19

MLVD, microlymphatic vessel density; MVD, microvessel density; HPF, high power fields. aIndependent samples t-test.
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for the following in vitro study even though the T24, 5637 and 
UM-UC-3 cells show similar CCR7 protein expression level 
(Fig. 4A).

The effect of CCL21 at various concentrations on the 
invasion and migration capacity of UM-UC-3 cells is shown 
in Fig. 4D and E. To determine whether CCL21 was able to 
modulate invasion ability in UM-UC-3 cells, the matrigel 
invasion assay was used to evaluate the cell's invasion ability. 
As presented in Fig. 4D, the OD of the cell suspensions of 
CCL21-treated cells increased gradually and significantly 
as the concentration of CCL21 was increased from 100 to 
300 ng/ml, indicating that CCL21 treatment significantly 
enhanced the invasion ability of UM-UC-3 cells in a dose-
dependent manner (P<0.05). When the UM-UC-3 cells were 
treated with CCL21 at 50 and 100 ng/ml, the migration ability 

of the cells did not change significantly (Fig. 4E). However, 
as the treatment time increased and as the concentration of 
CCL21 protein was increased to 100 ng/ml and higher, an 
obvious effect of increased cell migration occurred. These 
results show that treatment of UM-UC-3 cells with CCL21 
enhances their migration ability in a dose- and time-dependent 
manner.

To confirm the influence of the CCL21/CCR7 axis on the 
migration and invasion capacity of UM-UC-3 cells, small 
interfering RNAs (siRNAs) targeting the CCR7 gene were 
used for CCR7 knockdown, and exogenous CCL21 was used 
for CCR7 activation. Fig. 5A shows that all three CCR7 siRNA 
sequences (siRNA-1, siRNA-2 and siRNA-3) significantly 
depleted CCR7 expression in the UM-UC-3 cell line, as deter-
mined by western blotting, compared with cells transfected 

Figure 6. The ERK1/2 pathway is involved in CCL21/CCR7 axis-induced enhanced migration and invasion by UM-UC-3 cells. (A) Total-ERK1/2, phospho-
ERK1/2, total-AKT and phospho-AKT expression levels were detected by western blotting in the control group, the CCR7-siRNA group, the CCL21 group 
and the CCR7-siRNA+CCL21 group. *P<0.05 (one-way ANOVA followed by the LSD t-test). After sequential treatment with CCL21 and PD98059, UM-UC-3 
cellular invasion and migration capacities were measured using matrigel transwell assays (B) and wound-healing assays (C). *P<0.05 (one-way ANOVA 
followed by the LSD t-test). Each bar represents the mean ± SD from three independent experiments.
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with negative control siRNA. UM-UC-3 cells transfected 
with CCR7 siRNA-1 were selected for use in the following 
in vitro study. The effects of CCR7 knockdown on the inva-
sion behavior of the cells, as represented by the OD values, 
are shown in Fig. 5B. The OD values were 0.328±0.028 in 
the control group, 0.102±0.024 in UM-UC-3 cells transfected 
with CCR7 siRNA-1 (CCR7-siRNA group; P<0.05 compared 
with the control group), 0.912±0.033 in UM-UC-3 cells 
pretreated with 200 ng/ml CCL21 for 48 h (CCL21 group; 
P<0.05 compared with the control group), and 0.324±0.032 
in UM-UC-3 cells treated with 200 ng/ml CCL21 after trans-
fection with CCR7 siRNA-1 (CCR7-siRNA+CCL21 group; 
P<0.05 compared with the CCL21 group). These results indi-
cate that CCR7 knockdown attenuates the enhancement by 
CCL21 of the invasive behavior of UM-UC-3 cells. CCL21 
treatment significantly enhanced cell migration ability, and 
CCR7 knockdown by siRNA significantly abrogated the 
enhanced effect of CCL21 on the migration of UM-UC-3 cells 
(Fig. 5C). After transfection with CCR7 siRNA-1 for 24 h, 
the difference in the migration ability of the CCR7-siRNA 
group and the control group was not statistically significant. 
However, when the UM-UC-3 cells were transfected for 48 h, 
the difference was significant.

The ERK/AKT signaling pathway in the CCL21/CCR7 
axis induces enhanced migration and invasion capacity of 
UBC cells. To investigate whether CCL21/CCR7 interaction 
enhanced the invasion and migration ability of UM-UC-3 
cells via the MEK/ERK1/2 pathway or the PI3K/AKT 
pathway, the expression levels of total-ERK1/2, phospho-
ERK1/2, total-AKT and phospho-AKT were first assessed 
using western blotting (Fig. 6A). The expression levels of 
total-ERK1/2, total-AKT and phospho-AKT in UM-UC-3 
cells did not significantly change either after CCR7 gene 
knockdown or CCL21 treatment (P>0.05). However, the 
phospho-ERK1/2 protein level increased when the cells were 
treated with CCL21 and decreased when the CCR7 gene was 
silenced (P<0.05). These results indicate that CCL21/CCR7 
interaction may modulate the action of the MEK/ERK 
signaling pathway but not that of the PI3K/AKT pathway in 
UM-UC-3 cells.

To determine how CCL21/CCR7 interaction promoted the 
invasion and migration functions of UM-UC-3 cells via the 
MEK/ERK1/2 pathway, PD98059 was used to inhibit the acti-
vation of MEK. PD98059 significantly suppressed the invasion 
ability of UM-UC-3 cells and abrogated the enhancement 
of the invasion ability of UM-UC-3 cells by CCL21/CCR7 
(P<0.05; Fig.  6B). Fig.  6C shows that inhibition of MEK 
(the upstream regulatory protein of ERK1/2) by PD98059 in 
UM-UC-3 cells led to significantly delayed wound healing 
at all times examined compared with the control group and 
significantly interfered with the rapid wound healing induced 
by CCL21 (P<0.05).

Discussion

The CC-chemokine receptor 7 (CCR7), which belongs to 
the Class A subfamily of G protein-coupled receptors with 
seven transmembrane domains, is widely expressed in 
various types of immune cells including naive, regulatory and 

central memory T cells, naive B cells, double-negative and 
single-positive thymocytes, and (semi-) mature dendritic cells 
(DCs) and is functionally involved in the homing of various 
subpopulations of T cells and antigen-presenting DCs to the 
T cell areas of lymphoid tissues upon activation by the ligand 
of CCL21 (23,24). Furthermore, aberrantly increased CCR7 
expression has been reported in breast (18,25), gastric (22,26,27), 
colorectal (28-30), non-small cell lung (31,32), cervical (33), 
SCC of the head and neck (34), prostate (35,36), melanoma (37) 
and esophageal, oral and oropharyngeal SCC cancer (38-41) 
and is generally associated with lymph node metastasis and 
worse prognosis. In addition, a previous study conducted at our 
institution in which the CCR7 expression levels in 115 patients 
with UBC and 10 patients with benign prostatic hyperplasia 
(BPH) were compared found a significantly higher frequency 
of detectable CCR7 expression in the UBC group than in the 
BPH group and the clinical feasibility of CCR7 expression 
level as an independent predictive biomarker in the diagnosis 
of lymph node metastasis (42). However, little is known about 
the association of CCR7 expression with survival, prognosis, 
demographic factors or other clinicopathological features of 
UBC, such as tumor TNM staging and tumor differentiation, 
and the underlying mechanisms through which CCR7 affects 
the lymphatic metastasis of tumor cells remain obscure.

Our finding that high CCR7 expression was significantly 
correlated with lymph node metastasis and poor survival is 
consistent with the results of almost all related previous studies 
(22,27,30,33,39,40). However, whether the CCR7 expres-
sion level can be used as an independent predictive factor 
in tumor prognosis remained controversial. Ding et al (39) 
reported that the CCR7 expression level was not identified 
as an independent prognostic factor in esophageal SCC by 
multivariate analysis. In contrast, some investigators reported 
that CCR7 was an independent prognostic factor for overall 
survival in gastric cancer, colorectal carcinoma, and cervical 
cancer (27,28,33). It is unclear why these studies resulted in 
two completely different conclusions, and no explanations for 
this contradictory phenomenon are evident. We hypothesize 
that discrepancies in the weight ratio of CCR7 to other pro-
metastatic factors, including MMP-9, IL-8, VEGF and EGFR, 
within different tumor environments as well as heterogeneity in 
tumor type, study population and study method may partially 
account for the above phenomena. Our multivariate analysis 
showed that high CCR7 expression and lymph node metastasis 
were independent prognostic factors for overall survival in 
UBC, consistent with the findings reported by Ma et al (27), 
Gunther et al (28) and Kodama et al (33). We suggest that UBC 
patients who have negative lymph node metastasis but detect-
able high CCR7 expression should still be closely monitored, 
even though emphasis has formerly been placed on patients 
with positive lymph node involvement.

MVD, as assessed by immunohistochemistry using anti-
bodies against CD34, CD31 or factor VIII-related antigen 
markers to identify vasculature, has been widely used as a 
surrogate marker for angiogenesis, which is characterized 
by neovascularization and is required for tumors to grow 
beyond a certain size and to metastasize to new sites (43). Of 
all these specific endothelial markers used for quantitative 
angiogenic studies, CD34 is widely accepted as the optimal 
marker especially in the invasive tumors due to its robustness 
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and ease of use (44,45), and thus, the antibody against CD34 
was selected in this study. It is known that MVD is associ-
ated with tumor progression and survival in UBC (46-49). In 
addition, several studies have reported that altered MVD is 
also associated with lymph node metastasis and decreased 
survival rate in UBC (50-52). In contrast to the extensive 
studies on tumor-induced angiogenesis, little is known about 
MLVD and tumor-induced lymphangiogenesis, which has 
been evaluated using similiar methods as for MVD except 
that the antibodies used were LYVE-1-, D2-40/podoplanin- 
or VEGFR-3-specific. In our literature review, we found 
that the use of VEGFR-3 as a marker for lymphatic vessels 
is controversial. A considerable amount of evidence shows 
that VEGFR-3 expression in tumors was detectable in the 
endothelium of lymphatic vessels, and VEGFR-3-positive 
vessels were counted when measuring MLVD  (53-55). 
Additionally, however, it was reported that VEGFR-3 lacks 
specificity for lymphatic vessels in human tumors; tumoral 
VEGFR-3 expression was also present in the endothelium of 
blood vessels, and VEGFR-3 stained vessels were therefore 
used for MVD determination (56-58). The high specificity 
and sensitivity of D2-40 as a lymphatic endothelial marker 
to quantitatively assess lymphangiogenesis were verified by 
means of the immunohistochemical single staining using 
a single antibody to D2-40 (59), the immunohistochemical 
double staining using antibodies to D2-40 and CD34 (60) 
and the ultrastructure study using electron microscopy (61). 
Therefore, the antibody against D2-40 was selected as the 
specific lymphatic marker in this study. MLVD has been 
widely used as a marker for lymphangiogenesis characterized 
by the de novo formation of lymphatic vessels. With regard 
to the clinical significance and prognostic value of MLVD, 
a considerable number of studies reported that increased 
MLVD was statistically significantly correlated with lymph 
node metastasis and survival in head and neck SCC (62-64), 
breast (65), gastric cancer (66), prostate adenocarcinoma (67), 
cutaneous malignant melanoma (68,69) and UBC (53,70). 
There is compelling evidence that pro-angiogenic and pro-
lymphangiogenic factors (such as agents in the vascular 
growth factor family) trigger angiogenesis and lymphan-
giogenesis, respectively, and are related to adverse tumor 
outcomes. However, the role of CCR7 as a pro-angiogenic 
or pro-lymphangiogenic factor was unclear. Based on the 
notably significant relationship of lymph node metastasis to 
MLVD/MVD and CCR7 expression in human cancers, as 
discussed above, we speculate that CCR7 may play a pivotal 
role in lymph node metastasis and poor prognosis of UBC by 
acting as a pro-angiogenic or pro-lymphangiogenic factor to 
induce angiogenesis or lymphangiogenesis.

Our finding that MLVD was significantly higher in peri-
tumoral areas than in normal control tissue suggested that at 
least some of the peritumoral lymphatics were indeed derived 
from the newly formed lymphatic vessels by lymphangiogen-
esis rather than being pre-existing vessels. The lower MLVD 
in intratumoral areas compared with the normal and peritu-
moral compartments is consistent with observations reported 
in other studies (62,71-73), as are the collapsed and elongated 
morphological characteristics of intratumoral lymphatics. 
These observations suggest a possible mechanism for the 
formation of intratumoral lymphatics in which the early-stage 

rapidly growing tumor grows into pre-existing lymphatic 
vessels to form partitions that ultimately surround the whole 
lymphatic vessel; the increased intratumoral pressure resulting 
from the tumor merisis then further compresses the separated 
lymphatics into a collapsed and elongated shape. Although 
this hypothetical non-lymphangiogenic pattern for the forma-
tion of intratumoral lymphatics requires further functional 
studies in vitro and in vivo to verify its validity, we speculate 
that intratumoral non-lymphangiogenic lymphatic vessels are 
probably non-functional for tumor progression. Reports by 
others (74-76) that no lymphatic vessels were detected within 
the intratumoral areas of malignant tumors of the female 
genital system further support our hypothesis. In view of the 
poor function of intratumoral lymphatics in tumor metastasis, 
the clinical significance of peritumoral lymphangiogenesis 
and peritumoral MLVD was analyzed. Our results showed 
that regional lymph node invasion was significantly associated 
with increased levels of peritumoral MLVD rather than MVD, 
consistent with the findings of other studies (53,62,65-69) and 
suggesting that peritumoral lymphangiogenesis rather than 
angiogenesis is involved in the process of regional lymph 
node metastasis. On the other hand, in view of the significant 
correlation between MVD and tumor stage that was observed 
in this study (Table I), we presumed that tumor-associated 
angiogenesis is mainly involved in tumor growth and progres-
sion by acting as a pipeline for the transpor nutrients required 
for tumor cell growth. This presumption is consistent with our 
finding that MVD was highest within the intratumoral areas, 
followed by normal controls and peritumoral areas (Fig. 3G), 
indicating a greater demand for blood supply and nutrients 
within the tumor. Further analysis of correlations between 
CCR7 and MVD/MLVD revealed that high CCR7 expression 
level was associated with both increased MVD and MLVD, 
suggesting a promoting role of CCR7 in angiogenesis and 
lymphangiogenesis. Based on these findings, we concluded 
that, as a pro-angiogenic and pro-lymphangiogenic factor, 
CCR7 expression correlates with lymph node metastasis 
due to its lymphangiogenic role rather than its angiogenic 
role. A recent study reported the interesting finding that the 
CCL21/CCR7 axis is indirectly involved in breast cancer-
induced lymphangiogenesis through regulation of the 
expression of VEGF-C (77). Whether the CCL21/CCR7 axis 
induces tumor lymphangiogenesis through a direct role as a 
pro-lymphangiogenic factor like the VEGF/VEGFR family or 
through indirect regulation of VEGF-C or VEGF-D remains 
an interesting question for future scientific research.

Several studies have shown that CCR7 activity is associ-
ated with migration and invasion by certain cancer cell 
lines (22,27,78-81). However, whether the upregulation and 
downregulation of CCR7 expression modulates the biological 
behavior of UBC cell lines in vitro is poorly defined, despite 
the fact that a higher CCR7 level was observed in UBC tissues 
than in normal controls  (42). Our results demonstrate that 
CCL21/CCR7 interaction significantly enhances the migration 
and invasion capacity of human UM-UC-3 cells in a dose- and 
time-dependent manner. Moreover, knock down of the CCR7 
gene by small interfering RNAs targeting CCR7 sequences 
was shown in the present study to significantly suppress the 
enhancement of migration and invasion by human UM-UC-3 
cells that was induced by treatment of the cells with CCL21. 
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These results further confirmed that the activation of CCR7 
is responsible for the increased migration and invasion abili-
ties of human UBC cells. Some previous studies reported that 
the CCL21/CCR7 axis enhances the migration and invasion 
of cancer cells via the ERK1/2 pathway (78), whereas others 
found that the CCL21/CCR7-induced enhanced behavior of 
cancer cells were mediated by the PI3K/AKT pathway (81). 
The present study shows that CCR7 activation by CCL21 
treatment result in a significant increase in ERK1/2 phos-
phorylation but not AKT phosphorylation in UBC cells, and 
CCR7 knockdown by efficacious siRNA transfection signifi-
cantly decreases ERK1/2 phosphorylation only. Furthermore, 
PD98059, a specific inhibitor of MEK, the upstream activator 
protein of ERK1/2, remarkably suppressed the enhanced inva-
sion and migration abilities of UBC cells induced by CCL21. 
Based on these results, we came to a conclusion that the PI3K/
AKT and ERK pathways play a critical role in the carcinogen-
esis and progression of UBC (78,81-83), but the ERK pathway 
may play a more important role in the CCL21/CCR7-induced 
progression of UBC than the AKT pathway. 

This study is limited by its retrospective design and by the 
semi-quantitative immunohistochemical methodology used 
in the analysis of clinical tumor samples. Although immuno-
histochemistry has been widely used in the study of protein 
expression, it has inherent defects, including high variability 
in technical procedures and staining scoring standards in 
different studies. Another limitation of the present study is the 
isolation of the tumor cells from their microenvironment in our 
in vitro experiments. Animal models, especially the orthotopic 
xenograft model, which most closely mimics human primary 
tumor carcinogenesis, remain a crucial connection between 
cell-based experiments and the translation of novel agents into 
cancer therapeutics, and our results lack testing with in vivo 
experiments or appropriate animal models that provide a 
realistic microenvironment for tumor survival. A statistical 
methological defect of our research is the small sample size of 
62 subjects that may result in the reduced test power (1-β) and 
the increased type Ⅱ error (β).

In conclusion, this study provides novel insights into the 
multifaceted role played by the CCL21/CCR7 chemoaxis in 
the complex mechanics of lymph node metastasis in patients 
with UBC. On the one hand, CCR7 is a promoting factor that 
induces both lymphangiogenesis and angiogenesis; however, it 
may correlate with lymph node metastasis due to its lymphan-
giogenic role rather than due to its angiogenic role. On the other 
hand, the CCL21/CCR7 chemoaxis promotes the migration 
and invasion by UBC cells via the MEK/ERK1/2 signaling 
pathway rather than the PI3K/AKT pathway. These insights 
into the mechanisms of CCL21/CCR7-mediated migration, 
invasion and lymph node metastasis in UBC enable us to 
inhibit the molecular processes involved in these events and 
thereby deliver therapeutic benefit to patients with advanced 
disease.
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