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Abstract  

Ceramic membranes are highly selective barriers to separate particles from a fluid and 

their selectivity depends essentially on pore size. This technology has been gaining 

importance over the last years for different applications in air filtration as well as in 

biotechnological and pharmaceutical industries. Current cell culture methods introduce 

stressful separation processes on a daily basis, both at laboratory and industrial scales. 

The present work aims to solve some of these problems by creating a customizable 

platform, integrating ceramic membranes and allowing for batch/continuous medium 

replenishment with minimal stress to cells, through the development of the Leonor 

Syringe Filter concept and the design of a Smart Wells platform. Experiments with 

pancreatic cancer cell lines were performed, testing the membrane’s selectivity for cell 

separation. Membranes with pore size ranging between 5μm and 7μm show the best 

selectivity (90-100%) on cell separations.  

Further experiments are required to optimize the membrane manufacturing process in 

order to fully control membrane’s pore size. Furthermore, the integration of the herein 

described ceramic membranes in the Smart Well platform and its experimentation will 

provide insights of the future of this technology. This work demonstrated the feasibility 

of improving cell culture processes, proposing a novel technology that can stem to cell 

culture and therapy, personalized medicine and drug-discovery applications to treat 

several types of cancers.  

Keywords: Ceramic membranes, Microfiltration, Cell culture, Pancreatic cancer cell 

lines, Leonor Syringe Filter, Smart Well 

1. Introduction  

Microfiltration is a type of filtration process 

where a fluid passes through a membrane or 

filter to separate solutes from solvents. The 

typical pore sizes found in microfiltration 

applications range from about 0.1μm to 30μm. 

Due to their pore size range, microfiltration 

membranes can be used in many different 

fields such as biotechnology and 

pharmaceutical, environmental and food 

industry applications. However, each 

application requires different membrane 

characteristics according to the type of 

material and design. Membranes can be 

produced out of a diversity of materials, being 

characterized by the main material in their 

composition. Their classification is based on 

different aspects such as nature, structure and 

geometry (Falco M. 2011). In general, 

microfiltration membranes can be classified as 

organic (polymer-based) or inorganic 

(ceramic-based) membranes. Inorganic or 

ceramic based membranes are composed of 

materials that render them higher thermal and 

harsh chemical resistance properties than 

polymeric membranes. Furthermore, these 

membranes are inert, autoclaveable, re-usable, 

environment-friendly and have a resistance to 

high pressures, a long lifetime and a low 

thermal conductivity. On the downside, their 

manufacturing cost is high, the manufacturing 

process is complex and are highly sensitive to 

temperature gradients during the fabrication 

process (Jaffrin 2015) (Lorente-Ayza 2015). 

The two main inorganic materials of 



microfiltration membranes are ceramic and 

metallic compounds. Different types of 

ceramics have different properties but, 

overall, they are heat and corrosion resistant 

and chemically inert. Inorganic membranes 

can be obtained by using different techniques 

such as slip and tape casting, pressing, 

extrusion, sol-gel process, dip coating, 

chemical vapour deposition and sintering (K. 

2007). In general, its preparation involves 

several steps: an initial suspension step where 

the powders are mixed with an organic binder 

to help the powder to consolidate; forming 

that includes the packing of the particles in the 

suspensions into a membrane precursor with a 

desired shape followed by the final heat 

treatment at high temperatures to consolidate 

the membrane precursor and to have open 

pores, as well as a good pore size distribution, 

through a sintering process (K. 2007) (Amin 

2016). 

Current cell culture methods introduce 

stressful separation processes both at 

laboratory and industrial scales. While 

changing media, for example, a centrifugation 

step is always required for liquid suspension 

cultures, stressing the cells due to the high G-

forces applied. Also, the biochemical cues 

present in the culture media are discarded 

whenever a full medium replenishment is 

performed. Mechanical stresses also hinder 

cell expansion yield and can even cause some 

stem cell cultures to differentiate 

spontaneously leading to undesirable 

outcomes (Leung, et al. 2010). It is important 

to find alternatives for the centrifugation step, 

which is widely used in cell culture, possibly 

replacing it with a microfiltration step. By 

using a microfiltration step, the stress applied 

to the cells can be reduced and therefore their 

viability might be kept higher. 

Experiments with cell lines allow to address 

the optimization of current 2D and 3D cell 

culture methods and processes. Cancer cell 

lines are used in research to understand and 

study the biology of cancer. By definition, a 

cell line is normally characterized as immortal 

due to its ability to proliferate indefinitely due 

to genetic mutations, while its progeny does 

not change within each cell division. Cell 

lines are mainly used due to the fact they are 

very easy to handle, widely available and they 

present a quick growth. They can be cultured 

in 2D or 3D systems.  

Conventional systems as two-dimensional 

(2D) cultures have been used widely in vitro. 

In general, 2D in vitro systems allow to 

understand cellular growth and differentiation, 

are reproducible and responsive to drugs and 

radiation (Johnson, Decker and Zaharevitz 

2001) (Velliou, Santos and Papathanasiou 

2015). Several studies focusing on pancreatic 

cancer treatment optimization have been 

developed in these 2D systems, growing cells 

adherently in tissue culture flasks or plates 

(Hashimoto, Bläuer and Hirota 2014). 

However, these culture methods hinder 

mimicking in vitro the structure of the in vivo 

tumor microenvironment. That can affect the 

cancer evolution and chemotherapy resistance 

and might not reflect different tumor 

characteristics, such as porosity, vasculature 

and extracellular matrix, which provide cell-

adhesion and three-dimensionality (Kim, 

Turnbull and Guimond 2011). Therefore, cells 

cultivated in 2D systems present some 

differences in their growth and morphology, 

when compared with the in vivo tumor 

(Velliou, Santos and Papathanasiou 2015) 

(Totti, Vernardis and Meira 2017) (Nelson 

and Bissell 2006). 

In recent years, three-dimensional (3D) cell 

culture systems have been expected to replace 

and improve conventional 2D systems 

(Yamada and Cukierman 2007) (Vincan, 

Brabletz and Faux 2007) (Matsuda, Ishiwata 

and Kawamoto 2011). In contrast to 2D 

cultures, 3D systems are more similar with the 

in vivo environment in different aspects: 

architecture, structure, porosity and 

microenvironment niches (Blanco and 

Mantalaris 2009) (Totti, Vernardis and Meira 

2017). These systems are more realistic and 

provide more representative results of cell-cell 

interactions, migration and 3D cell-matrix 

interactions, due the special arrangement of 

their architecture (Ricci, Mota and Moscato 

2014) (Totti, Vernardis and Meira 2017). 

Furthermore, in general, 3D culture systems 

can be considered static or dynamic, 

depending on where the cell culture takes 

place. The most common static system is a 

tissue culture well plate whereas the dynamic 

system typically runs in a reactor. 3D tissue 

engineering systems enable the distribution of 

environmental conditions, such as oxygen, 

glucose, nutrients and temperature, and also 

the treatment conditions, such as irradiation 



and drugs (Zanoni 2016) (Anastasov, Hofig 

and Radulovic 2015). In conclusion, these 

parameters and differences between 2D and 

3D systems could lead to different cellular 

response to treatment, proposing that the 3D 

system could be the most accurate and 

extrapolative system. Different technologies 

are being developed in order to optimise of 

2D and 3D cell culture systems, as well as 

their applications. Particularly, with the 

advent of immune cell therapy and their 

applications in personalized medicine to treat 

and even cure several types of cancers, the 

need to scale-out rather than scale-up cell 

therapy methods demands new approaches to 

culture cells in individualized and 

compartmentalized environments 

(Trakarnsanga 2017). 

 

2. Materials and Methods 

2.1 Cell Culture Conditions 

PANC-1 (ATCC® UK,CRL-1469) cell line 

cultures were cultured in high glucose DMEM 

- Dulbecco’s Modified Eagle’s Medium - 

(Sigma Aldrich, UK) supplemented with 10% 

heat inactivated fetal bovine serum (Fisher 

Scientific, UK), 1% Penicillin/Streptomycin 

(Sigma Aldrich, UK) and 1% L-Glutamine 

(Sigma Aldrich, UK) stock solutions. All the 

cultures were performed inside an 37°C 

incubator with a humidified atmosphere of 

20% O2 and 5% CO2 for pH control. Cells 

were seeded at a density of 4 - 5x10
6
 

cells/T75-Flask – equivalent to 5.33 - 

6.67x10
5
cells/cm

2
, as per the manufacturer’s 

recommendations, and allowed to adhere on 

the flask surface. Medium was replaced with 

fresh one every two days. Upon cell 

confluence at the flask surface, cells were 

detached and placed in new T-Flasks, using a 

0.25% Trypsin-EDTA solution (Sigma 

Aldrich, UK) as a dissociation agent. 

2.2 Cell Counting 

When passaging, cells were counted using a 

hemacytometer (Marienfeld). The cell sample 

was ressuspended on an eppendorf (VWR) 

and then 50μL of concentrated cell sample 

were diluted into an equal volume of 1% 

Trypan Blue exclusion dye in PBS (Sigma 

Aldrich, UK) for cell viability assessment. 

When necessary, dilutions were made until 

the appropriated resolution was obtained. Two 

replicates of 10μL of stained cell sample were 

then counted under a microscope in 10x 

magnification (Zeiss, Axiovert 40C). 

2.3 Cell Size and Membrane Pore Size 

Measurement 

Photos of PANC-1 cells and membrane 

surfaces after bottom and top lapping were 

taken. They were analysed by Image Pro-

Premier 9.1, allowing to determine cell 

diameter and membrane pore size. The 

analysis of cell size is done by the selection of 

cells. The luminosity contrast between cells 

and the medium where they are is important to 

select only cells and to obtain accurate results. 

Images of cells are opened as a sequence, 

followed by the calibration of the images and 

the selection of shadowed areas. The program 

detects cells based on a luminosity gradient 

and requires the user to manually validate the 

selection. Results of each image and 

individual results of each cell are collected, as 

well as an average of the results of each 

image, which is also calculated automatically 

by the program. The procedure to measure 

membrane pore sizes is similar to the cell’s 

one.  

2.4 Lapping 

Lapping is divided into three main steps: 

preparation, lapping and characterization of 

the membranes. The first step was to prepare 

all the devices used throughout the process. 

This includes cleaning of the lapping plate 

with cleaning fluid on its surface, checking 

the flatness of the lapping plate and finally the 

identification of top and bottom surface of the 

membranes. Membranes were characterized 

with numbers (1 to 10) and were observed 

against a source of light in order to identify 

their top and bottom surfaces and also detect 

if they had any visible defects. The second 

step was lapping. Membranes were placed on 

the lapping plate on in-house specific fixtures 

followed by embedding the holder in the same 

fixtures. The holder and the lapping plate 

were then put into motion while diamond 

particle suspension (LamPlan, UK) was 

distributed on the lapping plate. The diamond 

liquid amount was applied accordingly to 

avoid the dryness of the plate. There are 

different diamond particle suspensions 

according to particle sizes, but all of them are 



composed of loose abrasive particles of 

diamond and a carrier liquid. The diamond 

liquid was chosen according to the desired 

final characteristics and material removal rate. 

After treating the bottom surface of the 

membrane, a diamond liquid with smaller 

particles was used for top lapping. Time and 

rotation speed of the lapping plate were set on 

the lapping equipment’s control panel and 

always depend on the desired final thickness 

of the membranes. Membranes were then 

cleaned on an ultrasonic bath (Turbex, 

Elmasonic P) during 5 minutes followed by 

drying at room temperature. Finally, surfaces 

were observed on the microscope with 

magnifications of 10x and 40x and several 

pictures of each membrane were taken, in 

order to have an overall view of their surface. 

2.5 Microfiltration Experiments 

The experiments were performed after cell 

passaging. Upon cell counting, cells were 

divided into T-Flasks or Falcon tubes, 

depending on their purpose. Some cells were 

placed in new T-Flasks (splitting process) in 

order to ensure continuous growth and 

expansion of PANC-1, while the remaining 

was divided into Falcon tubes. According to 

the desired cell concentration to test the 

membranes, cells were divided into each 

Falcon tube and diluted up to 15ml with 

medium. To perform the microfiltration 

experiments, the first step was to sterilize all 

Leonor Syringe Filter components and also 

the membranes in 70% ethanol solution 

(Fisher Chemical) during two hours. After 

two hours, all the components were washed 

multiple times with PBS, to ensure that they 

were totally sterile and without ethanol. The 

Leonor Syringe Filter was assembled and a 10 

ml sterile syringe was screwed to the model. 

The model was inserted in the Falcon tube and 

filtration process started, pulling the syringe 

until the medium's flow stopped. After that, 

the syringe was unscrewed and the filtrate that 

was in the syringe was added in a new Falcon, 

in order to have the filtrate sample. At the 

same time, a new sterile and previously 

prepared syringe with 10 ml of medium was 

screwed to the model and a back flow of 

medium to another Falcon was performed, in 

order to obtain the cells of the membrane's 

surface. After the experiment, 3 different 

Falcon tubes were obtained: the filtrate Falcon 

tube, the retentate Falcon tube (that was the 

initial Falcon and contains the solution that 

was not filtered) and the Falcon with 10ml of 

medium and cells that were in the membrane's 

surface. Finally, a sample of each Falcon tube 

was taken and respective cells were counted, 

in order to calculate membrane selectivity.  

2.6 Membrane Cleaning Process 

Between each filtration experiment, 

membranes were put in a furnace (Carbolite, 

UK) at 200°C during 2 hours. After this step 

and before the microfiltration process, 

membranes were submerged in a 70% ethanol 

solution (Fisher Chemical) during two hours 

and washed thoroughly with PBS.  

 

3. Results and Discussion 

3.1 Cell culture 

In order to test the membrane’s selectivity, a 

pancreatic cancer cell line – PANC-1 – was 

cultivated. PANC-1 cells were seeded at 5x10
6
 

cells/T75-flask and cultured in a standard 

37°C, 20% O2 and 5% CO2 humidified air 

incubator. As described on Section 2.1, fresh 

medium was added every two days. After a 

period of time, cells reach confluence due to 

cellular expansion. At that point, the culture 

needs to be passaged. In this splitting step, 

cells were placed into a new T-Flask. 

Furthermore, cell viability was also analyzed, 

since it provides an indication of the health of 

the cell culture by using an exclusion dye. The 

culture needs to be passaged in every four days 

approximately, due to high confluence on the 

T-flask, visually confirmed in all the cell 

expansion steps. PANC-1 Doubling Time was 

calculated (48±7 hours) and is in good 

agreement with the literature (52 hours). 

3.2 Membrane Manufacturing 

After the casting process, large thin 

membranes were cut into circles with specific 

dimensions taking into account that, during 

the next step – sintering – the ceramic shrinks 

approximately 18-20% in diameter and 22-

24% in thickness. The final membrane 

dimensions were 12mm of diameter and 2mm 

of thickness. After sintering, lapping is the 

finishing process allowing for membrane 

pores to open. The initial step was to manage 



the bottom lapping in order to have the 

maximum percentage of open pores with the 

minimal material removal, which will increase 

flow rate through the membrane. The 

following step was to control the top pore 

size, since that is where cell filtration occurs. 

Lapping of the Bottom Surface 

On the bottom surface the goal is to achieve 

the maximum percentage of open pores with 

the minimum material removal. Despite that 

flow rate is one of the most important factors 

in microfiltration processes, it is necessary to 

have a compromise between the number of 

open pores and the material removal because 

as lapping is conducted material is removed. 

Consequently, the thickness of the membrane 

decreases, which will lead to weaker 

membranes. However, the higher the time the 

membranes are exposed to lapping, the higher 

their number of open pores will be. Lapping 

of the bottom surface was performed on 10 

membranes. Then, using Image Pro-Premier, 

the average pore size of 10 membranes was 

measured to select the best membranes for 

further experiments. Several pictures of 

different areas of each membrane were taken, 

in order to have an average pore size for each 

membrane.  

Lapping of the Top Surface 

Since that cell filtration occurs on membrane 

top surface, it is essential to control top pore 

sizes. Considering that as the material 

removal increases also does the mean pore 

size and with the pore’s conical structure, it is 

easy to conclude that top lapping will require 

less time, given that the pores should be small 

enough to filtrate cells. Thus, the main 

objective is to identify the best lapping 

conditions in order to obtain the highest 

porosity possible in the bottom surface and to 

adjust the top surface’s pore size according 

with the specifications required. Lapping of 

the top surface has also been done on the 

same 10 membranes and pictures were taken. 

Once again, different images from membranes 

were analysed by Image Pro-Premier and 

membrane top pore sizes were measured, 

providing the average top pore size of each 

one and facilitating membrane selection for 

further experiments. Based on the cell 

diameter measured and ranging between 17.2-

19 μm and taking into account that pancreatic 

cancer cells and others are relatively elastic 

(Walter and Busch 2011), several membrane 

pore sizes were planned and obtained to 

assess for a tighter, more selective filtration 

(smaller pore size) or a more loose, non-

selective filtration (higher pore size). Four 

membranes were then selected for further 

experimentation: membranes 7, 8, 4 and 9 

with top pore size of 5.5μm, 6.2μm, 7.4μm 

and 11.5μm respectively. 

3.3 Leonor Syringe Filter 

The first part of this project was to find 

alternatives for the centrifugation step used in 

cell culture using the Leonor Syringe Filter. 

Using a microfiltration step, this product was 

used to test membrane selectivity, in order to 

separate cells from the medium. The Leonor 

Syringe Filter is composed of a round ceramic 

membrane enclosed in a solid and polymeric 

model printed using a 3D printer, as well as a 

flexible O-ring, which can be open to put the 

membrane in it, providing the perfect fit of the 

membrane in the model and also avoiding any 

air and medium leakages. To complete the 

model and in order to do a microfiltration, 

sterile syringes were used. 

Figure 1 shows the conceptual, computer-

aided design of all the model components, 

which were kindly provided by Rodrigo 

Solorzano, Product Designer at Smart 

Separations. The Leonor Syringe Filter 

dimensions were 4cm of height and 2cm of 

maximum diameter/width and the O-ring 

dimensions were 1.5cm of diameter and 

0.5cm of thickness. It should be noted that 

model pictures and the O-ring picture are not 

at the same scale. 

 

Figure 1 - Design of all the Leonor Syringe Filter 

components. Left to right: the first two images 

correspond to the solid and polymeric model (1 and 2); 

the right one illustrates the O-ring (3).  

The assembly of Leonor Syringe Filter is 

shown in Figure 2. 



 

Figure 2 - Leonor Syringe Filter Assembly. Left to right: 

O-ring was inserted in the bottom part of the model; The 

model is assembled with all the components in their 

specific order; Sterile syringe was screwed on the 

model. 

3.4 Membrane-based cell separation 

Membranes 4, 7, 8 and 9 were chosen 

according to their different pore sizes and 

tested for their cell selectivity performance. 

They were tested with different cell 

concentrations and some parameters were 

evaluated. In addition to membrane 

selectivity, filtered volume, cell viability and 

loss of cells were also studied, in order to 

characterize the membranes.  

Cell concentration values were chosen 

according to the normal cell seeding density 

in T-Flasks. Cells were seeded at a density 

between 4x10
6
 cells and 5x10

6
cells/T75-Flask 

– equivalent to 0.16x10
6
 – 0.20x10

6
cells/mL. 

The first tested cell concentration was 

0.16x10
6
 cells/mL. After that, it was decided 

to test above (the double) and below (half) 

this cell concentration: 0.32x10
6
cells/mL and 

0.08x10
6
cells/mL, respectively. Given that the 

results of the 0.08x10
6
 cells/mL obtained were 

quite interesting, it was also decided to test for 

0.04x10
6
 cells/mL. Thus, experiments with 

four cell concentrations were performed for 

the four chosen membranes and assessing 

membrane selectivity, filtered volume, cell 

viability and loss of cells on the filtration 

process. The first and one of the most 

important parameters evaluated was the 

membrane’s selectivity. Selectivity was 

calculated according to the number of cells 

that passed through the membrane and, 

consequently, were in the filtrate. 

The following formula shows how the 

selectivity was calculated in each experiment, 

where CF is the filtrate cell concentration and 

Ci the initial cell concentration.  

Selectivity (Filtration) = η (Filtration) = 

= η (Retentate) = 1 - η (Filtrate) =  

= 1 -  
𝐶𝐹

𝐶𝑖
 x 100 

The filtered volume corresponds to the 

amount (mL) of solution was filtered until no 

more liquid could be filtered through the 

membrane, probably due to pore blockage and 

membrane fouling. 

Cell viability was also analysed, in order to 

understand if the microfiltration process 

would be a stress factor to cells and, 

consequently, would affect their viability. For 

that, live and dead cells of filtrate, retentate 

and lodged in the membrane were counted in 

each experiment, using Trypan Blue 

Exclusion Dye. The following formula shows 

how the cell viability was calculated in each 

experiment. 

Viability (%) = 
𝐿𝑖𝑣𝑒 𝑐𝑒𝑙𝑙𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑒𝑙𝑙𝑠
 x 100 

Finally, loss of cells was also tested, ensuring 

that the mass balance was always closed. The 

next formula shows how loss of cells was 

calculated in each experiment. 

Loss of cells (%) =  

= 
𝐶𝑒𝑙𝑙𝑠 𝑎𝑓𝑡𝑒𝑟 𝑚𝑖𝑐𝑟𝑜𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 

𝐶𝑒𝑙𝑙𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑚𝑖𝑐𝑟𝑜𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛
 x 100 

For each concentration and for each 

membrane, 3 independent replicates were 

obtained and the results presented below 

correspond to the average and standard 

deviation of the 3 experiments. The 

experiments were performed in the same order 

that they were presented: 0.16x10
6
 cells/mL, 

0.32x10
6
 cells/mL, 0.08x10

6
 cells/mL and 

0.04x10
6
 cells/mL. 

It is important to refer that during the last 

experiments with 0.08x10
6
cells/mL, 

membrane 7 broke after 6 utilizations, which 

was probably caused by the pressure that the 

membrane is exposed during the filtration. 

Given that its pore size is quite small, the 

membrane is exposed to more pressure, 

precisely due to the smaller pores. In addition, 

it was found that throughout the experiments 

and between each use of the same membrane, 

the filtered volume tended to decrease, which 

can be justified by the used cleaning protocol. 



Between each filtration experiment, 

membranes were put in a furnace at 200°C 

during 2 hours. This cleaning process was 

defined in order to make sure that they were 

totally sterile and cell-free, but parts of dead 

cells may have formed aggregates inside the 

membrane pores resulting on a decrease of the 

filtered volume. This led to assume that, 

despite being reusable, membrane utilization 

has a limit.  

Therefore, another three membranes with 

similar top pore sizes were chosen to test the 

last cell concentration. Membranes 1, 2 and 3 

with top pore size of 5.5μm, 6.4μm and 7.6μm 

respectively, replaced membranes 7, 8 and 4, 

respectively. Membrane 9 was present in all 

the experiments, given that no visible 

decrease in performance was observed in any 

of the performed experiments. 

In order to take general conclusions about 

each evaluated parameter, plots for all the 

tested cell concentrations were created.  

Figure 3 shows results the filtered volume for 

all cell concentrations and membranes tested. 

 

Figure 3 - The relation between filtered volumes and all 

the cell concentrations and membranes tested. 

It was concluded that the filtered volume 

increases with the pore size for lower cell 

concentrations and there was no flow rate for 

higher concentrations. This can be justified by 

the high cell number blocking the membrane 

pores faster for high concentrations and, 

consequently, at that time, the filtration flow 

stops. Also, for a given cell concentration, 

membranes with higher pore size will 

definitely filter more volume, as fouling is 

less likely to occur. 

Figure 4 shows membrane selectivity for all 

cell concentrations and membranes tested. 

 

Figure 4 - Membrane selectivity according to its pore 

size, for all the cell concentrations tested. 

The figure confirms that membranes have an 

operability limit for higher cell 

concentrations, but they show very good 

selectivity for concentrations ranging (0.04-

0.08) x10
6
 cells/mL. The best membranes, 

according to pore size and selectivity, were 

membranes 1 and 7 with 5.5μm and 

selectivity around 100%. Finally, Figure 5 

shows cell viability along the experiments, for 

each membrane and each cell concentration 

whenever flow was obtained. Figure 6 shows 

loss of cells throughout the experiments. 

 

Figure 5 - Cell viability along the experiments, for each 

cell concentration and each tested membrane. 

 

Figure 6 - Loss of cells throughout the experiments. 

As already mentioned, the pressure that cells 

are exposed during the microfiltration does 

not affect their viability. In all successful 

experiments, cell viability was between 88% 



and 100%. On the other hand, loss of cells 

was between 0% and 15%, allowing to 

conclude that the Leonor Syringe Filter was 

overall well assembled and there were no 

significant leakages. Nevertheless, it is 

believed that the main cause of this result is 

the cell retention inside and around the model. 

3.5 “Smart Wells” Concept 

The second objective of this project was to 

design an initial concept of the Smart Wells 

platform, in order to improve current 3D cell 

culture processes. This powerful platform 

allows the integration of the membranes into 

current cell culture well plates. The idea was 

to develop a product design enabling bio-

signaling communication and providing a 

method to change the cell medium while 

ensuring its homogeneity throughout the well 

plate. Therefore, this platform allows cells to 

be cultured in a 3D dynamic system: 3D 

culture systems are more realistic, providing 

more representative results of cell-cell 

interactions and could lead to different 

cellular response to treatment; dynamic due to 

the way that the feeding process is made, 

replacing the batch feeding (which occurs in 

well plates) to fed-batch or continuous 

feeding, having a fresh medium flow.  

Figure 7 shows a perspective of the initial 

design of the Smart Wells concept. Smart 

Wells dimensions are similar to marketable 

well plates, 12.5x7cm. 

 

Figure 7 - Computer-aided design of Smart Wells 

platform. 

The platform has inlet and outlet ports, for fresh 

medium addition and exhausted medium 

removal, respectively. This model allows for 

each scaffold to remain in the well and while 

medium continuously passes through the 

membrane between wells, as opposed to 

medium being changed individually in each 

well, like the normal procedure of well plates 

using scaffolds. 

Furthermore, the Smart Wells platform also 

offers the option to replace the membrane by 

a plastic square for isolated, independent cell 

cultures. Particularly, with the advent of 

immune cell therapy and their applications in 

personalized medicine to treat several types 

of cancers, the need to scale-out rather than 

scale-up cell therapy methods demands new 

approaches to culture cells in individualized 

and compartmentalized environments. Figure 

8 shows how this method can be performed: 

if the aim is to have the same cell culture in 

the entire plate, the membranes will placed 

between each well (indicated as green in the 

figure); if the aim is to have different cell 

cultures at the same time in the same plate, 

the wells can be isolated, putting a plastic 

where the membranes are. Furthermore, if the 

cell mediums are also different, the Smart 

Wells has different ports to accommodate for 

that. 

 

Figure 8 - Scheme of Smart Well platform with 6 wells, 
providing different options of cell culture 

 

4. Conclusions and Future Work 

This work had as its first goal finding 

alternatives for the centrifugation step in cell 

culture processes with the development of the 

Leonor Syringe Filter concept. This model 

was used to test the selectivity of membranes 

using a microfiltration process, in order to 

separate cells from the medium. Upon 

completion of the first goal, the second one 

was to design an initial concept of the Smart 

Wells platform, aiming to improve current 3D 

culture processes. 

Several experiments were performed, testing 

four membranes with different pore sizes and 

with four different cell concentrations. 

Analysing the membrane’s selectivity and the 

filtered volume, it was concluded that 



membranes have an operability limit for 

higher concentrations, but they show very 

good selectivity (90-100%) for cell 

concentrations between 0.04 x10
6
 cells/mL 

and 0.08 x10
6
 cells/mL. The filtered volume 

increases with the pore size for lower cell 

concentrations and there was no flow rate for 

higher concentrations. Furthermore, in order 

to choose the best pore size to operate with, a 

balance between the filtered volume and the 

selectivity of each membrane should be 

considered. It is important to take into account 

that membranes with 5.5μm show 100% of 

selectivity but lower filtered volumes (~3mL, 

out of 10mL tested) whereas the membranes 

between 6μm and 7μm also have a good 

selectivity ranging 90 and 98%, with higher 

filtered volumes (ranging from 4-7mL, from a 

total of 10mL). 

Regarding cell viability, filtering cells does not 

seem to affect their viability concluding that the 

pressure and stress that cells are exposed during 

the microfiltration process are not harmful. In 

all successful experiments, cell viability was 

between 88% and 100%. It was also concluded 

that despite being reusable, membranes have a 

maximum number of possible usages, which is 

justified and observed by two aspects: a 

membrane broke after 6 utilizations, which is 

believed to have been caused by the pressure 

that they are exposed during the filtration 

process; the cleaning process creates cell 

aggregates inside the membrane pores resulting 

on a decrease of the filtered volume. 

Regarding Smart Wells, this platform allows 

cells to be cultured in a 3D dynamic system, as 

well as the integration of the membranes into 

the concept of current cell culture well plates, 

providing a novel method to change cell 

medium. Although this platform is a 

sustainable, robust and widely-used system, it 

was concluded that there are some challenges, 

in order to improve its design and functionality. 

Future work should focus on solving the main 

challenges of this project. The membrane 

manufacturing process needs to be improved 

and optimized, specifically the lapping process 

in order to have a better control in membrane 

pore size. A fundamental and deep study of 

ways to improve membrane’s strength is 

extremely needed and important, towards 

having higher membrane’s resistance to 

filtration pressures. Furthermore, it is also 

important to optimize the cleaning process to 

increase their reusable limit. Further 

experiments will also have to be performed to 

test these membranes with different types of 

cells, in order to characterize the membrane’s 

selectivity for different sized particles. 

Regarding Smart Wells, this novel platform 

should be firstly printed in our lab and tested. 

Many challenges are ahead of this new product, 

including a study of possibilities to totally seal 

the well-membrane-well interface, as well as 

different ways to have a continuous and 

homogeneous flow rate throughout the Smart 

Wells, ensuring homogeneous mixture 

throughout the well plate and cell retention 

inside each well.  

Overall, this is a very interesting project with 

some issues that need to be addressed and 

evaluated. Solving these problems would result 

on a very robust system that possibly would be 

used on cell therapy as well as several 

personalized medicine applications to treat 

several types of cancers.  
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