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Lymph node metastases is an important prognostic indicator for disease progression and crucial for
therapeutic strategies in the work-up of colorectal carcinoma. In this study, we investigated tumor
lymphangiogenesis and vascular endothelial growth factor (VEGF) expression as predictive markers for the
risk of lymph node metastasis and their relation to other prognostic parameters in colorectal carcinoma.
Resected colorectal carcinomas from 90 patients were examined, including 30 patients without lymph node
metastases, 30 with only lymph node metastases, and 30 with liver metastases. Cases were immunostained for
CD31, D2-40, and VEGF. Positivity stained microvessels were counted in densely vascular/lymphatic foci (hot
spots) at � 400 field (¼ 0.17mm2). Intensity of staining for VEGF was scored on a two-tiered scale. D2-40
lymphatic microvessel density demonstrated significant correlation with CD31 counts (2079 vs 1876/0.17mm2

field, Po0.05) and VEGF expression (Po0.01). VEGF was expressed in 61/90 (67%) cases. D2-40 identified
lymphatic tumor invasion in 48/90 patients, which was greater than CD31 (37/90) and hematoxylin and eosin
(H&E) (31/90). There was a positive significant correlation of D2-40, CD31 counts, and VEGF expression with the
presence of lymphovascular invasion and lymph node metastases (Po0.05). D2-40 lymphatic microvessel
density correlated significantly with depth of invasion (pT), positive vascular pedicle lymph nodes and liver
metastases (Po0.05). In conclusion, D2-40 lymphatic microvessel density showed prognostic significance
with positive correlation with lymphovascular invasion, pT, and metastases to lymph nodes and liver.
Immunostaining with D2-40 enhances the detection of lymphatic invasion relative to H&E staining and the
endothelial marker, CD31.
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Angiogenesis has established its role in the deve-
lopment and progression of a variety of malignan-
cies, playing a crucial role in the dissemination of
the tumor cells.1–5 However, lymphatic spread of
cancer cells to lymph nodes is an important early
event in the metastasis of carcinomas.6,7 Nodal
metastasis is a key factor in the staging, an important
prognostic indicator for outcome, and forms the
basis of treatment of human cancer.8 Regional lymph
node involvement has been found to be predictor of
shorter disease-free and survival in colorectal
carcinoma.8

Little is known regarding the mechanisms through
which tumor cells gain entry into the lymphatic
system. Some investigators suggested that the
lymphatic vessels have a passive role with tumor
cells infiltrating pre-existing peritumoral lympha-
tics.9 Conversely, other investigators have suggested
that lymphangiogenesis (formation of new tumor-
associated lymphatics) plays an active role in the
metastatic spread.10–12 Previous studies have shown
the potential clinical significance of intratumoral
lymphatic microvessel density as a prognostic
marker, correlating with the extent of tumor spread
to regional lymph nodes,11,13 although others have
not demonstrated similar findings.10,14,15

Previous studies have been limited by the lack of
specific lymphatic endothelial markers that could
be used to discriminate between lymphatics and
blood vessels.16 Recently, the monoclonal antibody,
D2-40, which reacts with the oncofetal membrane
antigen M2A identified in ovarian carcinoma cell
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lines and germ-cell tumors,17 was reported to be a
specific marker for lymphatic endothelium in
normal and neoplastic tissue.18 In a direct compar-
ison of D2-40 and CD31 in a series of vascular
tumors, D2-40 stained all lymphangiomas and none
of the hemangiomas. Conversely, CD31 stained a
fraction of lymphangiomas and all hemangiomas.18

In this study, we investigated tumor lymphangio-
genesis, using monoclonal antibody D2-40, and
vascular endothelial growth factor (VEGF) expres-
sion as predictive markers for the risk of lymph node
metastasis and their relation to other prognostic
parameters in colorectal cancer patients. We also
compared routine hematoxylin and eosin (H&E)
staining with D2-40 immunostaining for detection
of lymphatic invasion.

Materials and methods

Clinical data and pathologic tissue samples were
retrieved from the computer files at the Allegheny
General Hospital, Department of Pathology, from
January 1998 to December 2000. Institutional Re-
view Board approved the study. In total, 90
randomly selected patients with colorectal cancer
that were surgically treated with total colectomy and
vascular pedicle lymph nodes resection, were
included in this study. Computerized tomography
(CT) scanning was performed in all cases as a part of
clinical staging. Cases with liver lesions were
subjected to surgical biopsy and/or fine aspiration
cytology to confirm the diagnosis of metastases.

Tissues from the specimens were fixed in 10%
buffered formalin, processed and stained with H&E.
H&E-stained slides of all cases were reviewed to
confirm the diagnosis and evaluated for the pre-
sence of lymphovascular invasion. One paraffin
block with the maximum bulk of tumor and
maximum depth of invasion (pT) was chosen from
each case for immunohistochemical studies. All
slides showed the nonneoplastic colonic tissue-
carcinoma junction.

Immunohistochemistry

Sections, 4mm-thick, of formalin-fixed paraffin-
embedded tissues were cut and mounted on coated
slides. The sections were deparaffinized in xylene
and rehydrated in a descending ethanol series. Heat
induced epitope retrieval techniques were used for
antigen retrieval as follow: citrate buffer (pH 6.0)
and a steamer at 120oC for 5min for both D2-40 and
CD31, and 951C for VEGF. Sections were incubated
for 10min in 3% hydrogen peroxide to quench
endogenous tissue peroxidase. The sections were
immunostained for: monoclonal antibody (Clone
D2-40, Signet Laboratories, Dedham, MA, USA) at
a 1:50 dilution for D2-40, a mouse monoclonal
antibody (Clone 1A10, Cell Marque, Hot Springs,
AR, USA) for CD31 and a rabbit polyclonal antibody

(Santa Cruz Biotechnology, Santa Cruz, CA, USA) at
a 1:500 dilution for VEGF. The Ventana Immunos-
tainer and 3-30 diaminobenzidine detection kit
(Ventana Medical Systems, Tucson, AZ, USA) were
used. Appropriate positive and negative controls
were run for each batch of slides.

Quantitation and Statistics

After scanning the immunostained section at low
magnification (� 40), three areas of carcinoma with
the greatest number of distinctly highlighted intra-
tumoral lymphatic/vascular foci (hot spots) were
selected by two observers (RSS & YL) at the same
time. The two observers then independently eval-
uated the slides for microvessel counting using
� 400 magnification (0.17mm2 field) without
knowledge of patient status and stains used. Single
immunoreactive endothelial cells, or endothelial
cell clusters separate from other microvessels, were
counted as a vessel. The highest number of vessels
counted was recorded and used in the statistical
analysis. k-Value between the two observers was
moderate (0.69). Discordant cases were recounted
and consensus resolved any discrepancy of more
than 10% of the microvessel count. For VEGF
staining intensity was recorded as: negative
(o20% staining), or positive (420% showing strong
positivity), with a moderate k-value (0.71). Clinical
data including tumor grade, pT, lymphovascular
invasion, and lymph node and liver metastases were
correlated with microvessel count. Correlation with
clinical data were evaluated by Spearman ‘P’
correlation and multivariate analysis. Mean differ-
ences in microvessel counts were compared with
the use of paired ‘t’ tests. All statistical analyses
were performed with SPSS (Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA).

Results

The clinicopathologic findings are summarized in
Table 1.

Patients with Negative Lymph Nodes

The anatomic location of the resected tumors
included 18 cases in right colon, three in transverse
colon and nine in left and sigmoid colon. There was
a significant correlation between CD31 microvessel
counts and D2-40 lymphatic microvessel counts
(r¼ 0.54, P¼ 0.002). In this group, CD31, D2-40, and
VEGF did not show significant correlation with
tumor size, grade, location, and pT.

Patients with Lymph Nodes Metastases

The anatomic location of the resected tumors
included 17 cases in right colon and 13 cases in
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left and sigmoid colon. Positive vascular pedicle
lymph node was identified in three cases. Paired ‘t’
test did not show a significant difference between
mean values of D2-40 and CD31 counts. There was a
significant correlation between D2-40 lymphatic
microvessel counts and VEGF staining (r¼ 0.59,
P¼ 0.001). In this group, CD31, D2-40, and VEGF
did not show significant correlation with tumor size,
grade, location, and pT.

Patients with Liver Metastases

The anatomic location of the resected tumors
included 16 cases in right colon, 3 cases in
transverse colon and 11 cases in left and sigmoid
colon. Positive lymph nodes were identified in 22
cases including 10 cases with positive vascular
pedicle lymph nodes. There was a significant
correlation between D2-40 and CD31 microvessel
counts (r¼ 0.38, P¼ 0.01). In this group, D2-40
lymphatic microvessel counts showed significant
correlation with lymphovascular invasion (r¼ 0.35,
P¼ 0.05).

Total Group (90 Patients)

D2-40 stained the intratumor microvessels in 88/90
(98%) cases, and CD31 stained 87 (97%) cases. The
mean number of lymphatic vessels identified with
D2-40 was not significantly different from the mean
number of microvessel identified by CD31 (1879
and 1978/0.17mm2 field, respectively) (Figures 1
and 2). There was a significant correlation between
microvessel counts by D2-40 and CD31 (r¼ 0.49,
Po0.05).

Both D2-40 and CD31 microvessel counts corre-
lated with the presence of lymphovascular invasion

(r¼ 0.34, P¼ 0.002 and r¼ 0.28, P¼ 0.009, respec-
tively), lymph node metastases (r¼ 0.4, Po0.001
and r¼ 0.23, P¼ 0.05, respectively), and stage of the
tumor (r¼ 0.47, Po 0.001 and r¼ 0.24, P¼ 0.027,
respectively). Only D2-40 lymphatic microvessel
counts correlated significantly with tumor size
(r¼ 0.37, Po0.001), pT (r¼ 0.23, Po0.05), positive
vascular pedicle lymph nodes (r¼ 0.33, P¼ 0.002),
and liver metastases (r¼ 0.46, Po0.001). D2-40
lymphatic microvessel and CD31 microvessel
counts did not show significant correlation with
grade or location of the tumor. Using multivariate
analysis, D2-40 lymphatic microvessel counts corre-
lated significantly with lymphovascular invasion,
lymph node, and liver metastases independent of
tumor stage. D2-40 identified lymphovascular inva-
sion in 48/90 cases, CD31 in 37/90 and routine H&E
in 31/90 cases. D2-40 identified lymphovascular
invasion in 17 (19%) more cases than routine H&E
(Figure 2).

Table 1 Clinicopathologic findings of patients included in the study

Patients without LN
(30 patients)

Patients with LN
(30 patients)

Patients with liver
metastases (30 patients)

Total
(90 patients)

Gender 9 M/21 F 13 M/17 F 18 M/12 F
Age: range (years) 40–88 42–88 35–85
Mean (years) 7279 70711 64711
Grade 4 WD 23 MD 23 MD

23 MD 7 PD 7 PD
3 PD

Lymph node retrieved 2078, mode 11 2076, mode 15 22710, mode13 2170, mode 15
LV (H&E) 0/30 17/30 14/30 31/90
LV (CD31) 0/30 20/30 17/30 37/90
LV (D2-40) 3/30 24/30 21/30 48/90
D2-40a 1476 1877 2479 1879
CD31a 1578 2076 22710 1978
VEGF 1.671.1 2.271.1 2.671.0 2.470.7

F¼ females; LN¼ lymph node metastases; LV¼ lymphovascular invasion; M¼males; MD¼moderately differentiated; PD¼poorly differentiated;
WD¼well differentiated.
a
Count per �400 magnification (¼ 0.17mm2 field).
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Figure 1 Mean microvessel counts by D2-40 and CD31 in
different groups of patients. Group I: patients without lymph
node metastases, Group II: patients with lymph node metastases,
and Group III: patients with liver metastases (including 22
patients with lymph node metastases).
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High VEGF expression of the neoplastic cells was
identified in 61 cases (67%) and low or no
expression in 29 cases (33%) (Figure 3). VEGF
showed a mean value of 2.470.7 for colorectal
cancer patients and had a significant correlation
with angiolymphatic invasion (r¼ 0.32, P¼ 0.002),
lymph node metastases (r¼ 0.26, P¼ 0.009), and pT
(r¼ 0.27, P¼ 0.007). No significant correlation was
found between VEGF and grade of tumor (r¼ 0.13,
P¼ 0.12), vascular pedicle lymph nodes (r¼ 0.16,
P¼ 0.08), and liver metastases (r¼ 0.17, P¼ 0.06).

Discussion

The lymphatic system is the primary pathway of
metastasis for most human cancers, and the extent of

lymph node involvement is a crucial prognostic
factor for the patient’s outcome. Recently, antibodies
specific for lymphatic endothelium have become
available, providing important new insights into
the process of tumor-associated lymphangiogenesis
and its possible clinical relevance. D2-40 has
been demonstrated to recognize tumor-associated
lymphatic vessels in many tumors.19,20 In this
study, we investigated the D2-40 lymphatic micro-
vessel counts and VEGF expression as potential
prognostic markers in a series of colorectal cancer
patients.

Previous studies reported that solid tumors do not
have lymphatic vessels,21 due to the increased
interstitial pressure created by the proliferating
cancer cells,22 whereas lymphatics at the tumor
margin facilitate spread of tumor cells.23,24 However,
Clarijs et al,25 reported newly formed lymph vessels
within the solid tumors using double staining with
CD31 and PAL-E. Others have recently observed
intratumoral lymphatics in melanomas,26,27 breast,28

head and neck,29,30 pancreatic carcinoma,31 and islet
cell tumor.32 A recent study detected intratumoral
lymphatics in 91% of colorectal carcinoma.33 Our
results are in agreement with the later study. We
found that intratumoral lymphatic vessels are pre-
sent in colon cancer, using D2-40. Similar to
previous studies, we found that most of intratumoral
lymphatics are small and flattened,23,32,34 contrasting
the widely open lymphatics in peritumoral regions.

Angiogenesis and lymphangiogenesis may have
clinical utility in the evaluation of cancer colon,
particularly for estimation of metastatic risk. Intra-
tumoral lymphatics found to be correlated with
locoregional recurrence of oral squamous cell
carcinoma.30 Another study reported that intratu-
moral lymphatic microvessel density was higher in
cervical squamous cell carcinoma cases with lymph
node metastasis than in those cases without metas-

Figure 2 D2-40 expression in a colon carcinoma. (a) Note that D2-
40 stains intratumoral lymphatic microvessels. Some of lympha-
tics are linear and collapsed. (b) D2-40 stains lymphatic vessel
and predicts more lymphovascular invasion. Note small blood
vessel in the left corner is negative for D2-40, indicating
specificity of this marker for lymphatic vessels (IHC �400).

Figure 3 VEGF immunoreactivity in colonic cancer. Note the
benign glands are VEGF negative (IHC �400).
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tasis, although the difference was not significant.34

On the other hand, peritumoral lymphatic micro-
vessel counts were approximately the same in
patients with or without metastasis.34 In contrast,
others proposed peritumoral lymphatic microvessel
counts as a prognostic factor in other tumors.35,36

Few available studies have addressed the presence
of lymphangiogenesis in human colon carcinoma
and studied its correlation with the prognostic
parameters.33,37 However, they have used different
techniques and none of them used the lymphatic
vessel marker D2-40. Although they observed a
trend between lymphatic density and lymph node
metastases, it was not statistically significant.33 Our
result demonstrated that using D2-40 and CD31,
microvessel counts in colorectal carcinoma corre-
lated significantly with the presence of lympho-
vascular invasion and lymph nodes metastases.
Moreover, lymphatic microvessel counts by D2-40
showed a statistically significant correlation with
positive vascular pedicle lymph nodes and liver
metastases. Using multivariate analysis, D2-40 lym-
phatic microvessel counts correlated significantly
with angiolymphatic invasion, lymph node, and
liver metastases, independent of tumor stage. The
correlation between microvessel counts and meta-
static disease of the colon has been reported.5,38

These results are in accordance with angiogenesis
and lymphangiogenesis being crucial factors in the
metastatic process and thus for the progression of a
malignant disease.

In our study, intratumoral lymphatic microvessel
density was significantly correlated with microves-
sel density measured by CD31. Positive correlation
between intratumoral lymphatic and vascular mi-
crovessel densities suggests that lymphangiogenesis
and angiogenesis may occur through a common
mechanism.33 Intratumoral lymph vessels are likely
to play an important role in absorbing tissue fluid
with metabolites excreted by tumor cells, and in
maintaining an appropriate environment for tumor
cells.33

Pietra et al38 and Bossi et al39 found no correlation
between microvessel counts and other prognostic
parameters including survival in colorectal carci-
noma patients without positive lymph nodes. Our
results showed similar findings in the
negative lymph node patients, suggesting that
neither angiogenesis nor lymphangiogenesis plays
a role at this stage of colorectal carcinoma. In
our study, neither microvessel counts nor VEGF
overexpression showed significant correlation with
any of conventional prognostic parameters. This
may explain the overall good prognosis of these
patients.

The contradicting results about the role of lym-
phangiogenesis in tumor progression may be due to
differences in patient selection, methodology, and/
or the types of tumors included in the analyses.
Tumor lymphangiogenesis and lymphatic metastasis
are complex mechanisms that can differ signifi-

cantly in tumors of different types or anatomic
location.30 However, the main reason for the con-
troversial results may be due to the lack of
lymphatic vessel markers. The previous investiga-
tors have used nonspecific or nonsensitive markers
for their studies, such LYVE-1. Although it is
claimed that LYVE-1 is a specific marker for
lymphatic vessels, its value in identifying fully
functional lymphatics, has been questioned. Two
recent studies failed to detect lymphatics within the
non-small-cell lung carcinoma using LYVE-1,40,41

while were identified using podoplanin.40 Another
study was unable to detect LYVE-1 expression in the
majority of the colorectal samples, but again showed
podoplanin expression.37 Therefore, LYVE-1 may
not be expressed by functional lymphatics and
stained nonfunctional intratumoral and peritumoral
lymphatic vessels.23 Lymphatic microvessel counts
by podoplanin was correlated with lymphovascular
invasion in breast cancer.5

Studies have indicated that D2-40 can be useful in
identifying the presence of lymphatic invasion in
various malignant neoplasms.19 D2-40 outlines
tumor emboli in lymphatics otherwise indiscernible
by H&E, and increases the detection rate of lym-
phatic invasion by 16% in melanoma patients.42

The same investigators observed a trend in the
association between lymphatic invasion and
other prognostic indicators. Our results showed
that D2-40 immunostaining is a useful immuno-
histochemical marker for identifying the presence
of lymphatic invasion. D2-40 strongly labeled
lymphatic endothelial cells, highlighting the
presence of lymphatic invasion in the tumors. In
our study, D2-40 increased the detection rate of
angiolymphatic invasion by 19% over routine
H&E. Similar to previous study,42 we showed a
significant correlation between lymphatic invasion
detected by D2-40, pT, and lymph node, and liver
metastases.

Several reports have demonstrated that malignant
cells in colorectal cancer produce a number of
angiogenic growth factors, including VEGF.5,43–47

Some studies have indicated that VEGF expression
is an independent prognostic factor in predicting
patient prognosis,5,43–45 while others have reported
no such association.46 Chung et al47 also showed
that VEGF expression was significantly associated
with prognosis and hematogenous spread in colo-
rectal carcinoma. Our study showed that VEGF is a
useful prognostic marker by correlating significantly
with lymphovascular invasion, lymph node status
and pT, although it was not an independent
prognostic factor.

In conclusion, we showed that intratumoral
lymphangiogenesis occurs in the colorectal carcino-
ma, and correlates with lymphovascular invasion,
pT, lymph node, and liver metastases. In addition,
D2-40 enhances the detection of lymphatic invasion
relative to routine H&E staining and the panendo-
thelial marker, CD31.
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