
Abstract. The primary determinant of outcome in patients
with cancer is the development of distant metastasis. Metastasis
is a multistep process involving disruption of cell-matrix
adhesion, dissolution of the extracellular matrix, angiogenesis,
invasion in the blood vessel wall, extravasation and
establishment of a secondary growth. Nowadays, a large
number of biochemical and cell biological studies have
indicated the important role of extacellular matrix adhesion
molecules, proteinases and angiogenic factors in the
dissemination of cancer. Cell adhesion molecules, such as
integrins, E-cadherin, catenins and CD44 appear to have some
prognostic significance, especially in gastric, colorectal and lung
cancer patients. Since matrix degrading proteinases are involved
in cancer spread, they should be good candidates as prognostic
factors. The proteinase which has been investigated in greatest
detail is uPA in breast cancer. As a marker of cancer, its main
value is to aid in selecting the subgroups of node-negative breast
cancer patients that are unlikely to benefit from adjuvant
chemotherapy. Cathepsin D and metalloproteinases (MMPs)
look promising prognostic markers but further work is needed to
establish their utility. Intratumoral angiogenesis is a putative
prognostic indicator for some types of cancer. High expression
of the angiogenic factor VEGF is associated with angiogenesis
and an unfavourable survival. 

The most characteristic phenomenon of malignant tumors

is their metastatic ability. Despite advances in surgery and

patient management, most deaths are caused by metastasis.

Recent developments in molecular biology have

demonstrated that the metastatic process is related to the

interactions of tumor cells and micro-environmental factors

such as adhesion molecules, proteolytic enzymes and

angiogenic factors.

Adhesion molecules

Cell adhesion events are thought to play an important role

in tumor metastasis. Knowledge of molecular mechanisms

in cell-cell and cell-matrix adhesion has increased

dramatically during the past decade. It is now evident that

interactions between tumor cells and neighbouring

elements, such as matrix and endothelium, determine

invasion and metastasis (1).

Various molecules on the tumor cell surface mediate

these interactions, either directly, like integrins or other

adhesion molecules, or as receptors for various growth

factors. Integrin-mediated interactions are among the most

important determinants for organ-specific metastasis.

In colorectal cancer, significant correlations between

integrin expression and tumor progression as well as clinical

stage have been reported (2). The transformation from

benign to malignant neoplasms was characterized by

diminished expression of ·6-, ‚1- and ‚4-integrin subunits

(2). Reduced ·2- integrin expression was statistically

associated with advanced colorectal cancer stages. A strong

correlation was also observed between the expression of the

·6-laminin and the degree of tumor differentiation, the

invasive properties and the metastatic ability (3).

Serum E-selectin levels have been found elevated in

patients with metastasis compared to those without (4).

However, studies on the prognostic role of selectins for

estimating patient survival have not been published, so it is

difficult to assess the potential value of using selectin

expression for patient prognosis. The expression of E-

cadherin and catenin is down-regulated in poorly-

differentiated colon cancer cells. Immunohistochemical loss

or heterogeneous expression of E-cadherin in colorectal
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cancer cases has been closely related to advanced clinical

stage, widespread lymph node and distant metastases, as

well as to venous invasion (5). It was also significantly

associated with an increased incidence of recurrence and

reduced overall and disease-free survival. Significant down-

regulation of ·-catenin expression has been associated with

higher metastatic potential and unfavourable prognosis.

Up-regulation of CD44 has been observed as a very early

event in the progression of colon carcinomas (6). Several

reports have mentioned that CD44 expression is related to a

higher metastatic potential of the tumors. Correlations

between CD44 expression or its variants and survival have

recently been demonstrated, but in other studies these

markers did not emerge as prognostic factors (7,8).

In gastric carcinomas, CD44 expression and especially the

CD44-9v isoform has been correlated with poor tumor

differentiation, lymph node metastasis and hepatic

metastasis (9-11). A significant survival advantage in

patients with low expression of CD44mRNA compared to

those with high expression has been reported.

Joensu et al. were the first investigators researching

immunohistochemically the correlation between CD44

expression and breast cancer patients outcome (12). In their

study of 198 adenocarcinomas, they found CD44 positivity

more often in estrogen receptor- negative cases and in

poorly-differentiated tumors. In addition, patients with

node-positive breast cancers and high CD44 expression had

an adverse outcome. However, there are conflicting results

in literature with other studies showing no correlation

between CD44 and prognosis (13).

In lung cancer, reduced E-cadherin expression has been

associated with tumor dedifferentiation, lymph node

metastasis, advanced disease stage and poor prognosis (14-

16). Reduced expression of both E-cadherin and ‚-catenin

was a significantly unfavourable prognostic marker (14).

Moreover, a significantly lower survival rate for patients

with reduced ‚-catenin expression has been noticed.

In pancreatic carcinoma, the expression of E-cadherin

was inversely correlated with tumor progression and the

development of metastasis (17). Increased expression of

CD44 and especially its variants 6 and 2 has been associated

with decreased overall survival (18). However, Gansauge et
al. found that the low levels of soluble CD44 variant 6

predict poor patient prognosis (19).

Low expression of E-cadherin has been correlated with

early recurrence in cases of hepatocellular carcinoma (20).

Patients with E-cadherin, ·-catenin and Á-catenin

underexpression as well as with ‚-catenin overexpression

had poor survival. (20). CD44 overexpression has been

correlated with poor histological grade (21).

An inverse correlation between E-cadherin expression

and grade as well stage of prostate cancers has been

reported (22). Studies analysing both E-cadherin and ‚-

catenin expression correlate their expression with improved

survival (23). Loss of CD44 expression in radical

prostatectomy specimens was an independent predictor for

recurrence (24). Down-regulation of CD44 and CD44v6

assessed on archival needle biopsies was predictive of poor

outcome (25).

In some cases of renal carcinomas, CD44 expression was

up-regulated during tumor progression (26). No significant

associations of CD44 with any prognostic markers has been

reported in endometrial carcinomas (27). 

Proteolytic enzymes

The biological functions of proteinases in cancer

progression include activation of latent growth factors or

growth factors anchored to the extracellular matrix (ECM)

and dissolution of the ECM and basement membranes

(BM), thereby governing the migration of cancer cells and

cell to cell or cell to matrix attachment. In addition,

fragments formed following proteolytic digestion of the

ECM and BM may act as chemokines or angiogenesis-

modulated factors (28,29).

Several different families of proteinases have been

identified e.g., the matrix metalloproteinases, the serine

(plasminogen activator, cathepsin G, elastase), the aspartyl

(pepsin A, retropepsin, cathepsins D and E) and the

cysteine proteases (cathepsin B, H, L and S).

As proteases are causally involved in cancer spread, their

activities or concentrations in primary carcinomas might be

expected to correlate with metastatic potential and thus with

patient prognosis. Over the past years numerous studies

have tested this issue and their results have shown that

certain proteases are among the most powerful biological

prognostic factors for cancer described to date. In addition,

selective inhibition of tumor-associated proteases should

have a significant impact on treating cancer.

Among the proteases, the matrix metalloproteinases

(MMPs) and the plasminogen activation system (uPA) are

of particular interest, not only due to their increased

expression correlated with the invasiveness of several tumor

types, but also because their down-regulation by inhibitors

(TIMPs, uPAI) has been shown to reduce the invasiveness

in manipulated cell lines (30).

Most of the work relating MMPs to prognosis has been

carried out with gastrointestinal cancers. Thus, high levels

of MMP-2 and MMP-9 have been shown to predict adverse

outcome in patients with gastric cancers, while high

concentrations of both MMP-1 and MMP-9 were related to

poor prognosis in colorectal cancer (31). In breast

carcinomas, MMPs are expressed at higher levels than in

precancerous or normal breast tissues (32). Increasing levels

of MMP-2 are found as lesions progress from dysplasia

through carcinoma in situ. MMP-9 is expressed more
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strongly in larger tumors but it does not appear from

published reports to be a likely candidate as a tumor marker

of metastasis or early relapse. Paradoxically, high levels of

TIP-1 and TIMP-2 have also been linked to metastatic

spread and poor prognosis, especially in breast cancer

patients (33,34). Although this seems to contradict the

hypothesis that MMPs activity promotes tumor invasion, it

may reflect the need for some regulation of the increased

metalloproteinase activity.

MMP-2, MMP-9 and their inhibitors have been found to

be related to recurrence and survival after hepatocellular

carcinoma resection (35). Moreover, in pancreatic

carcinomas, high expression of MMP-2 and MMP-9 has been

shown to be correlated with invasion and metastasis (36).

The urokinase plasminogen activator (uPA), its receptor

(uPAR) or its plasminogen activator inhibitor-1 (PAI-1)

play a key role in cancer invasion and metastasis. The PAI-

1 protein is a multifaceted proteolytic factor. It not only

functions as an inhibitor of the uPA, but also plays an

important role in signal transduction, cell adherence and

cell migration. Thus, an apparent paradox exists considering

its name – although it inhibits uPA during blood

coagulation, it actually promotes invasion and metastasis.

Many studies have consistently associated high breast tumor

levels of either or both factors with poor prognosis,

including the subgroup with node-negative breast cancer

patients (37-39). In clinical practice, the main application of

these two markers is likely to be selecting the indolent node-

negative breast cancer patients who do not need adjuvant

chemotherapy. High levels of PAI-2, another inhibitor of

uPA, have been shown to be associated with improved

outcome. A dissemination risk index that takes into account

the proteolytic activity of uPA and the two inhibitors has

been proposed (40).

Although not extensively investigated in breast cancer,

several studies have reported a correlation between high

levels of uPA and poor prognosis in patients with colorectal

cancer (41). High levels of uPA were also found to correlate

with aggressive disease in patients with both gastric and

esophageal cancers (41). Elevated uPA and PAI-1 levels

were shown to be associated with poor prognosis, predicting

shorter survival in gastric cancer patients (41). In

preliminary studies, uPA has been shown to be a prognostic

indicator in a variety of other cancers such as ovarian, renal,

hepatocellular, pancreatic and lung cancer (41).

Although not as widely investigated as uPA, high levels

of cathepsin B have been found to correlate with aggressive

disease in multiple types of tumors, including breast,

colorectal and lung carcinomas (42-45). Most of the studies

are retrospective and, with one exception, contain relatively

low numbers of patients. In only one large study of 1500

patients, cathepsin B was shown to be an independent

prognostic marker for both relapse-free and overall survival

in patients with breast cancer (44). However, cathepsin B

does not predict outcome as strongly as uPA (45).

Almost all the published data relating to the prognostic

value for cathepsin D have focused on breast cancer. In

most studies high levels of cathepsin D have been related to

poor prognosis (46,47). Recently, the prognostic value of

cathepsin D was confirmed in a meta-analysis of 11

published studies containing approximately 2700 patients

(48). In this work, high levels of cathepsin D, detected by

immunoradiometric assay, predicted a worse outcome in

patients free of nodal metastasis. In contrast, the

immunohistochemical detection of cathepsin D has led to

conflicting results regarding the prognostic value of

cathepsin D (46,49). In some studies, its immuno-

histochemical overexpression has been associated with high

histological grade, lymph node positivity, increased risk of

recurrence and reduced disease-free survival. However,

other studies did not find any correlation between cathepsin

D and prognosis.

Angiogenesis and angiogenesis-related markers

The role of angiogenesis in the growth, progression and

metastatic spread of solid tumors is well established.

Formation of new blood vessels within the tumor stroma is

an essential requirement for the growth of neoplasms.

Several studies have shown that neoangiogenesis is also

crucial for tumor progression and metastatic spread; in

other studies, however, the opposite conclusion has been

drawn. The most commonly used measure of angiogenesis

is the immunohistochemical detection of intratumoral blood

vessels stained by anti-CD31, anti-CD34 and anti-Factor

VIII antibodies. The conflicting conclusions may be due to

the varying methods used to measure intratumor

microvessel density (MVD) and the significant interobserver

variation that exists in interpretation of the number of

positive vessels and the optimal way in which fields are

selected (hot spot versus general counting of vessels).

In recent years, many angiogenesis-related markers such

as vascular endothelial growth factor (VEGF), basic

fibroblast growth factor (b-FGF), platelet-derived

endothelial cell growth factor (PD-ECGF), thrombospondin

(TSP), angiogenin and endostatin (ES) levels have been

evaluated and in some studies they have been found to be

related to prognosis.

In breast cancer patients most studies have reported a

relationship between high vessel counts and a worse clinical

outcome, although no association with prognosis was found

in others (50-52). Weidner et al. counted microvessels in the

most densely vascularized areas of 49 breast cancer cases and

found a correlation between the frequency of metastasis and

the number and density of vessels (50). Subsequent studies

by Horak et al. (51) and Fox et al. (53) confirmed the above
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finding. Weidner et al., in his series of 165 breast cancer

patients with a median follow-up period of 4 years, found

significant associations between increased MVD and relapse-

free as well as overall survival (50). An association with nodal

and distant metastases was also observed. By multivariate

analysis, neoangiogenesis had been found to be an

independent prognostic marker in both relapse-free and

overall survival (50). Increased VEGF immunohistochemical

expression or VEGF mRNA up-regulation has been

correlated with worse survival, however most data are related

to small retrospective studies (54-56).

Macchiarini et al. reported the first data concerning the

role of angiogenesis in early stages of non-small cell lung

cancers (NSCLC) (57). High MVD has been correlated with

a high rate of metastasis, while in multivariate analysis high

MVD was an independent marker of poor prognosis (57).

In subsequent studies a significant association between

MVD and the rate of relapse and poor outcome was

demonstrated (58,59). Fontanini et al. reported an

association between high MVD and lymph node metastasis,

distant metastasis and survival (58). In the study of Lucchi et
al. on 227 patients with surgically treated stage I NSCLC,

the investigators found that MVD was associated with

overall and disease-free survival (60). In addition a

correlation with histological type was reported, since a high

MVD was observed more frequently in adenocarcinomas

than in squamous cell carcinomas. In the recent studies of

Giatromanolaki et al., high MVD was related to a high

metastatic ability and a poor outcome (61,62). Moreover, in

the same study the prognostic significance of MVD was

independent of p53 and Ki-67 expression.

High VEGF expression has been correlated with a

shorter overall and recurrence-free survival in some studies,

but not in others (63,64). In addition, VEGF was correlated

with poor prognosis only in patients with squamous cell

carcinomas (65), but Ohta et al. found a similar association

in both squamous cell carcinomas and adenocarcinomas

(66). Moreover, VEGF has been correlated with high MVD

in some studies (16,67) as well as with mutant p53

expression (67).

In a large study of 223 NSCLC cases, PD-ECGF was

significantly co-expressed with VEGF and both factors were

associated with high angiogenesis and poor survival (68). A

similar correlation between PD-ECGF and VEGF has been

reported by Volm et al. (69) but not by others (70).

bFGF and bFGF-receptor-1 expression has been

associated with poor patient prognosis in several studies

(71,72). Other investigations found a significant correlation

with patient outcome only for bFGF-receptor-1 but not for

bFGF (72). In contrast, high serum levels of bFGF were

found to be related to a better outcome (73).

The studies on the prognostic role of MVD in colorectal

carcinoma have produced inconclusive and conflicting

results (74-77). Frank et al. found a significant association

between tumor angiogenesis and survival (74). In addition,

a significant association between MVD and hematogeneous

metastasis was observed. The significant association of high

MVD with survival found in node-negative patients

suggested that angiogenesis is an early step in colorectal

tumor progression. In contrast, Lindmark et al. showed an

adverse prognostic value of angiogenesis since higher MVD

was associated with longer survival (75), while in a recent

study no prognostic significance was reported (78).

In gastric cancer, a correlation between increased

vascularity and poor prognosis as well as with

hematogeneous metastases and the rate of recurrence has

been reported (79,80) In addition, high VEGF expression

has been correlated with hematogeneous metastasis and

poor patient prognosis (79). Moreover, PD-ECGF has been

associated with proliferation activity and poor clinical

outcome. There are no data about the prognostic

significance of b-FGF in gastric cancer patients, however the

expression of b-FGF and its receptors has been correlated

with angiogenesis in several studies.

In bladder cancer, an association between MVD and

tumor stage, the presence of vascular invasion and survival

has been demonstrated in cases of various stages of the

disease (81,82). Particularly, in invasive tumors an increase of

mortality and an increased rate of lymph node metastasis has

been reported. Similarly, in a current study, an association

between high MVD and recurrence as well as shorter survival

has been demonstrated (83). VEGF mRNA has been found

to be related to high rate of recurrence, while other

investigators did not demonstrate any such correlation

(84,85). Interestingly, higher VEGF mRNA levels were found

in superficial rather than in invasive tumors, suggesting a

probable role of VEGF in the early stages of the disease.

Elevated PD-ECGF mRNA has been found in invasive

rather than in superficial tumors (86,87). Moreover, in

superficial cases increased PD-ECGF expression has been

related to early recurrence and short survival (87).

Interestingly, data in the urine of patients with bladder

cancer have shown that a high concentration of b-FGF is

correlated with tumor stage (88).

In patients with endometrial cancer, high MVD was

associated with tumor grade, depth of myometrial invasion,

lymph node involvement, disease stage and poor prognosis

(89-91). However, other studies have not reported the same

results (92). In addition, VEGF has been associated with

high MVD and poor outcome (91). Interestingly, it has been

shown that the ratio VEGF/flk-1 (KDR) was a more

important marker of poor survival than VEGF alone (93).

Sivridis et al. failed to show any association between PD-

ECGF reactivity in cancerous endometrial lesions and

prognostic factors (94). In contrast, stromal PD-ECGF

reactivity was related to invasion and advanced stage.
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Similarly, Seki et al. did not find any relationship between

PD-ECGF and prognosis (90).

In hepatocellular carcinoma, high MVD has been found

to be closely associated with tumor size, disease recurrence

and disease-free survival (95,96). In serum samples, high

VEGF was correlated with vessel invasion, advanced stage

and metastasis (97). Moreover, PD-ECGF expression was

related to vessel invasion (98).

MVD was recently reported to be highly predictive of

survival in low stage renal tumors (99). Studies in pancreatic

cancer did not show any prognostic value for MVD (100).

In contrast, the expression of PD-ECGF was associated with

reduced survival. No prognostic significance for VEGF

expression was reported in most investigations and only one

demonstrated a relationship to shorter survival (100,101).

Conclusion

The establishment of prognostic markers for cancer is useful

to determine prognosis as well as suitable adjuvant

therapies. Thus, the selection of patients based on their

prognosis may lead to more appropriate management.

Numerous cell surface molecules have been identified

that are functionally involved in malignant transformation,

tumor progression and the development of metastases.

Adhesion molecules such as integrins, E-cadherin and its

intracellular partner proteins ·- and ‚-catenin and CD44

appear to have some prognostic significance, especially in

gastric, colorectal and lung cancer patients. The value of

these markers needs further investigation and future studies

must focus on multimarker comparisons and clinical

outcome correlation.

Proteases, such as uPA and its receptor, MMPs and

cathepsins have all been associated with cancer patient

prognosis. Interestingly, high levels of their inhibitors are also

associated with shorter survival. uPA and its inhibitor PAI-1

are the strongest prognostic factors for breast cancer patients

next to lymph node status, associated with both disease-free

and overall survival. Nowdays, there is a strong evidence to

recommend routine uPA/PAI-1 testing in breast cancer,

particularly in node-negative patients, in order to guide

clinicians towards appropriate treatment strategies. Currently,

researchers are exploring whether drugs targeting uPA and

/or PAI-1 can also help in the treatment of cancer patients.

Finally, assessment of angiogenesis and angiogenic

factors such as VEGF and PD-ECGF further contribute to

the identification of high-risk cancer patients. 
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