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SUMMARY:
The complement component C1q is a pro-inflammatory molecule highly expressed in the tissue microenvironment that can interact with the extracellular matrix. Here, we described a method to test how C1q bound to hyaluronic acid impacts cell adhesion. 

ABSTRACT:
It has been increasingly demonstrated that the tumor microenvironment plays an active role in neoplasia growth and metastasis. Through different pathways, tumor cells can efficiently recruit stromal, immune and endothelial cells by secreting stimulatory factors, chemokines and cytokines. In turn, these cells can alter the signaling properties of the microenvironment by releasing growth-promoting signals, metabolites and extracellular matrix components to sustain high proliferation and metastatic competence. In this context, we identify that the complement component C1q, highly expressed locally by a range of human malignant tumors, upon interacting with the extracellular matrix hyaluronic acid, strongly affects the behavior of primary cells isolated from human tumor specimens. Here, we described a method to test how C1q bound to hyaluronic acid (HA) impacts tumor cell adhesion, underlying the fact that the biological properties of key components of the extracellular matrix (in this case HA) can be shaped by bioactive signals toward tumor progression. 

INTRODUCTION:
The tumor microenvironment (TME) influences cancer development and progression since it can provide a permissive niche for cell survival, growth and invasion. The identification of new key players in TME may be useful for the discovery of new molecular tools for target therapy. TME includes a complex and dynamic network of non-malignant cells, such as endothelial cells, fibroblasts and cells of the immune system, embedded in the surrounding extracellular matrix (ECM) components including collagens, laminins, fibronectins, proteoglycans and hyaluronans. Both tumor and non-tumor cells synthesize and secrete ECM components together with cytokines, chemokines, growth factors and inflammatory and matrix remodeling enzymes that overall alter the physical, chemical and signaling properties of TME. Among these constituents, hyaluronic acid (HA) has emerged to exert a crucial role in tumor biology. Despite its simple chemical composition, HA, together with its HA-binding molecules (hyaladherins), can modulate angiogenesis, immune system responsiveness and ECM remodeling in a size and concentration dependent manner1.

The complement (C) system is also part of the local TME, which has recently received increasing attention. The C system encompasses a set of soluble and membrane-bound proteins involved in the first line of defense against non-self-cells, unwanted host elements and pathogens. Functionally, the C links the two-effector arms of innate and adaptive systems to promote either direct cell killing or mounting of an inflammatory response2. C activation can suppress tumor growth, by destroying cancer cells or inhibiting their outgrowth, but it has become increasingly clear that it can possess a tumor-promoting activity by sustaining chronic inflammation, promoting the establishment of an immunosuppressive milieu, inducing angiogenesis, and activating cancer-related signaling pathways3. In this context, C1q, the first recognition molecule of the classical pathway of the C system has emerged to exert important functions in the tumor microenvironment independently of C activation4. C1q has been shown to be expressed locally by a range of human malignant tumors, where it can favor cancer cell adhesion, migration and proliferation in addition to angiogenesis and metastasis5. Interestingly C1q interacts to a major constituent of the ECM such as HA.

We developed a technique to isolate the primary cancer cells from the tumor mass. Furthermore, we create the matrix, which can stimulate tumor microenvironment, particularly the interaction between C1q and high molecular weight hyaluronic acid. C1q bound to HA was able to induce adhesion of the tumor cells.

PROTOCOL:

Tissue samples from patients were collected after informed consent following approval of the ethical considerations by the Institutional Board of the University Hospital of Trieste, Italy.

1. Tumor cell isolation and culture (Day 1)

1.1. Isolate human mesothelioma cells from MPM solid specimens. Finely mince the tissue with a cutter to obtain fragments of about 2-3 mm2 in size and incubate in 5 mL of digestion solution composed of Hanks’ Balanced Salt Solution (HBSS) supplemented with 0.5 mM Ca2+/Mg2+, 0.5% trypsin and 50 µg/mL DNase I, overnight at 4 °C.

1.2. Tumor cell isolation and culture (Day 2)

1.2.1. After overnight incubation, place the digested tissue for 30 min in a 37 °C incubator with gentle shaking.

1.2.2. Replace the digestion solution upon centrifugation (250 x g) with 3 mg/mL collagenase type 1 dissolved in 5 mL of Medium 199 with HBSS and further incubate for 30 min at 37 °C with gentle shaking.

1.2.3. Block the enzymatic reaction by adding 10% heat-inactivated fetal bovine serum (FBS). Resuspend the cells very carefully with a 5 mL pipet to ensure that most of the cells are released from the tissue. Then, filter the cell suspension through a 100 µm pore filter. 

1.2.4. Seed the cells in a 12.5 cm2 flask and culture them at 37 °C with human endothelial cells serum-free medium (HESF), with 10% FBS and supplemented with EGF (10 ng/mL), basic FGF (20 ng/mL), and 1% penicillin– streptomycin.

NOTE: Replace with fresh medium every 2–3 days.

2. HA coating (Day 1)

2.1. Resuspend high molecular weight HA (1.5 kDa) in double distilled water at the concentration of 1 mg/mL6. 

2.2. Dilute HA stock solution to 50 µg/mL in carbonate/bicarbonate buffer (0.1 M, pH 9.6) with gently pipetting. 

2.3. Coat the 96-well plate with 100 µL of dilute HA stock solution per well overnight at 4 °C. 

NOTE: Hyaluronic acid was a kind gift from Professor Ivan Donati, Department of Life Sciences, University of Trieste7.

3. C1q coating (Day 2)

3.1. After overnight incubation, vacuum aspirate the treated wells and wash the 96-well plate with 100 µL of Dulbecco’s PBS (dPBS) per well. 

3.2. Allow C1q (25 µg/mL or different concentrations for dose response experiments) or BSA (as a negative control) to bind to plastic immobilized-HA by incubating these proteins at a concentration of 25 µg/mL in 100 µL of dPBS + 0.5% BSA and 0.7 mM Ca2+/Mg2+. Then incubate overnight at 4 °C. 

3.3. Vacuum aspirate the wells and wash the 96-well plate with 100 µL/well of dPBS.

4. Cell labeling with FAST DiI 

4.1. Resuspend 1 x 105 tumor cells in 500 µL of dPBS containing 10 µg/mL of the fluorescent dye FAST DiI. Incubate for 15 min at 37 °C in a 5% v/v CO2 incubator for the labelling, mixing manually after 5 min intervals. 

4.1.1. To remove excess FAST DiI, add 10 mL of dPBS, pipette gently up and down, and centrifuge at 250 x g for 7 min. Resuspend the cell pellet in 1 mL of human endothelial serum free medium containing 0.1% BSA (HESF + 0.1% BSA).

5. Cell Adhesion on HA/C1q matrices (Day 1)

5.1. Vacuum aspirate the wells coated with the different matrixes (wells were coated in step 3.2). 

5.2. Distribute 100 µL of the labelled cell suspension to the coated wells and incubate the plate for 35 min at 37 °C in 5% v/v CO2 incubator. 

5.3. Remove the non-adherent cells by aspirating the supernatant. Wash once with dPBS containing 0.5% BSA, 0.7 mM Ca2+ and 0.7 mM Mg2+.

5.4. Lyse the adherent cells by adding 200 µL/well of 10 mM Tris–HCl, pH 7.4 + 0.1% v/v SDS and immediately read the 96-well plate with a fluorescence reader (544 nm, emission 590 nm) using a calibration curve generated through the lysis of an increasing number of labelled cells.

REPRESENTATIVE RESULTS:
HA is a negatively charged high-molecular-weight polysaccharide, which is made up of repeating (β,1–4)-D-glucuronic acid-(β,1–3)-N-acetyl-D-glucosamine disaccharide units (Figure 1B)7. The occurrence of the binding of HA on the 96-well plate as well as the efficiency of its immobilization were tested taking advantage of biotinylated HA (bio-HA). Different concentrations of Bio-HA, ranging from 10 µg/mL to 1 mg/mL, were re-suspended in 100 mM carbonate/bicarbonate-buffer pH 9.6 and incubated overnight at 4 °C. 

After extensive washes, bio-HA bound to 96-wells plate was detected using streptavidin conjugated to alkaline phosphatase, while the presence of streptavidin was quantified using pNPP (1 mg/mL) as a substrate. The reading was performed at the wavelength of 405 nm using an ELISA reader. Bio-HA was able to bind to a 96-well plate in a dose response manner (data not shown); 50 µg/mL was chosen as a saturation plateau and therefore used in our assays. 

Our previous data demonstrated that C1q is able to bind to a wide range of target ligands localized in the ECM8. This binding is particularly strong with HA9. The wells of a microtiter plate were coated with 50 µg/mL HMW-HA and incubated with increasing concentration of C1q. Bound C1q was shown to be incubating in the wells with anti-C1q polyclonal antibodies. C1q is able to bind to high molecular weight HA in a dose response manner (Figure 1A), reaching the maximum level of binding at the concentration of 50 µg/mL. Having established that C1q can bind to HA, we investigated the implication of this interaction in modifying the signaling properties of the ECM and their implications in tumor development. To this aim, we established a protocol to isolated tumor cells from bioptic specimens obtained from affected patients. Primary tumor cells were isolated from biopsy tissue, as summarized in Figure 2. The capability of tumor cells to interact with C1q was evaluated by performing a cell adhesion assay using different matrix combinations, as shown in Figure 3. Tumor cells were stained with the fluorescent probe FAST DiI and seeded onto immobilized HA, HA bound to C1q or to BSA (used as a negative control), for 35 min. If compared to HA, the coating with HA-bound-C1q was able to increase the amount of adhering primary cells but is not able to stimulate the adhesion of tumor cell lines that we tested, as shown in the representative graph in Figure 3. 

FIGURE AND TABLE LEGENDS:
Figure 1. Interaction of C1q with hyaluronic acid. (A) Binding of C1q on HMW HA in a dose dependent manner. The data are expressed as the mean of three independent experiments in triplicate ± S.E.M. (B) Schematic representation of the C1q molecule and of the recombinant single chain globular region. C1q is assembled from three polypeptide chains (A, B, C): each containing an N-terminal collagen-like sequence and a C-terminal globular gC1q head. (C) Chemical formula of hyaluronic acid, a highly polymerized chain of glucuronic acid and N-acetylglucosamine.

Figure 2. Summary scheme of the isolation and morphology of tumor cells. Tumor cells were isolated from pleural biopsy specimens. The cells were seeded in a 12.5 cm2 flask and cultured in Human Endothelial Cell Serum Free Medium + 10% FBS. 

Figure 3. Effect of C1q on tumor cells adhesion. Tumor cells (MES) or primary mesothelioma cell line (MSTO-211H) were seeded to microtiter wells pre-coated with hyaluronic acid (HA), HA bound to C1q or to bovine serum albumin (BSA). In the upper part of the figure, the morphological aspect of one representative primary cell line adhered to HA, HA bound to C1q or to BSA was shown. Images were acquired via phase-contrast microscope, original magnification: 200x. FAST DiI labelled primary mesothelioma cells or a mesothelioma cell line (MSTO-211H) were allowed to adhere to microtiter wells pre-coated with HA, HA bound to C1q or to BSA. The data are expressed as mean of three independent experiments done in triplicates ± S.E.M. * p < 0.01 vs HA.

DISCUSSION:
We described an easy method to investigate how the complement component C1q, interacting with hyaluronic acid, is able to modulate the behavior of primary cells isolated from human tumor tissues. Both HA and C1q are abundantly present in the tissue microenvironment both under physiological and pathological conditions, participating to several cell biological processes. For instance, C1q has been shown to be present in the microenvironment of the placenta where it favors extravillous trophoblast invasion of the maternal decidua during placentation8. C1q is also deposited in wound-healing skin where it fosters the angiogenetic process required for tissue regeneration and repair10. Finally, C1q has been identified in several different tumor tissues4. High molecular weight HA is a natural barrier for angiogenesis and proliferation and recent evidence showed that C1q, besides its classical role in complement activation, is able to act as an ECM molecule, favoring cell migration. 

The novelty of this work consists in the finding that the binding of C1q to HA strongly modify the interaction of tumor cells with HA. To set up this method several checkpoints have been considered. First of all, we ensured that a sufficient amount of HA was bound to the plastic of culture and ELISA wells using biotinylated HA. The Alcian blue staining of the wells confirmed these results (data not shown). The incubation has been performed overnight in bicarbonate buffer, pH 9.6, and this procedure ensure the complete saturation of the wells by HA (data not shown). 

[bookmark: _GoBack]The second step was to bind C1q to HA. The binding of C1q to HA has been performed at a physiological pH (7.4) and in the presence of Ca2+. For this reason, we used a dPBS-BSA buffer with bivalent ions. We initially performed a dose response experiment in order to identify and choose the optimal amount of C1q that can be found attached to HA. Although in our dose-response curve we did not reach exactly the plateau, we used the concentration of 25 µg/mL to be closer to the physiological concentration of free C1q, considering that the amount of C1q normally present in the serum is 75-150 µg/mL. It has been calculated that serum C1q free from C1r and C1s is about 10%-20% of C1 complex11. C1q is known for its ability to bind polyanions, it has been defined as a charge pattern recognition molecule and HA is a negatively charged linear polymer of repeating units of (β,1–4)-D-glucuronic acid-(β,1–3)-N-acetyl-D-glucosamine12,13. For this reason, we investigated this strong non-covalent interaction. Our observations indicated that tumor cells sense the difference between HA and HA bound to C1q. The cells appear to be more spread-out if compared to the cell adhering to HA alone. We observed that this effect is not mediated by soluble C1q, indicating that this modification in cell adhesion is dependent on the interaction of C1q with HA, probably due to a conformational change of the complement molecule as a consequence of the binding. 

We want to emphasize the importance of the use of primary cells as in vitro models of tumor behavior for the adhesion experiments, since we notice a strong difference in the adhesion capability between primary cells compared to several cell lines, as shown in Figure 3. An alternative and very interesting model to evaluate the biological properties of HA is the use of 3D models of HA hydrogel scaffold. This scaffold with the incorporation of biological molecules can be used for the evaluation of bioactive signals and can be used for several applications in the regenerative medicine14. The model that we proposed in this study is an easier, faster and cheaper method for the evaluation of cellular response to a combination of stimuli that can be considered a first step for the understanding of the molecular mechanism involved in this kind of interaction. 
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