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Traditional cell culture relies mostly on flat plastic surfaces, such as Petri dishes and multiwell plates. These commercial 

surfaces provide limited flexibility for experimental design. In contrast, cell biology increasingly demands surface 

customisation, functionalisation, and cell monitoring in order to obtain data that is relevant in vivo. The development of 

research areas such as microfluidics and electrochemical detection methods greatly promoted the customised design of cell 

culture platforms. However, the challenges for mass production and material limitations prevent their widespread usage and 

commercialisation. This article presents a new cell culture platform based on stacks of a transparent flexible printable substrate. The 

arrangement introduces multi-layered stacks for possible manipulation and access to the cells. The platform is highly 

compatible with current technologies, such as colorimetric imaging and fluorescence microscopy. In addition, it can potentially 

integrate, e.g., biomaterials, patterning, microfluidics, electro- chemical detection and other techniques to influence, monitor, and 

assess cell behaviour in a multitude of different settings. More importantly, the platform is a low-cost alternative customisable 

through functional printing and coating technologies. The device shown in this manuscript represents a prototype for more 

sophisticated variations that will expand the relevance of in vitro studies in cell biology. 

 

1. Introduction 

     Over the past century, flat plastic surfaces, such as Petri dishes and multiwell plates, prevailed as cell culture platforms for cell 

growth, yet they still fail to mimic the in vivo cell behaviour. These platforms lack the physicochemical properties of the 

extracellular environment that regulate cell fate.1–3 Thus, they neglect the needs in experimental design for cell studies,4 and 

prevent the translation of results to in vivo applications. In response, commercial alternatives have been developed for specific 

applications, such as cancer studies and co-cultures. The issue is that most of them share a common manufacturing technique: 

injection moulding. The process is accurate, fast and with some flexibility of design. However, it requires the creation of a 

mould for each design, thus limiting the freedom for customisation and functionalisation while increasing initial production costs. 

This means that research is con- strained to the commercially predefined cell culture models despite the expanding needs in cell 

biology and advances in research areas such as microfluidics and sensing technologies.  

     Programmable and customised platforms for cell culture could potentially influence, manipulate, and monitor cell behaviour 

simultaneously. Such a device would overcome the fundamental limitations of   conventional   cell   cultures. This ambition  has  

led  to   the   development   of   cell culture approaches capable to integrate functional biomaterials,  printing,  traditional  

microfluidics  and   electrochemical sensing. 

Microfluidic research leads in applications such as high throughput screening,5 single cell analysis,6 organ-on-a-chip,7 and 

radiation biology.8 Polydimethylsiloxane (PDMS) is cur- rently the material of choice for microfluidic devices, and a 

favourite to engineers due to its optical clarity, low cost, repro- ducibility, ease of use, and rapid prototyping. However, the 

major limitations of PDMS in cell culture are the permeability to water vapour and small hydrophobic molecules, unstable 

surface treatment or functionalisation, and uncrosslinked    oli-gomers, all of which affects the resulting cell behaviour.9,10 In 

addition, some of the devices are not compatible with the technologies commonly used in cell studies,11 and the manu- 

facturing methods are difficult to scale-up for mass production.12,13 Therefore, despite the advances and advan- tages, cell 

culture platform design remains a challenge.14 Other approaches include the use of hydrogels,15 paper,16 and other polymeric 

systems.17 

  

 

Recently, wax printing has emerged as an alternative approach to develop cell culture platforms. The method is largely used 

in paper-based microfluidics due to its low    cost, simplicity, and speed of  production. 18–20 In 2011, Derda et al. used wax 

printing to design a high-throughput paper-based 3D cell culture platform based on Cells-in-Gel-in-Paper (CiGiP).21 The principle 
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was to use the hydrophobic wax as a barrier to create hydrophilic zones for cells to grow. Since then, wax printing is extensively used 

in paper-based 3D cell  culture studies. The next step is to exploit the benefits of using wax printing  methods  for  cell  culture  and  

expand  its   applications to cell patterning,22 and to create microwells for cell studies.23 

 

 

 

 

2. Experimental 

The proposed platform consists of multiple layers of flexible printable film stacked in a sandwich-like structure. Fig. 1a 

shows a graphical representation of the device and its layers, in addition to the side view of a single well after assembly of the 

stacked cell culture platform. The inner layers have specific patterns designed through cutting and serve as spacers in the 

device. The outer layers (base and cover) include printed hydrophobic boundaries to constrain the cell culture media 

(and cells) between these two surfaces. Herein, wax was used to create the hydrophobic boundaries, but it is exchangeable by 

any other hydrophobic material, e.g. PDMS. 

Fig. 1b shows a summary of the design and fabrication of the cell growth platform. Initially, patterns are designed in Adobe 

Illustrator CC (Adobe Systems) and wax printed (ColorQube 8570, Xerox®). The layer designs used in this research are shown in 

Fig. A.1 of Appendix A.† However, the platform geometry can be modified to suit the intended inves- tigation or analysis 

technique. It is possible, e.g., to mimic 96-well plate geometry. In the case of larger designs, the device requires additional points 

of  alignment  since  maintaining only the corners together will result in bending at the centre due to the film flexibility. After 

printing, the spacer layers are cut with a desktop cutter (Silhouette Curio™, Silhouette) according to the desired design 

(Silhouette Studio® Software, Silhouette). Before cell culture, the spacers are  rinsed with 70% ethanol, and dried. Subsequently, 

all layers are sterilised with UV-C radiation in a laminar flow hood. Stitch pins are used (8 mm, platinum) to align and keep 

all layers together, but can be exchanged with other methods for alignment, such as a 3D printed case. 

 

2.1. Cell culture of human dermal fibroblasts 

The main component of the cell growth platform used herein is polyester film Melinex® OD (DuPont Teijin Films™) with a 

thickness of 125 μm. In principle, any transparent, printable, and biocompatible film, including flexible glass, could be used. 

Before use, the polyester film was washed with soap and tap water, followed by rinsing with deionised water, 70% ethanol, and 

drying. Wetting properties and surface chemistry of the washed polyester film as such, and after printing with black wax were 

characterised. PerkinElmer Lambda 900 spectrophotometer and PerkinElmer Spectrum One FTIR Spectrometer (ATR mode) 

were used to collect the UV/Vis and IR spectra, respectively. CAM 200 (KSV Instruments Ltd) was used to measure the contact 

angle at the following conditions: (a) before printing, (b) after printing, and (c) after contact with each one of four liquids: 

deionised water, phosphate buffer solution, serum-free cell culture media (SF), and complete cell culture media (COMP). Droplet 

size was 6 μL, and the wettability was quantified through the Young–Laplace equation. 

 
2.2. Cell culture of human dermal fibroblasts 

Human Dermal Fibroblasts (HDFs, ATCC® PCS-201-010™) were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma-

Aldrich) with 10% Foetal Bovine Serum (FBS, Biowest), penicillin–streptomycin (10 000 units per 10 mg mL−1, Sigma-Aldrich), and L-

glutamine (200 mM, Biowest) as supplements. Cells were kept in an incubator (37 °C, 5% CO2, and 95% relative humidity), and subcultured 

when 80–90% confluent. 

 

2.3. Cell culture of HDFs in the stacked platform 

Well areas in the plate were first pre-wet with DMEM. Then, cell seeding was increased per column (labelled 1 to 4 from left 

to right): 0 cells (1), 5000 cells (2), 10 000 cells (3), and 15 000 cells (4). The total liquid volume added to each well was 60 

µL. Calcein AM (ThermoFisher Scientific) was used to stain the metabolically active cells after one and three days of cell 

culture. Briefly, a working solution in PBS of 5 µM Calcein AM was prepared from a stock solution of 1 mM Calcein AM. After 

five minutes of incubation in the working solution, the bottom layer of the plate was scanned (488 channel) with a ChemiDoc™ 

XRS+ System (Bio-Rad Laboratories). The data collected was analysed in Image Lab™ Software (Bio-Rad Laboratories). At 

each time point, cells were imaged using a ZEISS Axio Vert.A1 (ZEISS). Prior to imaging, a row of cells was treated with 50 µM 

cisplatin, a known inducer of apoptosis, and incubated for 10 hours. 

 

2.4. Immunofluorescence staining 

The well areas were pre-wet with DMEM prior to seeding the cells. The 13 mm inner wells contained 30 000 cells in a volume 

of 140 µL. The 7 mm outer wells had 30 µL of DMEM with no cells to prevent fast drying of the inner wells. As com- parison, 

30 000 cells in a volume of 500 µL were seeded in 13 mm coverslips placed in a 24-well plate. After one day of incubation, 

cells were washed with PBS, fixed with 4% PFA in PBS for 15 minutes at room temperature, and washed repeatedly with PBS. Afterwards, 



 

 
 

Fig. 1 Description of the cell growth platform. (a) Schematic representation of the stacked platform and its layers. It includes a side view represen- tation to scale 

of a single well of the device. (b) General design and fabrication of the plastic-based cell growth platform. 

 
 

 
cells were blocked, permeabilised and stained for one hour with 10% FBS, 0.3% Triton X-100, and 1 : 500 Alexa Fluor™ 555 

Phalloidin (Invitrogen™, ThermoFisher Scientific) in PBS. Next, cells were incubated for five minutes with 300 nM DAPI 

(ThermoFisher Scientific) in PBS for nuclear staining, and later washed with PBS.   Finally, the samples were mounted on 

microscope slides with Mowiol+DABCO (Sigma-Aldrich). Acquisition of the images was done with a 3i spinning disk 

microscope. 



2.5. Assessment of hypoxia 

Well areas of two plates were pre-wet with DMEM prior to seeding the cells. Cell seeding was of 15 000 cells in a volume of 

100 µL per well. After one day of cell culture, one plate had a change of media (untreated samples) and the other plate was 

treated with 1 mM fresh solution of CoCl2 in DMEM to chemi- cally induce hypoxia. Cells were incubated for 24 hours, washed 

with PBS, fixed with 4% PFA in PBS for 15 minutes at room temperature and washed repeatedly with PBS. Samples were 

blocked/permeabilised with 10% FBS, and 0.3% Triton X-100 in PBS for 30 minutes. Then incubated overnight at 4 °C with 

anti-HIF-1 alpha antibody [EPR16897] (dilution 1 : 100, Abcam) in PBS. The following day, after repeated washes in PBS, 

the samples are incubated for one hour at room tempera- ture with 10% FBS, and goat anti-Rabbit IgG (H + L) secondary 

antibody Alexa Fluor Plus 555 (dilution 1 : 100, ThermoFisher Scientific) in PBS. Next, cells were stained with DAPI, washed 

with PBS, and mounted on microscope slides with Mowiol+DABCO. Acquisition of the images was done with a 3i spinning disk 

microscope. The post-processing was done  with FijiImageJ,24,25    using  the  median  filter  and  Li  method    of threshold26 to 

obtain the outline of the nuclei. 

  

3. Results and discussion 

This section starts with the characterisation of the stacked cell culture platform, followed by a discussion on the performance of 

the device during the cell culture, and comparison  to current methods. Finally, some of the potential future modifi- cations and 

applications of the platform are proposed. 

 

3.1. Characterisation of the stacked cell culture platform 

Microscopy is one of the main techniques utilised to monitor cell behaviour. Therefore, the use of a very thin and highly 

transparent material with optical clarity is an advantage in the fabrication of a cell culture platform. Fig. 2 shows the trans- 

mittance and ATR-FTIR spectra of the materials in the stacked cell culture platform (Melinex® OD and black wax). Most 

common excitation wavelengths in fluorescence microscopy are between 400–700 nm. Within that range, Melinex® OD has 

transmittance around 88%. This value is comparable to 90 and 91% given by the commercial cell culture plate (Greiner 

CELLSTAR®), and the glass coverslip, respectively (Fig. 2a). Below 400 nm, the transmittance for Melinex® OD decreases 

somewhat faster than for the other materials. If needed, materials with larger spectral window could be utilized. As expected, 

the printed black wax has very low transmittance below 650 nm. The purpose of using wax is to create hydro- phobic 

boundaries to constrain the liquid and cells into wells rather than serve as a cell growth surface. Therefore, the low 

ransmittance in the black wax printed areas does not rep- resent a limitation for observing the cells. 

The  ATR-FTIR  spectra  confirms  the  composition  of  the Melinex® OD and the wax (Fig. 2b).27  Peaks from Melinex® OD are  

representative  of  polyester  films  including  C–O  stretching (1097–1244  cm−1),  C–H  bending  (1340–1409  cm−1),  CvC  aro- matic     

stretching     (1505–1578     cm−1),     CvO     stretching (1715  cm−1),  and  C–H  stretching  (2907–2969  cm−1).  Peaks from the 

black wax are similar to those of paraffin. The peaks include the CH2 in plane rocking band (719–730 cm−1), C–H bending 

vibration (both asymmetric and symmetric) from CH2 groups (1472 cm−1), C–H bending vibrations from CH3 groups (1378–1462  

cm−1),  strong  C–H  stretching  vibrations   (both asymmetric and symmetric)  from  the  CH2  groups (2847–2866 cm−1), and 

CH3  stretching vibrations (2955 cm−1). Other bands present in the wax spectra are possibly from the black pigment compound 

of the ink and weaker methylene bands at 1350–1150 cm−1. 

The ATR-FTIR spectra shows changes in the surface chem- istry after contact with both cell culture media (Fig. 2b). Despite 

the differences between Melinex® OD and the black wax ink, both materials have similar spectra after exposure to the cell 

culture media. The change is not permanent, and it is possible to reverse it through multiple washes by deionised water 

(Appendix A, Fig. A.2†). Since the changes occur for DMEM with and without serum, the adsorption of  molecules is not 

just the proteins in the serum but also other compounds present in the serum free DMEM. Serum free DMEM contains 

inorganic salts, amino acids, vitamins and  other  additives such as phenol red, glucose and penicillin–streptomycin. Therefore, 

it is difficult to single out specific adsorbed com- pounds from the complex mixture. 



 

 

Fig. 2 Characterisation of the materials in the stacked platform. (a) Transmittance spectra of Melinex® OD, black  wax-printed Melinex® OD, commercial 

cell culture plate (Cellstar), and glass coverslip between 200 and 800 nm. (b) ATR-FTIR spectra of Melinex® OD (M) and black wax-printed Melinex® OD (W) 

after contact with dionised water (DI), serum free DMEM (SF), and complete DMEM (COMP), and no washes (NW). 

 

Table 1 Contact angle measurements for Melinex® OD and black wax printed  surfaces  before  and  after contact  with  deionised  water (DI), phosphate buffer 

(PBS), serum free DMEM (SF), and complete DMEM (COMP) 

 

 

 

 

 

 
 

 

Sample DI PBS SF COMP 

Melinex® OD 

Melinex® OD after liquid 
Black wax 
Black wax after liquid 

88 ± 0.9 
89 ± 2 
112 ± 1.3 
110 ± 1 

89 ± 0.3 
85 ± 2 
110 ± 0.4 
102 ± 0.8 

88 ± 1 
80 ± 3 
110 ± 2 
12 ± 2 

91 ± 2 
8 ± 2.8 
105 ± 0.8 
14 ± 2 

 



 

Contact angle measurements help further understand the changes to the surface chemistry induced by the cell culture 

media. Table 1 shows the contact angles at 10 seconds after droplet placement for the Melinex® OD and black wax printed 

surfaces before and after contact with the liquids. In this case, the liquids considered were deionised water (DI), phosphate 

buffered solution (PBS), serum free DMEM (SF), and complete DMEM (COMP). 

The contact angle of both surfaces decreases significantly after contact with the cell culture media. This change confirms the 

interaction seen in the ATR-FTIR spectra. In the implemen- tation of the stacked platform, the cell culture media does not cover 

the black wax. Therefore, despite the possible inter- actions between the wax and the media, the black wax can still form the 

boundaries of the wells. In the case of the Melinex® OD, the initial contact angle is not hydrophilic enough to promote 

spontaneous wetting and spreading of the liquid on the surface. Functional coatings on the film surface before wax printing are 

possibilities to enhance the wetting. In this case, it was enough to pre-wet the wells with cell culture media before cell seeding. 

 

3.2. Manufacture and implementation of the stacked cell culture platform 

The prototype device was manually assembled using a wax printer for the hydrophobic boundaries, and a desktop cutter for 

the layers. The material costs include the wax solid ink and the flexible printable film. The ink cost is about 0.85 EUR m−2 of 

substrate considering 20% coverage, while the flexible film used was about 1.18 EUR m−2. Therefore, the material cost per 

device is about 0.11–0.13 EUR assuming that 16–18  devices (5 cm × 7 cm) are made from 1 m2 of film. However, the device in 

its current state requires further considerations, such as the steps of manufacture, method of alignment, the  time  of design and 

customisation, and manual  assembly. 

Manufacture of the stacked cell culture platform for labora- tory scale was straightforward and successful. See Appendix A, 

Video A.† for a demonstration of the platform. The design of the layers changed according to the purpose of the platform as 

explained in the Experimental section. The size of the cell staining wells meant for fixation was equivalent to a  coverslip 13 mm, 

No. 1 in order to use the latter one  as  a control, except for the hypoxia studies. Higher magnifications of the wax printed 

designs showed uneven coverage by the fused wax ink toner particles (Appendix A, Fig. A.3†). The toner particle size and 

spreading during fusing partially define the resolu- tion limitations of the used printing method to approximately 100 µm. 

In the device, the cell culture media is pinned to the base and cover layer by the hydrophobic boundaries, and further kept 

in place by surface tension, as shown in Fig. 1a. This defines the volume of the well which depends on the ratio between 

the radius of the well and the gap between the cover and base layers. If the gap is too large, the surface tension is insufficient 

to keep the liquid between the layers. If the gap is too small, then the amount of liquid might not be enough to counter or 

delay the drying promoted by the airflow between the layers. Additionally, the shape of the hydrophobic bound- aries, or wells, 

will affect the successful containment of the liquid. 

Alignment of all the layers depend on the cutting resolution of the used cutter. The positioning of the layers is important 

since any contact between the inner layers and the cell culture media results in a fast lateral spreading of the liquid. In this 

study, a 1 mm distance between the printed well edges and the holes from the inner layers was enough to restrain the liquid 

within the hydrophobic boundaries, prevent any contact with the spacers, and correct any misalignments from the cutting 

process. An alternative approach could utilise hydrophobic material as spacer layers. 

Fig. 3 summarises the results obtained from implementing the platform for cell culture. Pre-wetting of the surface prior to the 

addition of cells resulted in an evenly distributed cell seeding. The distribution is visible in both the imaging and scanning 

of the HDFs stained with Calcein AM. Fig. 3a shows images after one and three days of cell culture. Cells have the characteristic 

spindle-shape of HDFs and proliferate towards confluency by day three. This is suggested by the increased cov- erage of cells in 

the wells. Therefore, the device is suitable for the cell culture of HDFs. The method sufficed to maintain a con- tamination-free 

environment. It was possible to observe minor scratches and defects on the plastic substrate (not shown), yet they were not 

detrimental for the imaging. Images of cisplatin- treated HDFs can be found in Fig. A.4 of Appendix A.† 

Quantification of the scanned surface revealed an increas- ing mean intensity proportional to the increase in cell amount (Fig. 

3b). The linear increase makes it possible to create a stan- dard curve to measure cell proliferation in future drug-screening 

studies. In the current setup and used liquid volumes, cell culture is possible up to three days before significant drying in the outer 

wells (Appendix A, Fig. A.5†). This period is enough for a wide range of assays that study cell behaviour. Longer cell culture 

times require manual change of cell culture media or the future design of an (semi)automatic fluid handling method. 

Immunofluorescence microscopy is a method widely used by researchers. Therefore, it is important to ensure that the 

proposed device is compatible with the technique. Imaging of cells grown on Melinex® OD showed lower resolution than 

imaging of cells on coverslips when using the traditional sample preparation (Fig. 3c). Traditional sample preparation for 

imaging includes mounting fixed/stained cells directly    to the microscope slide. The location of the cells is between the growth 

substrate and the microscope slide; therefore, in an inverted microscope, the imaging is done through the sub- strate. 

Microscope objectives and immersion oils are mostly designed to improve imaging through glass. Coverslip glass has a 

thickness between 130–160 µm, high spectral trans- mission, and a refractive index of approximately 1.5230. In contrast, 

Melinex® OD has a thickness of 125 µm, slightly lower spectral transmission, and a refractive index over 1.6, and haze of 

0.4%, according to the manufacturer. The differences between the materials result in the loss of imaging resolution when imaging 



 

 
 

Fig. 3 Implementation of the cell culture platform. (a) Fluorescence imaging of HDFs stained with Calcein AM for a cell seeding of 0, 5000, 10 000, and 15 000 

cells after one and three days of cell culture. Scale: 500 µm. (b) Fluorescence scanning and intensity quantification (linear fit) of HDFs stained with Calcein AM 

for a cell seeding of 0, 5000, 10 000, and 15 000 after one day of cell culture. (c) Spinning disk microscope images of HDFs stained for nucleus (DAPI, blue) and 

actin filaments (Alexa Fluor, red). Each image includes a scale of 50 µm in the bottom left corner, and the power of the objective used in the bottom right corner. 

This section also contains the schematic setups used for imaging the cells: the traditional method (coverslip, and Melinex® OD), and a modified version 

(Melinex® OD Mod.). 

 
 

 



through the  substrate. 

It is possible to increase the compatibility of the stacked cell culture platform for high-resolution imaging by modifying the 

traditional sample preparation method. The substrate   is mounted on the microscope slide with the fixed/stained cells facing outwards. 

Then, a coverslip is mounted on top of the cells. Consequently, the cells are located between the substrate and a coverslip, but the 

imaging occurs through the coverslip.  The result are images with a resolution comparable to the ones obtained by growing cells on 

coverslips and with no interferences from the substrate even when using 100× objectives and immersion oil. Another future alternative is 

to replace the plastic film in the device with thin flexible glass substrate, which both maximizes the optical imaging resolution and 

maintains modification options through printing and solution processing   techniques. 

At last, it is important to consider the oxygen availability to the cells inside the device. At the moment, the layers are not 

sealed together and there is access for oxygen in between them, as shown in Fig. 1a. The separation between the layers is 

possibly due to the elevated edges created during the cutting step of manufacture. The effect is also noticeable by the increased 

and faster drying of the wells close to the edges (Appendix A, Fig. A.5†). The uneven drying raises a concern of hypoxic 

condition to the cells in the inner wells. 

Fig. 4 shows the immunofluorescence staining of cells in a side well, and at the centre of the stacked cell culture platform. As 

a control, hypoxia was chemically induced in another device at the same locations. The images show that under hypoxic conditions 

HIF-1 alpha relocates to the nuclei, as reported in previous literature.28 In comparison, cells cultured normally in the device show 

no accumulation of the protein in the nuclei. This indicates that the cells do not undergo hypoxia. 
 

3.3. Future applications of the stacked cell culture platform 

Compared to traditional, and PDMS cell culture platforms, the device proposed in this study provides a wider range of 

programmability to experimental design (Table 2). Geometrical modifications and printed wax barriers for channels can enable 

use of passive or active microfluidics in the device.    Exchanging the base layer for flexible glass would increase imaging resolution 

 
 

 

 
 

Fig. 4 Spinning disk images of untreated cells, and cells treated with 1 mM of CoCl2. Cells were imaged from position B1 (side of the device), and B2 (centre of 

the device). The staining included DAPI for nuclei, and HIF-1 alpha as an indicator of hypoxia when relocalised to the nuclei. In addition, the figure includes an 

overlay of the nucleus outline on the HIF-1 alpha staining. Scale bar: 100 µm. 



Table 2   Comparison between traditional cell culture, and the stacked cell culture 
 

Parameter Traditional cell culture PDMS devices Stacked cell culture 

Cell number Thousands to tens of millions Single cells to tens of thousands Single cells to tens of thousands 
Gas transport Irregular and governed by free Customisable through Potentially customisable through modifications to 
 convection (uncontrollable due to modifications to the design spacer geometries and dynamic control due to low 
 large liquid volumes)  liquid volumes 
Geometry Predefined mould design Predefined mould design Size and shape can be altered for each design 
Growth area Limited to the bottom of the wells Depends on the design Both cover and base layer, in addition to the 
 and the media suspension  media suspension 
Manufacture Defined geometries mostly through Cross-linking of liquid PDMS into Customisable through cutting/printing of flexible 
 injection moulding moulds and heated to replicate films 
 

Material Stiff polystyrene/glass 
the mould geometry 
PDMS 

 

Any flexible printable film 
Scalability Each design requires an investment 

for a different mould 
Each design requires the making 
of a different mould 

Compatible to a wide range of roll-to-roll process 
techniques, such as laser cutting and in-line 

   printing. However, challenging due to assembly 
Surface Possible through drop casting Unstable modifications due to Possible through traditional and commercial 
modifications  hydrophobic recovery techniques suitable for flexible films, such as 
   coating and printing 
Volume High volume to area of cell growth Low volume to area of cell growth Low volume to area of cell growth ratio 
 ratio ratio  

 

and use of porous materials in inner layers potentially introduces lateral communication between wells. The platform requires low 

volume of cell culture media and provides additional areas for cell growth. Cells can be attached to both the base and cover layer 

before the assembly of the stacked plate, and if necessary, suspension cells can be grown as well between the layers. This is potentially 

useful for the study of co-cultures of different cells lines and to mimic in vivo environments. 

The printability of the platform is another benefit over traditional and PDMS cell culture, since it allows for the modification 

and functionalisation of the cell growth surface. Printed patterns inside the wells can separate the cells into smaller clusters or be 

used to study cellular processes like migration. Printed functional biomaterials or molecules can be assessed in the device or be 

used to regulate cell behaviour. Inclusion of electrochemical detection, such as thin, organic and large area electronics (TOLAE) 

technologies, is also possible through printing of solution processable materials. This can be particularly useful to monitor cells, 

and assess responses to different types of stimulations such as currents and lasers. In summary, the potential applications for the 

stacked platform include co- cultures, functional printing, patterning, electrochemical detection, and biofluidics. 

Considering the future prospects, the proposed platform is an attractive alternative to current methods.  Further studies and 

modifications are needed to exploit the potential of the device. However, the simplistic approach together with the ease of 

production and scalability make it a feasible new approach to cell culture studies. 

 

 

4. Conclusions 

This article introduces a new platform for cell culture studies. The device is easy to manufacture, customisable, and potentially 

scalable. It consists of stacks of a flexible printable film including two outer layers and multiple inner layers used as spacers. 

The outer layers include printed hydrophobic barriers to constrain the cell culture media in wells. The experiments showed that 

the platform, even in its basic form, is compatible with fluorescence measurements and microscopy. Further modifications to the 

platform would allow long-term studies, and the introduction of co-cultures, functional printing, fluid handling and 

electrochemical detection. 

The proposed device represents an alternative to current platforms for cell culture. Its fabrication is potentially scalable to 

large volumes while still maintaining the freedom of design brought about by digital printing and converting technologies. 

From a research perspective, the device provides the means to include state-of-art technologies and expand their access to 

researchers in biological sciences. 
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