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Lymphangiogenesis, detected by antibodies specific for lymphatic endothelial cells, has been associated with
regional lymph node metastases and poor prognosis in carcinomas of head and neck, breast and uterine cervix,
but remains largely uninvestigated in prostate adenocarcinoma. We evaluated the lymphatic vessel density and
lymphatic vessel invasion by prostate cancer cells in the intratumoral, peritumoral and normal prostate tissue
compartments in cancer-bearing prostate glands and correlated them with lymph node metastases, Gleason
score and other pathological parameters. Lymphatic vessels were detected by immunohistochemical stain
using an antibody specific for the lymphatic endothelial cells (clone D2-40) on 33 radical prostatectomies. In all,
26 patients had lymph node dissection, and 14 of them had lymph node metastasis. The lymphatic vessel
density and lymphatic vessel invasion were then recorded for each of the three compartments microscopically.
Lymphatic vessel density in the intratumoral, peritumoral and normal prostate compartments was 0.9170.80,
1.5470.68 and 1.5870.96/mm2, respectively. The intratumoral lymphatic vessel density was significantly lower
than that of the peritumoral and normal prostate compartments, and the latter two were not significantly
different. The lymphatic vessel density of the three compartments was not significantly different between cases
with and without lymph node metastasis. The peritumoral lymphatic vessel density correlated inversely with the
Gleason score. Lymphatic vessel invasion was present in significantly higher percentage of cases with lymph
node metastasis (9/14, 62.3%), as compared to those without lymph node metastasis (1/12, 8.3%, Po0.01). The
peritumoral lymphatic vessel invasion had a better correlation with the presence of lymph node metastases
than intratumoral lymphatic vessel invasion. There is no evidence of lymphangiogenesis in prostate
adenocarcinoma. Peritumoral lymphatic vessel invasion correlates with regional lymph node metastases,
suggesting that the peritumoral lymphatic vessels are functionally important and identification of lymphatic
vessel invasion in this compartment implies a high probability of regional lymph node metastases.
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Metastasis is the hallmark of malignant neoplasms
and the lymphatic system provides a key route for
neoplastic dissemination.1,2 Recent experimental
evidence suggests that a wide variety of tumor
cells can produce several lymphangiogenic factors,
including vascular endothelial growth factor C and
D (VEGF C and D), that promote the growth and
remodeling of lymphatic vessels, a process termed
lymphangiogenesis, through interaction with a cell

surface receptor tyrosine kinase, vascular endothe-
lial growth factor receptor 3 (VEGFR-3).2–6 Studies
have also demonstrated that the expression of
these lymphangiogenic factors correlate with meta-
static spread of tumor cells to lymph nodes in many
solid tumors.2–6 Furthermore, lymphangiogenesis
detected by antibodies specific for lymphatic endo-
thelial cells, has also been associated with regional
lymph node metastases and poor prognosis in head
and neck squamous cell carcinoma, melanoma,
cervical and pancreatic cancers,7–11 although recent
studies on breast cancer seem to contradict this
finding.12,13

Prostate adenocarcinoma is the most common
noncutaneous malignancy and the second-leading
cause of cancer death among men in the United
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States.14,15 The presence of lymph node metastasis
is a poor prognostic sign and indicates that the
therapeutic modalities of curative intent, such as
radical prostatectomy and radiation, have low
probability of success in these patients.16 The
molecular mechanism underlying lymphatic inva-
sion and regional lymph node metastases are poorly
understood in prostate cancer. Several studies have
found an increased expression of lymphangiogenic
growth factors VEGF-C and D, and their receptor
VEGFR-3 in prostate cancer cells and the increased
expression of these genes correlated with advanced
disease stage and lymph node metastases.17–20

However, little is known whether the increased
expression of these lymphangiogenic factors, in fact,
leads to quantitative and/or qualitative alteration of
lymphatic vessels in prostate adenocarcinoma or
adjacent prostate tissue in prostate adenocarcinoma-
bearing prostate glands. Only one recent study
demonstrated lack of lymphangiogenesis in prostate
adenocarcinoma.21 The same study also showed no
correlation between the lymphatic vessel density
and other pathological parameters.21

The objectives of our study were to confirm the
lack of lymphangiogenesis in prostate adenocarci-
noma by comparing the lymphatic vessel density in
intratumoral, peritumoral and normal prostate com-
partments in prostate glands harboring prostate
adenocarcinoma; to assess whether lymphatic
vessels are functional, that is, whether invasion of
these lymphatic vessels leads to lymph node meta-
stasis; and to correlate lymphatic vessel density and
lymphatic vessel invasion with other pathological
parameters, including lymph node status, Gleason
score, tumor volume, extraprostatic extension, semi-
nal vesicle invasion and surgical margin status.

Materials and methods

Case Selection

A total of 33 radical prostatectomy specimens
performed for prostate adenocarcinoma at the
authors’ institution between 1998 and 2004 were
included in this study. The clinical and pathological
parameters of these cases were summarized in Table
1. In all, 26 patients had pelvic lymphadenectomy,
14 of whom had metastases in the pelvic lymph
nodes involving a mean of 1.5 lymph nodes (range
1–3). Seven patients had no lymph node dissection.
A single paraffin block containing prostate adeno-
carcinoma representative of the entire case (same
Gleason score as the overall score of the case) was
chosen for immunohistochemical detection of lym-
phatic vessels.

Detection of Lymphatic Vessels by
Immunohistochemistry

Immunohistochemistry for lymphatic vessels was
performed using a mouse monoclonal antibody

reactive with an O-linked sialoglycoprotein found
on lymphatic endothelium (clone D2-40, Signet
Laboratories, Dedham, MA, USA).8,22,23 Briefly, the
5-mm tissue sections were antigen-retrieved in 0.1M
citrate buffer, pH6.0, in a pressure steamer for
15min. The slides were then incubated sequentially
with primary antibody (1:2000 dilution), biotiny-
lated secondary antibody, avidin-peroxidase com-
plex (Ventana, Tucson, AZ, USA) and chromogenic
substrate diaminobenzidine.

Quantification of Lymphatic Vessels and
Lymphovascular Invasion

The three compartments of the prostate gland were
defined as followings. The intratumoral compart-
ment was defined as the area encompassing all the
cancer glands present in the representative H&E
section. The peritumoral compartment was a 1mm-
wide area around the intratumoral compartment.
The area beyond the peritumoral compartment was
defined as normal prostate compartment. The three
compartments were marked on the H&E slides and
their areas (mm2) were calculated using a 1mm grid.
The numbers of lymphatic vessels in these three
zones were counted under the microscope using
10� objectives. Any discrete D2-40 positive struc-
ture, regardless of the presence of lumens, was
counted as one lymphatic vessel. Although basal
cells of the benign prostate glands were also positive
for D2-40, they could easily to be distinguished from
lymphatic vessels (Figure 1). Lymphatic vessel
density, defined as the number of lymphatic vessels
per compartmental area, was calculated. Lymphatic
vessel invasion, defined as prostate adenocarcinoma
cells within the D2-40 positive structures, was also
recorded for the three compartments.

Table 1 Clinical and pathological parameters of 33 prostate
adenocarcinomas

Age: mean (range) 60.5 (46–70)

Gleason scorea

6 3/33 (9.1%)
7 23/33 (69.7%)
Z8 7/33 (21.2%)

Tumor volumeb

Low 1/33 (3%)
Medium 10/33 (30.3%)
Extensive 22 (66.7%)

Extraprostatic extension 18/33 (54.5%)
Seminal vesicle invasion 12/33 (36.4%)
Positive surgical margin 11/33 (33.3%)
Lymph node metastasis 14/26 (53.8%)

a
Two patients had preoperative androgen ablation therapy and the
Gleason scores in preoperative needle biopsies were used for the final
grades.
b
The tumor volume was calculated based on the method by Renshaw
et al.29 Low tumor volume o0.5ml3, medium tumor volume 0.5–
2ml3, and large tumor volume 42ml3.
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Statistical Analysis

Paired sample t-test was used to compare the
lymphatic vessel density of the three prostate
compartments. In addition, Fisher’s exact test was
used to correlate the lymphatic vessel density of the
three compartments and lymphatic vessel invasion
with regional lymph node metastasis, Gleason
grade, extraprostatic extension and other pathologi-
cal parameters. A P-value o0.05 was considered
statistically significant.

Results

Lymphatic Vessel Density in Three Different
Compartments of Prostate Adenocarcinoma-Bearing
Prostate Gland

Similar to other studies, this study showed that the
antibody D2-40 was specific for the lymphatic
endothelial cells, and it did not stain the vascular
endothelial cells (Figure 1), although this antibody

did stain the basal cells of benign prostate glands.
The intratumoral, peritumoral and normal pro-
state lymphatic vessel density were 0.9170.80,
1.5470.68 and 1.5870.96/mm2, respectively. The
intratumoral lymphatic vessel density was signifi-
cantly lower than the peritumoral or normal lym-
phatic vessel density (Po0.001), and the lymphatic
vessel density of the latter two compartments was
not different (P¼ 0.81, Table 2). The lymphatic
vessel density of three zones was not significantly
different between cases with lymph node metastasis
and those without (P40.05, Table 2). The intratu-
moral and normal prostate lymphatic vessel density
did not correlate with any other pathological
parameters, including lymph node metastasis,
Gleason score, tumor volume, extraprostatic exten-
sion, seminal vesicle invasion or surgical margins.
The peritumoral lymphatic vessel density, however,
correlated with the Gleason score (P¼ 0.016). Pro-
state adenocarcinoma with higher Gleason scores
had higher peritumoral lymphatic vessel density
(Table 3).

Figure 1 Immunohistochemical detection of lymphatic vessels in prostate glands that harbor prostate adenocarcinoma. Antibody D2-40
was used to detect lymphatic vessels (thick arrows) in intratumoral (a), peritumoral (b) and normal (c) prostate compartments. Note
vascular structures (thin arrows) that were negative for D2-40. Lymphatic invasion by prostate cancer cells is shown in (d) (double
arrows), with a cluster of cancer cells within the D2-40 positive lymphatic space. The basal cells in benign prostatic glands were also
positive for D2-40.
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Lymphatic Vessel Invasion in Three Compartments of
Prostate Adenocarcinoma-Bearing Prostate Gland

Lymphatic vessel invasion defined as prostate
adenocarcinoma cells with D2-40 positive vascular
spaces (Figure 1) was detected in 10 cases, including
six cases with lymphatic vessel invasion present
only in the intratumoral compartment, two cases
only in the peritumoral compartment, and in three
cases in both compartments. No lymphatic vessel
invasion was identified in the normal prostate
compartment. Lymphatic vessel invasion was pre-
sent in a significantly higher percentage of cases
with lymph node metastasis (9/14, 62.3%), as
compared to those without lymph node metastasis
(1/12, 8.3%, Po0.01 by w2 test). The presence of
lymphatic vessel invasion (intratumoral and peri-
tumoral compartments combined) correlated with
lymph node metastasis (P¼ 0.005, Table 3). In
addition, lymphatic vessel invasion also correlated
with Gleason score, seminal vesicle invasion and
positive surgical margins. Interestingly, only peri-
tumoral lymphatic vessel invasion correlated with
lymph node metastasis (P¼ 0.04, Table 3), while
intratumoral lymphatic vessel invasion did not
(P¼ 0.08). The positive predictive value of lympho-
vascular invasion (peritumoral and intratumoral
combined) for the lymph node metastasis was 90%
(9/10), while that of peritumoral lymphovascular
invasion was 100% (5/5), and that of intratumoral
lymphovascular invasion was 77.8% (7/9). The
sensitivity to predict regional lymph node metasta-
sis was 64.3% (9/14) for lymphovascular invasion
(peritumoral and intratumoral combined), 37.2%
(5/14) for peritumoral lymphovascular invasion,
and 50.0% (7/14) for intratumoral lymphovascular
invasion.

Correlation of Other Pathological Parameters

Lymph node metastasis strongly correlated with
extraprostatic extension (Po0.001) and marginally
correlated with large tumor volume (P¼ 0.052) and
Gleason score (P¼ 0.07). Extraprostatic extension
correlated with Gleason score (P¼ 0.02) and tumor
volume (Po0.001). Seminal vesicle invasion corre-
lated with lymphatic vessel invasion, both intra-
tumoral (P¼ 0.027) and peritumoral (P¼ 0.001),

Gleason score (P¼ 0.003), lymph node metastasis
(Po0.001) and extraprostatic extension (P¼ 0.012).
Surgical margin status correlated with lymphatic
vessel invasion (P¼ 0.042), tumor volume (P¼ 0.008)
and extraprostatic extension (P¼ 0026).

Discussion

In this study, we have shown that (1) the lymphatic
vessel density is reduced in the intratumoral
compartment compared to the peritumoral and
normal prostate compartments, while the latter two
have similar lymphatic vessel density; (2) peri-
tumoral lymphatic invasion correlates better with
the regional lymph node metastasis than intratu-
moral lymphatic vessel invasion; (3) Lymphatic
vessel invasion also correlates with other patholo-
gical parameters, including Gleason score, seminal
vesicle invasion and positive surgical margins.

The existence of lymphatic vessels has been
described in benign prostatic tissues.24 Up to date,
only one other study has examined the distribution
of lymphatic vessels in prostate adenocarcinoma. In
prostate adenocarcinoma specimens, Trojan et al21

found that lymphatic vessel density was signifi-
cantly higher in benign hyperplastic prostate tissue
than in nontumorous regions, including normal and
peritumoral regions. In addition, the lymphatic
vessel density in prostate adenocarcinoma region
was significantly decreased compared to that in
peritumoral and normal prostate regions. These
findings, also confirmed by our current study,
suggest that prostate adenocarcinoma may not
induce active lymphatic proliferation, or lymph-
angiogenesis. In contrast, prostate adenocarcinoma
actually destroys intratumoral lymphatic vessels. It
is also possible that lymphangiogenesis maybe
induced by prostate adenocarcinoma in the intra-
tumoral compartment, albeit not as to the same degree
as the destruction by prostate adenocarcinoma, and
the net result is an overall decrease of lymphatic
vessel density in the intratumoral compartment.
Additionally, prostate adenocarcinoma cells may
secret inhibitors of lymphangiogenesis. It seems
surprising at first given that several studies have
shown the expression of several lymphangiogenic
factors, including VEGF C and D, and their receptor

Table 2 Lymphatic vessel density in prostate glands with prostate adenocarcinoma

Prostate compartments All cases (n¼ 33) + Lymph node metastasis (n¼ 14) � Lymph node metastasis (n¼ 12)

Lymphatic vessel density (/mm2) Mean7s.d. (range)
Intratumoral 0.9170.80 (0�3.59) 1.0870.97 (0.18�3.59) 0.5670.41 (0�1.4)
Peritumoral 1.5470.68 (0.47�2.79) 1.4870.76 (0.47�2.79) 1.5470.58 (0.78�2.66)
Normal 1.5870.96 (0.35�4.78) 1.8771.20 (0.35�4.78) 1.4170.56 (0.45�2.40)

For all cases combined, Po0.001 for intratumoral vs peritumoral and intratumoral vs normal, and P¼ 0.81 for peritumoral vs normal.
P-values for the lymphatic vessel density of the intratumoral, peritumoral and normal zones were all 40.05 between cases with+lymph node
metastasis and those with�lymph node metastasis.
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(VEGFR-3) were elevated in prostate adenocarci-
noma cells.17–20 However, these studies did
not correlate the increased expression of these
lymphangiogenic factors with increased lympha-
tic vessel density in prostate adenocarcinoma.
Although we did not study the expression of these
lymphangiogenic factors in prostate adenocarcino-
ma, our study, together with the study by Trojan
et al, provides strong evidence that active lymph-
angiogenesis does not play a role in lympha-
tic invasion and lymph node metastasis. Lack of
lymphangiogenesis is not unique to prostate adeno-
carcinoma, as similar findings were also reported in
animal models and other human cancers,25,26 and
most recently in breast cancer.12,13 However, it
should be stressed that the lack of lymphangiogen-
esis in prostate adenocarcinoma and other cancers
does not negate the possible role of these lymphan-
giogenic factors in lymphatic invasion and lymph
node metastasis. It is possible that these factors may
induce ultrastructural changes in lymphatic vessels
that may facilitate the access of prostate adenocarci-
noma cells into lymphatic circulation.

Our study suggests that the lymphatic vessels in
the peritumoral compartment are important for
regional lymph node metastasis. The peritumoral
lymphatic vessel density inversely correlates with
Gleason grade, and it correlates with the regional
lymph node metastasis (P¼ 0.04). On the other
hand, intratumoral lymphatic vessel density does
not correlate with other pathological parameters,
including Gleason grade and tumor volume, nor
does it correlate with lymph node metastasis
(P¼ 0.08), suggesting that the intratumoral lympha-
tic vessels may not be as important for tumor growth
and invasion into lymphatic vessels as the peri-
tumoral ones. However, one needs to be cautious
since the number of cases studied is small and there
is no tremendous difference between the peritumoral
and intratumoral lymphovascular invasion in their
association with regional lymph node metastasis. In
addition, lymphovascular invasion involving either
peritumoral or intratumoral compartment is strongly
associated with regional lymph node metastasis
(P¼ 0.005). Both, therefore, should be regarded as
related to lymph node metastases and further
studies are needed to clarify their perspective roles.
However, the sensitivity of lymphovascular invasion
to predict lymph node metastasis is low (64.3%).
Our study also showed that lymph node metastasis
is strongly associated with seminal vesicle invasion,
and marginally associated with large tumor volume
and high Gleason score. Therefore, other adverse
pathological parameters would also indicate a high
probability of lymph node metastasis, even in the
absence of lymphovascular invasion.

We also found that lymphatic vessel invasion
correlated with seminal vesicle invasion. Most of
the seminal vesicle invasion occurs when prostate
adenocarcinoma extends out of the prostate gland
and then secondarily invades into the base of theT
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seminal vesicles where they join the prostate.27

Several studies also suggest that prostate adenocar-
cinoma could involve seminal vesicles via the
angiolymphatic route.27,28 Although such view is
not widely accepted. In our study, seminal vesicle
invasion correlated with both extraprostatic exten-
sion and lymphatic vessel invasion. Owing to small
number of cases, a multivariate analysis was not
performed to delineate the true association between
seminal vesicle invasion, lymphovascular invasion
and extraprostatic extension. Although statistical
association does not prove a causal relationship, it
nevertheless raises the possibility that both extra-
prostatic extension and lymphatic vessel invasion
may contribute to the seminal vesicle invasion.

Our study potentially has several important
implications. First, since the peritumoral lymphatic
vessels maybe functionally more important than the
intratumoral lymphatic vessels, future studies on
lymphangiogenesis in prostate adenocarcinoma
should focus in this compartment in addition to
the intratumoral compartment. Second, the positive
predictive value for lymphovascular invasion (peri-
tumoral and intratumoral combined), especially the
peritumoral lymphovascular invasion, to predict
lymph node metastasis is high, finding lymphovas-
cular invasion in prostate adenocarcinoma, there-
fore, implies a high likelihood of lymph node
metastasis. In our opinion, the lymphatic vessel
invasion should be considered as an important
pathological parameter to look for and document
when evaluating a radical prostatectomy, especially
in cases where lymphadenectomy is not performed,
or lymph node metastasis in not found by routine
histological examination.
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