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Lymphangiogenesis in kidney cancer:

Expression of VEGF-C, VEGF-D and VEGFR-3
in clear cell and papillary renal cell carcinoma
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Abstract. The vascular endothelial growth factors VEGF-C,
VEGF-D and its receptor, VEGFR-3, are overexpressed in
different malignancies and associated with lymph node meta-
stasis and poor prognosis. We analysed these factors in clear
cell (ccRCC) and papillary (pRCC) renal cell carcinoma
(RCC). The results were correlated with various clinico-
pathological parameters (CPP). We constructed a tissue
microarray with tumor samples of 135 (81%) ccRCC and 31
(19%) pRCC. After immunohistochemical staining using
polyclonal antibodies for VEGF-C, VEGF-D and VEGFR-3,
a semiquantitative analysis was performed to determine the
levels of expression. The results were compared between the
two subgroups and were correlated with CPP. In the two
subgroups the expression of VEGF-C was significantly
correlated with that of VEGF-D (p<0.001). There was an
increased expression of VEGF-C in 11% of ccRCC and 36%
of pRCC (p=0.002). VEGF-D expression was positive by
means of analysis in 22% of ccRCC and 42% of pRCC
(p=0.039). There was no significant difference regarding the
expression of VEGFR-3 between the subgroups (44% ccRCC
and 61% pRCC, p=0.11). No correlation was found between
the expression of the analysed parameters and CPP (TNM,
grading, progression-free survival and overall survival) in
either the entire group or in the two subgroups. In summary,
ccRCC and pRCC show a different expression pattern of the
analysed lymphangiogenic factors. Further studies are
necessary to confirm these results and to determine whether
the VEGF-C/VEGF-D/VEGFR-3-axis can play a role as a

Correspondence to: Dr Stefan Bierer, Department of Urology,
University Hospital Miinster, Albert Schweitzer-Strasse 33, 48149
Miinster, Germany

E-mail: bierers@mednet.uni-muenster.de

Key words: renal cell carcinoma, lymphangiogenesis, immuno-
histochemistry, clear cell, papillary, vascular endothelial growth
factor

prognostic tool or a target for therapeutic intervention in renal
cell carcinoma.

Introduction

Renal cell carcinoma (RCC) accounts for ~3% of cancers in
adults as well as 85% of all primary malignant kidney tumors
(1). The 5-year survival rate for all stages of RCC has
improved due to an important stage migration, whereby the
majority of patients are currently diagnosed with localized
disease (2). Over the past decades there has been a rising
incidence in the United States not only of localized RCC
but also of advanced stages, and the overall mortality of
kidney cancer increased slightly during this period of time
(1). Moreover, ~25% of patients are still diagnosed with
advanced or metastatic disease, which is associated with poor
prognosis and outcome.

However, rapid advances and exciting new therapeutic
strategies in the field of RCC have emerged in recent years.
In particular, the discovery and analysis of molecular systems
which control the formation of blood vessels have provided
great insight into the potential of angiogenesis to influence
tumor growth and spread in RCC. Thus, the vascular endo-
thelial growth factor (VEGF) and platelet-derived growth
factor (PDGF) signalling pathways have been identified as
viable for anticancer therapy and the multitargeted receptor
tyrosine kinase inhibitors sunitinib (3) and sorafenib (4) have
demonstrated improved efficacy in the treatment of advanced
and/or metastatic RCC. Recent evidence shows that temsiro-
limus, an inhibitor of the mammalian target of rapamycin (5),
and bevacizumab, an anti-VEGF monoclonal antibody (6),
provide benefits in the treatment of RCC.

This confirms the theory that inhibiting tumor-induced
angiogenesis is an attractive strategy for therapeutic inter-
vention in RCC.

In contrast, data focusing on lymphangiogenesis in RCC
are scant which may be due to the fact that lymphatic
metastases in RCC occur less frequently compared to
haematogenous tumor dissemination. However, there is
lymphatic tumor spread in RCC and patients with node-
positive tumors have a more aggressive disease than even the
worst variant of localized disease (7). This possibly justifies
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more aggressive treatment in patients with lymph node
metastasis, such as nephrectomy including lymphadenectomy
and adjuvant systemic therapy (8). Therefore, understanding
the molecular processes of lymphangiogenesis and lymphatic
tumor spread in RCC is of special interest. This may help to
improve existing prognostic models and possibly identify new
targets for therapeutic intervention.

This study aimed to further evaluate lymphangiogenic
parameters in clear cell RCC (ccRCC) and papillary RCC
(pRCO). Since the VEGF-C/VEGF-D/VEGFR-3-axis appears
to be the most validated signalling pathway for tumor-induced
lymphangiogenesis and an attractive target for therapeutic
intervention (9) we performed a semiquantitative analysis of
the expression of these parameters after immunohistochemical
staining. The results were correlated with various clinico-
pathological parameters (CPP).

Materials and methods

Patients. One hundred and sixty-six patients treated with
nephrectomy for localized or advanced or metastatic RCC at
our institution between 1991 and 2004 were selected from
our RCC database: 135 (81%) of the patients had ccRCC and
31 (19%) pRCC, respectively. Histological slides and formalin-
fixed, paraffin-embedded tumor tissue blocks of the 166
patients were obtained from the Gerhard Domagk-Institute of
Pathology (University Hospital Miinster, Germany). The slides
were reviewed and representative tumor tissue blocks were
selected for constructing a tissue microarray (TMA). A data-
base comprising of clinical and pathological data according to
the TNM system was created (Table I). For each of the 166
samples a representative tumor block was selected as a donor
block for TMA. Using a haematoxylin and eosin (H&E)-
stained slide, two morphologically representative regions
were defined for each of the samples. From these regions,
cylindrical core tissue specimens (diameter = 0.6 mm) were
obtained and arrayed precisely into a new recipient paraffin
block (20x35 mm) using a custom-built precision instrument
(Beecher Instruments, Silver Spring, MD, USA). From the
332 tumor samples available, several tissue array blocks were
prepared.

Immunohistochemistry. The paraffin-embedded tissue array
blocks were cut into 3-ym slices and mounted on poly-L-
lysine-coated glass slides. Tissue slides were dewaxed in
xylene, rehydrated in a graded series of alcohol and rinsed
in 0.01 M tris buffer (pH 7.3). Immunohistochemical staining
for VEGF-C, VEGF-D and VEGFR-3 was performed in a
multistep semiautomatic procedure. Briefly, two polyclonal
rabbit antibodies for VEGF-C and VEGFR-3 (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA) at a dilution of
1:100 and 1:800, respectively, were used with an incubation
time of 25 min. For VEGF-D a polyclonal rabbit antibody
(Zytomed, Berlin, Germany) was applied at a 1:100 dilution
(25 min) after pretreatment with a steamer for antigen retrieval
(Multi-Gourmet, Braun, no. 3216). After washing with
phosphate-buffered saline (PBS, 0.01 mol/l, pH 7.3) sections
were exposed to biotinylated secondary antibody for 30 min,
followed by streptavidin-conjugated peroxidase for another
30 min. Diaminobenzidine was applied as the final chromogen
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Table I. Distribution of clinical and pathological variables in
the reported series of ccRCC (n=135) and pRCC (n=31)
specimens.

ccRCC pRCC
n (%) n (%) p'
pT stage? 0.279
pT1 61 (45.2) 18 (58.1)
pT2 11 (8.1) 1(3.2)
pT3 63 (46.7) 12 (38.7)
pN stage® 0.075
pNx/0 104 (81.9) 19 (65.5)
pN* 23 (18.1) 10 (34.5)
cM stage® 0.313
cMO 102 (80.3) 20 (71.4)
cM1 25 (19.7) 8 (28.6)
Grade! 0.010
Gl 12 (9.0) 8(25.8)
G2 99 (73.9) 15 (48.4)
G3 23(17.2) 8 (25.8)

Information was available in 135 (100%) of ccRCC and 31 (100%)
of pRCC. *Information was available in 127 (94.1%) of ccRCC and
29 (93.5%) of pRCC. “Information was available in 127 (94.1%) of
ccRCC and 28 (90.3%) of pRCC. ‘Information was available in 134
(99.3%) of ccRCC and 31 (100%) of pRCC. 'P-values from Pearson's
x? and Fisher's exact test.

and nuclei were counterstained with haematoxylin to facilitate
microscopic assessment. For the negative control, the primary
antibody was replaced with PBS. No significant immuno-
histochemical reactions occurred in the control sections.

Quantification. A semiquantitative analysis of staining
results from 332 tissue array cores was performed by two
independent investigators blinded to the clinical and patho-
logical data for the corresponding cases. For evaluation of the
VEGF-C, VEGF-D and VEGFR-3 expression (all showing a
cytoplasmatic and/or nuclear immunostaining pattern), the
intensity of immunostaining was scored semiquantitatively
on a four-tiered scale (negative, 0; weak, 1+; moderate, 2+ and
strong, 3+). Samples with a moderate (2+) or strong (3+)
immunostaining intensity were defined as having an increased
expression of this marker and thus as ‘positive’, respectively
(10) (Fig. 1). The final expression value for each tumor was
the average round-up result of four single values (two
representative regions for each tumor, two investigators).

Data analysis. For statistical analysis, SPSS for Windows
(Version 15.0) was used. All clinical and pathological para-
meters were tested for their relationships with staining results
by means of cross tables by applying Pearson's %> and Fisher's
exact test. The Kaplan-Meier method was used for survival
analysis and the log-rank test to compare the curves of two or
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VEGE-C positive (%) p' VEGF-D positive (%) p' VEGEFR-3 positive (%) p'
ccRCC 15(11.1) 0.002 30 (22.2) 0.039 59 (43.7) 0.11
pRCC 11 (35.5) 13 (41.9) 19 (61.3)

P-values from Pearson's ¥> and Fisher's exact test.

Figure 1. Representative examples of staining for VEGF-D. (A) Negative and (B) strong; images reduced from x20.

more groups. A p-value of <0.05 was considered statistically
significant.

Results

Patient characteristics. One hundred and sixty-six patients
treated with nephrectomy for localized, advanced or metastatic
RCC at our institution between 1991 and 2004 were selected
from our RCC database: 135 (81%) of the patients had ccRCC
and 31 (19%) pRCC, respectively. Patients with other histo-
logical subtypes (e.g. chromophobe or sarcomatoid RCC) were
excluded from our analysis. The median age of all patients at
surgery was 63 years (range 25-84). None of the patients had
received any prior therapy before surgery. As shown in Table I
clinical and pathological parameters were well balanced
between the two subgroups except for grading (p=0.01). pRCC
were slightly more often node-positive compared to ccRCC.
However, this difference did not reach statistical significance
(p=0.075).

Immunohistochemistry of VEGF-C, VEGF-D and VEGFR-3
expression. The staining status from all 166 patients was
available. The staining intensity of VEGF-C, VEGF-D and
VEGFR-3 among different samples ranged from the complete
absence of staining to strong staining. In the two subgroups
VEGF-C expression was significantly (p<0.001) correlated
with the expression of VEGF-D. No correlation was observed
between the expression of VEGF-C or VEGF-D and VEGFR-3
(p>0.05, respectively). Expression results for ccRCC and
pRCC are shown in Table II. VEGF-C expression was positive
in 15 (11.1%) of ccRCC and 11 (35.5%) of pRCC (p=0.002).

An increased VEGF-D expression was detected in 30 (22.2%)
of ccRCC and 13 (41.9%) of pRCC (p=0.039). There was no
significant difference regarding the expression of VEGFR-3
between the two subgroups [59 (43.7%) in ¢ccRCC and 19
(61.3%) in pRCC, p=0.11].

Correlation with clinicopathological parameters. The
expression of VEGF-C, VEGF-D and VEGFR-3 was not
associated with TNM stage or grading in either the entire
cohort or in the two subgroups. The corresponding results for
the entire group are shown in Table III. The median follow-up
time was 28 months (range 4-120). The median overall and
disease-free survival has not been achieved in the two
subgroups at the time of analysis. The mean overall and
disease-free survival in the entire cohort were 101 months
[95% confidence interval (CI): 93-108] and 80 months (95%
CI: 71-89), respectively. There was no association between
survival (overall and disease-free) and the expression of the
examined lymphangiogenic parameters (VEGF-C, VEGF-D
and VEGFR-3) in either the subgroup or in the entire group.

Discussion

The molecular processes involved in lymphatic invasion and
lymph node metastasis remain poorly understood. However,
exciting discoveries have been made in the field of lymph-
angiogenesis in recent years. The identification of vascular
endothelial growth factor ligands and cognate receptors
involved in lymphangiogenesis, an understanding of the
embryology of the mammalian lymphatic system, the recent
isolation of pure populations of lymphatic endothelial cells,
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Table III. Correlation of the positive VEGF-C, VEGF-D and VEGFR-3 expression with clinical and pathological parameters.

VEGF-C staining

VEGF-D staining

VEGFR-3 staining

n positive/total (%) p! n positive/total (%) p' n positive/total (%) p!
pT stage? 0.502 0.424 0.467
pT1 13/79 (16.5) 20/79 (25.3) 41/79 (51.9)
pT2 3/12(25.0) 5/12 (41.7) 5/12 (41.7)
pT3 10/75 (13.3) 18/75 (24.0) 32/75 (42.7)
pN stage® 1.000 0.656 0.557
pNx/0 21/123 (17.1) 31/123 (25.2) 55/123 (44.7)
pN* 5/33 (15.2) 10/33 (30.3) 17/33 (51.5)
cM stage* 0.796 0.657 1.000
cMO 20/122 (16 4) 31/122 (254) 57/122 (46.7)
cM1 6/33 (18.2) 10/33 (30.3) 15/33 (45.5)
Grading? 0.945 0.926 0.164
Gl 3/20 (15.0) 5/20 (25.0) 13/20 (65.0)
G2 19/114 (16.7) 29/114 (254) 52/114 (45.6)
G3 4/31(12.9) 9/31 (29.0) 12/31 (38.7)

Information was available in 166 (100%) cases. PInformation was available in 156 (94.0%) cases. ‘Information was available in 155 (93.4%)
cases. YInformation was available in 165 (99.4%) cases. 'P-values from Pearson's x> and Fisher's exact test.

the investigation of lymphatic metastases in animal models,
and the identification of markers that discriminate lymphatics
from blood vessels at immunohistochemistry are current
advances in understanding lymphangiogenesis (11). Moreover,
an extensive range of animal models and clinicopathological
studies suggest that lymphangiogenesis may play a key role
in cancer progression (12). Therefore, lymphangiogenesis is
probably one of the most interesting fields in cancer research
at the moment.

The best validated molecular signalling system for tumor
lymphangiogenesis involves the secreted proteins VEGF-C
and VEGEF-D that induce growth of the lymphatic vessels via
activation of VEGFR-3 which is localised on the surface of
lymphatic endothelial cells. A range of experimental studies
in animal models (reviewed in ref. 13) has demonstrated that
the VEGF-C/VEGF-D/VEGFR-3-axis can promote tumor
lymphangiogenesis and the metastatic spread of tumor cells
to the lymphatic system by inducing lymphatic endothelial
cell growth, migration and survival (14). Clinicopathological
correlations have shown that in various human cancers there
is a strong correlation between this axis and lymph node
metastasis (12,13). Recent studies identified VEGF-D/
VEGFR-3 and VEGF-C as independent prognostic factors for
poor prognosis in gastric adenocarcinoma (15) and cholangio-
carcinoma (16), respectively. In addition, numerous reagents
that may be used to block this pathway already exist, including
soluble VEGFR-3 protein constructs, neutralising mono-
clonal antibodies to VEGFR-3 and VEGF-D, and small
molecule inhibitors of the VEGFR-3 kinase, making the
VEGF-C/VEGF-D/VEGFR-3-axis an attractive target for
anti-lymphangiogenic therapy in cancer treatment (9).

Data focusing on lymphangiogenesis in RCC are scant.
However, with regard to the VEGF-C/VEGF-D/VEGFR-3-axis

some data are available. Gunningham et al reported that
VEGF-C and VEGFR-3 are expressed in normal kidney
tissue and renal cell carcinoma samples by measuring mRNA
levels in a small series. Surprisingly, although an increase
was observed, the VEGF-C and VEGFR-3 expression, was not
significantly higher in the tumor compared with normal kidney
tissue. Furthermore, VEGF-C and VEGFR-3 expression was
not different between the most common subtypes of ccRCC
and pRCC and there was no correlation with clinicopatho-
logical parameters such as tumor grade or size (17). Bando
et al were able to stain VEGFR-3-positive vessels in renal cell
carcinoma using a mouse monoclonal antibody. As expected
the intratumoral VEGFR-3-positive vessel density was
significantly correlated with the measured protein levels of
VEGFR-3 by ELISA and the concentration of VEGFR-3 was
significantly correlated with its ligand VEGF-C (18). Lin et al
observed Caki-2 (RCC cell line) tumor-bearing animals that
continuously expressed a soluble VEGFR-3 decoy receptor
following virus-mediated gene transfer. In summary, they
found a significant reduction of lymphatic vessels within the
tumors and a 70% reduction of tumor cells in the lymph
nodes compared to wild-type animals (19). Furthermore, they
measured serum levels of the VEGFR-3 decoy receptor and
demonstrated that inhibition of the lymph node metastases
was dose-dependent. Thus, this study shows that the VEGF-C/
VEGF-D/VEGFR-3 signalling pathway appears to be a target
for inhibiting lymphatic tumor spread in RCC.

In our study we analysed the expression of VEGF-C,
VEGF-D and VEGFR-3 in a large number of RCC tumor
samples using a tissue microarray and focusing on the two
most common subtypes of ccRCC and pRCC, which differ
substantially in a number of genetic, biological, pathological
and clinical features (20). We demonstrated the expression of
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roups there was a significant correlation between
the expression of VEGF-C and VEGF-D (p<0.001) indi-
cating that the secretion of these ligands may be regulated by
the same mechanisms. Unlike Gunningham et al (17) we
demonstrated that VEGF-C and VEGF-D expression was
significantly higher in pRCC compared to ccRCC. However,
although pRCC were more often node-positive than ccRCC
(34.5 and 18.1%, respectively, p=0.075, Table I), no correlation
was observed between the expression of VEGF-C or VEGF-D
and the lymph node status (Table III). Moreover, in line with
the reported literature we did not observe any correlation,
either in the entire cohort or in the subgroups, between the
expression of either VEGF-C or VEGF-D or VEGFR-3 and
any clinicopathological parameter or survival data (overall
and disease-free).

The expression of VEGFR-3 was not correlated with its
ligands VEGF-C and VEGF-D. This is in contrast to the
above-mentioned literature (17,18), where a significant
relationship between VEGFR-3 and VEGF-C levels (mRNA
and protein levels) has been reported, but in agreement with
studies in other tumor types (12,15), where VEGFR-3 was not
correlated with its ligands. This finding may indicate that in
RCC the physiological effect of VEGF-C and VEGF-D is less
to promote lymphangiogenesis by activating VEGFR-3 but
more to signal via other receptors, e.g. VEGFR-2, since it is
well known that the proteolytically activated forms of human
VEGF-C and VEGF-D can also activate VEGFR-2, thereby
promoting angiogenesis.

Our results show that the VEGF-C/VEGF-D/VEGFR-3-
axis is expressed in RCC with VEGF-C and VEGF-D being
significantly up-regulated in pRCC compared to ccRCC.
VEGF-C and VEGF-D expression was correlated with each
other but not with the expression of its receptor VEGFR-3 and,
in line with other reports, no correlation with clinicopatho-
logical parameters was shown in this study. Although
evidence exists that the VEGF-C/VEGF-D/VEGFR-3-axis
promotes lymphatic tumor spread in RCC (19), the exact link
between the expression of this axis, tumor-induced lymph-
angiogenesis and clinical impact remains unclear. Therefore,
further studies are necessary to determine the role of lymph-
angiogenesis and the VEGF-C/VEGF-D/VEGFR-3-axis in
RCC. Future investigations should take the first international
consensus on the methodology of lymphangiogenesis
quantification in solid human tumors (21) into account and,
as occurred in our study, strictly distinguish between different
RCC subtypes. Then, it seems possible that this axis can play
a role as a prognostic marker or possibly as a molecular
target in different RCC subtypes.
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