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Abstract

Objectives: Intercellular adhesion mediated by claudin and cadherin/catenin
complex is a prerequisite of epithelial integrity and differentiation and has been
suggested to be frequently disturbed in cancers. Endoglin (CD105) has been
shown to be a more useful marker to identify proliferating endothelium
involved in angiogenesis than pan-endothelial markers such as CD31. The aim
of this study was to assess the relationship between these markers and
clinicopathological features of colorectal carcinomas.

Materials and Methods: Surgical specimens from 69 patients with colorectal
cancer were immunostained for claudin-1, E-cadherin, B-catenin, endoglin and
CD31.

Results: Forty-six (66.7%), 67 (97.1%), and 67 (97.1%) of the tumors,
expressed immunostaining for claudin-1, E-cadherin and [-catenin,
respectively. A significant association was seen between claudin-1 and E-
cadherin expression (p=0.002), as well with B-catenin (p=0.009). High (-
catenin expression appeared to reduce the risk of poor outcome. Endoglin
vessel expression was correlated significantly with vessel invasion (p<0.0001),
lymph node metastases (p=0.039), liver metastases (p<0.0001) and recurrence
of the disease (p<0.010). Endoglin tumor cell expression was associated with
E-cadherin and B-catenin expression (p=0.001 and p=0.068), but not with
claudin-1 expression (p=0.299).

Conclusions: Loss of the expression of claudin-1, E-cadherin/B-catenin
downregulation, and high CD105-MVD counts may play a significant role in
the high incidence of angiolymphatic invasion, metastases and prognosis in
colorectal-cancer patients, but further studies are needed to clearly define their
role in colorectal carcinoma.

© 2014 GESDAV

INTRODUCTION

now, 24 different claudins have been identified in
human cells. Epithelial cells present multiple claudins

The junctional complex is composed of two main
structures: tight and adherens junctions. The former is
responsible for the barrier function of the epithelia and
keeping cell polarity. Tight junction controls two major
features of epithelial tissues: play a crucial role in
tissue differentiation and homeostasis [1]. Claudins are
tight junction’s main transmembrane proteins. Up to

proteins, but some family members exhibit tissue-
specific expression patterns [1, 2]. Claudins proteins
seem to be important for tight junction formation and
play an important role in ionic paracellular
permeability control. Indeed, expression of claudin
genes is enough to induce tight junction fibrils
formation in fibroblast cells [3].
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The cellular organization observed in normal
differentiated tissues often lost in cancer, where tumor
cells frequently exhibit decreased differentiation and
cell polarity [4]. These features are important for an
invasive phenotype development, and consequently for
metastasis [5]. Colorectal cancer is one of the major
causes of cancer deaths in the Western world [6].
About 80% of colorectal carcinomas are histologically
characterized by adequate gland formation (epithelial
polarity) and varying degrees of differentiation, from
well-moderate-poorly differentiated [7]. Expression of
claudin-1 has shown to be decreased in breast, pancreas
and colorectal carcinomas [8-13]. However, there are
studies which have demonstrated upregulation of
claudin-1 by immunohistochemistry analysis in
pancreatic, thyroid and colorectal carcinoma [14-20].

Adherens junction is responsible for calcium mediated
hemophilic adhesion between adjacent cells and has
cadherins as its major protein molecules [21]. Studies
conducting the two past decades have revealed that
abnormal expression of cadherins contributes to cancer
progression, angiogenesis, cancer cell invasion, and
metastasis, under normal conditions. E-
cadherin/catenin complex provides cell-cell adhesion.
The reduction in E-cadherin induces a positive
feedback loop by liberation of B-catenin from the E-
cadherin/catenin complex on the cell membrane. These
complexes are typically found in the adherens junctions
[22]. For a carcinoma to metastasize, cancer cells must
first detach from their neighboring cells in the primary
tumor. This process necessitates malfunction of the E-
cadherin/catenin complex, and indeed, several studies
have demonstrated reduced expression of E-cadherin
and catenins [23-26] in a variety of carcinomas. All
these studies indicate that E-cadherin/catenin-mediated
cell adhesion is crucial in the development and
progression of human carcinomas [27].

B-catenin, a key element in the Wnt- B-catenin-Tcf/Lef
pathway, is found predominantly in 3 locations: at the
plasma membrane in a complex with E-cadherin; in the
nucleus, where it promotes transcription of target genes
together with the Tcf/Lef DNA binding factors; and in
the cytoplasm associated with a multiprotein complex
formed by GXK3B axin, and APC among other
proteins. In colon cancer, E-cadherin down-regulation
is linked to  enhanced  B-catenin-mediated
transcriptional activity [28].

Angiogenesis is an important step in the process of
cancer growth. It promotes metastatic spread by
providing the means of cells to detach from the primary
tumor and to travel in the bloodstream to distant
metastatic sites. Cancer is always accompanied by
angiogenesis at its growths and invading the
surrounding tissues, and angiogenesis is a complex of
endothelial cell growth and stem cell differentiation

brought about by interactions of growth factors and
their ligands [29]. Endoglin (CD105) is a receptor for
transforming growth factor TGF-B1 and TGF-B3, and it
modulates TGF-f signaling by interacting with TGF-3
receptor I (TGF-BRI) and/or TGF-B receptor II (TGF-
BRII) [29]. CD105 is predominantly expressed on
cellular lineages within the vascular system and is
overexpressed on proliferating endothelial cells.
Several studies indicate that CD105 is involved in the
development of blood vessels and that it represents a
powerful marker of neovascularization of various types
of cancer, including colon cancer [30, 31]. In colorectal
cancer (CRC), many reports indicate that endoglin
assessed immunohistochemically correlates with MVD,
but also with survival curves, and it has been identified
as a valuable parameter for predicting increased risk of
developing metastatic disease [32]. In other studies, the
presence of endoglin also had a prognostic meaning,
showing a positive correlation with the presence of
angio-lymphatic invasion, lymph node metastases,
tumor stage and hepatic metastases, reinforcing the
premise that endoglin might be considered for further
therapeutic trials as anti-angiogenic therapy [33].

As colorectal cancer is one of the most commonly
occurring solid tumors worldwide, we tried to clarify in
the present study the pattern of expression of claudin-1
in CRC, by immunohistochemistry method of surgical
resected CRC samples. In addition we investigated the
association between the expression of claudin-1 and
adherens junction markers E-cadherin and B-catenin, as
well with neovascularization markers likewise endoglin
(CD105) and a conventional pan-endothelial marker
(CD31). Furthermore, we also evaluated the
relationship between the expression of these markers,
and the clinicopathological parameters, as well the
patients’ prognosis and survival.

MATERIALS AND METHODS

Patients

Sixty-nine colorectal cancer cases, registered at
General Hospital “Hatzikostas” Ioannina-Greece

between 2003 and 2005, were enrolled in the study
group. The study was approved by the local ethics
committee. Pathological reports and paraffin blocks
were obtained from the pathology archive. Histological
diagnosis of tumors was performed according to World
Health Organization Classification of Tumours (WHO)
criteria [34]. Pathologic staging was performed
according to Duke’s stage [35]. Every patient
underwent an operation. None of these patients
received neo-adjuvant chemoradiation therapy before
surgery. All tissue samples were formalin-fixed and
paraffin-embedded. The corresponding hematoxylin
and eosin slides were reviewed by two pathologists
(A.M. and U.S.). Each case was classified according to
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grade as well, moderately, and poorly differentiated
carcinoma, mucinous differentiation, invasion depth,

lymphatic invasion, vessels invasion, peritoneal
infiltration, lymph node involvement and liver
metastasis.

Immunohistochemistry

Immunostaining was performed with a
DakoCytomation Autostainer Instrument

(DakoCytomation, Denmark). Briefly, 4 um thick
tissue sections were dewaxed in xylene and rehydrated
in decreasing concentrations of ethanol. Endogenous
peroxidase activity was blocked by incubation with
peroxidase-blocking solution (Dakocytomation) for 5
min. Antigen retrieval consisted of autoclave treatment
for sections for 30 min in Target Retrieval Solution (pH
6.0, DakoCytomation). The primary antibodies
employed were claudin-1 (polyclonal, dilution 1:100;
Dako, Glostrup, Denmark); E-cadherin (clone NCH-38,
dilution 1:100, Dako); B-catenin (clone 7C2, dilution
1:100; Leyca, Germany); CD31 (clone JC70A, dilution
1:40; Dako); and CD105 (clone SN6h, dilution 1:100,
Dako, Denmark). Using an Envision Kit, the slides
were incubated with horseradish peroxidase-labeled
polymer conjugated with secondary antibody for 30
min and then  with  substrate  chromogen
(diaminobenzidine) solution, followed by light
counterstaining with Mayer’s hematoxylin. In each
case normal mucosa was used as an internal positive
control for claudin-1, E-cadherin and B-catenin. For
negative controls, the primary antibodies were omitted.

Immunohistochemical evaluation

The immunostainig was assessed from numerically
coded slides without any knowledge of survival or
other clinical data. The slides were reviewed and
scored in a blind test by two pathologists (A.M. and
U.S.). Differences in interpretation were reconciled by
re-review of slides separately or jointly at a double-
headed microscope. Caludin-1 expression was
evaluated in cell membrane of tumor epithelial cells
(Figure la). Cytoplasmic or nuclear immunoreactivity
for claudin-1 was ignored. The membranous and
nuclear B-catenin expression was evaluated separately,
and cytoplasmic staining was evaluated as negative. In
case of E-cadherin only the membranous staining was
considered as positive (Figure 1b). The intensity of
claudin-1, E-cadherin and p-catenin was graded
semiquantitatively into four groups: 0= negative
(absence of staining); 1= weak; 2= moderate; and 3=
strong reactivity. For CD31 and CD105 (Figure 1c and
1d), after scanning the immunostained section at low
magnification (x40), three areas of tumor with the
highest number of distinctly highlighted microvessels
(“hot spots”) were selected by the two observers at the
same time. Then the two observers independently
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evaluated the slides of microvessel counting using x400
magnification [0.15 mm® field] without knowledge of
patient’s status. Any single cell or spot that stained by
immunohistochemical markers was counted as vessel.

Statistical analysis

Comparison of the variables was performed using
student’s test, Fisher’s exact test or Pearson’s xz test,
depending of the nature of data. Correlation analysis
was performed using Spearman’s correlation analysis.
Survival curves were estimated using the Kaplan-Meier
product limit method, and the significance of
differences between survival curves was determined
using the rank test. Multivariate analysis was
performed by Cox proportional hazards regression
modeling. All statistical tests were two-sided, and
statistical significance was accepted at the p<0.05 level.
All analyses were performed using SPSS version 16.0.

RESULTS
Clinicopathological features

The mean age of patients on the date when surgery was
performed was 64.58 (SD+7.20) years (range from 40
to 81 years). Sixty-nine case were included in the
study, 42 of them being male (60.87%) and 27 women
(39.13%). In 5 (7.25%) cases tumors were located in
the right colon, while 60 (86.95%) tumors were found
in the left colon, and 4 (5.80%) tumors at the transverse
colon. Tumor size changed between 2.5 and 10.0 cm
(mean 5.25 cm SD+1.58). Twenty-four cases (34.78%)
were Duke’s stage B2, 33 (47.83%) were C2 and 12
cases (17.39%) were Duke’s stage D. Three (4.35%)
patients had well differentiated tumors, 59 (85.51%)
had moderately differentiated, 7 (10.14%) patients had
poorly differentiated, and 8 (11.59%) had mucinous
type adenocarcinoma. Lymphatic and venous invasion
were observed in 64 (92.75%) and 50 (77.96%) cases
respectively. Lymph node involvement was observed in
45 (65.22%) and liver metastasis in 10 (10.49%) of
cases. The clinicopathological features are summarized
in Table 1.

Statistically we found a correlation between grade of
differentiation and lymphatic invasion (p<0.0001),
venous invasion (p=0.082), peritoneal infiltration
(p<0.0001), Duke’s stage (p=0.042) and liver
metastasis (p=0.068). A statistical correlation was
noted between Duke’s stage and lymphatic invasion
(p=0.006), venous invasion (p<0.0001), peritoneal
infiltration (p<0.0001), lymph node involvement
(p<0.0001) and liver metastasis (p<0.0001).
Statistically significant correlations were observed
between venous invasion and recurrence of the disease
(Fisher’s exact test p=0.032), between liver metastasis
and recurrence (Fisher’s p=0.006) and between Duke’s
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stage and recurrence of the disease (Pearson’s test
p=0.002) (Figure 2).

Table 1: Clinicopathological features of the cases

n %

Gender

Male 42 60.87

Female 27 39.13

Age 40-81(Mean: 64.58 SD+7.20)

Tumor size 2.5-10 (Mean: 5.25 SD+1.58) cm
Histology

Well-differentiated 3 4.35

Moderate 59 85.51

Poor 7 10.14
Type

Non-mucinous 61 88.41

Mucinous 8 11.59
Lymphatic invasion

Yes 64 92.75

No 5 7.25
Venous invasion

Yes 50 72.46

No 19 27.54
Serosal invasion

Yes 66 95.65

No 3 4.35
Lymph node metastasis

Yes 45 65.22

No 24 34.78
Peritoneal invasion

Yes 9 13.04

No 60 86.96
Liver Metastasis

Yes 10 14.49

No 59 85.51
Dukes’ stage

B2 24 34.78

Cc2 33 47.83

D 12 17.39
Recurrence

Yes 21 33.33

No 42 66.67
Death of colorectal
cancer

Yes 12 19.05

No 51 80.95
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Figure 2: Duke’s stage correlates with survival of patients with
colorectal carcinoma (Kaplan-Meier curve for survival).

Immunohistochemical findings

In the normal colon mucosa, all the epithelial cells
expressed claudin-1 along the cell membrane but not in
the cytoplasm. The expression of claudin-1 in epithelial
cancer cells was membranous (Figure la). In 23
(33.33%) cases the immunoreactivity was weak,
moderate in 16 (23.19%) and strong in 7 (10.14%)
cases, while 23 cases (33.33%) were negative. A
statistically significant relationship was found between
claudin-1 expression and histological type of the
tumors (Pearson’s test p=0.046). The expression pattern
of E-cadherin was predominantly membranous in
normal colonic epithelium and in tumor area as well. In
the present study, CRCs exhibited strong E-cadherin
immunoreactivity in 32 (53.6%) cases, moderate in 21
(30.45%) and weak in 16 (23.19%)(Figure 1b). Low
expression of E-cadherin was associated with a less
differentiated tumor type (p=0.046). Statistically an
association was observed between claudin-1 and E-
cadherin expression (Pearson’s test p=0.002). B-catenin
immunohistochemical expression was detected in the
membranous and in some cases in the nucleus of
carcinoma cells. Specifically, 24 out the 69 (34.78%)
were strongly positive, 16 (23.19%) were moderately
positive, 27 (39.13%) reacted weakly and 2 patients
(2.90%) were negative. Low expression of f-catenin
was related with Dukes’ stage (p=0.019). Statistically
an association was observed between claudin-1 and B-
catenin expression (Pearson’s test p=0.009). A
statistically significant correlation was noted between
E-cadherin and p-catenin expression (Fisher’s test
p<0.0001). Some tumor specimens, regardless
membranous expression of P-catenin, had positive
staining in the nucleus of tumor epithelia cells. In 27/69
(39.13%) of tumor cases we observed [-catenin
expression, whereas no nucleus was stained in normal
colonic epithelial cells (p<0.0001). In the whole study
population all these cases with tumor cells showing
membranous expression of p-catenin had a better
overall survival than those without it, however, this
difference was no statistically significant (p>0.05)
(Figure 3). The nuclear expression did not correlate
with any clinicopathological parameter. CD31
immunoreactivity was universally detected in small
vessels and capillaries (Figure 1c). Microvessels are
represented by brown capillaries or small clusters,
which stand out sharply from other tissue. At the tumor
site the MVD ranged from 6 to 55 (median 24 SD+8.5).
Statistically an association was observed between
CD31 expression and grade of differentiation and
peritoneal infiltration (Mann-Whitney test, p=0.0018
and p=0.035 respectively). CD105 immunostaining was
rarely expressed in normal mucosal vessels (Figure 1d);
however, in the cancer tissue, CD105 was intensely
expressed in vascular endothelial cells of tumor, ranged
from 12 to 79 (median 33 SD+15.7).
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Figure

Claudin-1, E-cadherin/catenin, and micovessel density in colorectal cancer

1: [a]: Strong immunoreactivity of Claudin-1 in colorectal a
well-moderate adenocarcinoma of the colon (x200). [c]: CD31 staining in vessels of the stroma in colorectal adenocarcinoma
(x100). [d]: CD105 immunoexpression in the neo-vasculature of colorectal adenocarcinoma (x200)
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Figure 3: B-catenin expression correlates (borderline) with
survival of patients with colorectal cancer (Kaplan-Meier
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CD105 was lower in mucinous adenocarcinomas
compared with non-mucinous (p=0.01). The CD105
immunoreactivity was also expressed in the cytoplasm
of neoplastic epithelial cells. Specifically, 11 out the 69
(15.94%) cases were moderately positive, 19 (27.54%)
were weakly positive and 69 (56.52%) cases were
negative. A statistical significant relationship was
observed between CDI105 vessel immunoexpression
and venous invasion (Mann-Whitney’s test, p<0.0001),
peritoneal infiltration (P<0.0001), liver metastasis
(p<0.0001), lymph node metastasis (p=0.039), and
relapse of the disease after surgical resection and
adjuvant chemotherapy (p=0.010). Univariate and
multivariate analyses showed positive statistical
relation between CD105 MV counts and overall
survival (p<0.0001), indicative of CDI105 as an
independent predictor of survival (Figure 4).
Statistically a positive correlation was found between
CD105 tumor epithelium expression and E-cadherin
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(p<0.0001) and B-catenin (p=0.068), but no correlation
was observed with claudin-1 expression (p=0.299).
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Figure 4: Endoglin (CD105) microvessel density (MVD)

correlates significantly with survival of patients with colorectal
cancer (Kaplan-Meier survival curve)
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DISCUSSION

Colorectal cancer is the third most common cancer and
the fourth most frequent cause of cancer death
worldwide [6]. The main prognostic factors in
colorectal cancer are tumor size, lymph node
involvement, grade of differentiation and distant
disease spread [34, 35]. Other important factors include
invasion of blood and/or lymphatic vessels and
penetration or perforation of the bowel wall [34, 35].
Molecular markers may improve clinicopathologic
staging and provide basis to guide novel therapeutic
strategies which target specific tumor-associated
molecules according to individual tumor biology,
however, so far, no ideal molecular marker has been
found to predict disease progression [36]. This study is
a continuation of our efforts to further elucidate the
biology of CRC and to identify more effective
prognostic factors than the traditional staging system to
aid therapeutic decision-making [37-39]. To our
knowledge there are no reports concerning the
correlation between claudin-1, E-cadherin/B-catenin
complex expression and neoangiogenesis related
markers (e.g. CD105 and CD31).

Tight junction associated proteins including the large
family of claudins are critical for maintaining cell-cell
adhesion in epithelial cells [1]. For some of the family
member, it has been shown that they also play critical
roles in proliferation and tumor signaling pathways [4,
5]. However, their role in cancer progression remains
largely unexplored. Several claudins have shown to be
differentially expressed in various types of cancer and

have been suggested as possible biomarkers and targets
for cancer therapy [8, 9, 15]. Differing data have been
published concerning claudin-1 expression in colorectal
tumors, describing both downregulation as well as
overexpression of the protein. More frequently
increased protein levels were found in adenomas and
adenocarcinomas [16-18]. In an immunohistochemical
study of de Oliveria et al, claudin-1 expression has
been shown to be increased in neoplastic tissue
compared to normal colon mucosa [16]. Similarly, in
the study of Dhawan et al, claudin-1 staining was been
found to be significantly increased in neoplastic colonic
cells and in metastatic lesions as compared with normal
colon epithelium while localization has changed from
cell membrane to cytoplasm and nucleus. Both the
density and expression rate of claudin-1 was more
prominent in tumor cells. Another interesting finding in
that study was the nuclear staining of claudin-1 in 58%
of liver and 35% of lymph node metastasis [40]. Huo et
al, in their study demonstrated that the expression of
claudin-1 at the mRNA and protein levels was found
increased in the CRC tissue in comparison to that in the
normal tissue specimens [18]. In our study, 66.7% of
the cases expressed immunoreactivity to claudin-1, and
only in 10.14% of the cases the staining was strong, so
there are downregulation of claudin-1 expression in
CRC tissues, in agreement with other reports [10-13]. It
is logical to expect this down-regulation because
tumorigenesis is accompanied by disruption of tight
junctions, with resultant loss of cohesion, invasiveness
and lack of normal process of differentiation. We also
noted no immunoreactivity of claudin-1 in poorly
differentiated malignancies and mucinous
adenocarcinomas in contrast to well-differentiated
tumors that exhibit a claudin profile that closely
resembles normal tissue, in line with other reports [10-
13]. The decreased of diminished expression of
claudin-1 in the small group of mucinous cases may
also be related to the loss of cohesion as stated before.

In CRC, there are reports that correlate claudin-1 with
some clinicopathological features, while others such no
find such a correlation. In particular, it has been shown
that claudin-1 overexpression was correlated with grade
of differentiation [10-13, 40], morphological type [40],
tumor size [40], tumor invasion [13, 40], venous
invasion [13, 40] and metastasis [13, 40]. However,
other investigators did not find any correlation of
caludin-1 expression with tumor size [12, 17, 18],
depth of invasion [12], venous invasion [12], lymph
node metastasis [18] or liver metastasis [12]. In the
present work, although the number of cases was
limited, we observed an association between claudin-1
expression and the histological type of the tumor, in the
way that percentage of tumor cells was higher in non-
mucinous that in mucinous (p=0.046) cancers, in
accordance with other report [41]. We also failed to
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demonstrate any correlation between expression of
claudin-1 and tumor differentiation (p=0.820), Dukes’
stage (p=0.72), poor outcome (p=0.701) and/or other
clinicopathologic parameter. The discrepancies might
be explained by differences in methodology, the case
numbers, and antibodies used.

The adhesion of cells is a complex interaction between
different adhesion molecules such as cadherins and
catenins. Decreased levels of immunohistochemically
detectable E-cadherin has been shown in colorectal
carcinoma [20, 25]. Previous immunohistochemical
studies have described abnormal expression of E-
cadherin in the majority of the CRCs. Most studies
show an overall decrease in the expression of E-
cadherin compared to adjacent normal mucosa [20, 26],
in agreement with our results. Several studies have
demonstrated that loss of E-cadherin expression is
associated with tumor size, histopathology, growth
patterns, and worse prognosis [20, 25, 26, 42]. On the
other hand, other authors failed to demonstrate any
correlation between and/or expression of E-cadherin
with conventional staging, tumor differentiation,
invasive metastatic potential or prognosis [43], in line
with our results. The discrepancies might be explained
by differences in methodology or antibodies used, and
the number of cases. Although E-cadherin acts as an
invasion-suppressor gene, the lack of correlation with
standard prognostic factors may be evidence that
interaction between E-cadherin and colorectal tumor
behavior is complicated [42, 43]. Decreased B-catenin
expression has been shown to disrupt homotypic cell
adhesion and contributes to cellular motility and
invasiveness, and a variable expression of B-catenin in
CRCs indicates tumor progression [25, 26, 43]. Horkko
et al, found that the intensity of nuclear
immunostaining of B-catenin was increased at the
invasive margin in advanced Duke’s stage tumors.
However, there was no association between [-catenin
intensity and tumor budding [44]. Lugli et al, have
shown that nuclear B-catenin expression and loss of
membranous E-cadherin expression can be independent
adverse prognostic factors in CRC [45]. In the present
study, we found a significant disturbed distribution of
both E-cadherin and B-catenin immunoreactivity in
CRC compared to normal epithelial cells. Statistically a
significant relationship was found between E-cadherin
and P-catenin expression (p<0.0001) in CRC,
indicating a strong association between these two
molecules. In addition we observed a positive
correlation between E-cadherin and claudin-1
expression (p=0.001) and between [-catenin and
claudin-1 (p=0.008) indicating that the expression of
claudin-1, E-cadherin and B-catenin was similarly
mediated in the CRC tissue specimens. These results
suggest that some common signaling pathways might
regulate tight and adherence junctions. In the present
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study, strong expression of membranous staining of -
catenin indicates better patients’ outcome. This
association in our study although statistically is not
significant, clearly indicates an obvious susceptibility.
Statistical significance may be reached if additional
cases can be recruited. Previous immunohistochemical
studies of B-catenin in colorectal cancers have shown
contradictory results with respect to nuclear staining
and clinical outcome. In some cases, nuclear -catenin
staining was predictive of worse survival [45, 46], but
others did not produce any supportive evidence [47], in
line with the present investigation. Differences in
results are probably due to case numbers, variation in
antigen retrieval, staining procedures and evaluation
systems.

MVD has been found to be higher in primary tumor
compared with the corresponding normal colorectal
tissue. However, the significance of MVD in prediction
of tumor aggressive behavior and patients’ prognosis
remains controversial, probably due to the difference in
selection of endothelial markers or technique of MVD
quantification [30-32]. In the present study, we
assessed MVD with PCAM-1 (CD31) marker in CRC
tissues. Consistent with previous studies [30-32], we
found a significant increase of MVD in CRCs
compared with their corresponding normal mucosa. We
did not see a correlation between tumor stage (p=0.32)
or patients’ survival (p=0.83), which is in agreement
with other reports [30, 32]. An interesting finding in the
present work is the association of CD31-MVD with the
grade of differentiation (p=0.018) and peritoneal
infiltration (p=0.035). The Kaplan Meier survival
analysis indicates that MVD obtained using CD31
showed no significant correlation with survival, so
CD31 was not correlated with prognosis, in accordance
with other studies [32, 33].

Endoglin (CD105) is mainly expressed on proliferating
endothelial cells and consequently better reflects the
occurrence of new vessels, and is over-expressed on
tumor-associated vascular endothelium [29, 31]. It may
thus represent a more specific and sensitive marker for
tumor angiogenesis than the commonly used
panedothelial markers CD31, CD34, or von Willebrand
factor. In our study, endoglin microvessel
immunostaining was consistently present in all the
cases studied. CD105 stained small vessels with high
sensitivity in the tumor, but the blood vessels in normal
tissue did not stained with CD105, this is in agreement
with previous studies where CDI105 was expressed
mainly in proliferating blood vessels [30, 32, 33] In the
present report, using multivariate analysis, microvessel
count by CDI105 showed a statistically significant
correlation with the presence of vessel invasion
(p<0.0001), peritoneal invasion (p<0.0001), lymph
node metastases (p<0.039) and liver metastases
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(p<0.0001), independent of tumor stage. This is
consistent with other studies that showed that
microvessel count is an independent prognostic factor
[48, 49], reinforcing the premise that CD105 might be
considered for further therapeutic trials as anti-
angiogenic therapy. It has been demonstrated that
accumulation of mRNA for CD105 is up-regulated in
colon carcinoma tissues, in comparison with normal
and dysplastic colon mucosa. This overexpression of
CDI105 is positively correlated with disease
progression, confirming that the CD105-MVD is a
prognostic marker in colon carcinoma [49, 50], in line
with our observations. We noted that CD105-MVD was
correlated with relapse of the disease after surgical
resection and adjuvant chemotherapy (p<0.010).

Other interesting finding in the present report, is the
presence of CD105 in cancer epithelial cells and its
association with E-cadherin and b-catenin (p<0.0001
and p<0.068 respectively). Recently, CD105 has been
reported to play a role in the regulation of adhesion,
motility and invasion of normal and transformed cancer
cells. It has been suggested that loss of endoglin
(CD105) in cancer cells causes cell detachment and
may be associated with cancer progression [51].

Endoglin (CD105) is not only expressed in the cell
surface but its soluble form can also be detected in the
blood. Takahashi et al, [52], observed that increased
serum endoglin was associated with metastasis in
patients with solid tumors including colorectal and
breast carcinomas; and, in CRC patients, the difference
in endoglin levels between the metastasis-negative
patients and the metastasis-positive patients was
statistically significant.

We showed in this study that: a) down-regulation of
claudin-1 in CRC was correlated statistically with E-
cadherin and B-catenin; b) claudin-1 expression was
associated with the histological type of the tumor; c) B-
catenin expression appeared to reduce the risk of poor
outcome of the patients with CRC; d) Endoglin
(CD105) expression was associated with venous
invasion, lymph node and liver metastases; e¢) CD105
tumor cells expression was related with E-cadherin and
B-catenin, but not with claudin-1; and f) increased
CD105-MVD was a strong predictor of discase
recurrence and poor patients’ survival. Further
investigations are required to understand better the
roles of claudin-1, E cadherin, B-catenin, and endoglin
in colorectal cancer progression and malignancy, and to
determine how dysregulation of these proteins may
alters responses to therapeutic intervention.
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