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Endoglin (CD105) has been shown to be a more useful marker to identify proliferating endothelium involved in
tumor angiogenesis than panendothelial markers such as CD31. We investigated endoglin and vascular
endothelial growth factor expression as possible prognostic markers in colorectal cancer. Surgical specimens
from 150 patients with resected colorectal carcinomas were immunostained for endoglin, CD31 and vascular
endothelial growth factor. Colorectal carcinoma cases consisted of 50 cases without lymph node metastases,
50 cases with only lymph node metastases and 50 cases with liver metastases (38 cases also had positive
lymph nodes). Positively stained microvessels were counted in densely vascular foci (hot spots) at � 400 fields
in each specimen. For vascular endothelial growth factor, intensity of staining was scored on a three-tiered
scale. Results were correlated with other prognostic parameters. Endoglin demonstrated significantly more
proliferating neoplastic microvessels than CD31 (31710 vs 1978/0.15mm2 field, Po0.001). Low vascular
endothelial growth factor expression within tumor cells was seen in 49 (33%) and high expression in 101 cases
(67%). There was a positive correlation of endoglin, CD31 counts and vascular endothelial growth factor
overexpression with the presence of angiolymphatic invasion and lymph node metastases (Po0.05). Only
endoglin counts correlated significantly with liver metastases and positive vascular pedicle lymph nodes
(Po0.05), while vascular endothelial growth factor showed significant correlation with the depth of invasion
(Po0.01). Endoglin, by staining higher numbers of the proliferating vessels in colon carcinoma, is a more
specific and sensitive marker for tumor angiogenesis than the commonly used panendothelial markers.
Endoglin staining also showed prognostic significance with positive correlation with angiolymphatic invasion
and metastases to lymph nodes and liver.
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In colorectal cancer patients, conventional prognos-
tic parameters such as tumor grade, depth of
penetration, angiolymphatic invasion and lymph
node involvement are important prognostic fac-
tors.1–4 However, these histopathologic characteris-
tics do not always predict the outcome for any
individual patients, prompting the need for addi-
tional prognostic markers that can predict the
outcome for these patients more accurately.

Tumor angiogenesis, the formation of peritumor
and intratumor new blood vessels, is necessary to
the growth and metastasis of solid tumors, and is
regarded as one of the most important events occu-

rring in the neoplastic process.3,5 Neovasculariza-
tion allows tumor growth by supplying nutrient and
oxygen, disposing metabolites and releasing growth
factors that promote tumor cell proliferation.6 Neo-
plasms promote angiogenesis by secreting growth
factors such as vascular endothelial growth factor
(VEGF), hepatocytes growth factor and platelet-
derived growth factor that stimulate endothelial migra-
tion and proliferation.7,8 Angiogenesis also contributes
to the metastatic process by providing large numbers
of leaking blood vessels for vascular invasion.7

Recently, there is growing evidence supporting
microvessel density as an important predictor of
tumor behavior in a number of human malignan-
cies.9–16 The role of angiogenesis in colorectal
tumors has also been investigated, but the literature
shows contradictory results. While Bossi et al17 and
Pietra et al18 reported that angiogenesis did not
provide any significant prognostic information for
colorectal cancer patients, Saclarides et al19 and
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Frank et al,20 using factor VIII, reported a significant
correlation of increased vascularization of colorectal
carcinomas with recurrence, metastasis and survival.

Endoglin (CD105) is a receptor for the TGF-b1
molecule that is upregulated in tumor neoangioge-
nesis.21 Endoglin, as a marker for neoangiogenesis,
has certain advantages over the other commonly
used panendothelial markers (CD31, CD34, Factor
VIII). The endoglin antibody binds preferentially to
the activated endothelial cells that participate in
tumor angiogenesis,22 but expression is weak/or
negative in vascular endothelium of normal tis-
sues.23,24 Recently, several studies have examined
endoglin expression in cancers of the endometrium,
cervix and breast,21,22,24 and found endoglin as a
more specific and sensitive microvessel marker than
other commonly used panendothelial antibodies.

The purpose of this retrospective study is to
compare CD31, a panendothelial marker commonly
used to determine microvessel density, with endo-
glin (CD105). We also evaluated the VEGF expres-
sion in colorectal cancer. We then correlated the
results of microvessel counts with CD31 and
endoglin and VEGF expression with other standard
prognostic parameters such as size, grade, depth of
invasion, angiolymphatic invasion, and lymph
nodes and liver metastases.

Material 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. A total of 150 cases
of unselected patients with colorectal cancer that
were surgically treated with total colectomy and vas-
cular pedicle lymph node resection were included
in this study. Computerized tomography (CT) scan-
ning was performed in all cases as part of clinical
staging. Cases with liver lesions were subjected to
surgical biopsy to confirm the diagnosis of metastases.

Tissues from the specimens were fixed in 10%
buffered-formalin, processed and stained with he-
matoxylin and eosin. Three investigators (RSS, YL
and GN) reviewed all cases to confirm the diagnosis.
One paraffin block with the maximum bulk of tumor
and maximum depth of invasion was chosen from
each case for immunohistochemical studies. Major-
ity of slides (127/150, 84%) showed the non-
neoplastic colonic tissue–carcinoma junction.

Immunohistochemistry

Sections, 4 mm thick from the paraffin-embedded
tissue blocks were stained for endoglin, CD31 and
VEGF. The tissue sections were mounted on coated
slides and dried 1h at 601C. The sections were
deparaffinized in xylene and rehydrated in a
descending ethanol series. The primary antibodies
used were: mouse antihuman monoclonal antibody

(Clone SN6H, Dako, Carpinteria, CA, USA) at a
1:900 dilution for endoglin, a mouse monoclonal
antibody (Clone JC/70A, 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 Immuno-
stainer and basic DAB detection system (Ventana
Medical Systems, Tucson, AZ, USA) were used for
CD31 and VEGF staining. Endoglin staining was
carried out by manual incubation of primary anti-
body overnight at 41C, then completed with the
Ventana’s High Intensity DAB Detection Kit. Appro-
priate 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 micro-
vessels (hotspots) were selected by two observers
(RSS and YL) at the same time. The two observers
then independently evaluated the slides for micro-
vessel counting using � 400 magnification
(0.15mm2 field) without knowledge of patient status
and stains used. Any single cell or spot that stained
by the immunohistochemical marker was counted as
a vessel. As in a previous report, a visible vascular
lumen was not required to count as a microvessel.25

The greatest number of vessels counted was
recorded and used in the statistical analysis. k-value
between the two observers was moderate (0.75).
Discordant cases were recounted and consensus
resolved any discrepancy more than 10% of the
microvessel count. For VEGF, staining intensity was
recorded as: 0 negative (no oro20% of positive cells
showing weak positivity), 1þ weak (420% of cells
showing weak positivity), 2þ strong (420% show-
ing strong positivity), with a moderate k-value
(0.76). Clinical data including tumor grade, depth
of invasion, angiolymphatic invasion, and lymph
node and liver metastases were correlated with
microvessel count. Correlation with clinical data
was evaluated by Spearman ‘p’ correlation and
multivariate analysis. Mean differences in micro-
vessel 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

Table 1 shows the results of our study.

Patients with Negative Lymph Nodes

This group included 35 female and 15 male patients
with a mean age of 7279 years and a range of 40–88
years. The anatomic location of the resected tumors
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included 28 cases in right colon, six in transverse
colon and 16 in sigmoid colon. The mean number of
lymph nodes retrieved per case was 2078 with a
mode of 11 lymph nodes. Histologically, 41 cases
were moderately differentiated, five poorly differ-
entiated and four well differentiated. Angiolympha-
tic invasion was not identified in any of these
patients. The mean microvessel density value for
endoglin was 26710/0.15mm2 field, 1578/
0.15mm2 field for CD31 and 1.671.1 for VEGF.
Paired ‘t’ test showed a significant difference
between endoglin and CD31 microvessel counts
(Po0.001). However, there was a significant correla-
tion between endoglin and CD31 microvessel counts
(r¼ 0.54, P¼ 0.002). In this group, immunohisto-
chemical markers for angiogenesis, endoglin and
CD31, and VEGF did not show significant correla-
tion with other conventional prognostic factors,
such as tumor size, grade and depth of invasion.

Patients with Lymph Nodes Metastases

This group included 28 female and 22 male patients
with a mean patient age of 70711 years and a range
of 42–88 years. The anatomic location of the
resected tumors included 27 cases in right colon
and 23 in sigmoid colon. The mean number of
lymph nodes retrieved per case was 2076 with a
mode of 15 lymph nodes. Histologically, 37 cases
were moderately differentiated and 13 were poorly
differentiated. Angiolymphatic invasion was identi-
fied in 23 cases. Pericolonic lymph nodes involve-
ment was identified in all patients of this group
without evidence of distant metastases. Positive
vascular pedicle lymph node was identified in two
cases. The mean microvessel density value was
3175/0.15mm2 field for endoglin, 2076/0.15mm2

field for CD31 and 2.271.1 for VEGF. Paired ‘t’ test
showed a significant difference between mean

values of endoglin and CD31 microvessel counts
(Po0.001). In this group, only endoglin microvessel
counts showed significant correlation with vascular
pedicle lymph node status (r¼ 0.49, P¼ 0.01) and
grade of the tumor (r¼ 0.38, P¼ 0.04).

Patients with Liver Metastases

This group included 21 female and 29 male patient
with a mean age of 64711 years and a range of 35–
85 years. The anatomic location of the resected
tumors included 33 cases in right colon, four in
transverse colon and 13 in sigmoid colon. The mean
number of lymph nodes retrieved per case was
22710 with a mode of 13 lymph nodes. Histologi-
cally, 35 cases were moderately differentiated and
15 poorly differentiated. Angiolymphatic invasion
was identified in 24 cases. Positive pericolonic
lymph nodes were identified in 38 cases and
vascular pedicle lymph nodes were found in 17
cases. The mean microvessel density value for
endoglin was 35710/0.15mm2 field, 22710/
0.15mm2 field for CD31 and 2.671.0 for VEGF.
Paired ‘t’ test showed a significant difference
between mean values of endoglin and CD31 micro-
vessel counts (Po0.001). However, there was a
significant correlation between endoglin and CD31
microvessel counts (r¼ 0.48, P¼ 0.001). In this
group, only endoglin microvessel counts showed
significant correlation with vascular pedicle lymph
node status (r¼ 0.43, P¼ 0.03) and grade of the
tumor (r¼ 0.45, P¼ 0.018).

Total Group (150 patients)

The mean number of lymph nodes retrieved per case
was 2279 with a mode of 15, for positive lymph
node cases, and 1977 and 20 for negative lymph

Table 1 Clinical findings in patients included in the study

Patients Total (150 cases)

Without LN met. With LN met. With liver met.

Gender 15 M/35 F 22 M/28 F 29 M/21 F —
Age
Range (years) 40–88 42–88 35–85 —
Mean (years) 7279 70711 64711 —

Grade 4 WD 37 MD 35 MD —
41 MD 13 PD 15 PD —
5 PD — — —

Angiolymphatic 0/50 23/50 24/50 —
Endoglina 26710 3175 35710 31710
CD31a 1578 2076 22710 1978
VEGF 1.671.1 2.271.1 2.671.0 2.470.7

LN¼ lymph node; met.¼metastases; F¼ females; M¼males; WD¼well differentiated; MD¼moderately differentiated; PD¼poorly differ-
entiated.
a

Count per � 400 magnification (¼ 0.15mm2 field).
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node cases, without a significant difference. En-
doglin stained the neoformed tumor microvessels in
every case (150 cases), and CD31 stained only 145
cases (negative in five cases). The mean number of
microvessel identified with endoglin was signifi-
cantly different from the mean number of micro-
vessel identified by CD31 (31710 and 1978/
0.15mm2 field, respectively, Po0.001) (Figures 1
and 2). However, there was a significant correlation
between microvessel counts by endoglin and CD31
(r¼ 0.49, Po0.001). In addition, CD31 stained the
endothelial cells of blood vessels in non-neoplastic
tissue, while endoglin was negative (Figures 3
and 4).

Although both endoglin and CD31 microvessel
counts correlated with the presence of angiolym-
phatic invasion (r¼ 0.30, P¼ 0.008 for endoglin;
r¼ 0.23, P¼ 0.05 for CD31) and pericolonic lymph
node metastases (r¼ 34, P¼ 0.001 for endoglin;
r¼ 0.23, P¼ 0.05 for CD31), only endoglin micro-
vessel counts correlated significantly with liver
metastases (r¼ 0.31, P¼ 0.006) and positive vascular
pedicle lymph nodes (r¼ 0.29, P¼ 0.013). Using
multivariate analysis, endoglin correlated signifi-
cantly with angiolymphatic invasion and lymph
node metastases independent of tumor stage. No
significant correlation was identified between en-
doglin microvessel counts and tumor size (r¼ 0.18,
P¼ 0.1 for endoglin), but CD31 showed a significant
correlation (r¼ 0.34, P¼ 0.002). None of our immu-
nohistochemical markers (endoglin and CD31)
showed significant correlation between microvessel
counts and grading of the tumor (r¼ 0.02, P¼ 0.86
for CD31 and r¼ 0.11, P¼ 0.33 for endoglin).

Figure 1 Endoglin expression in a poorly differentiated colonic
adenocarcinoma. Note that endoglin staining is stronger in
intensity and stains more microvessels than CD31. (Original
magnification �400).

Figure 2 CD31 expression in a poorly differentiated colonic
adenocarcinoma as shown in Figure 1. Note CD31 staining is less
intense with less number of microvessels. (Original magnification
� 400).

Figure 3 Endoglin does not stain blood vessels in benign colonic
tissue (stains only microvessels confined to the tumor). (Original
magnification �400).

Figure 4 CD31 stains also nonproliferating blood vessels in the
colonic tissue. (Original magnification � 400).
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High VEGF expression of the neoplastic cells was
identified in 101 cases (67%) and low or no
expression in 49 cases (33%) (Figure 5). VEGF
showed a mean value of 2.470.7 for colorectal
cancer patients and had a significant corre-
lation with angiolymphatic invasion (r¼ 0.32,
P¼ 0.002), positive pericolonic lymph nodes
(r¼ 0.26, P¼ 0.009) and depth of invasion (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 node (r¼ 0.16,
P¼ 0.08) and liver metastases (r¼ 0.17, P¼ 0.06).

Discussion

There have been number of studies reporting an
association between increased angiogenesis and an
increased incidence of metastases with subsequent
decreased survival in a variety of malignancies. 10–16

Previous studies have explored the prognostic value
of microvessel counts in colorectal carcinoma,
however, with contradictory results.17–20

In the current study, one histologic section from
each case was immunostained and underwent
microvessel counting by two investigators who were
blinded to diagnosis and the immunohistochemical
markers to better standardize the result. Also,
microvessels were only counted in intratumoral
‘hotspots’ areas. In addition, we only used the high
magnification (� 400) for microvessel identification,
allowing more precise quantitation of the number of
vessels, which may also explain the higher values
obtained in our study compared with the results of
previous quantitative studies.19,20,26–28

Previous studies used panendothelial markers,
namely CD34, CD 31, and von Willebrand factor, to
evaluate microvessel density. However, assessing
microvessel density with these markers may not be

accurate, since they are also expressed in normal
vessels.29 In addition, these panendothelial markers
are not always expressed in all tumor vessels.29,30

Factor-VIII stains large vessels with high sensitivity
and capillaries with variable and focal staining.31 It
is also not specific for blood vessels, since it can
stain lymphatics,32 and some tumor vessels do not
stain with Factor-VIII.32 Transmembrane gluco-
protein CD31 (platelet–endothelial cell adhesion
molecule) is found on endothelial cells and many
hematopoietic cells.31,33 Although it is a good
marker for endothelial cells, it stains both large
and small vessels with equal intensity, as well as
blood vessels in normal and tumor tissue, and
occasionally stains carcinoma cells.33 CD31 can be
negative in intratumoral neovascularization as re-
ported by Giatromanolake et al34 and collaborated in
our study (five cases were negative). The reliability
of CD31 staining has been inconsistent between
laboratories.35 The addition of a microwave antigen
retrieval step has reduced, but not eliminated, this
inconsistency.21 CD34, another transmembrane pro-
tein, is found on the surface of endothelial cells,
especially those undergoing active angiogenesis,36

but specificity is compromised since it can also stain
a variety of other mesenchymal cells.37,38 Antibody
to the H blood group antigen, such as the mono-
clonal antibody BNH 9, and Ulex europaeus lectin
are also limited by positive staining of carcinoma
cells.36 Therefore, microvessel quantification with
antibodies preferentially expressed only in angio-
genic vessels might be more valuable.

In our study, endoglin microvessel staining was
consistently present in all the cases studied.
Endoglin stained small vessels with high sensitivity
in or around the tumor, but the blood vessels in non-
neoplastic tissue did not or only weakly stained
with endoglin. This is in agreement with previous
studies where endoglin was expressed mainly in
proliferating blood vessels, while CD34 or CD31
stained all the blood vessels,21,22,24,31 suggesting that
endoglin is preferentially expressed in vessels
undergoing neoangiogenesis. Endoglin is very selec-
tive for the blood vessel endothelium and reacts
specifically with endothelial cells without signifi-
cant staining of inflammatory or stromal cells within
the neoplasm.22,38 Therefore, endoglin staining
should reduce false-positive staining of blood
vessels when compared with other commonly used
panendothelial markers. Another important aspect
of this marker is that it can be readily performed on
formalin-fixed, paraffin-embedded tissues.

Some authors suggest a specific detection
method for endoglin and reported a superior
sensitivity using other than standard immuno-
histochemical method performed on paraffin-em-
bedded tissue sections.22 The experience in our
laboratory shows that endoglin staining using
standard immunohistochemical method still detects
more blood vessels than the other panendothelial
markers.

Figure 5 VEGF immunoreactivity in colonic cancer. Note that the
benign glands are VEGF negative, while the carcinoma compo-
nent is strongly positive. (Original magnification � 400).
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Tumor grade, depth of invasion and presence of
angiolymphatic invasion are parameters that corre-
late with metastases and survival.18 Our results
demonstrated that using either CD31 or endoglin,
microvessel counts in colorectal carcinoma corre-
lated significantly with the presence of angiolym-
phatic invasion and lymph node metastases,
consistent with previous reports.26,39 Moreover,
microvessel counts by endoglin showed a statisti-
cally significant correlation with the presence of
vascular pedicle lymph nodes and liver metastases.
Using multivariate analysis, endoglin microvessel
counts significantly correlated with angiolymphatic
invasion, lymph node and liver metastases, inde-
pendent of tumor stage. This is consistent with
recent studies that showed that microvessel counts
is an independent prognostic factor.23,24,40 CD31 did
not show the same correlation. The correlation
between microvessel counts and metastatic disease
of the colon has been reported.40–42 These results are
in accordance with angiogenesis being a crucial
factor in the metastatic process and thus for the
progression of a malignant disease.41

Bossi et al17 and Pietra et al18 found no correlation
between microvessel counts and other prognostic
parameters including survival in colorectal carcino-
ma patients without positive lymph nodes. Our
results showed similar findings in the negative
lymph node patients, suggesting that angiogenesis
does not play a role in this stage of colorectal tumors
since neither microvessel count nor VEGF over-
expression showed significant correlation with any
of conventional prognostic parameters. This may
explain the good prognosis of these patients.

We examined the correlation of microvessel count
in colorectal carcinoma and tumor size. In our study,
CD31 microvessel count correlated significantly
with tumor size, while endoglin and VEGF did not
show any significant correlation.

VEGF may contribute to angiogenesis by stimulat-
ing endothelial cell mitogenesis and inducing
microvessel permeability.43 Several reports have
demonstrated that malignant cells in colorectal
cancer produce a number of angiogenic growth
factors, including VEGF.44–48 Some studies have
indicated that VEGF expression is an independent
prognostic factor in predicting patient prognosis,44–46

while others have reported no such association.47

Chung et al48 also showed that VEGF expression was
significantly associated with prognosis and hemato-
genous spread in colorectal carcinoma. Our study
showed that VEGF is a useful marker for prognosis
by significantly correlating with angiolymphatic
invasion, lymph node status and depth of invasion,
although it was not an independent prognostic
factor.

In conclusion, our results showed that assessing
microvessel density using endoglin in the colorectal
cancer might be a valuable parameter for predicting
patients having an increased risk of developing of
metastatic disease. We believe that endoglin, by

staining only the proliferating microvessels in colo-
rectal carcinoma, is a more specific and sensitive
marker for tumor angiogenesis than the other
commonly used panendothelial markers. Endoglin
staining also showed prognostic significance with
positive correlation with the presence of angio-
lymphatic invasion, lymph node metastases, tumor
stage and hepatic metastases, and could possibly
lead to future therapeutic trials with antiangiogenic
therapy.
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