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Abstract Introduction Tissue factor (TF) expression has been described in various neoplasms
and was correlated with angiogenesis and metastases.
Objectives To describe TF expression in colorectal cancers, correlating it with
microvessel density and clinical and pathological variables.
Methods Immunohistochemistry was used to determine TF expression and micro-
vessel density. The Student t-test was used to compare high and low TF expression with
microvessel density andwith age. The chi-squared test was used for other comparisons,
and Kaplan-Meier curves were used for survival analyses.
Results Forty-three patients were operated with curative intent. Their mean age was
58.1�12.6 years old, and 62.8% were male. The rectum was the most common
location (60,4%), and most tumors reached the serosa and peri-intestinal fat (72.1%).
Lymph nodes were positive in 46.5%, and 72.1% of the tumors were moderately
differentiated adenocarcinomas. Death occurred in 27.6�12.8 months in 51.1% of the
patients who had recurrence. Tissue factor expression was intense in 88.4%. There was
a positive correlation between TF expression and microvessel density (p¼ 0.02), and

The present study was performed at Colproctology Service of
the Hospital São Lucas, Pontifícia Universidade Católica do Rio
Grande do Sul, Porto Alegre, RS, Brazil.
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Introduction

Pivotal studies published by the end of the 19th century have
shown that blood coagulation results from the interaction
among prothrombin, calcium, fibrinogen, and a fourth factor
known as thromboplastin or, more commonly, tissue factor
(TF).1 Tissue factor acts in the coagulation cascade by com-
bining with factor VII, a complex that has a proteolytic role,
resulting in the activation of factors IX and X, and ultimately
leading to the conversion of fibrinogen into fibrin, resulting
in the final clot formation.1–3 The expression of TF was
identified in various cell types from embryonal tissues,
especially during developmental phases in which the coagu-
lation factors are not present or are unable to cross the
placental barrier.1 In addition, triggers to the induction of TF
expression include inflammatory cytokines (such as tumor
necrosis factor [TNF]),mitogens (such as vascular endothelial
growth factor [VEGF], insulin, and fibroblast growth factor
[FGF]), hormones, endotoxins, viral infections, hypoxia, and
trauma.1

In addition to being associated with many hypercoagula-
bility states,4,5 TF is related to cancer physiopathology due to
its ability to enhance VEGF expression and to promote
abnormal proliferation of blood vessels, which is fundamen-
tal to tumor development and to the metastatic process.4,6–8

Tissue factor expression is increased in many neoplasms,
such as small cell lung cancers,9 gliomas,10 breast cancers,11

pancreatic cancers,12 colonic cancers,6 prostate cancers,13

and gastric cancers,14 being also related to more advanced
stages of these tumors.

Objective

The goal of our study is to describe TF expression in colorectal
adenocarcinomas, correlating the intensity of the expression
with microvessel density. Additionally, we aim to correlate
TF expression with variables such as age, gender, depth of
tumor penetration into the intestinal wall, lymphatic metas-
tases, location of the tumors in the intestine, sites of meta-
static recurrence, histologic grade, and survival.

Methods

Our sample consisted of patients diagnosed with colorectal
adenocarcinoma treated at the Department of Coloproctol-
ogy of the Hospital São Lucas, Pontifícia Universidade Catól-
ica do Rio Grande do Sul, Porto Alegre, state of Rio Grande do

Sul, Brazil, with at least 5 years of follow-up since surgery.
The 43 selected patients were submitted to exclusive intes-
tinal resections according to therapeutic curative (nonpal-
liative) oncological criteria. We compared TF expression and
microvessel density in paraffin-embedded tissues of the
colorectal tumors. Clinical and pathological data collected
were age and gender, location of the tumors in the rectum or
colon, histological differentiation grade, depth of penetra-
tion into the intestinal wall, presence of lymph node metas-
tases, and survival in months after surgery.

Immunohistochemistry
The tumors were fixed and embedded in paraffin, and
subsequently submitted to 3 μm cuts with antigen retrieval
in 99% water bath for 30minutes at 99°C using
Tris/ethylenediamine tetraacetic acid (EDTA), pH 9 (20mM
Tris/0,65mM EDTA). The blockage of endogenous peroxidase
was performedwith a 3%peridrol solution (H2O2 inmethylic
alcohol) for 30minutes. The tissue was then immersed in a
5% PBS buffered saline solution to control the background
and incubated with mouse monoclonal antibody anti-TF 1
(1:30 dilution) and anti-humanmonoclonal mouse antibody
for CD34 (1:400 dilution). Detectionwas performedwith the
Kit Dako LSABþperoxidase, and sectionswere revealedwith
the chromogen 3,3′ - diaminoazobenzidine in a solutionwith
PBS and 0.002% hydrogen peroxide, contracolored with
hematoxylin. Finally, the samples were dehydrated, clarified,
and mounted in slides and covers.

Tissue Factor Expression
Cut sections of the tumors were prepared according to
immunohistochemistry methods, using an anti-TF monoclo-
nal antibody. The samples were analyzed under 100x mag-
nification by 2 trained observers to determine the
percentage of malignant cells positive to the antigen. The
tumors were divided into 4 groups according to TF expres-
sion: 1 (0–25% of the cancer cells stained), 2 (26–50% of the
cancer cells stained), 3 (51–75% of the cancer cells stained),
and 4 (76–100% of the cancer cells stained) (►Fig. 1).

Microvessel density
We used immunohistochemistry techniques with an anti-
endothelial CD34 antibody, which stainedmicro vessels with
a brownish color, contrasting with the light blue background
(hematoxylin). After identifying areas of greater vasculari-
zation (hot spots) in 100x magnification, images were cap-
tured in 20 different fields to proceed to microvessel

between TF and older age (p<0.01). There was no correlation between TF expression
and other variables (gender, histological type, penetration into the intestinal wall, and
lymphatic and systemic metastases). Tissue factor expression did not correlate with
survival.
Conclusion Tissue factor expression correlated with increased microvessel density
and older age. Further studies are necessary to ascertain the clinical relevance of TF in
colorectal cancer.
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counting in 400xmagnification.We included in the counting
isolated blood vessel cells as well as larger blood vessels
without muscle layers and adventitia, without necessarily
including the visualization of the vessel lumen or the pres-
ence of red blood cells to consider it a vessel. Counting was
made after inserting a correction grid following an ordinal
scale. An arithmetic mean of the 20 selected fields was then
produced for each tumor.

Statistical Analysis and Ethics
Categorical data were described through frequency and
percentage, whereas quantitative data were described
through mean and standard deviation (SD). The Student t-
test was used to compare age and microvessel density
between groups of low and high TF expression. The remain-
ing variables were compared for low and high TF expression
with the chi-squared test. For survival analysis, Kaplan-
Meier curves were produced. The present study was autho-
rized by the Ethics and Research Committee of our institu-
tion (documents 174/04-PG and 606/04-CEP).

Results

Patients and Samples Characteristics
Themean age of the patientswas 58.1�12.6 years old, with a
predominance of the male gender (62.8%). The rectum was
the most common location of the tumors (60.4%), with most
tumors extending to the serosa and to peritumoral fat
(72.1%). Regional lymph nodes were positive for tumors in
46.5% of the patients, and 72.1% of the tumorswere classified
asmoderately differentiated adenocarcinomas. Tumor recur-
rence occurred in 51.1% of the patients, with an overall
survival of 27.6�12.8 months after surgery with the liver
being the most common metastatic site (50%). Patients who
did not have recurrence were followed-up for 103.8�34.5
months.

Tissue Factor Expression
Tumors that expressed TF intensely (76–100% of tumor cells
positive for TF, group 4)were present in 88.4% of the patients;
7% of the patients presented with group 1 tumors (0–25% of

tumor cells expressing TF), and 4.6% of the patients presented
with group 2 tumors (26–50% of tumor cells expressing TF).
Therewere no patients with group 3 tumors (51–75% of cells
positive for TF). For the statistical analysis, we considered
two groups: high expression of TF (group 4) and low expres-
sion of TF (groups 1 and 2, encompassing lesions with 0–50%
of tumor cells stained for TF).

Correlation between Tissue Factor Expression and
Microvessel Density
Tumors with high expression of TF (group 4) revealed and
average of 28.4�10.1microvessels by 400xmicroscopyfield,
whereas lesions with low TF expression (groups 1 and 2)
showed an average of 17.1�7.9 micro vessels per 400x
microscopy field. High TF expression correlated positively
with an increased microvessel density in our sample
(p¼0.022) (►Fig. 2).

Fig. 2 Graphic representation of microvessel density according to
tissue factor expression.

Fig. 1 Examples of tissue factor expression in two of our samples. (A) absence of tissue factor expression in cells of adenocarcinoma glands
(indicated by arrows). (B) Tissue factor expression in 100% of the cells of glands from a colorectal adenocarcinoma (arrows point to neoplastic
cells intensely expressing tissue factor).
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Correlation between TF expression and clinical and
pathological variables
The mean age of the patients in the high TF expression group
was 60.2�11.5 years old, whereas the mean age of the
patients in the low TF expression groupwas 42.6�10.2 years
old. The difference was statistically significant (p<0.01).
There were no statistically significant differences between
TF expression and gender, histologic grade, depth of tumor
penetration into the intestinal wall, regional lymph node
involvement, and survival (►Fig. 3).

►Table 1 summarizes the correlation between lowor high
TF expression and other clinical and pathological variables
evaluated.

Discussion

Interactions between coagulation and cancer have been
studied for a long time. Possible mechanisms may include15:
direct activation of the coagulation cascade by circulating
tumor cells in the blood stream, possibly related to the
hypercoagulable states observed in patients with cancer

(Trousseau syndrome), extravascular activation of coagula-
tion factors in malignant tumors, and the induction of
coagulation-related factors by inflammatory cells recruited
by the host in response to the tumor.

Our findings of an elevated TF expression in colorectal
cancers suggest its importance in the study of these tumors.
In our sample, 88.3% of the cases revealed a high TF expres-
sion in cancer cells. Therefore, TF could also interact with
other significant elements associated with colorectal cancer
progression. We have also shown that, in colorectal cancer,
TF is associated with tumor angiogenesis, since lesions with
high TF expression revealed an increased microvessel densi-
ty. In colorectal cancer, Seto et al.16 acknowledged an impor-
tant prognostic role for TF but could not find a statistically
significant association between TF and the expression of
VEGF. These authors suggested that other agents associated
with the presence of TF might be responsible for the meta-
static spread of colorectal cancer.

The statistically significant association between TF ex-
pression and microvessel density observed in our study
suggests a proangiogenic stimulus associated with the pres-
ence of TF in colorectal cancer. However, despite finding a
positive correlation betweenTF and angiogenesis, we did not
find any effect on prognosis and survival. In the literature,
there is much controversy regarding the prognostic impor-
tance of microvessel density.17–24 However, tumor angio-
genesis and the resulting metastatic process are
multifactorial events that depend upon a strict balance
between pro and antiangiogenic factors.25 These mecha-
nisms need to be studied in larger patient cohorts to enhance
our comprehension of the actual interactions between co-
agulation, tumor angiogenesis, and disease progression in
colorectal cancer.

Finally, excluding microvessel density, age was the only
clinical or pathological variable statistically associated with
TF expression in our cohort. The group of patients with low
TF expression was significantly younger than the group of
patients with high TF expression. Seto et al.16 also observed

Fig. 3 Kaplan-Meier survival curves of patients with low and high
tissue factor expression (p¼NS).

Table 1 Characteristics of colorectal cancer patients according to tissue factor expression

Tissue factor expression

Low High

Features n¼ 5 n¼8 p-value

Male gender, n (%) 3 (60.0) 24 (63.2) 1.00

Age, years old 42.6� 10.2 60.2�11.5 < 0.01

Histological type, n (%)

Well-differentiated 0 (0.0) 2 (5.3)

Moderately differentiated 3 (60.0) 28 (73.7)

Poorly differentiated 2 (40.0) 8 (21.0)

Extensive wall penetration, n (%) 4 (80.0) 30 (78.9) 1.00

Lymph nodes metastases, n (%) 3 (60.0) 17 (44.7) 0.65

Systemic metastasis, n (%) 3 (60.0) 19 (50.0) 1.00

Microvascular density, vessels/field 17.1� 7.9 28.4�10.1 0.02
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that, in their series, patients with low TF expression were
younger, although the difference was not statistically signif-
icant. We believe that this association should be further
explored in other series.

Regarding future studies, as suggested by others,16 ana-
lyzing the interactions between VEGF, increased angiogene-
sis, and TF/FVIIa, we could better understand the disease
progression mechanisms in colorectal cancer.26 In tumors
with increased TF expression and activity, the prevention of
thromboembolic events could impact mortality.6 It is also
known that infection in the postoperative setting may result
in an increase in TF production and in greater risks of
thrombosis and thromboembolism,27 a considerable prob-
lem in colorectal cancer. Tissue factor could also be of use in
cancer diagnosis and follow-up. Increased urinary levels of
TF have been identified in patients with breast and colon
cancer, also correlating with tumor grade in these tumors.28

Lastly, we should consider the potential therapeutic role of
blockers of the coagulation cascade such as tinzaparin, a low-
molecular weight heparin that activates intracellularly an
inhibitor of the TF pathway.29

Conclusion

Tissue factor is highly expressed in the membrane and
cytoplasm of cells in most colorectal adenocarcinomas, and
its expression positively correlates with increased micro-
vessel density and older age. Further studies are needed to
ascertain the role of TF as a prognostic factor or therapeutic
target in colorectal cancer.
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