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Expression and activation of proteases in co-cultures

Introduction

The transition from a non-invasive to an invasive phenotype and metastasis of tumor cells are closely linked with changes in the secretion of several molecules, including (proinflammatory cytokines or enhanced expression of proteases, e.g., metalloproteinases (MMPs) MMPs are a group of Zn 2+ -dependent matrix-degrading endopeptidases that play an important role in the pathogenesis of various inflammatory diseases including cancer [START_REF] Gimeno-García | Upregulation of gelatinases in the colorectal adenoma-carcinoma sequence[END_REF]. They are secreted in a latent, pro-enzyme inactive form (as zymogens) that for their proteolytic activation require extracellular activation by serine proteinases, other MMPs or cytokines [START_REF] Baker | Measuring gelatinase activity in colorectal cancer[END_REF]. MMPs are able to degrade almost all extracellular matrix (ECM) components including collagens, laminin, fibronectin, vitronectin or proteoglycans (Zucker and Vacirca, 2004). Degradation of ECM components by MMPs contributes to the elimination of the physical barriers to cancer cell metastatization [START_REF] Gimeno-García | Upregulation of gelatinases in the colorectal adenoma-carcinoma sequence[END_REF]. Currently, a large body of data confirms the involvement of MMPs in the malignant progression and invasiveness of many tumors. In colon carcinomas, over-expression was mainly found for MMP-2 (72 kDa gelatinase A) and MMP-9 (92 kDa gelatinase B), which degrade denaturated collagens and native type IV collagen, thus being a key point in the metastatic cascade [START_REF] Donnell | Metastatic and non-metastatic colorectal cancer (CRC) cells induce host metalloproteinase production in vivo[END_REF]. This proteolytic activity enables tumor cells to intra-or extravasate and to form secondary tumors.

An enhanced expression of MMPs correlates with a poor prognosis, especially when they are co-expressed with the plasminogen/plasmin system (PPS), including tissue-type (tPA) and urokinase-type (uPA) plasminogen activators, and the urokinase plasminogen activator receptor (uPAR) [START_REF] Cavallaro | Targeting plant toxins to the urokinase and α 2 -macroglobulin receptor[END_REF][START_REF] Berger | Plasmin/plasminogen system in colorectal cancer[END_REF]. Several studies showed that normal colonic mucosa expresses low uPA and high tPA activity, whereas colon tumors demonstrate high uPA and low tPA activity [START_REF] Berger | Plasmin/plasminogen system in colorectal cancer[END_REF]. uPA (55 kDa) is a serine protease regulating multiple pathways in tumor development and metastasis [START_REF] Ignar | Inhibition of establishment of primary and micrometastatic tumors by a urokinase plasminogen activator receptor antagonist[END_REF]. It is involved in the fibrinolytic system as a plasminogen activator upon binding to its cell surface receptor uPAR (50-60 kDa) [START_REF] Cavallaro | Targeting plant toxins to the urokinase and α 2 -macroglobulin receptor[END_REF]. Most cells bearing uPAR have also [START_REF] Herszényi | Proteases in gastrointestinal neoplastic diseases[END_REF]. uPA is secreted as an inactive, singlechain zymogen (pro-uPA) by a variety of cells including cancer cells, fibroblasts, epithelial cells, monocytes or neutrophils [START_REF] Ignar | Inhibition of establishment of primary and micrometastatic tumors by a urokinase plasminogen activator receptor antagonist[END_REF][START_REF] Herszényi | Proteases in gastrointestinal neoplastic diseases[END_REF]. Binding of uPA to uPAR increases the local conversion and activation of plasminogen into plasmin, which is responsible for the degradation of basement membrane (BM) elements and ECM proteins either directly or through activation of other BM/ECM-degradative enzymes [START_REF] Cavallaro | Targeting plant toxins to the urokinase and α 2 -macroglobulin receptor[END_REF][START_REF] May | Molecular interactions between the urokinase receptor and integrins in the vasculature[END_REF][START_REF] Herszényi | Proteases in gastrointestinal neoplastic diseases[END_REF]. In tumors, uPA and uPAR expression is localized to the surface of tumor cells at the leading edge of the cancer mass [START_REF] Buø | Antigen levels of urokinase plasminogen activator and its receptor at the tumor-host interface of colorectal adenocarcinomas are related to tumor aggressiveness[END_REF][START_REF] Ignar | Inhibition of establishment of primary and micrometastatic tumors by a urokinase plasminogen activator receptor antagonist[END_REF]. Therefore, the uPA/uPAR system is currently considered to be a modulator of tumor cell motility and invasion.

However, progression of tumor invasiveness also depends on direct tumor-stromal cell contact and cooperation or a cooperation via soluble and/or membrane-anchored molecules [START_REF] Sato | Tumor-stromal cell contact promotes invasion of human uterine cervical carcinoma cells by augmenting the expression and activation of stromal matrix metalloproteinases[END_REF][START_REF] Ornstein | Evidence for tumor-host cooperation in regulating MMP-2 expression in human colon cancer[END_REF]. There is also growing evidence showing that MMP-2 and MMP- 

Exposure of cells to monensin

After 24 h incubation of cells in RPMI 1640 with 10% FCS, the medium was discarded and fresh RPMI 1640 containing 2% FCS and monensin (1.5 μM) (Sigma) was added.

The incubation with monensin was performed for 24 h. Culture supernatants and cell lysates were collected and stored at -80 0 C for no longer than 3 months.

ELISA assay

The levels of human MMP-2, MMP-9, uPA and uPAR were tested immunoenzymatically (ELISA) using commercially available kits (R&D Systems, Minneapolis, MN, USA for MMPs and uPAR or American Diagnostica Inc., Stamford, CT, USA for uPA) according to the manufacturer's instructions. The optical density at 450 nm with the correction wavelength of 570 nm of each ELISA sample was determined using a microplate reader (Molecular Devices Corp., Emax, Menlo Park, CA, USA). The concentrations of the molecules were calculated on the basis of a standard curve. The detection limits were 0.16 ng/ml (MMP-2), 0.156 ng/ml (MMP-9), <0.01 ng/ml (uPA), and 33 pg/ml (uPAR). uPA activity was measured in culture supernatants and cell lysates. To evaluate the amidolytic activity of uPA, the synthetic chromogenic substrate S-2444 (L-Pyroglutamylglycyl-Larginine-p-Nitroaniline chydrochloride) (Chromogenix, Milano, Italy) was used.

Briefly, to the wells of a flat-bottomed 96-well microtiter plate, 50 μl of prewarmed S-2444 (1 mg/ml) was added, after which the wells were supplemented with 50 μl of culture supernatant or 50 μl of cell lysates. The samples were incubated at 37 0 C/5% CO 2 for 30 minutes.

Thereafter, the amidolytic activity of uPA was measured using the microplate reader at a wavelength 405 nm. An increase in absorbance indicated a cleavage of the synthetic substrate that reflected uPA activity.

Metalloproteinase (MMP) activity measured by gelatin zymography

MMP-2 and MMP-9 activity was measured using SDS-PAGE zymography. Gelatin (1 mg/ml) (Sigma) was incorporated into a 7.5% polyacrylamide gel. Samples were mixed with sample buffer (0.125 M Tris-HCl pH 6.8, 10% glycerol, 0.05% (w/v) bromophenol blue and 10% (w/v) SDS), and separated by electrophoresis. The gel was washed in distilled water, incubated for 1 h at room temperature with 2.5% (v/v) Triton X-100, washed again in distilled water and incubated for 24 h at 37 0 C with developing buffer (0.05 M Tris-HCl pH 7.4, 0.01 M CaCl 2 and 0.02% (w/v) NaN 3 ). After washing, the gel was stained for 1 h with 0.2% 

Results

Total uPA protein expression
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11 Spheroids prepared from colon tumor cells expressed small amounts of uPA independently of tumor grade. Normal cells of colonic origin (colonic epithelium and myofibroblasts) secreted high amounts of uPA, which were significantly (more than 5-fold) higher than for endothelial cells. In the tumor spheroid co-culture with colon epithelium, uPA concentration increased especially when the higher grades of tumor cells were applied. In the co-culture with myofibroblasts, no changes in uPA concentration were found. The enzyme concentration decreased when the tumor cells interacted with endothelium. Monensin slightly decreased the enzyme concentration, indicating that regulation of uPA production occurs also at the level of enzyme secretion (Fig. 1).

Detection of uPAR shed by cells to the local microenvironment

Tumor cells released significantly (about 3-4 fold) higher amounts of uPAR than normal cells. In co-cultures, the detected uPAR amounts increased when tumor cells from more advanced colon cancer were used. The addition of monensin significantly induced the shedding of uPAR both by tumor and normal cells. The highest uPAR level was found in supernatants from colonic epithelium treated with monensin, which was almost 3-times higher than that observed in myofibroblasts or endothelial cells, and over 7-times higher than the level of uPAR in untreated epithelium. In co-cultures, monensin also induced the shedding of uPAR, but its amounts were only a sum of the receptor released by tumor and normal cells (Fig. 2).

Activity of uPA in cell culture supernatants uPA activity in supernatants of spheroids formed from colon tumor cells increased together with the increase in tumor grade and was comparable to the activity observed in colonic epithelium and myofibroblasts. In endothelial cell supernatants, uPA activity was
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12 significantly (more than 2-times) higher than in normal colon cells. In co-cultures, uPA activity was merely a sum of the activities detected in normal and tumor cells cultivated alone. Monensin induced uPA activity in normal epithelial cell monocultures but had no influence on its action in myofibroblasts, and in colon tumor cells it inhibited the action of the enzyme. In co-cultures of colon tumor spheroids with colonic epithelium or myofibroblasts, monensin had only a slight effect on uPA activity (Fig. 3).

uPA activity in cell lysates was not dependent on the tumor cell grade and was lower than observed in normal cell monocultures. In co-cultures, uPA activity was decreased compared to the sum of the enzyme activity in the two types of monocultures (data not shown).

Total MMP-2 and MMP-9 levels

Human colon carcinoma cell lines (HT29, LS180, SW948) obtained from different tumor stages secreted very low amounts of MMP-2 or did not express it at all, as analyzed by ELISA. In turn, MMP-2 expression was significantly higher in normal colonic epithelium, myofibroblasts and endothelial cells. Among the normal cells, the highest expression of this enzyme was observed in myofibroblasts. Finally, endothelial cells expressed significantly higher MMP-2 than colonic epithelium (Fig. 4). MMP-9 was expressed in very low levels both by the tumor and normal cells. However, colonic epithelium secreted the highest amounts of MMP-9 among all the tested cell cultures (Fig. 5). In the co-cultures of tumor spheroids with colon epithelium and endothelial cells, decreases of total MMP-2 and MMP-9 amounts were observed. When tumor cell spheroids were implanted onto a myofibroblast monolayer, the level of MMP-2 and MMP-9 remained unchanged (Figs. Gelatin zymography of the culture media followed by semiquantitative densitometry revealed that normal cells, especially endothelial cells, produced higher amounts of MMP-2 and MMP-9 than monocultures of tumor cell spheroids. No significant differences in pro-MMP-2 and pro-MMP-9 levels were found among the tested tumor cells of different grade.

Active forms of these MMPs were undetectable or very low in the zymography of tumor and normal cell monoculture supernatants, respectively (Fig. 6). However, when advanced tumor cell spheroids (SW948) were co-cultured with endothelial cells, a proportionally higher activity of MMPs occurred. In contrast to that, in the co-culture of myofibroblasts with tumor cells, a very low MMP activity was detected. The levels of pro-MMP-2 and MMP-2 active form were tumor-grade independent when the spheroids were co-cultured with colonic epithelium and myofibroblasts (Figs. 7 and8A-C). In co-culture supernatants, monensin inhibited gelatynolytic activity (Figs.9 and 8A-C).

In cell lysates, only pro-MMPs were detected. Tumor cells produced insignificantly higher pro-MMP-9 but lower pro-MMP-2 levels than colon epithelium and myofibroblasts. Within each co-culture model, changes in pro-MMP levels were insignificant when the tumor cell grade was taken into consideration. In co-culture lysates, monensin only slightly limited gelatynolytic activity as compared to untreated control (data not presented).

Correlations

Spearman correlations among MMP-2, MMP-9, uPA and uPAR concentrations in coculture supernatants were calculated as presented in Table 1. In co-cultures, MMP-9 correlated with uPA and uPAR and uPA correlated with uPAR when LS180 tumor cell spheroids were implanted onto normal myofibroblasts (18Co). When spheroids from an advanced colon cancer (SW948) were co-cultured with myofibroblasts (18Co), only the (HUVEC) (Table 1).

Discussion

Colon carcinoma is one of the most frequent types of human malignancies in which it is the formation of metastasis rather than the primary tumor that is the main cause of deaths. ). In our study, uPA was produced in high levels by myofibroblasts but also by colonic epithelial cells. Tumor cells produced trace amounts of uPA but, in contrast, released significantly higher amounts of suPAR than normal cells.

Therefore, the results strongly suggest that tumor-associated stromal cells and normal cells in the tumor microenvironment participate in tumor cell survival, proliferation, and invasion into the surrounding tissue and in consequence facilitate metastasis. Normal fibroblasts and
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16 epithelial cells produce uPA as an inactive precursor (pro-uPA), which is activated after binding with its specific receptor (uPAR) on the cell surface. However, uPA, being in a free or a receptor-bound form, may convert inactive plasminogen to the serine protease plasmin, which may act directly or indirectly by activating MMPs in order to degrade ECM proteins [START_REF] Berger | Plasmin/plasminogen system in colorectal cancer[END_REF][START_REF] Fernebro | Prognostic importance of the soluble plasminogen activator receptor; suPAR, in plasma from rectal cancer patients[END_REF]. Tumor cells recruit and induce the surrounding normal cells to produce uPA, which is essential for tumor invasion. In our experiments, we detected that direct contact of tumor cell spheroids with colonic epithelium induced the production of uPA. However, it is uPAR that seems to be a key element of the proteolytic system because this receptor directly localizes enzymatic activity to the surface of tumor cells influencing their invasive capacity [START_REF] Buø | Antigen levels of urokinase plasminogen activator and its receptor at the tumor-host interface of colorectal adenocarcinomas are related to tumor aggressiveness[END_REF] showing increased uPAR levels in the advanced colon tumor cell lines (SW948 and LS180) as compared to early stage HT29 cells, both cultivated as a monoculture and in the analyzed cocultures. Therefore, the uPA/uPAR system, and especially the soluble, measurable uPAR (suPAR) form, may be taken as a significant prognostic factor in cancer patients as its increases are closely correlated with poor prognosis [START_REF] Berger | Plasmin/plasminogen system in colorectal cancer[END_REF][START_REF] Fernebro | Prognostic importance of the soluble plasminogen activator receptor; suPAR, in plasma from rectal cancer patients[END_REF].

In co-culture of tumor cells with normal stroma, ECM degradation, cell motility, invasion and metastasis are a result of a synergistic action of MMPs and the uPA/uPAR system. This is not surprising, considering, for instance, the expression of uPA as an activator for MMP-9 in colon cancer [START_REF] Inuzuka | Significance of coexpression of urokinase-type plasminogen activator, and matrix metalloproteinase 3 (stromelysin) and 9 (gelatinase B) in colorectal carcinoma[END_REF][START_REF] Lijnen | Matrix metalloproteinases and cellular fibrinolytic activity[END_REF]. Activation of pro-MMPs is accomplished by proteolytic cleavage at the amino-terminus by uPA [START_REF] Spina | Selective vitamin D receptor modulators and their effects on colorectal tumor growth[END_REF]. Interestingly, it is not only uPA that converts inactive pro-MMPs to the active, functioning enzyme, but also active MMPs influence the activity of the uPA/uPAR system and in consequence break down ECM components. In our study, we detected a positive correlation between MMP-9 Cell lysates mainly expressed pro-forms of MMP-2 and MMP-9. The main activity (active forms of MMPs) was observed in culture supernatants. Similarly, uPA activity was significantly higher in culture supernatants than in cell lysates. These results clearly confirm extracellular activation of MMPs and uPA with low intracellular action presumably directed towards cell protein remodeling. We also found a reverse relationship between the amount of MMPs or uPA production and their enzymatic activity. A high expression of proteinases was closely linked with their low activity and inversely, a low concentration of the enzymes correlated with their high activity. This relationship was especially explicit when uPA was analyzed. The main producers of MMPs and uPA were normal cells, which additionally confirms the thesis that stromal cells produce enzymes not for their own use but for the local microenvironment. This fact strongly suggests the important role of the peri-tumoral stroma as a regulating factor in tumor invasion [START_REF] Langenskiöld | Increased plasma MMP-2 protein expression in lymph node-positive patients with colorectal cancer[END_REF].

In our study, endothelial cells produced the highest amounts of MMPs (both latent and active forms) and low but very active uPA. This indicates that the late stage of tumor metastasis especially needs a higher activity of proteinases which enable quick escape of tumor cells from the circulation.

Our results also indicated a reverse relationship between enzyme amount and its activity, and here the role of monensin should be discussed. This dependence was especially noticeable in the uPA/uPAR system, where inhibition of uPA production by monensin was accompanied by an increase in the enzyme activity. The addition of monensin had the most powerful effect on the release of suPAR from tumor cells, but especially from normal cells. This drug is often used in cell biology to interfere with the glycoprotein transport through the Golgi apparatus, and may, in a dose-dependent manner, slow down or block the passage of proteins through
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18 plasma membranes [START_REF] Li | Activation of gelatinase A(72-kDa type IV collagenase) induced by monensin in normal human fibroblasts[END_REF]. In our in vitro study, we detected that monensin, an inhibitor of the secretion of cellular proteins, among others MMPs and uPA, also induced the shedding of high amounts of suPAR, especially from normal cell membranes, which indicates that suPAR release is not regulated at the secretion level. As a consequence, proteolytic cleavage of extracellular matrix proteins decreases because of limited intracellular signal transduction via the uPA receptor and a limited conversion of cell-bound plasminogen to plasmin. These results suggest that in such conditions (an increased microenvironmental suPAR level), tumor invasion capacities should be decreased. This hypothesis was strongly confirmed by Piccolella et al. [START_REF] Piccolella | suPAR, a soluble form of urokinase plasminogen activator receptor, inhibits human prostate cancer cell growth and invasion[END_REF] who showed that suPAR significantly inhibited cell growth, promoted apoptosis and decreased both migration and invasion of metastatic prostate carcinoma cells. They also suggested that suPAR could function as a potent molecule scavenger for uPA in human cancer cells. Therefore, the enhanced release of suPAR described in the literature, can be considered as beneficial to patients. On the other hand, enhanced shedding of uPAR by monensin can also be considered as a reaction of cells to the absence of uPA release, inhibited by monensin.

In conclusion, MMPs and the uPA/uPAR system play an important role during interactions of tumor spheroids with normal cells. Proteinases are mainly produced by normal cells and are extracellularly activated. We showed that there is a reverse relationship between the concentration and the activity of proteinases, and especially uPA. Therefore, inhibition of proteinase production or secretion during anti-cancer therapy may not suffice to arrest the progress of the disease, and an additional form of treatment inhibiting the enzymatic activity of MMPs and the uPA/uPAR system should be applied. 
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 4 the urokinase plasminogen activator/urokinase plasminogen activator receptor (uPA/uPAR) system (Marconi et al., 2008).
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 5 shown to secrete uPA

A c c e p t e d m a n u s c r i p t 6 stromalA c c e p t e d m a n u s c r i p t 7 Human

 67 cells are closely linked with higher MMP protein expression, which increases the risk of tumor invasion and decreases survival rate. In the present study, we determined the concentrations and activity of MMPs (MMP-2 and MMP-9) and the PA (uPA, uPAR) system in co-cultures of colon tumor spheroids prepared from cells isolated from different tumor grades with normal colon epithelium, myofibroblast and endothelial cell monolayers. A secondary aim was to determine the concentration of proteases and their activity after addition to the co-cultures of monensin, an agent retarding the secretion of cellular proteins. Materials and Methods 1. Cell culture colon adenocarcinoma cell lines HT29 (ATCC No. HTB-38) derived from grade I tumor, LS180 (ATCC No. CL-187) from grade II tumor and SW948 (ATCC No. CCL-237)
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 9 Measurement of plasminogen activator (uPA) activity. S-2444 amidolytic activity.
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 10 Statistical analysisResults are presented as means ± SD from three experiments. Data were analyzed using one-way ANOVA followed by Bonferroni's multiple comparison post-hoc test. Differences of p≤0.001 were considered significant. The Spearman rank correlation test was used to determine the correlations between the expression levels of the tested factors in the co-culture models. Only the results with a significance of p≤0.05 were reported.

  4 and 5). Addition of monensin (1.5 μM) to the monocultures of normal and tumor cells and their co-cultures significantly inhibited MMP secretion to the culture medium (Figs.4 and 5).
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 13 -2 and MMP-9 activity measured by gelatin zymography
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 14 between uPA and uPAR was still present. There was also a positive correlation between MMP-2 and MMP-9 when tumor spheroids prepared from advanced colon cancer cells (SW948) were co-cultured with colonic epithelium (841 CoTr) and endothelial cells
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 15 acquisition of the invasive phenotype of colon cancer is closely linked with changes in several molecular pathways including the expression of cell surface receptors and secretion of different types of proteases such as MMPs, e.g. MMP-2, MMP-9 and the uPA/uPAR system. MMP-2 and MMP-9 contribute to colorectal cancer (CRC) metastasis by cleaving the basement membrane (BM) and destroying the components of the extracellular matrix (ECM), thus facilitating tumor cell migration and dissemination to organs distant from the primary tumor (Ornstein et al., 1999). Interestingly, MMPs which are implicated in the progression of colon carcinomas are predominantly derived from stromal cells and only a minor part of them are produced by the tumor cells themselves (Mc Donnell et al., 1999; Langenskiöld et al., 2005). In our study, we confirmed that colon tumor cells express small amounts of MMP-2 but relatively high amounts of MMP-9. Similar results had been obtained by Ornstain et al. (Ornstain et al., 1999), who showed that some colon tumor cell lines (TF-22C and TF-43C)did not produce detectable levels of MMP-2. On the other hand, tumor-cell derived MMP-9 is already expressed at very early stages of CRC, participating in tumor progression and invasion via its proteolytic and pro-angiogenic activity[START_REF] Herszényi | Matrix metalloproteinase-9 expression in the normal mucosa-adenomadysplasia-adenocarcinoma sequence of the colon[END_REF][START_REF] Gimeno-García | Upregulation of gelatinases in the colorectal adenoma-carcinoma sequence[END_REF]. The main source of MMP-2 and MMP-9 in our study were normal cells, particularly myofibroblasts. These cells are often localized at the invasive front of the tumor mass and appear shortly before the invasive stage of tumors. Myofibroblasts are also closely linked with the degradation of BM and ECM elements by secreting serine proteinases, MMPs and uPA[START_REF] Kopfstein | Metastasis: cell-autonomous mechanisms versus contributions by the tumor microenvironment[END_REF]
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 17 and uPA and uPAR when tumor cells (LS180) were co-cultured with colonic myofibroblasts.
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 7189 Fig.7 MMP-2 and MMP-9 activity in co-cultures of colon tumor spheroids (HT29, LS180,
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  Tumor spheroids were harvested with glass pipettes from agarose-coated microplates and transferred into a Petri dish filled with warm RPMI 1640 medium. After 5 min washing, 5

	from grade III tumor were cultured in RPMI 1640 medium supplemented with 10% fetal calf spheroids each were transferred onto confluent monolayers of myofibroblasts, colon epithelial
	serum (FCS) (Gibco TM , Paisley, UK) and antibiotics (100 U/ml penicillin and 100 μg/ml cells, or endothelium in 24-well tissue culture plates in RPMI 1640 medium supplemented
	streptomycin) (Sigma, St. Louis, MO, USA) at 37 0 C in a humidified atmosphere with 5% with 2% FCS and incubated at 37 0 C in a humidified atmosphere with 5% CO 2 . Such co-
	CO 2 . cultures were designed to reflect different stages of tumor metastasis. Parallel experiments
	Human normal colon myofibroblasts CCD-18Co (ATCC No. CRL-1459) and normal with tumor spheroids or normal cell monolayers used alone as culture controls were
	epithelial cells CCD 841 CoTr (ATCC No. CRL-1807) were cultured in RPMI 1640 + performed. After 24 h of culture, supernatants and cellular lysates were collected and stored at
	DMEM (1:1) medium (Sigma) supplemented with 10% FCS at 37 0 C (CCD-18Co) or 34 0 C -80 0 C until estimation of the quantity and activity of MMPs and the uPA/uPAR system.
	(CCD 841 CoTr) in a 5% CO 2 /95% air atmosphere.
	Human normal umbilical vein endothelial cells HUVEC (ATCC No. CRL-1730) were
	cultured in Classic and Specialty (CS-C) medium (Sigma) supplemented with 75 μg/ml
	endothelial cell growth factor (ECGF) (Sigma) and 10% FCS in a humidified atmosphere with
	5% CO 2 .
	Cells were cultivated on culture surfaces coated with PureCol TM ultrapure collagen
	(INAMED Biomaterials, Fremont, CA, USA) at 3.1 mg/ml concentration.
	2. Preparation of tumor cell spheroids
	Tumor cell spheroids were prepared by the liquid overlay method, as described previously
	(Paduch and Kandefer-SzerszeĔ, 2005). In brief, tumor cell suspension (200 μl) at a density of
	2x10 5 cells/ml in RPMI 1640 medium supplemented with 10% FCS was plated on 1%
	agarose-coated 96-multiwell culture plates (4x10 4 cells/well). After 4 days' incubation at
	37 0 C in a humidified atmosphere with 5% CO 2 , the cells formed spheroids.
	3. Co-culture of tumor spheroids with a monolayer of normal cells

Table 1 .

 1 The Spearman rank coefficients of significant correlations between tested parameters in co-cultures of human colon carcinoma cell spheroids with human normal cell monolayers. n c -no correlation between tested parameters.

				R Spearman and p value (p< 0.05)			
	Pairs of	841CoTr	841CoTr	841CoTr	18Co	18Co	18Co	HUVEC	HUVEC	HUVEC
	variables	+HT29	+LS180	+SW948	+HT29	+LS180	+SW948	+HT29	+LS180	+SW948
	MMP-2 & MMP-9	nc	nc	R=0.94 P<0.005	nc	nc	nc	nc	nc	R=0.94 P<0.005
	MMP-2 & uPA	nc	nc	nc	R=0.83 P<0.042	nc	nc	nc	nc	nc
	MMP-2 & uPAR	nc	nc	nc	nc	nc	nc	nc	nc	nc
	MMP-9 & uPA	nc	nc	nc	nc	R=0.94 P<0.005	nc	nc	nc	nc
	MMP-9 & uPAR	nc	nc	nc	nc	R=0.83 P<0.042	nc	nc	nc	nc
	uPA & uPAR	nc	nc	nc	nc	R=0.94 P<0.005	R=0.94 P<0.005	nc	nc	nc
					26