Send Orders of Reprints at reprints@benthamscience.net

The Open Colorectal Cancer Journal, 2013, 6, 1-9 1

Open Access

Association Between Thrombospondin-1, Angiogenesis Related Markers,
and Extracellular Matrix Components with Colorectal Cancer Outcome

Antigony Mitselou"", Dimitris L. Arvanitis®, Urania Skoufi’, Dimitris Tsironis", Evageli Lampri’,
Toannis Nesseris’, Theodoros Vougiouklakis', Evagelos Briassoulis® and Elli Toachim’

13%Department of Forensic Pathology, Pathology and Oncology, University Hospital of loannina, Greece

Department of Anatomy, Medical School University of Thessalia, Greece

*4Department of Pathology and Surgery, General Hospital “G. Hatzikostas” loannina, Greece

Abstract: Background: Angiogenesis is a multistep process that depends on the balance of proangiogenic factors and in-
hibitors as well as on interactions with the extracellular matrix. Thrombospondin-1 (TSP-1) is an endogenous inhibitor of
angiogenesis encoded by THBS1 gene, whose promoter is activated by p53.

Aim: To evaluate the relevance of TSP-1 in patients with colorectal cancer.

Material and Methods: We examined the immunohistochemical expression of angiogenic agents (VEGF and CD34), pro-
liferation associated indices, extracellular matrix components (tenascin, fibronectin, laminin, and collagen type 1V), and
the antiangiogenic agent TPS-1 in 97 patients with colorectal carcinoma (CRC) and correlated their expression levels with
clinicopathological parameters.

Results: TSP-1 was detected in the tumor cells, stroma and perivascular tissue. High and moderate tumor TSP-1 expres-
sion was observed in 24.75%, weak in 19.6%, while 55.7% of the cases were negative. High stromal expression was ob-
served in 40.2% and perivascular stain was noted in 31.95% of the cases. Stromal TSP-1 expression was correlated with
tumor type and tumor grade (p=0.001, and p=0.041 respectively) and with ECM components expression: tenascin
(p=0.053), fibronectin (p=0.063), collagen type IV (p=0.004) and laminin (p=0.0001). The relationship of TSP-1 expres-
sion with tumor angiogenesis, growth fraction, p53 protein expression, and overall survival was not significant.

Conclusions: Our data suggest that both tumor and stromal TSP-1 expression may not be a direct antiangiogenic factor,
although it seems to be implicated in the remodeling of colorectal cancer tissue through interaction with other extracellu-

lar matrix components.
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INTRODUCTION

Colorectal cancer (CRC) is a leading cause of cancer
morbidity and mortality in economically advanced regions of
the world. It is the third most frequently diagnosed visceral
cancer and the second leading cause of cancer mortality ac-
counting for about 10% of all cancer deaths in both genders
combined [1,2]. Variables that have been found to have
prognostic value include tumour stage, grade and the pres-
ence of vascular invasion. Hematogenous and nodal metasta-
sis, are the major causes of death in patients with CRC [3].
Approximately 10-30% of colon tumours will recur despite
the absence of lymph node metastases at the time of resec-
tion [1-3]. The progressive growth of colonic cancer and the
subsequent metastatic process is dependent on an angiogenic
network.
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Angiogenesis is a complex multistep dynamic process,
involving extravasation of plasma proteins, degradation of
extracellular matrix (ECM), endothelial cell proliferation,
migration, and differentiation into capillaries [4]. The devel-
opment of new blood vessels within a tumour depends upon
the balance between angiogenic and antiangiogenic factors.
These factors may be produced by the tumour cells them-
selves or by associated stromal and inflammatory cells.
Thrombospondin-1 (TSP-1) is thought to be an antiangio-
genic factor [5, 6]. The TSP is a family of glycoproteins that
induce platelet aggregation and inhibit angiogenesis [5, 6].
Of the five TSP family members identified to date, TSP-1
and TSP-2 were shown to be inhibitory factors on angio-
genesis due to the presence of procollagen homology region
and type I repeats [6].

The pathways controlling the switch to angiogenic phe-
notype in tumours are complex and poorly characterized.
There is evidence that changes in oncogene and tumour sup-
pressor gene expression influence new vessel growth during
tumour progression [7]. There is a close relationship between
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Table 1. Patient’s Characteristics in the Present Study
Variable Patients (n) %
Sex
Male 53 54.6
Female 44 45.4
Age
<60 years 34 35.05
>60 years 63 64.94
Grading
Gl 19 19.58
G2 67 69.07
G3 11 11.34
Dukes’ Stage
B 56 57.73
C 41 42.26
Tumor Size
<5cm 39 40.20
>5 cm 58 59.79
Tumor Type
Mucinus 21 21.64
Non-mucinus 76 78.35

the expression of TSP-1 and wild-type p53, in the manner
that loss of wild-type p53 being associated with loss of TSP-
1 expression [8, 9]. Decreased expression of the TSP-1 is
correlated with metastatic potential in prostate cancer [10],
non-small lung cancer [11], breast cancer [12], and bladder
cancer [13]. In CRC, TSP-1 has been shown to have both an
angiogenic effect [14, 15] and conversely be associated with
venous invasion and tumour progression [16].

Vascular endothelial growth factor (VEGF), is a mitogen
for endothelial cells, and may be a crucial mediator for ne-
ovascularization in human tumours [17], and its expression
has been proposed to be predictive of the clinical outcome in
terms of cancer metastasis [18, 19]. Tumour vascularization
can be also examined immunohistochemically using CD34
antibody to determine the microvessel density (MVD). The
grade of MVD in tumours is considered to be a measure of
angiogenesis and a strong prognosticator in patients with a
variety of cancers [20].

Stromal components also play a critical and often under-
appreciated role in the formation of vascular stroma through
the regulation of functions such as cell adhesion, migration,
and gene expression by controlling the availability of growth
factors [21]. Tenascin (TN) and fibronectin (FN) are glyco-
protein components of the extracellular matrix (ECM) which
seems to have competitive functions. It can be speculated
that this competitive relationship between these molecules is
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important for cellular functions [22]. In infiltrating CRC, TN
is expressed in the stroma and appears to be associated with
progressive disease and poor prognosis [23]. FN is regarded
as the major mesenchymal ECM glycoprotein involved in
cell-matrix and cell-cell adhesion, cell migration, morpho-
genesis, differentiation, and oncogene transformation [24]. In
CRC, FN immunostain shown a strong expression and dif-
ferent distribution compared with normal colorectal tissue
[23, 24]. Collagen type IV (Coll IV), constitute the major
intrinsic component of basement membrane (BM) and is
involved in cellular adhesion to BM and the extracellular
matrix [25]. Coll IV degradation products play an important
role during angiogenesis, tissue remodelling, and cancer pro-
gression [25]. Loss of a well-defined basement membrane is
one of the features of neoplastic proliferation for epithelial-
derived tumors. Laminin (LN), a major glycoprotein of BM
which has been shown to regulate a variety of biological
phenomena including cell attachment, growth, morphology,
and cell migration by specific high affinity receptors, and
plays an important role in the interaction of tumor cells with
the BM, the differentiation, invasion and metastasis of tu-
mors [26].

Our study was intended to (a) evaluate the patterns of
TSP-1 expression in tumour cells and tumour stroma, in pa-
tients with CRC; its possible correlation with clinicopa-
thological features such as: tumour size, tumour type, the
grade of differentiation, vessels invasion, and lymph node
involvement (Table 1); (b) investigate the relationship be-
tween tumour cell and stroma TSP-1 expression, and possi-
ble correlation with angiogenesis related factors: MVD and
VEGF expression; (c) evaluate the relationship between
TSP-1 expression to other biological parameters including
proliferation indices (MIB1 and PCNA) and p53 protein; (d)
investigate the correlation of the expression of TSP-1 with
the ECM components: TN, FN, Coll IV, and LN; and (e)
evaluate the prognostic significance of TSP-1 in CRC.

MATERIALS AND METHODS

The study population consisted of 97 patients whose tu-
mors were completely removed surgically at the University
Hospital of loannina, Greece. The patients included in this
study had no other cancer. There were 53 (54.6%) men and
44 (45.4%) women. Sixty-three were >60 years old and 34
were <60 years old. The mean age at diagnosis was 64.92
years (range= 26-86 years). None of the patients had re-
ceived chemotherapy or radiation therapy prior to surgery.
The pathologic features were classified using the UICC-
TNM classification [27]. Tumors were graded according to
the WHO classification criteria as well, moderately or poorly
differentiated carcinomas [28]. When more than 50% of the
tumor volume was mucin, the tumor was defined as muci-
nous carcinoma. Histopathological diagnosis was made rou-
tinely at the Department of Pathology of Ioannina University
Hospital. All routine sections were carefully investigated to
identify venous or lymphatic invasion. The largest diameter
of the tumor was defined as the tumor size. The extent of
tumor invasion/metastasis was based on the Astler and
Coller modification of Dukes’ classification system [27, 28].
Dukes’ A cases were those in which the growth was con-
fined to the submucosa of the colorectal wall and these were
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not included in this study. In Dukes’ B cases, the growth
spread by direct continuity into the extracolorectal tissues,
but the lymph nodes were free from metastases. Dukes’ C
cases were those in which lymph node metastases were
found [27, 28]. The mean observation time was 4.7 years
(range= 0.5-13.5 years), of these patients, 33.7% had recur-
rence or distant metastases and 31.7% were dead from the
disease or other causes after 5 years of follow-up.

The specimens were fixed in 10% neutral-buffered for-
maldehyde and embedded in paraffin. Based on the quality
of the morphologic preservation of all available hematoxylin
and eosin stained slides of the surgical specimen sections, we
selected one or two paraffin blocks for each case. Consecu-
tive 4pum sections were cut again from each study block:
these sections were immunostained for TSP-1, tenascin, fi-
bronectin, collagen type IV, laminin, Ki-67, PCNA, p53,
VEGF, and CD34. In brief, tissue sections were deparaf-
finized in xylene and dehydrated. For the detection of
thrombospondin-1 (DBS; dilution 1:30), Ki-67 (Dako; dilu-
tion 1:10), PCNA (Dako; dilution 1:20), p53 Dako; dilution
1:50), VEGF (Neomarker; dilution 1:50) and CD34 (Novo
Castra; dilution 1:50) slides were immersed in citrate buffer
(0.1m, pH 0.6) in plastic Coplin jars and subjected to micro-
wave irradiation twice for 15 min. For the detection of TN
(Dako; dilution 1:50), FN (Novo Castra; dilution 1:100), LN
Menarin; dilution 1:1000), and Coll IV (Dako; dilution 1:50)
slides were pre-treated with 1ul/ml pronase (Dako) for 10
min at room temperature. Subsequently, all sections were
treated for 30 min with 0.3% hydrogen peroxide in methanol
to quench endogenous peroxidase activity and then incubated
with primary antibodies. We used the method involving the
streptavidin-biotin-peroxidase complex and developed the
chromogen with immersion of the slides in a diaminoben-
zidine H,0O, substrate for 5 min. The slides were counter-
stained in Harri’s haematoxylin, dehydrated and mounted.
To access the specificity of the reaction, control specimens
were prepared from normal mucosa tissue. The antibodies
used, sources and dilutions are shown in Table 2.
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Immunohistochemical Evaluation
Thrombospondin-1 and VEGF

To evaluate the expression of TSP-1 and VEGF proteins,
we established a combined score, corresponding to the sum
of both: (a) staining intensity (0= negative, 1= weak, 2=
moderate, 3= strong, 4= very strong staining) and (b) the
staining extensive, percentage of positive cells (0= 0%, 1= 1-
25%, 2=26-50%, 3= 51-75%, 4= 76-100%). The sum of both
quantitative and qualitative immunostaining reached a max-
imum score of 8. The combined scores were then divided
into four main groups: (-) = no immunostaining, score 0; (+)
= weak immunostaining score 1-2; (++) = moderate immu-
nostaining, score 3-4; (+++) = strong immunostaining, score
5-8. The immunostaining was assessed from numerically
coded slides without any knowledge of histopathologic fea-
tures, survival or other clinical data.

Ki-67 (MIB-1) and PCNA

Nuclear staining for Ki-67 and PCNA was calculated as
the percentage of positive tumor cells in relation to the total
number of cells encountered at least 5-10 representative high
power fields (500-1000 epithelial cells). Every stained cell
was considered positive. Each sample was first scanned at
low magnification and at least 10 fields were assessed a high
power examination.

P53 Protein

Nuclear staining for p53 was calculated as the percentage
of the positive epithelial cell in relation with the total number
of neoplastic cells. Every stained cell was considered posi-
tive irrespective of intensity. Each sample was first examined
on low magnification and at least 5 representative fields were
assessed with a high power magnification.

Microvessel Count

The criteria that we used for microvessel recognition
were the same as used in previous studies [29, 30]. Briefly,
as microvessels we considered individual or clusters of cells
with or without lumens, positively stained by anti-CD34.

Table 2.  Antibodies Used in the Current Study

Antibodies Supplier (Country) Dilution Incubation Time
TSP-1 (A6.1) DBS (UK) 1:30 30 min
VEGF(JH121) Neomarker (USA) 1:50 1 hour
CD34(QBEnd/10) Novo Castra (UK) 1:50 1 hour
Tenascin (TN2) Dako (Denmark) 1: 50 1 hour
Fibronectin (clone, 568) Novo Castra (UK) 1: 100 1 hour
Collagen IV (clone, CIV22) Dako (Denmark) 1: 50 1 hour
P53 (DO-7) Dako (Denmark) 1: 50 1 hour
Ki-67 (MIB1) Dako (Denmark) 1:10 1 hour
PCNA Dako (Denmark) 1:20 1 hour
Laminin (An No 078 P) Menarin (UK) 1:1000 1 hour
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The lumens diameter had to be smaller than approximately
eight red blood cells. Areas of fibrosis, necrosis, inflamma-
tion, and vessels with muscle wall, were excluded from
counting. In each tumor, the three areas with highest vascu-
larization (‘hot spot’) were selected. Individual microvessel
counts were then made on a 20X 10 first and then 40X mag-
nification. The mean microvessel density (MVD) obtained
from the five fields was used for analysis. The immunoreac-
tivity was interpreted by means of light-microscopic exami-
nation and evaluated independently by two pathologists
(AM, EI). Differences in interpretation were reconciled by
re-review of slides separately or jointly at a double—headed
microscope. The staining was evaluated only in the areas
with well-preserved tissue morphology and away from ne-
crosis or artifacts.

Extracellular Matrix Components

Tumors were classified as “positive” when there was
unequivocal immunostaining for TN, FN, Col IV, and LM of
the matrix components in at least one representative area of
the tumor. The positive tumors were semi-quantitatively
scored as 1+, 2+, and 3+ corresponding to weak, moderate,
and extensive immunoreactivity, respectively.

STATISTICAL ANALYSIS

All data were entered into a microcomputer and chi-
square (x°), univariate and multivariate analysis for variance
were adopted in a Statistical Package for the Social Sciences
(SPSS) 10.0 for windows program. Significant differences
between the immunohistochemical expressions of markers
were compared by the t-test for paired or non-paired values
or ANOVA test if the data wee normally distributed. Corre-
lation between these proteins was computed using the Pear-
son’s correlation coefficient for normally distributed data or
the Kendall’s tau-b rank correlation coefficient where the
data did not show a normal distribution. The prognostic sig-
nificance of TSP-1 expression, in determining the risk of
recurrence, was studied with both univariate (log rank test)
and multivariate (Cox proportional hazards) ways of analy-
sis, separately for each group of patients. P-values < 0.05
were considered statistically significant.

RESULTS
TSP-1 Expression

TSP-1 expression was detected in the cytoplasm of carci-
noma cells (Fig. 1), in tumor stroma (Fig. 2), and in perivas-
cular tissue. In tumor cells, TSP-1 expression was observed
in 24/97 (24.75%) of the cells with moderate to strong im-
munostaining, while 19/97 (19.6%) were weak and 54/97
(55.7%) of the cases were completely negative. In 7/97
(7.2%) cases, both expressions tumoral and stromal ob-
served. 31/97 (31.95%) tumor specimens expressed perivas-
cular TSP-1 and 39/97 (40.2%) expressed stromal TSP-1. In
58/97 (59.8%) tumors, no stromal or perivascular TSP-1
expression was observed. In eleven tumors (11.3%), both
pattern of expression, stromal and perivascular, were ob-
served. Statistically positive relationship was found between
stromal TSP-1 expression and tumor cell TSP-1 expression
(p=0.001), as well with perivascular TSP-1 expression
(p<0.0001). A positive correlation between stromal TSP-1
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Fig. (1). Immunostaining of TSP-1 in tumor cells of moderate ade-
nocarcinoma of colon (X400).

Fig. (2). Strong immunoreactivity of TSP-1 in the stroma of CRC
(X200).

expression and the type of carcinoma (mucinous) and the
grade of cancer (p=0.001 and p=0.041 respectively) was ob-
served. TSP-1 expression did not correlate with gender and
size of the tumor (Table 3). Tumor, stromal, and perivascular
TSP-1 expression did no correlate with p53 status, prolifera-
tive indices, and the other clinicopathological features.

VEGF and MVD Expression

VEGF immunohistochemical expression was detected in
cytoplasm and in some cases in the membrane of carcinoma
cells, although with different percentages of stained cells.
Specifically 66 of the 97 (68.1%) cases were strongly posi-
tive, 17 (17.5%) were moderately positive, 5/97 (5.2%) were
weakly positive, and 9/97 (9.3%) were negative. Strong im-
munoreactivity in the tumor vessels was observed in 43
(44.3%) cases, moderately in 17/97 (17.5%), weak in 23
(23.7%) and 14/97 (14.5%) cases were totally negative. Sta-
tistically no relationship was found between perivascular
TSP-1 expression and VEGF vessels expression (p=0.082).
CD34 immunoreactivity was detected in vascular endothelial
cells. At the tumor site, the MVD ranged from 15 to 122
(mean +SD 56.3 £ 21.3). A positive association was ob-
served between VEGF expression and MVD (p=0.0016), but
we failed to demonstrate any correlation between MVD and
TSP-1 tumoral or stromal expression (Table 4).



Association Between Thrombospondin-1, Angiogenesis Related Markers

The Open Colorectal Cancer Journal, 2013, Volume 6 5

Table 3. Thrombospondin-1 Expression in Correlation with Clinicopathological Data in Colorectal Cancer
TSP-1 Expression in Tumor Cells TSP-1 Expression in Tumor Stroma P Value
+ ++ + ++
Type
Nonmucinous 67 10 59 18 p=0.001
Mucinous 14 6 9 11 NS
Size
<5cm 19 3 17 5 NS
>5 cm 23 3 19 7 NS
Grade
1 12 4 12 2 NS
2 49 8 40 17 p=0.041
3 5 1 4 3
Duke’s stage
B 39 7 31 12 NS
C 28 5 26 8 NS
Vessel Invasion
Negative 69 15 61 24 NS
Positive 11 2 9 3 NS
Ki67
<10% 49 11 45 17 NS
>10% 26 5 23 9 NS
PCNA
<50% 17 7 13 8 NS
>50% 61 9 57 17 NS
P53
<5% 29 7 28 9 NS
>5% 49 11 39 19 NS

Percentage of positive tumour cells

Coll 1V Expression

A strong and well-defined collagen type IV staining is
seen in the basement membrane of normal mucosal epithe-
lium and around blood vessel walls. The epithelial cells
themselves showed negative immune-reaction. Limited or
lack of Coll IV staining was seen in 24 (24.7%) of the cases,
moderate in 31 (31.9%) and strong in 25 (25.8%) of the
cases, while 17 (17.5%) of the cases were negative (Fig. 3).
In addition, Coll IV staining disappeared in poorly differen-
tiated adenocarcinomas. A statistically significant associa-
tion was found between Coll IV expression and stromal TSP-
1 expression (p=0.004).

LN Expression

Moderate and strong LN expression was observed in 71
(73.2%) cases of well- and moderately differentiated CRCs,
with continuous membrane LN staining. Weak or absent
expression was noted in 26 (26.8%) cases. Patches of LN
immune-reaction was scattered throughout the tumor, mainly
in poorly differentiated adenocarcinomas. When the staining
patterns of poorly differentiated tumors were compared sta-
tistically with those of well- and moderately differentiated
tumors, a significant difference was found (p<0.01). A statis-
tically significant association between TSP-1 stromal expres-
sion and LN expression (p=0.0001) was observed.
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Table 4. Thrombospondin-1 Expression in Correlation with Angiogenesis Related Markers and Extracellular Matrix Components
in Colorectal Cancer
TSP-1 Expression in Tumor Cells TSP-1 Expression in Tumor Stroma P Value
+ ++ +, ++ +++
MVD
Low 25 5 23 7 NS
High 41 9 34 16 NS
VEGF
+ 10 2 9 3 NS
++ 4 3 5 2 NS
++ 57 9 48 18 NS
Tenascin
+ 19 5 17 7 NS
++ 26 6 21 11 NS
+++ 25 2 21 6 P=0.053
Colagen IV
+ 29 5 26 8 NS
++ 24 5 22 7 NS
-+ 20 3 14 9 P=0.004
Fibronectin
_ 4 2 5 1 NS
+ 26 3 24 5 NS
++ 42 8 32 18 P=0.063
Laminin
+ 17 8 5 1 NS
++ 24 6 6 11 NS
-+ 19 7 47 12 P=0.0001

TN Expression

TN was found mainly in the stroma surrounding malig-
nant cells, while tumor epithelial cells were negative. The
staining was weak and occasional in 17 (17.6%) cases, mod-
erate in 47 (48.45%) cases, and strong in 23 (23.71%) spec-
imens. A significant statistically difference was found
(p<0.001) between staining pattern for poorly differentiated
tumors when compared with well and moderately differenti-
ated tumors. A borderline statistical relation was found be-
tween TSP-1 stromal and TN expression (p=0.053).

FN Expression

In CRCs, FN immunostaining showed positive reaction
in the tumor stroma with a varying intensity, with orientation
along connective tissue fibers as diffuse staining (Fig. 4).
The staining was absent or weak in 8/97 (8.21%) of the cas-
es, mostly poorly differentiated adenocarcinomas, and mod-

erate to strong in 89 (91.8%) specimens of well- and moder-
ately differentiated tumors (Fig. 4). A positive statistical re-

Fig. (3). Collagen type IV immunostain in CRC (X200).



Association Between Thrombospondin-1, Angiogenesis Related Markers

Fig. (4). Fibronectin immunoexpression in CRC (X100).

lation was found between TSP-1 stromal expression and FN
expression (p=0.063).

The prognostic significance of TSP-1 expression in colo-
rectal carcinomas in both tumor cells and tumor stroma in
determining the risk of recurrence and progression with uni-
variate and multivariate methods of analysis showed no sta-
tistically significant differences (p=0.072 and p=0.076 re-
spectively).

DISCUSSION

Thrombospondin-1 is one of the strongest negative regu-
lating molecules during neovascularization in tumors [5, 6].
It regulates the growth metastasis and angiogenesis in vari-
ous tumors and is significant in predicting tumor malig-
nancy. Some researches in their studies found that TSP-1
was distributed in the cytoplasm of tumor cells in thyroid
cancer [31], breast cancer [32], hepatocellular carcinoma
[33], gastric carcinoma [34], and CRC [19]; while others
studies showed that TSP-1 was mainly expressed in the
ECM in pancreatic cancer [35], CRC [16], esophageal
squamous cell carcinoma [36], non-small cell lung cancer
[10], ductal in situ carcinoma of the breast [37]. However,
others studies reported TSP-1 expression in both cytoplasm
and stroma, as well in CRC [9], bladder cancer [13], and
breast cancer [38]. Thus, the expression mode of TSP-1 in
tumors could vary in different tissues or organs. In the pre-
sent study we found TSP-1 strong expression in the cyto-
plasm of tumor cells in 24.75% of the cases, 40.21% of cases
showed immunostaining in the stroma, and 31.95% of the
cases showed positivity in perivascular tissue, in accordance
with the study of Tokunaga et al. [9]. These results may be
due to the difference in TSP-1 products produced by tumor
cells or to different antibodies used. Rojas et al, suggested
that the tumor cells are a major source of TSP-1 and that
methylation of TSP-1 substantially reduces TSP-1 activity in
the tumors of the colon [39].

Different results have been reported in studies evaluating
the correlation between TSP-1 expression and tumor stage
and tumor grade. Some studies did not find a significant rela-
tionship between TSP-1 expression and stage and grade [14,
15], while other study found that decreased expression of
TSP-1 was correlated with T and N grades with borderline
significance [9]. In our study, we observed a statistically
significant relationship between TSP-1 stromal expression
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and the type of cancer (p=0.001), and the grade of cancer
(p=0.041), in such a way that TSP-1 being more frequently
detected in non-mucinous carcinomas and moderately differ-
entiated tumors.

Clinical studies of patients with CRC have investigated
levels of TSP-1 and correlated it with angiogenesis [14, 15,
39]. This relationship was established based on a significant
association between TSP-1 expression, VEGF expression
and MVD count. Tumors from patients that expressed high
levels of TSP-1 and had low MVD counts were more likely
to exhibit a decrease in angiogenesis compared to control
tissue. The inverse has also been documented; a decrease in
TSP-1 expression was accompanied with high MVD counts
which may contribute to an angiogenic phenotype [31, 39,
40]. In the present study, we failed to demonstrate any corre-
lation between TSP-1 expression, MVD and VEGF expres-
sion. In our opinion the two markers are not necessarily
linked to each other.

The most common genetic alteration in CRC is reported
to be the loss of p53 tumor suppressor gene function. The
p53 protein has various important functions in cellular inte-
gration, including cell growth control, response to DNA
damage, checkpoint mechanisms during the cell cycle, regu-
lation of transcription and control of genomic stability. It has
been reported that loss of tumor suppressor gene expression
and oncogene activation are both associated with the en-
hancement of angiogenesis [41, 42]. Mutant p53 has been
reported to regulate VEGF-activating pathways, whereas
after loss of wild-type p53, a decrease in angiogenesis inhibi-
tors, such as thrombospondin-1 was observed [41-43]. The
study of Tokunaga et al, showed that TSP-1 expression was
inversely associated with p53 accumulation in colon cancer
and they suggested that p53 accumulation is closely associ-
ated with angiogenic phenotype through TSP-1 expression in
CRC [9]. We did not observe any relationship with p53,
which may be related to the discrepancy between p53 immu-
nostaining and mutation analysis. Positive immunostaining
for p53 may not reflect a mutated status of the protein.

To our knowledge there are no reports concerning the
correlation between TSP-1 expression and the ECM in CRC.
Fibronectins may play an important role in vascular stroma
formation because they are essential for the heart and blood
vessel morphogenesis, to be chemotactic for endothelial
cells, to modulate endothelial response to growth factors, and
to promote the elongation of microvessels during angiogene-
sis in vitro [25]. An in situ hibridization study of human co-
lon cancer tissues showed a positive correlation between FN-
mRNA expression and the depth of invasion as well as the
frequency of lymph node metastases, suggesting that FN
expression could be important for the remodeling process of
neoplastic tissues during cancer development and progres-
sion [25]. In our study, FN expression was correlated with
TSP-1 supporting our hypothesis that extracellular matrix
components acting together in the development and progres-
sion of CRC. Tenascin is a glycoprotein component of the
extracellular matrix, which seems to have competitive func-
tions with fibronectin [23]. It can be speculated that this
competitive relationship between these molecules is impor-
tant for cellular functions [23]. Tenascin expression indicates
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an altered cell-extracellular matrix interaction that might
facilitate epithelial tumor invasion [22]. Tenascin expression
is highly upregulated during tumor invasion in many tumor
types, including colorectal carcinomas [24]. In the present
study we found a borderline relationship of TSP-1 expres-
sion with TN (p=0.053). Another interesting finding in this
report, is the relationship between TSP-1 with laminin
(p=0.0001), and type IV collagen (p=0.004), suggesting the
contribution of these glycoproteins in tumor stroma, remod-
eling the effect of these ECM products in colorectal vascu-
larization.

TSP-1 expression has also been a predictor of tumor re-
currence and overall survival [42, 43]. In patients with pri-
mary CRC with low TSP-1 expression with or without detec-
tion of mp53 gene product are more likely to harbor lymph
node metastasis than patients with higher expression [41].
Sutton et al, reported that TSP-1 is expressed differently in
liver metastasis when compared with the primary tumor,
possibly showing different modes of action such as facilitat-
ing tumor invasion rather than acting as antiangiogenic
growth factor [16]. Maeda et al, concluded in their work, that
patients with TSP-1 negative tumors had a significantly
worse prognosis than those with TSP-1 positive tumors and
the frequency of hepatic recurrence was significantly higher
in patients with tumors that were TSP-1 negative [15]. In our
study, the prognostic significance of TSP-1 expression in
colorectal carcinomas in both tumor cells and tumor stroma
in determining the risk of recurrence and progression with
univariate and multivariate methods of analysis showed no
statistically significant differences (p=0.072 and p=0.076
respectively).

Thrombospondin-1 expression has been extensively stud-
ied in the last years both as prognostic factor and as predictor
of response to chemotherapy [44, 45]. 5- fluorouracil (5-FU)
is a commonly used anticancer drug against CRC. It has been
demonstrated that 5-FU-based drug, S-1 upregulated TSP-1
and down-regulated microvessel formation in colorectal can-
cer xenografts with inhibition of tumor growth without re-
markable toxicity in mice. Similar results were obtained with
the use of irinotecan (CPT-11), another chemotherapeutic
agent. When TSP-1 was combined with CPT-11, a signifi-
cant inhibition of tumor growth was observed without con-
comitant increase in toxicity [45].

CONCLUSIONS

Taking the above information into account, we can sug-
gest that TSP-1 expression, although does not seem to be a
direct anti-angiogenic factor, could be implicated in the re-
modeling of colorectal cancer tissue through the interactions
with other ECM components. On the basis of available lit-
erature data and in the light of the results from the present
study, it is not possible to draw any definitive conclusion
about the role of TSP-1 in predicting the clinical outcome of
patients with colorectal cancer. Even though it is not a dif-
fuse custom among clinical researchers, future investigations
should be carefully planned to achieve an adequate level of
evidence that will allow the questions put forward to be an-
swered.
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