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Abstract

Aim: To investigate the differences in microvessel densities (MVD) and the expressions of vascular endothelial
growth factor (VEGF), VEGF-C and VEGF receptor-3 (VEGFR-3) between prostate cancer (PCa) tissues and adja-
cent benign tissues, and to explore the correlations among MVD, Jewett–Whitmore staging, Gleason scores and
expressions of VEGF, VEGF-C and VEGFR-3 in the progression of PCa.  Methods: An immunohistochemical ap-
proach was adopted to detect the expressions of CD34, VEGF, VEGF-C and VEGFR-3 in both cancer areas and
peripheral benign areas of 71 primary prostatic adenocarcinoma specimens. A statistic analysis was then performed
according to the experimental and clinic data.  Results: Significantly upregulated expressions of VEGF, VEGF-C and
VEGFR-3 were all found in malignant epithelium/cancer cells compared with adjacent benign epithelium (P < 0.01).
Patients in stage D had a significantly higher score than patients in stage A, B or C when comparing the expression of
VEGF-C or VEGFR-3 in the tumor area (P < 0.01). In addition, significant correlations were observed between
Jewett–Whitmore staging and VEGF-C (rs = 0.738, P < 0.01), clinical staging and VEGFR-3 (rs = 0.410, P < 0.01),
VEGF-C and Gleason scores (rs = 0.401, P < 0.01), VEGFR-3 and Gleason scores (rs = 0.581, P < 0.001) and MVD
and VEGF (rs = 0.492, P < 0.001).  Conclusion: Increased expressions of VEGF and VEGF-C were closely associ-
ated with progression of PCa. The main contribution of increased VEGF expression for PCa progression was to
upregulate MVD, which maintained the growth advantage of tumor tissue. However, the chief role of increased
expressions of VEGF-C and VEGFR-3 was to enhance lymphangiogenesis and provide a main pathway for cancer
cells to disseminate.  (Asian J Androl 2006 Mar; 8: 169–175)
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1    Introduction

Progression of prostate cancer (PCa) is associated
with the development of an adequate blood supply by
means of angiogenesis and metastases to regional lymph
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nodes or other structures and organs, such as bone, liver
or lung, etc.  Tumor cells release soluble angiogenic fac-
tors that induce neovascularization, without which nu-
trients and oxygen would not be available for tumors to
grow more than 2–3 mm in diameter [1].  Genes encod-
ing pro-angiogenic proteins are necessary for PCa pro-
gression from latency to clinical invasiveness.  Vascular
endothelial growth factor (VEGF), one of the pro-angio-
genic factors, has been reported in association with an-
giogenesis in many kinds of tumors [1, 2].  Its upregulated
expression induced by hypoxia is the crucial event lead-
ing to neovascularization [2] and may correlate with PCa
growth and metastasis [3].  Furthermore, many clinical
studies have indicated that metastasis by means of blood
flow is more important than that using lymphatic
circulation, in progression and prognosis of PCa [1].  In
addition, Joseph and Isaacs [4] have reported that VEGF
is regulated by androgen, suggesting a potential pathway
by which androgen regulates prostate cancer growth.

One of the major pathways for PCa cells to dissemi-
nate is through the lymphatic system and patients with
lymph node metastases have a poor prognosis [5].  At
present, the underlying molecular mechanism of lymph node
metastasis is poorly understood, even though lymph node
metastasis is a major prognostic factor in many human
tumors.  Recently, VEGF-C has been implicated in the regu-
lation of tumor lymphangiogenesis and enhancement of
lymphatic invasion through the activation of VEGF recep-
tor-3 (VEGFR-3) [6, 7].  Furthermore, VEGF-C also gains
the possibility to interact with VEGFR-2, which may also
stimulate angiogenesis [8].

Another  important lymphangiogenic factor ,
VEGFR-3, is mainly restricted to lymphatic endothe-
lial cells in adults, but its expression has also been
found in endothelial cells of tumor blood vessels [7].
It has also been shown that metastasis of cancer cells
through the lymphatic system could be blocked by a
VEGF-3 receptor [9].

For earlier detection and more successful treatment
of PCa, a better understanding of the molecular mecha-
nisms involved in its progression is needed.  So we ex-
amined differences in microvascular densities (MVD) and
expressions of VEGF, VEGF-C and VEGFR-3 proteins
in PCa tissues with different clinical stagings by an im-
munohistochemical approach and explored their possible
associations with PCa progression.

2    Materials and methods

2.1 Tissue specimens
PCa samples from 71 primary adenocarcinoma cases

were included in this study, after two pathologists had
reviewed all specimens to exclude other pathological
types.  The samples were 10% formalin-fixed and paraf-
fin-embedded.  The median age of the patients was 72
years (range 55–82 years).  All samples were obtained
by transurethral resection of the prostate, radical pros-
tatectomy or needle-biopsy at the First Affiliated Hospi-
tal of Nanjing Medical University (Nanjing, China) be-
tween 2002 and 2005.  Iliacal lymph nodes were resected
in order to judge whether there were metastases of lymph
nodes in all cases treated with radical prostatectomy.
History, rectal exam, computed tomography, magnetic
resonance imaging and isotope scanning of the skeleton
were combined to decide the clinical staging.  Each sec-
tion contained areas of adenocarcinoma with adjacent
benign prostate tissue.  The study was conducted with
the approval of the ethical committee of Nanjing Medical
University (Nanjing, China).

2.2 Immunohistochemistry
Immunostaining was carried out using a streptavidin–

biotin–immunoperoxidase complex method [7] with
4 μm-thick sections, which had been deparaffinized, in-
cubated with 3% H2O2 for 10 min to inactivate the en-
dogenous peroxidase, and heated in citrate buffer solu-
tion (0.01 mmol/L, pH 6.0) for 15 min with a micro-
wave oven to retrieve antigens.  Normal goat serum was
used as a blocking agent for 20 min at room temperature.
Then the sections were incubated overnight at 4ºC with
the following primary antibodies: mouse polyclonal anti-
VEGF (1 : 100 dilution; Santa Cruz Biotechnology, Santa
Cruz, CA, USA); mouse monoclonal anti-CD34, anti-
VEGF-C and anti-VEGFR-3 (prediluted; Zhongshan
Biotechnology, Beijing, China), respectively.  After sub-
sequent washes with phosphate-buffered saline (PBS;
0.01 mol/L, pH 7.3), the sections were treated with
biotinylated secondary antibody for 20 min, washed and
treated with streptavidin-enzyme conjugate.  Diami-
nobenzidine was applied as the final chromogen, and
nuclei were counterstained with Mayers hematoxylin so-
lution to facilitate microscopic assessment.  For the nega-
tive control, the primary antibody was replaced with PBS.

2.3 Evaluation of immunostaining
All slides were examined by two trained pathologists.

Immunoreactivity for VEGF, VEGF-C and VEGFR-3 was
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evaluated using a semiquantitative scoring system for
intensity of stain and percentage of positive cells.  Stain-
ing intensity was scored as follows: 0, none; 1, weak; 2,
moderate; 3, strong.  The positively stained area was
expressed as the percentage of the whole field, and scored
as: 0, none; 1, 0%–25%; 2, 25%–50%; 3, >50% positive
cells.  Then the immunoreactive scores for each speci-
men were calculated by multiplication of the values for
the two parameters [10].  CD34-stained sections were
used to calculate the capillary density.  The specimens
were observed microscopically, and areas with the dens-
est microvasculature (hot spots) were selected under
high-power magnification (× 200).  The number of posi-
tively stained vessels in five fields was counted, and the
mean value was defined as the MVD for each sample.

2.4  Statistical analysis
Epidata 3.0 software (Lauritsen JM & Bruus M.

EpiData, Odense, Denmark) was used to input the data,
and SPSS version 12.0 for Windows (SPSS, Nanjing,
China) was used for statistical analysis.  Comparisons
between two groups were made with the Mann–Whitney
U-test or Wilcoxon signed-ranks test, as appropriate.
Associations among MVD, clinical staging and expres-
sions of VEGF, VEGF-C and VEGFR-3 were analyzed
using the Spearman rank correlation coefficient test.
Correlation coefficient (rs) value > 0.4 and  P < 0.05 were

considered significant in the Spearman rank correlation
coefficient test, and all of the P values were based on
two-sided testing.

3    Results

3.1 Expression of CD34
CD34, mainly expressed in blood vessel endothelial

cells, was used to act as the marker of capillary (Figure
1A).  The median MVD with different Jewett–Whitmore
staging was: 68.0/high-power field in stage A; 65.5 in B;
86.0 in C; 117.5 in D.  By a Mann–Whitney U-test, we
found that the MVD in stage D was significantly higher
than that in stage A (P = 0.005) or stage B (P < 0.001),
but there was no obvious difference between stages C
and D (P = 0.052).  In addition, we discovered that there
also existed significant differences between stages C and
A (P = 0.038), and stages C and B (P = 0.047), but not
between stages A and B (P = 0.851; Figure 1B).

3.2  Expression of VEGF
VEGF expression was mainly located in the cyto-

plasm and the plasma membrane of cancer cells and vessel
endothelial cells (Figure 2A, D).  The immunoreactivity
of VEGF was heterogeneously distributed, and there was
a broad variation in staining intensity.  Diffuse immu-
noreactivity of variable intensity was also observed in

Figure 1. (A): Immunoperoxidase staining of CD34 in prostate cancer tissue specimens (brown denotes positive, × 400). (B): Box plot
o f  m ic r o v e s s e l  d e n s it ie s  ( M V D )  w it h  d i f f e r e n t  J e w e t t - W h i t m o r e  s t a g in g .  

bP < 0.05; cP < 0.01. Comparisons of MVD between two
groups with different Jewett–Whitmore staging by a Mann–Whitney U-test. P50, percentile 50 or median.
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periglandular stroma.  According to the immunostaining
scores calculated, we discovered that the immunoreac-
tivity for VEGF in adenocarcinoma parts of the samples
was significantly more intense than that of the benign
parts of the samples (P = 0.001, Table 1).  But there
was no obvious difference in immunoreactivity between
patients with metastasis of lymph nodes or other organs
(stage D) and patients without metastasis (stage A, B or
C) (P = 0.172, Table 2).

3.3  Expression of VEGF-C
The expression of VEGF-C in glandular epithelium/

cancer cells was also located in the cytoplasm (Figure
2B, E).  Except for being expressed by glandular epithe-
lium/tumor cells, VEGF-C was also expressed by some
vascular endothelial cells, smooth muscle cells of arter-

Figure 2. Immunoperoxidase staining of vascular endothelial growth factor (VEGF), VEGF-C and VEGF receptor-3 in prostate cancer
specimens (brown denotes positive, × 400). M–, metastasis negative; M+, metastasis positive.

Table 1. Comparisons of immunostaining scores between the carci-
noma area and the benign area in each prostate cancer sample by a
Wilcoxon signed-ranks test. cP < 0.01. N, Number of samples; T,
Sum of ranks; VEGF, vascular endothelial growth factor; VEGFR,
vascular endothelial growth factor receptor.

   Immunostaining scores
0 1 2 3 4 6 9 N   T     P

VEGF
Carcinoma area 11 8 36 7 5 4 0 71
Benign area 24 16 19 12 0 0 0 71 494.0 0.001c

VEGF-C
Carcinoma area 7 12 19 9 10 14 0 71
Benign area 21 20 17 7 6 0 0 71 74.5 0.000c

VEGFR-3
Carcinoma area 10 6 20 8 20 7 0 71
Benign area 30 6 22 9 3 1 0 71 144.0 0.000c
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ies and macrophages.  The majority of tumor cells ex-
pressed VEGF-C, but with different intensities.  In
contrast, benign epithelium in peripheral areas of tumor
tissue showed a weaker staining pattern than malignant
epithelium (P < 0.001, Table 1).  Even if the majority of
tumor areas of specimens were positive for VEGF-C,
the staining intensity differed markedly among the
patients.  Using the Mann–Whitney U-test, we found that
patients in stage D had a significantly higher score than
patients in stages A, B or C when comparing VEGF-C
expression in the cancer area (P < 0.001, Table 2).

3.4  Expression of VEGFR-3
VEGFR-3 was expressed by lymphatic endothelial

cells and partial blood vessel endothelial cells and,
interestingly, also by the malignant epithelial cells (Figure

2C, F).  Most of the normal prostate epithelial cells were
negative for VEGFR-3, so the immunoreactivity for
VEGFR-3 in malignant epithelial parts of samples was
significantly more intense (P < 0.001, Table 1).  When
comparing cancer areas of samples in stage A, B or C,
we found that expression of the receptor was higher in
patients with stage D (P = 0.002, Table 2).

3.5  Correlations
We analyzed the correlations among MVD, Gleason

scores, Jewett–Whitmore staging and expressions of
VEGF, VEGF-C and VEGFR-3 in tumor areas of all speci-
mens by a Spearman rank correlation coefficient test.  Sig-
nificant correlations were observed between Jewett–
Whitmore staging and MVD (rs = 0.481, P < 0.001), clini-
cal staging and VEGF-C (rs = 0.738, P < 0.001), clinical
staging and VEGFR-3 (rs = 0.410, P < 0.001), clinical stag-
ing and Gleason scores (rs = 0.471, P < 0.001), Gleason
scores and MVD (rs = 0.733, P < 0.001), Gleason scores
and VEGF-C (rs = 0.401, P = 0.001), Gleason scores and
VEGFR-3 (rs = 0.581, P < 0.001) and MVD and VEGF
(rs = 0.492, P < 0.001).  No other significant result was
obtained (Table 3).

4    Discussion

The progression of tumors includes invasive growth
to periphery tissue and metastasis of lymph nodes through
the lymphatics or metastasis of distant organs by means
of blood flow.  Lymphatic invasion is the major and early
manner for PCa cells to disseminate.  Pelvic lymph node
involvement is the first sign of metastasis in many PCa
cases, then the metastases of other structures and organs,
including bone, liver and lung, by means of blood circu-
lation [11].  In this process, tumor cells may produce

Table 2. Comparisons of immunostaining scores in malignant epi-
thelium or cancer cells between Jewett–Whitmore stages A, B or C
and stage D by a Mann–Whitney U-test. cP < 0.01. N, Number of
samples; T, Sum of ranks; VEGF, vascular endothelial growth factor;
VEGFR, vascular endothelial growth factor receptor.

  Immunostaining scores
0 1 2 3  4  6 9 N    T    P

VEGF
Stage A, B or C 10 5 28 5 4 1 0 53
Stage D 1 3 8 2 1 3 0 18 744.0 0.172
VEGF-C
Stage A, B or C 7 11 18 7 7 3 0 53
Stage D 0 1 1 2 3 11 0 18 995.5 0.000c

VEGFR-3
Stage A, B or C 10 5 17 4 16 1 0 53
Stage D 0 1 3 4 4 6 0 18 244.0 0.002c

Table 3. Correlations among microvessel densities (MVD), Gleason scores, Jewett–Whitmore staging and expressions of vascular endothe-
lial growth factor (VEGF), VEGF-C and VEGF receptor-3 (VEGFR-3) in tumor areas of prostate cancer specimens. Correlation coefficient
(rs) > 0.4 and P < 0.05 are considered significant (values in bold).

                     Jewett–Whitmore staging             Gleason score
MVD VEGF VEGF-C VEGFR-3 Gleason score MVD VEGF VEGF-C VEGFR-3

rs 0.481 0.138 0.738 0.410 0.471 0.733 0.400 0.401 0.581
P 0.000 0.253 0.000 0.000 0.000 0.000 0.001 0.001 0.000

MVD               VEGF VEGF-C
VEGF VEGF-C VEGFR-3 VEGF-C VEGFR-3 VEGFR-3

rs 0.492 0.395 0.350 0.087 0.162 0.181
P 0.000 0.001 0.003 0.468 0.177 0.131
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many factors that promote angiogenesis and lymphan-
giogenesis in order to gain sufficient nutrients and oxy-
gen as well as pathways for dissemination.  Recent stud-
ies on the VEGF/VEGFR-2 axis and VEGF-C/VEGR-3
axis have begun to elucidate the molecular mechanisms
involved in angiogenesis and lymphangiogenesis [6-9,
13-15].  Our work also suggests that the increased ex-
pression of VEGF, VEGF-C and VEGFR-3 proteins may
play a crucial role in the progression of PCa.

At present, many studies have demonstrated that
the expression of VEGF, VEGF-C and VEGFR-3 are
all increased in human PCa tissue compared with nor-
mal prostate tissue or benign prostatic hyperplasia tis-
sue [3, 12, 13].  Our work also found the significantly
upregulated expression of the three proteins in malignant
epithelium/cancer cells when referenced to adjacent be-
nign epithelium.  Peripheral benign glands of cancer foci
were usually weakly stained for VEGF, VEGF-C or
VEGFR-3.  This might indicate that the three proteins
are all upregulated in the transition process from benign
glands to cancer foci.

In addition, the immunostaining for VEGF was con-
fined almost exclusively to the basal cell layer in periph-
eral benign epithelium, but was seen in all neoplastic secre-
tory cells as well as the basal cell layer in malignant glands,
which was also discovered in Kollermann and Helpap’s
study [13].  By an analysis of Spearman rank correlation
coefficient tests, increased VEGF expression was found
to be positively correlated with MVD as well as cell dif-
ferentiation (Gleason score), though the correlation co-
efficient was only 0.400.  These results strongly sug-
gested that the PCa growth advantage was a consequence
of angiogenic stimulation conferred by upregulated ex-
pression for VEGF in malignant epithelium, at least in
part, and tumor cells with worse differentiation had higher
expression of VEGF, which finally resulted in higher MVD
and more marked growth advantage.  Otherwise, we did
not find a significant correlation between VEGF expres-
sion and Jewett–Whitmore staging (rs = 0.138, P = 0.253),
which might be due to the spreading of PCa cells by means
of blood flow was not the primary and main manner.

A prerequisite for lymph node metastasis is the for-
mation of lymphatic vessels in the tumor foci, so-called
lymphangiogenesis.  Studies on clinical specimens have
shown that the expression of VEGF-C is upregulated in
many types of human tumors and also related to the ap-
pearance of lymph node metastases [14, 15].  Several
experimental animal studies also strongly suggested that

lymphangiogenesis did occur in the presence of VEGF-
C, and VEGF-C could not only induce hyperplasia of
existing lymphatic vessels [16], but could also stimulate
proliferation of new lymphatic vessels [17].  But in pros-
tate cancer, the reports are somewhat contradictory.
Tsurusaki et al. [6] found a significant relationship be-
tween expression of VEGF-C and lymph node metastasis,
whereas Zeng et al. [7] did not.  Our results were con-
sistent with those of Tsurusaki et al. [6] and showed a
significant difference in staining scores for VEGF-C be-
tween patients with metastasis (stage D) and patients
without metastasis (stage A, B or C) by a Mann–Whitney
U-test.  Furthermore, by a Spearman rank correlation
coefficient test we also discovered significantly positive
correlations between expression for VEGF-C and Jewett–
Whitmore staging or the Gleason score.  But the correla-
tion lying in between VEGF-C expression and MVD was
not significant (rs = 0.395, P = 0.001).  However, Cao
et al. reported that VEGF-C was also able to stimulate
angiogenesis by interaction with VEGFR-2 [8], which
might be due to the chief role of VEGF-C in enhancing
lymphangiogenesis instead of angiogenesis.  In addition,
some experimental evidence has suggested that lymphatic
endothelial cells could attract tumor cells by secreting
chemokines, and therefore actively promote lymphatic
metastasis [18, 19].  So we could suppose that VEGF-C
might finally enhance metastasis by increasing the vas-
cular permeability and stimulating the proliferation of lym-
phatic endothelial cells that increased the contact area
between invading tumor cells and lymphatic endothelium.

Zeng et al. [7] reported a significant relationship be-
tween expression of VEGFR-3 and PCa metastasis,
which our results are consistent with.  We not only found
that the immunoreactivity for VEGFR-3 in malignant
epithelial parts of samples was significantly more intense,
but also found that the expression of the receptor was
higher in patients with stage D.  Moreover, we also dis-
covered significantly positive correlations between expres-
sion for VEGFR-3 and Jewett–Whitmore staging or Gleason
scores.  These results all proved the important role of
VEGFR-3 in PCa progression and lymphangiogenesis.

But the statistical analysis did not show the signifi-
cant correlation of expression between VEGF-C and
VEGFR-3, even though VEGF-C mediates its effect
through its receptor, VEGFR-3.  This might imply that
the increased expression of VEGF-C and VEGFR-3 was
not parallel or co-instantaneous, a point that needs fur-
ther research.  Together with our findings, the expres-
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sion of VEGFR-3 in malignant epithelial cells suggests a
possible autocrine pathway of VEGF-C, which is medi-
ated by the VEGF-C/VEGFR-3 axis and might play a
fundamental role for metastasis of tumor.

In conclusion, the results of this study demonstrated
that increased expression of VEGF, VEGF-C and VEGFR-
3 were closely associated with progression of PCa.  The
main contribution of VEGF for PCa progression was to
stimulate angiogenesis and upregulate MVD, which main-
tained the marked growth advantage of tumor tissue com-
pared with adjacent benign tissue.  However, the chief
role of VEGF-C and VEGFR-3 in PCa progression was
to enhance lymphangiogenesis and provide a main route
for cancer cells to disseminate, although VEGF-C also
had a weakly proangiogenic effect.
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