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ABSTRACT  

Surface properties like hydrophobicity and morphology of the substrate are essential for cell 

proliferation affecting its growth, survival and also for its communication with other cells on fabrics.  

The combination of low surface energy and a specific surface morphology (micro/nano-roughness) 

leads to significantly less wettable surfaces, known as superhydrophobic characterized by high 

contact angle above 150° and a very small hysteresis. Such high water repellent coatings feature 

small area available to be exploited in many applications where interactions with aqueous 

environment are strongly to be avoided. In this work, the authors have investigated the influence 

of coating polyester fabric at different degree of hydrophobicity by mixed organic-inorganic coating 

with moderated to highly water repellence. Depending on the coating composition and structure, 

the hydrophobicity of the fabric can be finely modulated by an easy-to-prepare method applicable 

to commercial, low cost fabric substrates providing advanced performance.  In vitro experiments 

have been performed in order to establish the influence of surface modification on adhesion of 

representative model mammalian cell lines such as 3T3 fibroblasts, HaCaT keratinocytes and HeLa 

epithelial carcinoma cells. The obtained results suggested that, in addition to the chemistry and 

morphology of the coating, the characteristics of the substrate are important parameters on the 

final cell viabilities. 
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Highlights (3-5 bullet points):  

• Easy to prepare and maintain methodology of superhydrophobic coating available for 

biomedical fabrics  

• The hydrophobicity of the fabric can be finely modulated by coating composition. 

• Tumoral and non-tumoral cells showed an opposite behaviour on HS modified TCPS and PES 

surfaces. 

 

1. INTRODUCTION 

Interfacial properties play a vital role in biology and medicine with most biological reactions 

occurring at surfaces and interfaces [1]. Consequently, cell adhesion and spreading control are 

fundamental and essential requirements for biomaterials frequently used in biomedical devices [2]. 

Improving biocompatibility and functionality is often accomplished by surface modification of 

materials with the aim to maintain their properties in terms of stability, wear resistance and a low 

friction for specific applications [3]. 

 

Culturing cells out of their natural niches requires a comprehensive insight into the biochemical and 

biophysical rules that dictate cell biology. The majority of the cells derived from vertebrates, with 

the exception of hematopoietic cell lines and a few others, are anchorage-dependent and have to 

be cultured on a suitable substrate that is specifically treated to allow cell adhesion and spreading. 

The use of polystyrene which has been chemically modified to enhance cell attachment, i.e. Tissue-

Culture Polystyrene (TCPS) plates is a widely accepted practice for the cell culture of most 

mammalian cells.  

 

Cell attachment can be considered as a result of a complex process, influenced by several factors 

coming from cell behavior, material surface properties, adsorption of surface active material 

present in the extracellular matrix (ECM) and environmental conditions. When a fabric undergoes 

to a surface modification, coating material has to be studied as a function of its surface properties 

like hydrophobicity, charge, roughness, softness and chemical composition of the biomaterial itself 

[4]. Concerning surface hydrophobicity, it is well known that this parameter is a key factor to govern 
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cell response and that cell adhesion on the surface is favored in the more hydrophilic surface of 

material films [5, 6]. The material surface topography is another important factor influencing cell 

adhesion and behavior. Indeed, roughness modulates the biological response of tissues in contact 

with the substrate. Literature papers report that cells grown on microrough surfaces were 

stimulated towards differentiation; as shown by their gene expression in comparison with cells 

growing on smooth surfaces and, nevertheless, the response of cells to roughness is different 

depending on the cell size and type [4]. The selectivity of cells for surface roughness could be highly 

advantageous on the development of implanted devices. Moreover, cell attachment, proliferation 

and differentiation could be modulated by the substrate rigidity to a degree dependent upon the 

substrate stiffness in relation to the stiffness of the native tissue [7, 8].  

 

Highly water repellent coatings with wettability properties known as superhydrophobicity (SH) are 

related to surfaces with contact angle above 150° and a very small hysteresis. The small area 

available for these surfaces when in contact with water addresses to be exploited in many 

applications where interactions with aqueous environment are usually strongly to be avoided. The 

combination of low surface energy and the existence of a specific surface morphology (micro/nano-

roughness) coexist, lead to significantly less wettable surfaces [9-12].  

 

There is significant interest in the design and development of superhydrophobic materials for 

biomedical applications, including cell scaffolds, non-fouling surfaces to prevent binding of protein, 

cells, and/or bacteria, medical diagnostics, and drug delivery, among others [13] where such highly 

hydrophobic surface interact with tissues, cells, biological fluid and biological molecules. 

Applications of functionalization of fibers and fabrics by superhydrophobic systems have been 

recognized for use in clinical treatments and translational medicine. Despite different techniques 

like electrospinning, sol-gel, plasma polymerization, and coating [14-17] have been employed to 

produce highly hydrophobic fibers, the surface roughness control and manipulation is still an open 

topic in textile fields, where, in facts, the biomimetic approach toward self-cleaning properties is 

preferred after already few decades of research activity on superhydrophobic states [18-20]. 

Nevertheless, scarce literature data are available on the topic of cell viability in presence of 

superhydrophobic polyester fabrics comparing preparation method and cell lines and, in most cases, 

methodologies includes more complex preparation steps [21, 22] 
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When comparing superhydrophobic surfaces with simple hydrophobic and smoother ones, the cells 

behavior on such surfaces is still to be better defined, because indeed studies can be found reporting 

discrepancies between enhanced [23-26] and inhibited cell performances [23,27-29]. Cell type 

appears to be a key factor in influencing cell adhesion and spreading [30-34] together with material 

surface properties namely considering the influence of chemistry and surface topography. 

Moreover the combination of low surface energy and a specific surface morphology (micro/nano-

roughness) lead to significantly less wettable surfaces allowing to control biological substrates 

adhesion [9-12]. 

 

The adhesion of cells to a surface triggers a signaling cascade subsequently regulating diverse cell 

functions, e.g. viability, proliferation and activation of structural and signaling proteins [35]. The 

knowledge about the complexity of cell physiology in dependence of the characteristics of 

biomaterials is of elementary clinical relevance regarding the development of optimal wound 

dressings [4].  This study aims to the investigation of the effect of surface topography and chemistry 

(hydrophobic and superhydrophobic surfaces) and substrate dependence (fabric surfaces in 

comparison with TCPS as reference) on cell behaviour of different cell line types (fibroblasts, 

keratinocytes and epithelial cell lines). An easy-to-prepare method applicable to commercial, low 

cost fabric substrates has been used. In vitro experiments have been performed in order to establish 

the influence of chemical and topographical characteristics of polyester fabrics coated by mixed 

organic-inorganic system resulting in moderated to highly water repellence on cell adhesion and 

viability of representative model mammalian cell lines such as 3T3 fibroblasts, HaCaT keratinocytes 

and HeLa epithelial carcinoma cells.  

 

2. MATERIALS AND METHODS 

2.1. Materials 

Polyester (PES) textile substrates were kindly provided by wfk Testgewebe-Test Materials and 

Concepts (Brüggen-Bracht, Germany). Commercially available fluoropolymer was used as received. 

Fumed silica was purchased from Degussa (Hannover, Germany) with primary particles about 5 - 30 

nanometers in size. 

2,5-Diphenyl-3,-(4,5-dimethyl-2-thiazolyl) tetrazolium bromide (MTT), neutral red (NRU) dye, and 

dimethylsulfoxide (DMSO) were obtained from Sigma–Aldrich (St. Louis, MO, USA).  Dulbecco´s 

Modified Eagle´s Medium (DMEM), fetal bovine serum (FBS), phosphate buffered saline (PBS), L-
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glutamine solution (200 mM), trypsin–EDTA solution (170,000 U/L trypsin and 0.2 g/L EDTA), and 

penicillin–streptomycin solution (10,000 U/mL penicillin and 10 mg/mL streptomycin) were 

purchased from Lonza (Verviers, Belgium). The 75 cm2 flasks, and 24-well cell culture plates were 

obtained from TPP (Trasadingen, Switzerland). All other reagents were of analytical grade.  

 

2.2. Methods 

2.2.1. Surface preparation and characterization  

In this work PES fabric and TCPS tissue culture polystyrene (TCPS) plates have been used after 

coating procedure to obtain hydrophobic and superhydrophobic properties. PES was the tested 

base fabric, TCPS was the reference surface and both were coated with a fluoropolymer blend only 

and with a mixed organic-inorganic dispersion.  

 
PES fabrics of 1 cm of diameter were modified in order to produce hydrophobic (HS) and 

superhydrophobic (SHS) surfaces. Dip coating technique with fluoropolymer blend only was used to 

produce hydrophobic (HS) surfaces whereas fluoropolymer blend in combination with fumed silica 

nanoparticles was sprayed for superhydrophobic (SHS) surfaces. The latter method was assessed 

for higher homogeneity and reproducibility of the organic-inorganic dispersion. The dispersion was 

prepared according to the method described elsewhere [36].  

 

Once dried, surface wettability was investigated by contact angle (CA) by drop shape method by 

ASTRAview tensiometer [37] allowing real time drop volume control up to tens of µl for hysteresis 

studies and up to 15 frames /sec of frame grabbing. Drops of about 5 µl were deposited on coated 

and uncoated samples and contact angle was measured up to spreading equilibrium. For SHS drops 

typically roll off the surface and then CA was measured with the drop still hanging from the capillary 

tip. CA hysteresis was less than 5° for SHS, higher than 10° for hydrophobic coatings, while for 

uncoated fabric samples complete wettability was observed.  

SEM observations included morphology studies for both coated and uncoated  fabric samples with 

energy-dispersive X-ray spectroscopy (EDS) elemental maps for following material distribution                     

(F, Si)) along the fibers and its homogeneity in the area under investigation. 
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2.2.2. Cell cultures 

The murine Swiss albino fibroblast (3T3), the spontaneously immortalized human keratinocyte 

(HaCaT) and the human epithelial carcinoma (HeLa) cell lines were grown in DMEM medium (4.5 g/ 

L glucose) supplemented with 10% (v/v) FBS, 2 mM L-glutamine, 100 U/ mL penicillin and 100  µg/mL 

streptomycin at 37 ◦C, 5% CO2. Cells were routinely cultured in 75 cm2 culture flasks and were 

trypsinised using trypsin-EDTA when the cells reached approximately 80% confluence. 

 

2.2.3. Cell interactions with surfaces  

The effect of coating on cell viability was evaluated on both solid surfaces and textile fabrics. Thus, 

conventional 24-well tissue culture polystyrene (TCPS) plates were coated by the coating 

methodology describe before. Concerning the textile fabrics, PES fabrics of 1 cm of diameter were 

sterilized in humid vapor (121 ◦C, 1 atm) dried at 60 ◦C, and properly prepared according to the above 

described coating methodology. Then, were placed in individual wells of 24-well TCPS plates.   

Uncoated TCPS plates (in the absence or presence of any type of textile substrates) and coated TCPS 

plates were pre-treated before any cell involving assays were conducted. The pre-treatment 

consisted in the sterilization by UV procedure during 45min, based on the protocol described by 

Sharma [38]. 

The 3T3 (1x105cell/mL), HaCaT (1x105cell/mL) and HeLa (5x104cell/mL) cells were seeded into the 

coated 24-well cell culture plates in the absence or presence of fabrics. In order to ensure that cell 

attachment was not decreased due to medium culture repellence and sample floating, the PES 

samples were fixed onto the bottom of the culture wells. Cells on uncoated textile substrates 

constitute cells control in textile substrates. After incubation for 24 h under 5% CO2 at 37 ◦C, the 

spent medium was replaced with 500 µL of fresh medium supplemented with 5% FBS. After 

subsequent 24 h, cell viability was determined by the MTT assay. In this assay, living cells reduce the 

yellow tetrazolium salt MTT to insoluble purple formazan crystals, in a protocol based on that 

described first by Mossman [39, 40]. Thus, media was removed and 500 µL of MTT in PBS (5 mg/mL) 

diluted 1:10 in medium without FBS and phenol red was then added to the cells. The plates were 

incubated for a further 3 h, after which the medium was removed. Thereafter, 500 µL of DMSO was 

added to each well to dissolve the purple formazan product. Plates were then placed in a micro 

titre-plate shaker for 10 min at room temperature and the absorbance of the resulting solutions was 

recover in a 96-plate cell culture plate and measured at 550 nm using a Bio-Rad 550 microplate 
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reader. The effect of each surface on viability was calculated as the percentage of tetrazolium salt 

reduction by viable cells against the untreated cell control (cells in uncoated TCPS plates).  

 

Changes on cell viability by coating either TCPS or PES substrates were evaluated by considering the 

ratio between cell viability under both conditions:   

 

 

 

For comparative purposes, the ratio between cell viability values under uncoated conditions was 

also determined. 

 

2.2.4. Statistical analyses 

Experiments were performed at least three times on independent occasions unless otherwise 

stated. Results are expressed as means ± standard deviation of the mean (SEM). Data were analysed 

by PASW Statistics 18 software using one-way analysis of variance (ANOVA) with Scheffé post-hoc 

tests for multiple comparisons. Differences were considered statistically significant at p<0.05 or 

p<0.005. In the figures significant differences were illustrated with asterisk (unless otherwise 

mentioned). 

 

3. RESULTS AND DISCUSSION 

3.1. Physicochemical characterization of the coated surfaces   

The homogeneous distribution of the coating onto yarns and fibers of PES has been evidenced by 

wettability studies and by EDS maps. In the first case, although the formation of aggregates was 

evidenced by SEM (Fig. 1C), this didn’t result in wettability change or high hysteresis, being CA over 

160° with drops rolling off the surface despite the high heterogeneity of underlying fabric with yarns, 

holes, macroscopic peak-valley morphology (Fig. 1A). For this reason 3D confocal interferometric 

profilometry was not performed due to the highly irregular shape of the yarns. EDS maps have been 

a useful tool to track the single element in the dispersion composition to provide the efficiency of 

the application method and, in case, to refine or correct potential defect sources. In this case the 

yarns appear to be homogeneously covered by the polymer alone (HS treatment) and by the 

organic-inorganic dispersion (SHS treatment) (Fig. 1C). 

 

Substrate effect (SE) =
cell viability (TCPS)

cell viability (PES)
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In case of HS upon application of the polymer alone, the micron and submicron structure of the 

fabric contributes to a comparatively high CA also considering the polymer surface energy HS                       

20 mN/m. 

 

 

Figure 1.  Contact angle ( degrees) (A) , surface morphology (1000 X) (B) and EDS maps (C)  for F 

(red) and Si (green) of PES fabrics with 2 different hydrophobic (HS) and superhydrophobic (SHS) 

treatments. 

 

In order to work in presence of a substrate whose morphology allows both the coatings to be 

checked as a reference, TCPS plates were coated with both the coatings. In the case of HS treatment 

the polymer deposition provides a regular homogeneous surfaces with no defects or asperities with 

only hydrophobic effect (Fig.2A). Instead, the morphology of the SHS treatment investigated by SEM 

and 3D Interferometer confocal profilometry (Figure 2B and 2C, respectively), evidences a more 

homogeneous structure obtained by coating deposition on the as received cell culture plate. The 

SHS treatment derived from the organic-inorganic coating features a nanometric dual scaled 

roughness with an average of tens of nm. 
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Figure 2.  Surface morphology of cell culture plates as reference with (A) HS treatment (5000 X) (A) 

and SHS treatment (10000 X) (B) by SEM. The differences in resolution have been applied to optimize 

the details available. 3D profilometry of SHS treatment (C).  

 

3.2. Cell interactions with surfaces   

 

One of the most common non-epithelial cell line used in short- and long-term toxicological in vitro 

studies on cytotoxicity, biocompatibility, or mechanisms of cellular uptake of nanoparticles contains 

3T3 fibroblasts. These are readily available, undergo contact inhibition, and are closely 

representative of a physiologic model cell line [41]. On the other hand, HeLa cell line is the oldest 

and most commonly used human cell line, derived from cervical cancer cells. Since they were put 

into mass production, HeLa cells have been used for research into cancer, AIDS, effects of radiation 

and toxic substances, gene mapping, and countless other scientific pursuits [42,43].  

 

The skin is a continuously self-renewing organ that dynamically manages the outside-inside-outside 

relationships of the human body and actively participates in the host defences. Keratinocytes 

represent 95% of the epidermal cells. Primarily, they play the structural and barrier function of the 

epidermis, but their role in the initiation and perpetuation of skin inflammatory and immunological 

responses, and wound repair, is also well recognized. The spontaneously immortalized human 

keratinocytes cell line HaCaT from adult skin has been proposed as a model for the study of 

keratinocytes functions. HaCaT is a nontumorigenic monoclonal cell line, adapted to long-term 

growth without feed-layer or supplemented growth factors. It exhibits normal morphogenesis and 

expresses all the major surface markers and functional activities of isolated keratinocytes [44, 45].   
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Due to the functional role of fibroblasts, keratinocytes and cancer cells, the interaction of the 

selected cell lines with the proposed surfaces have been projected.  Cell viability on the proposed 

surfaces was evaluated using a modified in vitro cytotoxicity assay. Due to the adherent character 

of the selected cell lines, the incubation of first 24 h constitutes the time necessary for cell adhesion 

to occur on conventional TCPS surfaces. Then, the spent medium (with the unattached cells) was 

replaced with fresh medium and cells were allowed to attach for subsequent 24 h. Cell viability using 

the MTT assay, as a measurement of cell metabolic activity within the mitochondrial compartment, 

was used as a measure of cell attachment and growth on the assayed conditions. 

 

Cell viability of 3T3, HaCaT and HeLa cells grown on hydrophobic (HS) and superhydrophobic (SHS) 

coated TCPS plates for 48 h was significantly reduced when compared to the control TCPS surface 

(Figure 3A). Data are represented as percent of survival cells seeded and grown onto TCPS culture 

plates that was set at 100%. Cell viabilities of 7.5 (HaCaT), 10.5 (3T3) and 38 % (HeLa) and 2.2-2.4 % 

(3T3, HeLa) and 4.5 % (HaCaT) were obtained for cells grown in HS and SHS, respectively. In the case 

of 3T3 and HaCaT cells, significant differences against the uncoated TCPS plates for HS (p <0.005) 

and SHS (p <0.001) were found. For the tumoral cell line, significant differences (p <0.005) were only 

found for the HSH treatment. No significant differences between HS and SHS treatments for the 

same cell line, or differences between cell lines for the same type coating were found.  

 

On growing cells on either uncoated or coated PES fabrics, cell viability was significantly reduced 

when compared to the control TCPS surfaces (Figure 3A). In the case of uncoated PES fabric, relative 

cell viability values ranged between 6.0-42 %, as a function of cell line. Significant differences 

between HeLa with any of the non-tumor cell line were found (p <0.001). By modification on the 

PES fabric by either HS or SHS coating, cell viability responses seems to be dependent on the cell 

line type. The modification of PES surfaces by HS treatment conferred changes in cell viability ranged 

between 6-48 %, following a similar trend of that observed in the uncoated PES. Interestingly, the 

modification with SHS treatment induced significant differences among the three cell lines, with 

viabilities of 42 % (3T3), 26% (HaCaT) and 5 %( HeLa).  In addition, for both non-tumor cells, 

significant differences between coating type were found (p <0.001). 
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Figure 3. Effect of hydrophobic (HS) and superhydrophobic (SHS) coating on either TCPS plate or PES 

substrate on relative viability on 3T3, HaCaT and HeLa cell lines (A) and substrate ratio (B), 

determined by MTT assay. The data corresponds to the average of three independent experiments 

± standard deviation. *p<0.005 and **p<0.001 indicates significant differences against the uncoated 

TCPS plates or uncoated PES substrate (A and B), ●p<0.005 and ●●p<0.001 indicates significant 

differences between cell lines for the same treatment (A and B) and ≠≠p<0.001 indicates significant 

differences between the coating type (B). 

 

 

The combined effect of surface morphology and chemistry is evidenced in Figure 3A, where plain 

TCPS was used as received in comparison with the same surface treated by HS and SHS. While the 

homogeneity and the hydrophilic nature of the substrate allow the growth of all the three types of 

cell lines, when treated by SHS the substrate homogeneity allows a coating of nanometric scale 

roughness to be applied, definitely repelling the aqueous cell culture medium and resulting in an 

almost complete growth inhibition for all the cell types without differentiation.  The difference 

between the two hydrophobic states is also confirmed in Fig.3A by the HS treatment where the 

overall viability in HeLa cells is clearly enhanced with respect to the other cell lines. 

 

On the other side, when the coating is applied on a rougher substrate like the PES fabric with fibers 

and yarns of few micron size, we observe wettability properties comparable with the more ideal 

substrate TCPS. Thus, uncoated PES absorbs water featuring a complete wettability while coated 

PES (both HS and SHS) highly repels it.  Nevertheless, the microscopic grooves created within the 

yarns allow the cell to get into the sites of similar size by sedimentation [46, 47] and the preparation 

of the cell monolayer can take place with a comparable viability with respect to the not treated PES, 

enhancing few differences for the different cell lines.  Despite the role of adhesive proteins is still to 
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be ascertained in detail, the monolayer formation appears to be ruled by the substrate morphology, 

which drives the cell attachment in a mechanism quite independently on fabric coating features in 

Figure 3A. We observe a strong viability inhibition for HeLa for all the conditions, while 3T3 and 

HaCaT cells decreases slowly or moderately their viability, respectively, according with the change 

in hydrophobicity.     

 

Changes on 3T3 cell viability when compared to the control TCPS appears to be independent of the 

coating modification on PES fabric. Reports on the literature have demonstrated that fibroblasts 

and fibroblastic cells showed a higher strength to resist and proliferate in not so favorable conditions 

of culture and that is one of the main reasons why it is currently used for standard assays of 

cytotoxicity [34]. The difference in viability between 3T3 and HaCaT cells in the presence of the 

hydrophobic fluoropolymers blend could not be related to differences on the surface charge of the 

cell membrane which is certainly more negative in the case of fibroblasts than in the case of 

keratinocytes [48].  In addition, recent studies have demonstrated that the negative surface charges 

are a unique pattern of cancer cells. The negative surface charges were found to be generated from 

the large quantity of lactate secretion, a known property of all metabolically active cancer cells [49]. 

However, results found in the present work with HeLa cell line seems to be independent of the 

surface charge modification of the proposed coated surfaces.   

 

Studies about chemical modification of polystyrene surfaces by UV/O3 (UVO) irradiation, getting 

smooth and rough surfaces, have demonstrated that the attachment and proliferation on them 

depends on cell line type [50]. Compared to standard TCPS, the human primary osteosarcoma cell 

line (SaOs-2) and the mouse chondrocyte teratocarcinoma-derived cell line (ATDC5) could not 

proliferate on such surfaces, whereas the mouse lung fibroblastic cell line (L929) exhibited a high 

proliferation. It has been described that cells of fibroblastic nature as L929 have a higher strength 

to resist and proliferate in not so favorable conditions of culture [34]. These results are on the light 

of the obtained results with 3T3 on uncoated and coated PES substrates (Figure 3A). 

 

The present work demonstrates that cell viability of the selected cell lines can be easily modulated 

by hydrophobic (HS) or superhydrophobic (SHS) modification of both rigid solid surfaces and flexible 

fabrics. The efficiency of coated both TCPS and PES fabrics and their effect on cell viability of the 

selected cell lines was evaluated using the ratio between the corresponding cell viabilities (Figure 
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3B). Values higher than 1 represent conditions for which cell viability on PES fabrics are minimized 

in comparison with TCPS surfaces. Oppositely, values lower than 1 represent conditions for which 

cell viability on PES fabrics are preserved in comparison with TCPS surfaces. 

 

When uncoated surfaces are considered, the obtained results suggested that cell viability became 

higher on flatter surfaces, as is the case of TCPS surfaces. In all cases, values lower than 1 were 

found. However, the corresponding values seem to be a function of the cell type. Hence, whereas 

this value is close to 2.5 for any of the non-tumor cell line, this ratio rise up to 16 when HeLa cell 

line is considered. Significant differences between all cells were found (p <0.001).  

 

On coating both TCPS and PES surfaces, the ratio values became lower, as a consequence of the 

reduction on cell viability. The final response, however, depends on the coated type. The 

superhydrophobic coating (SHS) on TCPS surfaces seems to be very efficient on decreasing cell 

viability, independently of the cell line type. Values lower than 1 confirmed this performance (ratios 

values ranged between 0.06 (3T3), 0.16 (HaCaT) and 0.43 (HeLa)). Significant differences between 

cell lines, uncoated surfaces and coating treatments were found. 

 

When a more moderate coating is considered, individual responses as a function of cell line type 

might to be considered. Either 3T3 or HaCaT cell line decreased 10 times the ratio values in 

comparison with those observed on uncoated surfaces. Nevertheless, values higher than 6 

demonstrated that the hydrophobic coating of PES is most efficient to minimize HeLa viability in 

comparison with coating TCPS surfaces. Significant differences between cells and uncoated surfaces 

were found (p <0.001). 

 

In this work, the influence of coating of both TCPS and PES substrates on cell response have been 

evaluated taking into account the substrate effect ratio (SE). SE values could be considered a 

parameter to express the preferential behavior on either TCPS or PES superficies. It can be seen that 

these values depended on both the coating treatment and the nature of the cell line.  For the three 

cell lines, the ratio values decreased linearly as the hydrophobicity of the surface was raised. As 

expected, the most hydrophobic the surface, the lowest the cell viability would be. However, strong 

differences between selected non-tumoral and tumoral cells lines were found. The slope values vary 

strongly as a function of cell line with values around 1 for 3T3 and HaCaT cell lines and values higher 



14 
 

than 8 for HeLa cell line (Table 1). The strong higher dependence of the ratio exhibited by HeLa cell 

line could be associated to the preference of these cells to flat surfaces, as in the case of TCPS, in 

comparison with 3T3 and HaCaT cells.  

Table 1. The substrate effect (SE) was calculated as a ratio of the obtained viabilities for TCPS and 

PES fabrics for uncoated and coated fabrics.   The slope of the fitted line is also shown.   

 

Cell type SE (uncoated) SE (HS) SE (SHS) slope 

3T3 2.37 ± 0.10 0.22 ± 0.03 0.06 ± 0.007 1.16 

HaCaT 2.35 ± 0.14 0.17 ± 0.01 0.16 ± 0.02 1.10 

HeLa 16.55 ± 0.07 6.76 ± 0.05 0.43 ± 0.02 8.06 

 

HeLa, as well as other immortalized cell lines, are playing an increasing role in the study and 

development of new materials and technologies like biosensors. In fact, HeLa is the most used 

immortalized cell line in the laboratories all over the world and there are only few studies concerned 

with its adhesive properties. Lee and co-workers [51] studied the adhesion of different types of 

mammalian cells to modified poly(dimethylsiloxane). HeLa cells showed to be one of the most 

sensitive, displaying detachment and growth inhibition on several surfaces.   The decrease of HeLa 

cell viability when compared to the control TCPS seems to be more efficient when HS modification 

occurs on PES fabric than in the case of flat TCPS, with ratio values close to 6.0. The significant 

change in substrate morphology from flat and homogeneous in TCPS to the fibrous yarned PES can 

play a role in discriminating cell lines according to their different ECM.  

 

It is well established that the cell microenvironment, including the surrounding matrix, profoundly 

affects cell fate. This is especially true for solid tumours where matrix stiffness is believed to be an 

important factor in tumorogenesis [52]. It has been demonstrated that for most cell types, 

proliferation and cell spreading area are increased on stiffer substrates. Studies on drug screening 

test indicated that substrate stiffness can affect the cancer cell response to cytotoxic drugs in a cell 

type-dependent manner. In the case of HeLa cells, those findings suggest that stiffer substrates 

would be associated with higher drug resistance [53]. The significant change in substrate 

morphology from flat and homogeneous in TCPS to the fibrous yarned PES can play a role in 

discriminating cell lines, especially in the case of the tumoral HeLa cell line.  
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CONCLUSIONS 

Depending on the coating composition and structure, the hydrophobicity of the fabric can be finely 

modulated by an easy-to-prepare method applicable to commercial, low cost fabric substrates 

providing advanced performance. This point can be regarded as a starting step point to develop 

coated fabrics with specific wettability, chemistry and morphology. Coated-fabrics ranging from 

smooth and more homogeneous HS to SHS with a rougher surface in presence of nanoparticles, 

were obtained: In addition to the chemistry and morphology, the characteristics of the substrate 

are important parameter on the final cell viabilities. When uncoated surfaces are considered, the 

obtained results suggested that cell viability became higher on flatter surfaces, as is the case of TCPS 

surfaces. On coating both TCPS and PES surfaces, the ratio values became lower, as a consequence 

of the reduction on cell viability. The final response, however, depends on the coated type. The 

superhydrophobic coating (SHS) on TCPS surfaces seems to be very efficient on decreasing cell 

viability, independently of the cell line type.  When a more moderated coating is considered, 

individual responses of either 3T3 or HaCaT cell line decreased 10 times the ratio values in 

comparison with those observed on uncoated surfaces. Nevertheless, the hydrophobic coating of 

PES is most efficient to minimize HeLa viability in comparison with coating TCPS surfaces. The 

obtained results address to a potential discrimination between tumor cell lines and non-tumor cell 

lines based on their adhesion on PES fabrics. 
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