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Abstract. Renal cell carcinoma (RCC) is the most common 
form of kidney cancer. Vascular endothelial growth factor‑C 
(VEGF‑C) and its receptor, VEGFR‑3, are involved in lymphan‑
giogenesis. The aim of the present study was to investigate the 
expression levels of VEGF‑C and VEGFR‑3 in RCC, and their 
association with lymphatic vessel density (LVD) and lymph 
node metastasis. The mRNA expression levels of VEGF‑C in 
40 RCC tissues and 10 normal renal tissues were determined 
by reverse transcription‑semiquantitative PCR. The differen‑
tial expression of VEGF‑C and VEGFR‑3 was examined by 
immunohistochemistry. Using an anti‑D2‑40 antibody as a 
lymphatic marker, the morphology and structure of lymphatic 
vessels in tissues was examined, and the LVD was calculated. 
VEGF‑C mRNA expression in RCC tissues was higher than 
that in normal renal tissues, and VEGF‑C mRNA expression 
in the lymph node metastasis group was higher than that in the 
non‑lymph node metastasis group. The positive expression rate 
of VEGF‑C and VEGFR‑3 in RCC tissues was significantly 
higher than that in normal renal tissues. VEGF‑C expression in 
the lymph node metastasis group was significantly higher than 
that in the non‑lymph node metastasis group, and the positive 
expression of VEGF‑C was associated with the clinical staging 
of RCC. In addition, there was a correlation between VEGF‑C 
and VEGFR‑3 expression in tumor cells. The LVD around the 
tumor was higher than that in the center of the tumor tissues 
and normal renal tissues, and it was closely associated with 
lymphatic invasion and lymph node metastasis. Overall, the 
current findings demonstrated that the VEGF‑C/VEGFR‑3 

signaling pathway promoted lymphangiogenesis around the 
tumor and provided an approach for tumor lymphatic invasion 
and lymph node metastasis. Therefore, VEGFC and VEGFR‑3 
expression may serve an important role in the initiation and 
development of RCC.

Introduction

Kidney cancer is among the 10 most common cancers, and it is 
estimated that 73,750 individuals were diagnosed with kidney 
cancer in 2020 in the United States (1). Renal cell carcinoma 
(RCC), also known as renal cancer, is the most common form 
of kidney cancer and is responsible for up to 85% of kidney 
cancer cases in the United States; it is more frequent in males 
than in females (ratio, 1.7:1) (2), and the majority of patients 
are of older age, with an average age of 64 years (3). The 
disease encompasses >10 histological and molecular subtypes, 
of which clear cell RCC (ccRCC) is the most common and 
accounts for the majority of kidney cancer‑associated 
deaths (4). Localized RCC can be successfully managed with 
surgery, whereas metastatic RCC is refractory to conven‑
tional chemotherapy (5,6). The tumor size, Fuhrman nuclear 
grade, tumor histology, performance status and surrounding 
fat invasion are well‑known prognostic factors (7); however, 
lymph node metastasis also serves a key role in the survival of 
patients with locally advanced RCC, and patients with lymph 
node metastases often have a poor prognosis (8). As RCC 
advances, the 5‑year survival rate from 93% decreases to 67% 
for patients with regional metastases and 12% for those with 
distant metastatic disease (9).

The generation of new lymphatic vessels through lymphan‑
giogenesis and the remodeling of existing lymphatics are 
considered to be important steps in cancer metastasis (10). 
Tumor cells can either acquire access to the lymphatic system 
by inducing intra‑tumoral lymphangiogenesis or by invading 
pre‑existing lymphatics in the surrounding tissue (11). 
Recent evidence indicates that peri‑tumoral or intra‑tumoral 
lymphangiogenesis is a precursor for lymphatic metastasis 
in the majority of carcinoma and melanoma cases (12). The 
ability of a tumor to induce and activate lymphatic growth has 
been positively associated with metastasis (13).
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Lymphangiogenesis is a complex process regulated by 
a number of factors (14). It has been reported that vascular 
endothelial growth factor‑C (VEGF‑C) and its receptor, 
VEGFR‑3, are the basis of lymphatic vessel formation (15). 
VEGF‑C/VEGFR‑3 signaling is important for the progression 
of various types of cancer, such as head and neck cancer, mela‑
noma and breast cancer (16‑18). These receptors are expressed 
mainly on endothelial cells, but are also expressed on tumor 
cells (19). During tumor development, lymphatic endothelial 
cells substantially expand in response to VEGFR‑3 engage‑
ment by VEGF‑C produced in the tumor microenvironment, 
a process known as tumor‑associated lymphangiogenesis (20). 
Therefore, VEGF‑C can induce tumor lymphangiogenesis 
and promote lymph node metastasis (21). During the process 
of tumor lymphangiogenesis and lymphatic metastasis, the 
molecules associated with the VEGF‑C/VEGFR‑3 signaling 
pathway, such as Furin‑like protease 1, contactin‑1, prospero 
homeobox protein 1, lymphatic vessel endothelial hyaluronic 
acid receptor 1, podoplanin, SOX‑18 and C‑X‑C chemokine 
receptor type 4, serve a crucial role in the complex biological 
activities of tumor growth and progression (22). In a variety 
of experimental tumors, such as non‑small cell lung cancer, 
colorectal cancer and bladder cancer, VEGFR‑3 inhibitory 
antibodies or VEGF‑C‑targeted small interfering RNA 
molecules can decrease the incidence of lymph node metas‑
tasis (19,23,24). However, to the best of our knowledge, there 
are no studies concerning the specific profile of lymphangio‑
genesis in RCC.

The aim of the present study was to investigate the asso‑
ciation between VEGF‑C/VEGFR‑3 and lymphangiogenesis, 
clinical pathology and lymph node metastasis in RCC.

Materials and methods

Patients and samples. A total of 40 surgically resected 
samples of RCC with single tumors were collected from the 
Affiliated Hospital of Chengde Medical University (Chengde, 
China) between July 2016 and September 2017. Among 
these, 18 cases were treated with nephron‑sparing surgery 
and 22 cases underwent radical nephrectomy, with 11 of the 
aforementioned 22 patients exhibiting lymph node metastasis 
and undergoing regional lymph node dissection. There were 
25 males and 15 females aged between 24 to 65 years with 
an average age of 51.9 years. Pathological analysis confirmed 
the diagnosis of RCC in all cases, including 37 cases of 
ccRCC, 2 cases of papillary RCC and 1 case of chromophobe 
RCC. Patients did not receive radiotherapy, chemotherapy or 
immunotherapy prior to surgery. A total of 10 adjacent normal 
renal tissues (meeting the requirement of >2 cm above the 
edge of the tumor) were selected as the controls. The RCC 
tissues were excised rapidly for histological investigation and 
RNA isolation. According to the WHO criteria published 
in 2004 (25), 20 cases were highly differentiated, 11 cases 
were moderately differentiated and 9 cases were poorly 
differentiated or undifferentiated. According to the clinical 
staging of the American Joint Committee on Cancer for renal 
cell carcinoma in 2002 (26), there were 22 cases of stage I, 
6 cases of stage II, 11 cases of stage III and 1 case of stage IV. 
Among all cases, there were 29 cases without lymph node 
metastasis and 11 cases with renal hilar lymph node metastasis.

RNA extraction and reverse transcription‑semiquantitative 
PCR (RT‑sqPCR). Total RNA was isolated from freshly 
dissected tissues using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol. Total RNA was used as template to synthesize the 
first chain of cDNA using PrimeScript™ 1st Strand cDNA 
Synthesis Kit (Takara Bio, Inc.) according to the manufac‑
turer's protocol. β‑actin served as the internal control. Primers 
were synthesized by Sangon Biotech Co., Ltd., and were as 
follows: VEGF‑C (target fragment, 373 bp) forward, 5'‑AGA 
GAC GGC ACA AGG ATG AG‑3' and reverse, 5'‑ATC GGC 
AGG AAG TGT GAT TG‑3'; ACTB (target fragment, 453 bp) 
forward, 5'‑AGC GGG AAA TCG TGC GTG AC‑3' and reverse, 
5'‑ACA TCT GCT GGA AGG TGG AC‑3'. The thermocycling 
conditions were as follows: 3 min of pre‑denaturation at 95˚C, 
followed by 30 cycles of denaturation at 95˚C for 15 sec and 
annealing at 60˚C for 30 sec. Finally, the mixture was incu‑
bated at 72˚C for 5 min and cooled to 4˚C. PCR‑amplified 
products were analyzed by electrophoresis on a 2% agarose 
gel using ethidium bromide staining, and photographs were 
captured with a UV transmission analyzer (Gene Company, 
Ltd.). The density scanning of the electrophoresis strips of the 
amplified products was performed using Quantity One soft‑
ware v4.6.6 (Bio‑Rad Laboratories, Inc.), and the results were 
expressed as the absorbance (A) ratio of VEGF‑C to β‑actin 
(AVEGF‑C/Aβ‑actin).

Immunohistochemistry (IHC). Tissue samples were fixed 
with 10% formalin at 4˚C for 12 h and embedded in paraffin. 
The paraffin‑embedded samples were cut into 4‑µm‑thick 
sections, which were then blocked with 3% hydrogen 
peroxide for 60 min at room temperature. The sections 
were dewaxed in toluene and rehydrated through sequential 
changes of alcohol (100, 95 and 70%) and distilled water. 
For antigen retrieval, the tissue sections were incubated with 
0.01 M sodium citrate (pH 6) in a microwave oven at 95˚C 
for 10 min, followed by blocking with 5% normal goat serum 
(cat. no. ZLI‑9021; OriGene Technologies, Inc.) for 10 min 
at room temperature, the tissue sections were incubated 
with rabbit anti‑human VEGF‑C monoclonal antibody 
(cat. no. BA0548; 1:200; Wuhan Boster Biological Technology 
Co., Ltd.), rabbit anti‑human VEGFR‑3 monoclonal antibody 
(cat. no. A01276‑3; 1:200; Wuhan Boster Biological 
Technology Co., Ltd.) and mouse anti‑human D2‑40 
monoclonal antibody (cat. no. ZM‑0465; undiluted; OriGene 
Technologies, Inc.) for 12 h at 4˚C. Following primary 
antibody incubation, the tissue sections were incubated 
with HRP‑labeled secondary antibodies [anti‑rabbit 
(cat. no. BM3894, 1:1,000) and anti‑mouse (cat. no. BM3895; 
1:1,000; both from Wuhan Boster Biological Technology Co., 
Ltd.)] for 1 h at room temperature. DAB (cat. no. AR1000; 
Wuhan Boster Biological Technology Co., Ltd.) was used for 
coloration, and hematoxylin was used for counterstaining 
at 37˚C for 2 min. PBS buffer solution was used as a negative 
control to substitute the primary antibody.

Histopathological evaluation. The results of VEGF‑C and 
VEGFR‑3 IHC staining were determined. The cytoplasm 
and/or membrane of RCC cells that were clear brown yellow 
particles was set as the standard, and the results were analyzed 
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using the double scoring method as previously described by 
Volm et al (27). In the homogeneously dyed tumor area, 5 high 
magnification views (x200) of the light microscope were 
selected according to the percentage of positive cells (A value) 
and the staining intensity (B value). The percentage of positive 
cells was scored as follows: 0, No obvious positive cells; 1, 
<25% positive cells; 2, 25‑50% positive cells; and 3, >50% 
positive cells. The staining intensity was scored as follows: 0, 
No coloring; 1, light brown‑yellow; 2, brown‑yellow; and 3, 
brown. The final score was determined by adding the score 
for the percentage of positive staining cells (A value) with 
that of the staining intensity (B value). The final value thus 
ranged from 0 to 6, and was as follows: 0, negative (‑); 1‑2, 
weak (+); 3‑4, moderate (++); and 5‑6, strong expression (+++). 
The immunohistochemical staining was grouped into two 
categories: Low expression (‑/+) and high expression (++/+++).

The IHC streptavidin‑peroxidase conjugated method (SP 
Ready‑To‑Use kit; cat. no. SP‑9000; OriGene Technologies, 
Inc.) was used to detect D2‑40 expression. The positively 
stained D2‑40 protein was mainly located in the cytoplasm 
and/or cell membrane of the lymphatic endothelium, and 
was presented as a brown‑yellow color. The determination of 
lymphatic vessel density (LVD) was according to the method 
previously described by Weidner et al (28), which was used 
to observe and select 5 regions with maximum LVD (hot 
spots) under a light microscope (magnification, x100), and 
then 5 optic fields were counted under x200 magnification 
(covering an area of 0.74 mm2) and the average LVD value was 

used. All these assessments were made by two independent 
observers. LVD was defined as the number of vessels/mm2. 
Intra‑tumoral LVD was defined as D2‑40+ vessels that were in 
close contact with tumor cells. Peritumoral LVD was defined 
as D2‑40+ vessels in the fibrous capsule or at the interface of 
tumor and adjacent kidney.

Statistical analysis. Statistical analyses were performed using 
GraphPad Prism v8.0.1 (GraphPad Software, Inc.). Continuous 
variables were presented as the mean ± SD of three indepen‑
dent experiments, and the difference between two groups was 
analyzed using unpaired Student's t‑test. One‑way ANOVA 
with Bonferroni post‑hoc test was used to compare differences 
among multiple groups. The categorical data was analyzed 
using χ2 test. Mann‑Whitney U test was used to evaluate 
significant differences for the RT‑sqPCR data. Spearman's 
correlation analysis was used for correlation analysis. P<0.05 
was considered to indicate a statistically significant difference.

Results

VEGF‑C mRNA expression. The results of the RT‑sqPCR 
analysis revealed a small amount of VEGF‑C mRNA in 
the 10 normal renal tissues, with a relative expression level 
of 0.250±0.104; however, in the 40 RCC tissues, the relative 
VEGF‑C expression was 0.576±0.191, which was significantly 
higher than that in normal tissues (Fig. 1A). The relative 
mRNA expression levels of VEGF‑C were significantly higher 

Figure 1. Relative mRNA levels of VEGF‑C. VEGF‑C mRNA expression was analyzed by reverse transcription‑semiquantitative PCR in (A) normal renal 
tissues (n=10) and RCC (n=40) tissues, and (B) LNM (n=11) and no LNM (n=29) groups. β‑actin was used as an internal control. Data are presented as the 
mean ± SD. Significance was determined using the Mann‑Whitney U test. *P<0.05. RCC, renal cell carcinoma; LNM, lymph node metastasis; VEGF‑C, 
vascular endothelial growth factor‑C.
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in the lymph node metastasis group compared with in the 
non‑lymph node metastasis group, with relative expression 
levels of 0.693±0.174 and 0.532±0.181, respectively (Fig. 1B). 
There were no significant differences in VEGF‑C mRNA 
expression according to age, sex and differentiation, but 
VEGF‑C mRNA expression was significantly higher in the 
group with lymphatic metastasis compared with in the group 
without lymphatic metastasis, as well as in patients with higher 
stages compared with in patients with lower stages (Table I). 
These data indicated that VEGF‑C may serve an important 
role in RCC progression.

VEGF‑C expression in normal renal and RCC tissues. 
VEGF‑C expression in renal tissues was further observed 
via IHC. According to the percentage of positively stained 
cells and staining intensity as described in the materials and 
methods section, a total of 40 RCC samples were divided into 
the low VEGF‑C expression (n=20) and high VEGF‑C expres‑
sion (n=20) groups. Specific and representative IHC‑staining 
intensity patterns for the VEGF‑C protein in the RCC samples 
are presented in Fig. 2A‑D. Only 3/10 normal renal tissue 
samples exhibited weak VEGF‑C expression (Fig. 2E). The 
positive expression rate (including weak, moderate and strong 
staining intensity) of VEGF‑C in the RCC group was signifi‑
cantly higher than that in the normal renal tissue group (85 vs. 
30%, respectively; Fig. 2F). VEGF‑C expression was inde‑
pendent of age, sex and differentiation, but was significantly 
associated with lymph node metastasis and clinical staging of 
RCC (Table Ⅱ). These results indicated that VEGF‑C expres‑
sion was upregulated in RCC tissues and associated with 
tumor progression.

VEGFR‑3 expression. Considering that VEGFR‑3, as a receptor 
of VEGF‑C, is widely expressed on lymphatic endothelial 
cells (29), the association between VEGF‑C and VEGFR‑3 
expression in RCC tissues was further investigated. As shown 
in Fig. 3A and B, compared with in normal renal tissues, 
VEGFR‑3 expression was markedly higher in the tumor tissues. 
Additionally, VEGFR‑3+ lymphatic vessels were detected in 
RCC tissues (Fig. 3C). Furthermore, Spearman's correlation 
analysis demonstrated a positive correlation between VEGF‑C 
and VEGFR‑3 expression in RCC tissues (Fig. 3D). These 
results support the notion that VEGF‑C/VEGFR‑3 serve a 
crucial role in RCC progression.

LVD in RCC and surrounding tissues, and its association 
with lymph node metastasis. Given that lymphangiogenesis 
serves an important role in the process of lymph node metas‑
tasis (30), the lymphatic marker D2‑40 was used to stain 
the lymphatic tubes, and LVD was analyzed. IHC staining 
revealed that the staining for D2‑40+ cells was mainly 
located in the cell membrane of lymphatic endothelial cells, 
and was presented as a brown‑yellow color (Fig. 4A). It was 
observed that the lumen of the lymphatic vessels in the tumor 
appeared narrow (Fig. 4B) and the lymphatic vessels around 
the tumor were functionally dilated with an enlarged diam‑
eter (Fig. 4C). The peritumoral LVD was 14.16±2.58, which 
was significantly higher than that in the RCC (9.74±2.48) and 
in the normal renal tissues (10.27±2.92) (Fig. 4D). However, 
the LVD between the tumor and normal renal tissues did 
not exhibit a significant difference (Fig. 4D). The LVD 
of the peritumoral tissues in 11 cases in the lymph node 
metastasis group was 15.24±1.86, which was significantly 

Table Ⅰ. Differences in VEGF‑C mRNA expression among different clinicopathological parameters in patients with RCC (n=40).

Characteristics N Relative mRNA expression P‑valuea

Kidney tissues   0.001b

  RCC 40 0.576±0.191 
  Normal  10 0.250±0.104 
Sex   0.372
  Male 25 0.596±0.215 
  Female 15 0.544±0.146 
Age, years   0.388
  <55 18 0.606±0.229 
  ≥55 22 0.552±0.156 
Differentiation   0.932
  Good or moderate  31 0.575±0.210 
  Poor  9 0.581±0.113 
Lymphatic metastasis   0.018b

  Negative 29 0.532±0.181 
  Positive 11 0.693±0.174 
Clinical stages   0.002b

  I+II 28 0.517±0.177 
  III+IV 12 0.714±0.153 

Data are presented as the mean ± SD. aMann‑Whitney U test. bP<0.05. RCC, renal cell carcinoma.
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higher than that in the 29 cases without lymph node metas‑
tasis (13.37±2.03) (Fig. 4E). These data indicated that the 
lymphatic vessels around the tumor may be important in 
promoting lymph node metastasis in RCC.

Discussion

VEGF‑C is a newly discovered lymphatic growth factor that 
belongs to the VEGF family. It was first cloned from the 
cDNA library of the PC‑3 human prostate cancer cell line in 
1996, and is mainly expressed in lymph nodes, the heart and 
placenta (31). A previous study demonstrated that VEGF‑C 
has two existing forms, Mr31000 and Mr21000 (32). The 
latter is a mature form of VEGF‑C that is produced during 
the process of protein hydrolysis, and acts as a ligand to bind 
to VEGFR‑3, thereby inducing the proliferation and migration 
of lymphatic endothelial cells by activating VEGFR‑3 and 
promoting lymphatic duct hyperplasia (33). VEGFR‑3, 

also known as Flt4, is a member of the tyrosine kinase 
receptor family and it consists of extracellular (including 
7 immunoglobulin homologous domains), transmembrane 
and intracellular domains (31). VEGFR‑3 is widely expressed 
in vascular endothelial cells of early embryos, as well as 
being expressed on lymphatic endothelial cells in the late 
embryonic development stage and in healthy adults (34,35). 
In the present study, positive VEGFR‑3 expression in the 
lymphatic endothelium of RCC was observed. However, 
it has been revealed that a small amount of VEGFR‑3 is 
expressed in microcapillaries and renal tubular endothelial 
cells; thus, VEGFR‑3 may be associated with chronic kidney 
disease and tissue inflammation (36), and its role warrants 
further investigation. D2‑40 is a highly specific marker of 
the lymphatic endothelium that is not expressed by the blood 
vessel endothelium (37). Thus, the morphological structure 
of the lymphatic capillary wall can be visually displayed and 
distinguished from capillary vessels using D2‑40.

Figure 2. Immunohistochemical staining of VEGF‑C expression in RCC and normal renal tissues. (A) Negative VEGF‑C expression in RCC. (B) Weak positive 
expression of VEGF‑C in RCC. (C) Moderate positive expression of VEGF‑C in RCC. (D) Strong positive expression of VEGF‑C in RCC. (E) VEGF‑C expres‑
sion in glomerular epithelial cells (arrowheads). Scale bars, 100 µm. (F) Statistical analysis of the VEGF‑C positive expression rate. Statistical significance was 
determined using the χ2 test. *P<0.05. RCC, renal cell carcinoma; VEGF‑C, vascular endothelial growth factor‑C.
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Lymphatic metastasis is achieved through the invasion of 
cells of mature lymphatic vessels, and subsequent metastasis 
to the lymph nodes (38). Therefore, the more tumor cells 

become dissociated from the primary tumor, the greater the 
possibility of metastasis. Reports on the presence of lymphatic 
vessels in tumors remain inconsistent. Some studies have 

Figure 3. Immunohistochemical staining of VEGFR‑3 expression. VEGFR‑3 immunohistochemical staining in (A) normal renal tissues and (B) RCC tissues. 
(C) Lymphatic endothelial cells in RCC tissues were VEGFR‑3+ (indicated by arrows). Scale bars, 100 µm. (D) Correlation between VEGF‑C and VEGFR‑3 
expression in RCC tissues. Statistical significance was determined by Spearman's correlation test. RCC, renal cell carcinoma; VEGF‑C, vascular endothelial 
growth factor‑C; VEGFR‑3, VEGF receptor‑3.

Table II. Association between VEGF‑C expression and clinicopathological parameters of patients with renal cell carcinoma 
(n=40).

 VEGF‑C expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics N Low High P‑valuea

Sex    0.327
  Male 25 11 14 
  Female 15 9 6 
Age, years    0.525
  <55 18 8 10 
  ≥55 22 12 10 
Differentiation    0.449
  Good or moderate 31 17 14 
  Poor 9 3 6 
Lymphatic metastasis    0.013b

  Negative 29 18 11 
  Positive 11 2 9 
Clinical stages    0.038b

  I+II 28 17 11 
  III+IV 12 3 9 

aStatistical significance was determined by χ2 test. bP<0.05. VEGF‑C, vascular endothelial growth factor‑C.
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indicated the presence of lymphatic vessels in tumors, while 
others have demonstrated contrasting results (10,39). Although 
it remains controversial whether tumors can induce the genesis 
of lymphatic vessels, it has been demonstrated that the exces‑
sive expression of lymphogenerative factors, such as VEGF‑C, 
can induce more lymphatic vessels and facilitate metastasis 
through tumor lymphatic vessels (14). In experiments using 
mouse tumor models, it has been demonstrated that VEGF‑C 
induces lymphangiogenesis and that tumor cells enter the 
capillary lymphatic vessels (40). Ruddell et al (41) has revealed 
that VEGF‑C induces the expansion of collecting lymphatic 
vessels to facilitate lymph flow, which in turn transports a large 
number of tumor cells to the lymph nodes and contributes to 
the distant metastasis of tumors.

At present, VEGF‑C expression in the majority of human 
malignant tumors, such as esophageal (42), colorectal (24) 
and gastric cancer (43), is known to be markedly higher than 
that in normal tissues. However, to the best of our knowledge, 
there are no studies available on VEGF‑C expression and its 
association with lymphatic metastasis in RCC. The present 

study used RT‑sqPCR to detect VEGF‑C mRNA expression 
in RCC tissues, which was significantly higher than that 
in normal renal tissues. VEGF‑C mRNA expression in the 
lymph node metastasis group was also higher than that in 
the non‑lymph node metastasis group. In addition, VEGF‑C 
mRNA expression in patients with stage III and IV RCC 
was higher than that in patients with stage I and II RCC (the 
majority of cases with stage III and IV RCC were accompanied 
by lymph node metastasis). Moreover, the present study 
demonstrated a correlation between VEGF‑C and VEGFR‑3 
expression in tumor tissues. The current results suggested that 
the VEGF‑C/VEGFR‑3 axis may serve an important role in 
the progression of RCC.

It has been demonstrated that VEGFR‑3+ and dilated func‑
tional lymphatic vessels are located around tumors in mouse 
models of sarcoma, but functional lymphatic vessels are absent 
within solid tumors (44). Furthermore, despite the presence of 
VEGF‑C and other lymphangiogenesis‑associated factors, the 
formation of functional lymphatic vessels in a murine sarcoma 
model was prevented (40). The present study used D2‑40 as 

Figure 4. LVD in RCC and normal renal tissues. Lymphatic tubes were stained with D2‑40. (A) Representative morphological structure of lymphatic vessels 
(indicated by arrows) in normal renal tissues. (B) Lymphatic capillaries were often irregularly shaped and collapsed in RCC tissues (indicated by arrows). 
(C) LVD around the tumor was higher than that in the tumor tissues; lymphatic vessels around the tumor were functionally dilated with an enlarged diameter 
(indicated by arrows). Scale bars, 100 µm. (D) Quantification of LVD in normal renal, RCC and peritumoral tissues. One‑way ANOVA with Bonferroni 
post‑hoc test was used for statistical analysis. (E) Statistical analysis of LVD in the LNM and no LNM groups. Significance was determined using an unpaired 
t‑test. Data are presented as the mean ± SD. *P<0.05. RCC, renal cell carcinoma; LVD, lymphatic vessel density; LNM, lymph node metastasis.
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a marker to observe the morphology and structure of micro‑
lymphatic vessels, revealing that there were microlymphatic 
vessels in RCC tissues; however, there were no statistically 
significant differences in LVD between RCC and normal renal 
tissues. Additionally, the present results demonstrated that the 
lymphatic vessels in the tumor were small and irregular, and 
most were collapsed, which may not be functional. This may 
be due to the rapid proliferation of cancer cells in tumor tissues 
and increased interstitial hydrostatic pressure, resulting in the 
occlusion of the lumen of neoplastic lymphatic vessels (45). 
The current results were consistent with those of the aforemen‑
tioned studies (40,44). However, the present study indicated 
that there were functionally dilated lymphatic vessels in the 
tissues surrounding the tumor. The LVD in peritumoral tissues 
in the lymph node metastasis group was higher than that in 
the non‑lymph node metastasis group. Voss et al (46) observed 
a significant inflammatory response around ccRCC tissues, 
while macrophages secreted VEGF‑C, which may lead to the 
proliferation of peritumoral lymphatic vessels.

Although the lymphatic vessels within the tumor tissues 
may be dysfunctional, the increased and dilated lymphatic 
vessels around the tumor increase the probability of lymphatic 
metastasis of tumor cells. According to the current study, there 
may be three reasons for this: i) The neoplastic lymphatic 
vessels around the tumor may assist the transportation of 
oxygen and nutrients in the blood flow, thus promoting the 
proliferation of tumor cells and increasing the probability of 
the metastasis of tumor cells through lymphatic vessels (47); 
ii) the abnormal proliferation and expansion of lymphatic 
vessels around the tumor may make it easier for tumor cells 
to metastasize through lymphatic vessels (48); iii) the overex‑
pression of VEGF‑C in cancer cells may act as a chemokine, 
guiding cancer cells to migrate to VEGFR‑3‑expressing 
lymphatic endothelial cells (21). These reasons suggest that, to 
a certain extent, although there were no functionally enlarged 
lymphatic vessels in RCC tissues, there may be a close associa‑
tion with lymph node metastasis.

In conclusion, high VEGF‑C expression in RCC may serve 
a role in targeting its specific receptor, VEGFR‑3, which thus 
may promote the formation of peritumoral lymphatic vessels. 
The increase in LVD and the expansion of the lumen diameter 
in the surrounding tissues of the tumors may be crucial for 
lymphatic infiltration and lymph node metastasis. Therefore, 
targeted therapy for lymphangiogenesis in RCC may be a 
novel treatment strategy.
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