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“Não importa o que se fez, só importa o que falta fazer. “  
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Abstract 
 

Cystic fibrosis is the most common disease among the Caucasian race and leads to precipitated mortality. 

It is a genetic disease, which is transmitted by autosomal recessive inheritance affecting the long arm of 

chromosome 7. Many mutations that can cause this disease have been described, but the most common 

mutation is F508del, which affects the production of Cystic fibrosis transmembrane conductance regulatory 

protein (CFTR). This protein has the function of a channel of chlorine ions, so that, due to its malfunction or 

lack, the exchange with sodium ions can´t be carried out. This directly affects the hydration of the epithelium, 

producing thicker secretions and viscous and ultimately causes infections. We speak of a multisystem 

disease, because it affects all epithelia. 

The microfluidic technology is currently under development and offers many new possibilities, among them 

the creation of the "Lab-on-a-chip", a device that integrates laboratory functions in its interior with the 

intention to simplify some analysis. This paper describes how bronchial epithelial cells from CF patients 

(CFBE) are cultured within a microfluidic device, and how certain CF treatments can be applied within this 

device in order to provide a more personalized medicine. 

The microfluidic device must be designed in the way to meet the needs of the experiment. Furthermore, it 

is imperative to know and control the parameters and characteristics (temperature, pH, cell density, 

contamination, etc.) so that the cell culture is viable and the experiment can be carried successfully. 

 

 

Key words: Cystic Fibrosis, CFTR, CFBE, Lab-on-a-chip, microfluidic device. 
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Resumo 

 

A fibrose cística é a doença mais comum entre os caucasianos e causa mortalidade prematura. É uma 

doença genética que é transmitida pela herança autossómica recessiva afetando o braço longo do 

cromossoma 7. Foram descritas muitas mutações que podem causar esta doença, contudo a mais comum 

é a F508del, que afecta a produção da CFTR. Esta proteína tem a função de um canal iónico de cloro, 

assim o mau funcionamento ou a falta desta, tem impacto na troca com os iões do sódio, não podendo ser 

levada a cabo. Isto afeta diretamente a hidratação do epitélio, produzindo secreções mais espessas e 

viscosas, o que, consequentemente causa infeções. É considerada uma doença do sistema múltiplo, uma 

vez que afeta todos os epitélios. A tecnologia microfluídica está atualmente em desenvolvimento e oferece 

diversas possibilidades, incluindo o "Lab-on-a-chip", um dispositivo que integra as funções de laboratório 

no seu interior, com o intuito de simplificar algumas análises. Neste trabalho é descrito como as células 

epiteliais brônquicas de pacientes com CF são cultivadas dentro de um dispositivo microfluídico, e como 

se pode aplicar certos tratamentos a estas células dentro deste dispositivo, com o intuito de fornecer uma 

terapia mais personalizada. O dispositivo microfluídico deve ser concebido para satisfazer as necessidades 

da experiência, além disso é essencial conhecer e controlar os parâmetros e características (temperatura, 

pH, densidade celular, poluição, etc.) para que a cultura de células seja viável e a experiência possa ser 

realizada com sucesso. 

 

Palavras chave: fibrose cística, CFTR, CFBE, Lab-on-a-chip, dispositivo de microfluidos. 

 

 

 

 

 

 

 

 

 

 

 



9 

 

Resumen  
 

La fibrosis quística es la enfermedad más común entre la raza caucásica i la que más mortalidad produce. 

Se trata de una enfermedad genética, la cual se transmite por herencia autosómica recesiva afectando el 

brazo largo del cromosoma 7. Se han descrito muchas mutaciones que pueden causar esta enfermedad, 

pero la más común es la F508del, la cual afecta a la producción de la proteína reguladora de la 

conductancia transmembranal de la fibrosis quística (CFTR). Esta proteína tiene la función de un canal de 

iones de cloro, por lo que, debido a su mal funcionamiento o falta de ella, el intercambio con los iones de 

sodio no se puede llevar a cabo, afectando directamente a la hidratación del epitelio, produciendo 

secreciones más gruesas y viscosas, para finalmente causar infecciones. Hablamos de una enfermedad 

multisistemica, ya que afecta a todos los epitelios.  

Por otro lado, la tecnología microfluidica está actualmente en desarrollo, y ofrece muchas nuevas 

posibilidades, entre las cuales, poder crear un dispositivo que integre funciones de laboratorio en su interior, 

“Lab-on-a-chip”, con la intención de simplificar algunos análisis. En este trabajo se describe como se 

cultivan células del epitelio bronquial de pacientes con CF (CFBE) dentro de un dispositivo microfluidico, y 

como se pueden aplicar ciertos tratamientos de la CF dentro de este dispositivo con el fin de proporcionar 

una medicina más personalizada.  

El dispositivo microfluidico debe ser diseñado para satisfacer las necesidades del experimento, y es 

imprescindible conocer y controlar los parámetros y características (temperatura, pH, densidad de las 

células, contaminación, etc.) para que el cultivo celular sea viable y se pueda llevar a cabo el experimento 

con éxito. 

 

Palabras clave: Fibrosis quística, CFTR, CFBE, Lab-on-a-chip, dispositivo microfluidico,  
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Resum  
 

La fibrosis quística és la malaltia més comú entre la raça caucàsica i la que més mortalitat produeix. Es 

tracta d’una malaltia genètica, la qual es transmet per herència autosòmica recessiva afectant el braç llarg 

del cromosoma 7. S’han descrit moltes mutacions que poden causar aquesta malaltia, però la més comú 

és la F508del, la qual afecta a la producció de la proteïna reguladora de la conductància transmembranal 

de la fibrosis quística (CFTR). Aquesta proteïna te la funció d’un canal iònic de clor, pel que fa que el seu 

mal funcionament o falta de quantitat, alteri el normal procediment d’intercanvi amb els ions de sodi, afectant 

directament a la hidratació de l’epiteli, produint secrecions més gruixudes i viscoses, per finalment causar 

infeccions. Parlem d’una malaltia multisistèmica, ja que afecta a tots els epitelis.  

D’altra banda, la tecnologia microfluídica està actualment en desenvolupament, i ofereix moltes noves 

possibilitats, entre las quals, poder crear un dispositiu que integri funcions de laboratori al seu interior, “Lab-

on-a-chip”, amb la intenció de simplificar alguns anàlisis. En aquest treball es descriu como es cultiven 

cèl·lules de l’epiteli bronquial de pacients amb CF (CFBE) dintre d’un dispositiu microfluídic, i com ses 

poden aplicar certs tractaments de la CF dintre d’aquest dispositiu amb el fi de proporcionar una medicina 

més personalitzada.  

El dispositiu microfluídic ha de ser dissenyat per tal de satisfer les necessitats de l’experiment, i es 

imprescindible conèixer y controlar els paràmetres i característiques (temperatura, pH, densitat de les 

cèl·lules, contaminació, etc.) per tal de que el cultiu cel·lular sigui viable y es pugui dur a terme l’experiment 

amb èxit. 

 

 

Paraules clau: Fibrosis quística, CFTR, CFBE, Lab-on-a-chip, dispositiu microfluídic,  
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1 Introduction 

 

The aim of this project is to develop a microfluidic device, or more precisely a "Lab-on-a-chip", to carry out 

a cell culture inside through the necessary protocols. Benefiting from the cell´s ability to survive inside the 

device, the intention is to use these devices for the individual evaluation of different therapies based on the 

correction of the CFTR protein in the nasal epithelial cells of patients with CF. 

 

To perform this work three main tasks were defined. The first one implies the development of a microfluidic 

device and the optimization of the CFBE cell culture inside it. The second task was accomplishing the traffic 

assays of the F508del-CFTR protein inside the device using the drug VX-809, starting by the control of 

CFTR protein expression with m-Cherry fluorescence protein inside the device. And finally, do assays using 

specific extracellular antibodies with the CFBE cells inside the device. 

 

1.1 Cystic Fibrosis  

Since the discovery of the CF gen in the chromosome 7, more than 1800 mutations have been funded in 

this gen, but most of them do not generate the disease. Between 30 and 40 of these mutations lead to a 

lack of production or a defective production of the CFTR protein, which regulates Cl ion crossing through 

the cellular membranes. [1][2]  

The disease is hereditary by an autosomal recessive transmission, presupposed that both parents be carry 

the faulty gen as it is shown in figure 1.1. 

 

Figure 1.1 – Cystic Fibrosis inheritance pattern. [30] 
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With a presence in 60 to 70% of the cases, the most frequent mutation within the Caucasians is the 

F508deland, which produces the loss of phenylalanine in the 508 position of the protein.  

CF is a multisystem disease. As the CFTR is found in most of the epithelia, it affects the functionality of the 

airways, lung parenchyma, pancreatic ducts, intestine, excretory canaliculi of the sweat glands, bile ducts 

and the vas deferens. 

The lumen hydration depends on the proper operation of the CFTR protein and, for example, in the airways 

the hydration of the luminal mucus depends of the equilibrium between the Na ions and the chlorine that 

enter the cell because of the mechanism of active transport.  

The failure of the chlorine channel implies the accumulation of Cl ions in the intracellular and the 

consequently unbalance and reabsorption of the Na. As a consequence, there is a leak of liquidity in the 

epithelial surface which causes the dysfunction of the cilium. Therefore the mucus produced is dehydrated, 

that means denser, and consequently the bronchial tubes are obstructed as it is possible to see in figure 

1.2 and 1.3.[3] 

 

Due to this obstruction, the accumulation of mucus and the less cleanliness of the tubes makes easier that 

bacteria get caught on. All this provokes a bacterial culture and a chronical infection. The chronical infection 

gives origin to a persistent 

immunological reaction with a high 

presence of neutrophils and the 

accumulation of the dead bacteria 

and neutrophils that makes the 

mucus even more viscous. [4] 

 

 

 

Figure 1.3 – Formation of mucus in the airways. [32] 

Figure 1.2 – Comparative between a healthy vas and with cystic fibrosis. [31] 
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There can be identified six different types of mutation, depending on the level of production of CFTR on 

which the fail takes place. 

 

 Category I  Protein synthesis defect (G542X). 

 Category II  Maturation defect to cross to the endoplasmic reticulum (F508del, N1303K). 

 Category III  Activation blocking (G551D, G551S). 

 Category IV  Conduction defect (R117H, R334W). 

 Category V  Incorrect connection with the membrane (3849+10Kb CT). 

 Category VI  Regulation defect (G551 D). 

 

Mutations in categories 1 to 3, are linked with severe problems in the protein production, therefore they are 

associated with worse phenotypes on the patients. On the other hand, mutations in categories 4 to 6, are 

associated with minor problems for the patients because the CFTR protein is produced but the quantity is 

insufficient or it doesn’t work properly.  The most frequent mutation, F508del, belongs to the second 

category. [1][5] 

 

 

Figure 1.4 – Types of mutations for CF. [33] 
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Figure 1.4 shows when the failure in the protein production process occurs in each of the categories and 

the quantity of CFTR protein able to do the Cl transport. 

1.1.1 CFBE cells 

The cells used in this work are named cystic fibrosis bronchial epithelium cells (CFBE). It is a cell line 

originate from the bronchial epithelium of patients with CF, who are homozygous for F508-CFTR.  

 

The morphology of CFBE cells changes when they are adhered and making a monolayer. The latter is a 

very important characteristic of these cells. Initially, the cells have a spherical shape, and their size is about 

10µm of diameter. Nevertheless, when they coalesce between each other and became adhered to the 

surface, they lose the spherical shape. [6] 

 

For the experimental work performed in this project, two types of cells were used, that were derived from 

parental CFBE which express no detectable CFTR. The first, CFBE with constitutive wild type CFTR 

expression, express a normal, functional CFTR protein at the plasma membrane. The second, CFBE 

mCherry-wt-CFTR, express mCherry labeled wild type CFTR protein upon induction with doxycycline. In 

these cells, mCherry fluorescence can therefore be used as a marker of whole cell CFTR expression, 

whereas plasm mamebrane CFTR can be detected using an antibody against the extracellular flag tag (see 

figure 1.6). Another cell line (CFBE mCherry-F508del-CFTR) has been used to assess correction of the 

CFTR trafficking defect of the most common CF mutant, but was not used in this study. [7] 

 

Figure 1.5 – Schematic representation of the CFTR molecule in CFBE mutated cells. [7] 

The figure 1.6 shows the molecule with the F508 mutation, which is located in the first NBD domain of the 

protein. CFTR is composed by two membrane-spanning domains (MSD), two nucleotides binding domains 

(NBD) and a regulatory domain (R Domain). With the aim to recognize the mutated cells, a fluorescent 

protein, mCherry, was attached in the N-terminal of CFTR. [7] 
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1.1.2 Medical therapies – Modulators 

CF is a disease without cure, for now. Therefore, there are different therapies that can help patients having 

better conditions in their daily life. CF being a multisystem disease, makes the treatment really complex as 

it has to combat different symptoms.  

Actually the following treatments are applied: Depending on the patient, respiratory physiotherapy, mucolytic 

substances, antibiotics, and physical exercises can be used to treat the respiratory system. Means to apply 

for digestive and nutritional problems, are pancreatic enzymes, vitamins, and insulin. Furthermore, there 

are some protein therapies, directed to correct or strengthen the CFTR protein. Finally, there are 

investigations to develop gene therapies with the future goal to correct the mutation causing CF.[8]  

A potentially therapeutic strategy for CF could be the use of molecules that increase the amount of F508del-

CFTR delivered to the cell surface. One example of this is the VX-809 which is a CFTR corrector that can 

treat the CF type two by increasing the delivery of functional F508del-CFTR to the cell surface. [9][10][11]  

 

It is proved that VX-809 increases the stability of the N-terminal domain that contains MSD1 and, 

consequently, its resistant to the endoplasmic reticulum associated degradation. The action of VX-809 

suppresses the folding defect in the position 508 of the protein by enhancing interactions among the NBD1, 

MSD1, and MSD2 domains. [12] 

 

1.2 Microfluidics 

The Microfluidics technology appears in the beginning of the 1980’s being a multidisciplinary field where 

engineering joins with physics, chemistry, biochemistry, nanotechnology and biotechnology. It consists in 

the studies, control, and manipulation of fluids in a sub-millimeter scale device. [27][29] 

 

Microfluidics is a powerful instrument to realize analysis with high sensitive, high speed, high work rate and 

low cost characteristics. Furthermore, it is possible to establish a well-controlled microenvironment for 

manipulating fluids and particles in a microfluidic device, which can be helpful in many biological and 

chemical experiments. [13] 

 

The behaviour of fluids in microscale differs from that in the macroscale, so, microfluidics studies how these 

changes can be useful and exploited for new uses.  
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At small scales, some interesting properties appear. For example, the surface 

tension, energy dissipation and fluidic resistance take more importance in the 

system control. Also, the Reynolds number, which compares the effect of the 

momentum of a fluid to the effect of viscosity, becomes very low (just some 

tenths) in channels with sizes smaller than 100µm. The Reynolds number is 

an important dimensionless quantity in fluids mechanics that determines the 

type of flux (laminar or turbulent, shown in figure 1.7) depending on their value. 

[14] 

In this case, the flux is typically characterized by this number and always 

laminar, instead of turbulent, hence molecular transport between fluids is through diffusion.  

 

Re = 
ρ𝑣𝐷

𝜇
     (1.1) 

Where 𝜌 is the density of the fluid, 𝑣 the velocity inside the channel and D the diameter of the channel 

which are inversely proportional to the 𝜇, fluid viscosity. 

 

Another important effect is that the relation between the volume and the surface of contact is very high, and 

consequently, any chemical reaction is accelerated. 

 

The use of materials for the fabrication of microfluidic devices depends a lot on the future use of each device, 

owing to the fact that there are a lot of applications and materials with different characteristics that can be 

used (figure 1.8). The most typical ones are silicon, glass, elastomers, plastics, or combinations of them.  

Glass and silicon were the first generation of materials for microfluidic devices, and they are perfect for 

solvent-involved applications but they are too expensive for microfabrication. Elastomers empower low-cost 

prototyping and are a big possibility of integration of valves, allowing complicated fluids manipulation and 

cell culture inside the device. Plastics are competitive alternatives to elastomers, because they have also a 

rapid and inexpensive microfabrication, mainly, their big variety provides flexible choices for different needs. 

Hydrogels have been used by chemists because of their high permeability which allows the diffusion of 

molecules without fluid loses. Recently, researchers are introducing paper devices, which have an extremely 

low-cost preparation and easy use. [15] 

In general, the evolution of microfluidic materials reflects the two major trends of microfluidic technology: 

microscale research and low-cost portable analyses. 

 

Figure 1.6 – Types of flux. [34] 
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Figure 1.7 – Materials used in microfluidic technology. [15] 

 

In this work, and because of the importance of the biocompatibility of the material for the cell culture, the 

material used is polydimethyl-siloxane (PDMS), the most popular elastomer. PDMS can be fabricated easily 

and on low cost. Moreover, it has a high elasticity, well controllable microenvironment. Especially important 

is its gas permeability (which is crucial for long-term cell culture) and the compatibility of its surface with the 

cell culture. 

 

1.3 Lab-on-a-chip 

Microfluidic technology opens the door for an increasing number of applications for example, with the so 

called “Lab-on-a-chip”, (LOC). This term defines a device which integrates one or several laboratory 

functions in one single chip. It is a novel technology, therefore not yet fully developed, but related with many 

expectations in the future. In biological researches, LOC’s have lot of uses like for example, DNA 

sequencing, cell culture studies, drug screening and chromatography.  

In relation with this work, there is a landmark of this technology, which is to create a microfluidic chip that 

will allow healthcare workers in poorly equipped clinics to realize diagnostic tests without laboratory support. 

Moreover, LOC technology might someday be the key to powerful new diagnostic instruments that enable 

to identify patients who should receive the drugs and finally offer them a personalized medicine. [16]  

 

Cell culturing inside microfluidic devices is a big challenge because the techniques to maintain alive the 

cells and make them grow in vitro, are still in development. There are a lot of items that can affect the 
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experiments, like the device material, surface coating, cell density and cell type, properties as pH, CO2, 

temperature, and osmolality, such as shear stress, cell adhesion and medium composition. All these 

conditions establish a microenvironment. [17] 

It is important to know how the microenvironment must be treated to avoid problems in the cell culture. For 

that, it is indispensable being aware of the conditions in the traditional analysis in order to replicate these 

conditions in the microfluidic device. 

The cell culture medium is the most influential component, because as it is composed by salts, buffer 

substances and nutrients with supplements such as serum, hormones, cytokines, aminoacids, vitamins, 

antibiotics and antimycotics, which help to control of many parameters talked about, like pH, osmolality, 

glucose, and obviously, it has the capability to provide the nutrients needed to make the cells grow. 

It is contemplated that these factors are constant in all the experiments, because they are stablished for this 

type of cells (CFBE), and generally all the mammalian cells.  

The pH value, has to be remained in a neutral range between 7.2 and 7.4, what reached by buffering the 

medium with sodium bicarbonate, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) or red 

phenol. 

The optimal temperature in this case was found around the 37ºC, which is the value that guarantees the 

major survival and grow rate. The control temperature and CO2 levels can be acquired thanks to the 

incubation, or in the case of temperature, with a hot-plate. 

One of the most important things for a successful cell culture is to have a proper trapping mechanism which 

allows to capture the cells in the desired position, with the aim to observe their behaviour (figure 1.9 and 

1.10). There exist different strategies to trap the cells amongst them chemical, magnetic, optical, electric or 

hydrodynamics methods. The method used in this work, and actually the most common is the 

hydrodynamics, as it consists only in the variation of the surface 

topography designed with the objective to trap and immobilize the particles, 

without interfere in the flow. Basically, the mechanical obstacles, such as 

barriers or structures to stop the cells are most useful because it is possible 

to adapt them to the cells dimensions, and their fabrication is inexpensive.  

  

 

 

 

 

 

 

 

 

Figure 1.8 – Trapping mechanism for single cells. [36] 

Figure 1.9 – Trapping mechanism for multiple cells. 
[35] 
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Linking the physicochemical conditions and the trapping mechanism, there is another important point to 

control. An effective adhesion of the cells is essential for a proper development of the experiment, and to 

avoid that the cells flow out when the medium is introduced. The adhesion is promoted with proteins such 

as cadherins, integrins and proteoglycans, which have the function to help in the interaction between the 

cells. Also, and before the insertion of the cells, the culture device has to be coated with fibronectin (FN) or 

collagen, to support the cell´s adhesion with the device. The collagen used during the experiments was type 

4, because it is which forms the basal layer in the epitheliums. 

The fundamental aspects to the regular maintenance of a culture inside the microfluidic device are the cells 

seeding density, the continuous perfusion of culture medium, the monitoring of cell growth rates and 

physicochemical conditions, bubbles and contamination. 

 

As a conclusion, by taking care of all these parameters for cell culture in microfluidics, we can find a lot of 

advantages in this technology. Besides the flexibility of design which can be adapted for each case, the 

miniaturization and high throughput experimentation, the real-time analysis and increased sensitivity, the 

minimization of fluid consumption and the capability to imitate a natural cell environment provide an 

advantage in comparison to the traditional use of a petri dish or flask.  

Moreover, there exists the possibility to add biosensors, like enzymes or antibodies, in order to detect some 

parameters in microfluidic cell culture, what makes the analysis more sensitive. 
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2 Materials and methods 

 

2.1 Microfluidic fabrication 

The fabrication of the microfluidic devices is done in four steps that are explained below. The starting point 

is the design of the device, in the following step the hard mask is created in order to do a mold by using the 

soft lithography technique. The mold then will be used to fabricate the PDMS structures to finally seal these 

structures with the pertinent glass slide.  

There exist different methods for microfluidic fabrication, but the most commonly used and the one used in 

this work is soft-lithography. Soft lithography involves the replication of a topographically defined structure 

in a soft elastomer. [18] 

 

2.1.1 Hard Mask Fabrication 

As it was mentioned above, the first step in the process of microfluidic fabrication is comprised by designing 

a prototype of it, which is done with the AutoCAD software. 

The production of the hard mask starts with a carefully cleaning of a glass square of 4cm each side with 

acetone, isopropanol (IPA) and deionized water (DI water). This is followed by a bath in Alconox® (detergent 

solution) for 20 minutes at 65ºC each side. Then the glass square has to be washed with some water again 

and to be dried with compressed air. 

After that, in a clean room, the glass was introduced in a Nordiko 7000 magnetron sputtering system to 

realize the deposition of 2000 𝐴 of aluminum (Al) on the top of the glass. Above the layer of Al, a 1.4 μm 

thickness of a positive photoresist was spin-coated and then, the 2D design was transferred to the 

photoresist using the Direct Write Laser machine (DWL).  

At the end of the process, the substrate was immersed into an Al etchant for some minutes until the exposed 

regions have been completely dissolved. Finally, to remove the remaining photoresist, the substrate was 

washed with acetone, IPA, water and was dried with compressed air. 

 

2.1.2 Mold Fabrication 

To realize the fabrication of the mold, a substrate of silicon was cleaned with acetone, IPA and water, in the 

same way as described in the former protocol for the glass slab. Furthermore a plasma treatment of the 

surface was added at the end. The mold fabrication was completed inside a laminar flow hood in order to 

to avoid contaminations. Firstly, a negative photoresist, PR SU-8 50, was spin-coated, as indicated in the 

two steps of the table 2.1, over the silicon and then the substrate was pre-baked at 65ºC for 3 minutes with 

the aim to eliminate the solvent and to create a uniform PR layer. After that, the silicon substrate covered 

with SU-8 50 was baked at 95ºC for 8 minutes and cooled down at ambient temperature during 2 minutes.  
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Step Spin Speed (RPM) Acceleration (RPM/s) Time (s) 

1 500 100 10 

2 2300 300 37 

Table 2.1 – Parameters for the spin-coater 

 

The next step is the UV-light irradiation. The hard mask that was elaborated in the former process now must 

be situated above the silicon substrate, as it is possible to see in the figure 2.1, with the SU-8 50 layer and 

the Al side in that way that there is a contact. The time of exposure vary depending on the complexity of the 

design, in this case 30 seconds were necessary. 

After the exposure, the substrate was baked again at 65ºC for 3 minutes and soft baked at 95ºC for 7 

minutes to promote the reaction of photo-acid. Then, the substrate was submerged in a solution of propylene 

glycol mono-methyl ether acetate (PGMEA) for 2 minutes to eliminate the unexposed areas of SU-8 50, at 

that point, the mold was cleaned with IPA to remove the remaining PGMEA. Finally it was hard baked at 

150º for 40 minutes to increase the chemical stability of the photoresist. 

 

 

 

Figure 2.1 – Mold fabrication. [37] 
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2.1.3 PDMS fabrication 

To undertake the preparation of the PDMS, a 1:10 ratio of a curing agent and PDMS monomers has to be 

mixed in a plastic cup. The mix was blended by the use of a rod until it disposed homogeneous character 

and air bubbles.  

Then, the gas of the PDMS mixture was removed in a vacuum chamber for 1h and the PDMS structures 

were created by depositing the PDMS in the respective mold and baking the latter in an oven for 1:30h at 

65 - 70ºC. After this, the PDMS with the pattern was separated from the mold, and the holes of inlets and 

outlets were drilled using a 20ga syringe inside the laminar flow. 

 

2.1.4 Structures sealing 

The last step to elaborate the final devices is to seal the structures. This is necessary to make a cover for 

the channels of the device. In this case, glass slides were used to close the channels of the device. The 

glass was cleaned before with acetone, isopropanol (IPA) and deionized water (DI water) followed by a bath 

in Alconox® (detergent solution) for 20 minutes at 65ºC each side and then was washed again with water 

to remove the detergent. After that, it was dried with compressed air. 

Subsequently, a PDMS bonding technique, plasma oxidation, was used to get a functional device. Thus, 

the PDMS structure and the glass slide were placed inside a Harrick Plasma PDC-002-CE (figure 2.2) taking 

care that the surface with the channels of the PDMS was looking up. Following the machine instructions, 

high energy plasma was applied which displace the electrons on the surface, providing with more hydrophilic 

properties the PDMS surface. 

 

Immediately after the exposure of the time determined by the machine, the PDMS structures were placed 

on the glass slides to reach the final devices shown in figure 2.3, in that way that the two surfaces were 

looking up into contact. Some pressure 

was applied to seal the structures.  It is 

important to realize these steps quickly 

(less than 2 minutes) as the surfaces 

become less hydrophilic when there 

are exposed to air, and therefore the 

sealing result won´t be good. 

 

 

Figure 2.2 – Plasma treatment machine. 
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Figure 2.3 – Final devices.  

2.2 Cell preparation 

The CFBE cells for this work were acquired from cell banks. In the bank they are frozen in order to be 

maintained. To turn them into usable cells, the first step is to thaw the cells that will be used. Furthermore it 

is needed to add a cryoprotective agent, called Dimethyl sulfoxide (DMSO), to prevent the formation of ice 

crystals which can kill the cells during the thawing process. 

 

After that, cells were cultivated in the T75 cell culture flask (figure 2.4) 

using Eagle's minimal essential medium (EMEM) strengthen with 

10% (v/v) of fetal calf serum (FBS), 1% of glutamine and 1% of 

antibiotic penicillin-streptomycin (pen-strep). The flask was 

introduced into an incubator at 37ºC and 5% of CO2, and remained 

there the necessary time for achieving a confluence between 80% 

and 100%. This means that this percentage of cells covers the 

surface of the flask.  

 

 

After reaching a sufficient confluence, the medium was aspirated and discarded. The same volume of sterile 

Phosphate-buffered saline (PBS) was added with the objective to brush away the non-adhered cells.  

Then, the PBS solution was removed and an adequate volume of trypsin-EDTA was added until the cells 

were covered. This solution of trypsin allows an enzymatic dissociation which is used to separate the cells 

from the surface of the culture vessel. It is normally used with strongly adherent cells, as it is also the case 

of the CFBE cells. 

Figure 2.4 – T75 cell culture flask. [38] 
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In a following step, it is required to put the flask in an incubator at 37ºC for 5 

minutes, until the cells adhered were detached. After this 5 minutes, the cells 

needed for the experiments were transferred to a falcon tube (figure 2.5), where 

they were re-suspended in cell medium. This medium contains FBS, which initiates 

the opposite action of trypsin, and provides cells that are ready for usage. 

 

 

 

 

2.3 Experimental setup 

The experimental setup is a combination of all the things needed to carry out the experiments shown in 

figure 2.7.  

Two types of tools compose this combination. The ones used during the cell insertion and perfusion assays, 

and the ones used to check the results of the experiments.  

 

For the cell insertion and the perfusion, a syringe pump (New Era Pump Systems, Inc.) was employed to 

introduce the fluids into the device. The syringes were of two types. To insert the cells, ethanol, and 

fibronectin, they were from 1mL. For the medium in the perfusion assays, and because of the duration of 

the assays, syringes from 10mL were used to guarantee the liquidity during all the required time. During the 

perfusion assays, and with the aim to prevent contaminations, a filter (figure 2.6) was used and placed in 

the 10mL syringes of medium. The syringes were connected to the device through a BTPE 90 nm tubing 

(INSTECH) and with a 20-ga plug insert in the inlets.  

 

 

 

 

 

 

 

 

 

Also an incubator was used to promote the adhesion of cells after their insertion. Furthermore, during the 

days of perfusion, a hot plate was used to supply the required temperature for the well growing of the cells. 

 

Figure 2.5 – Falcon tube. [39] 

Figure 2.6 – Filter of syringe. [40] 
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Figure 2.7 – Experimental setup.  

 

The setup used to control the cells growing and to check the results was basically a microscope (Leica DMI 

6000B). It was equipped with a camera for the acquisition of images. The software used to edit the images 

was FIJI (Image J). 

 

2.4 Device operation 

The experiments were realized by following the conventional protocols for this type of assays, but, at some 

point, some changes have been realized to adapt properly to this case. 

 

The first step before the insertion of the cells, is the sterilization of the microfluidic channels with the objective 

to eliminate some possible waste and avoid contamination. The sterilization, must be realized inside the 

laminar flow, and in the first step this is done with 70% ethanol (v/v) at 5μl/min during 10 min. The next point 

is the coating of the channels with a solution of collagen at 1,5μl/min for 10 min, to promote adhesion, 

growth, and proliferation of the cells. The concentration of collagen used was a 1:100 dilution of a 3.2 mg/ml 

stock, so, 0.032 mG/ml. Then, to create a uniform surface for cell adhesion, the chip was put in the hood for 

24h, with all the inlets open. Inside the hood the chip was irradiated with UV light in order to carry out the 

final step of the sterilization.  

After 24h, EMEM with antibiotics was introduced using a flow rate of 5μl/min with the purpose to remove 

bubbles and waste that can stay in the channels. 

The next step then, is the insertion of the cells with an initial flow rate of 2μl/min, which was gradually 

reduced to 0.4μl/min to control the flow of the cells and to prevent that they go out of the chamber. When a 

good quantity of cells was inside the chamber, the injection of cells was stopped. In the process of cell 

insertion, a bit of pressure was applied with the syringe pump to insert a big quantity of cells at once when 

the density of cells was not enough. Then, the tubs were closed with close plugs to stop the liquid flux and 
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the cells. After this, it is necessary to cut all the tubes and replace with metal closer plugs, to prevent fluid 

losses, contamination, and bubble formation.  

Afterwards, the microfluidic device was incubated in a humidified incubator for 24h at 37ºC in a 5% CO2 

atmosphere. It is important to control these conditions because they have a big influence on the cell 

adhesion.  

Finally, the perfusion assays with EMEM were realized during 3 days, using a flow rate of 1μl/min and taking 

pictures every day to see the growth of the cells.  

 

2.5 Conditions 

One of the most important aspects during the cell culture assays, was to reach the optimal conditions for 

the cell growth, and the ability to reproduce those parameters in all the experiments. To get to know which 

parameters are needed to establish and control adequate environment, it was required to study experiments 

done before with these cells in which traditional methods are used, for example experiments in a petri dish. 

Knowing the conditions that affect the experiment, the next step was to adapt these parameters to get the 

best results in the assays.[17][24][25] 

The essential conditions to control were: the cell density, EMEM, pH, temperature, evaporation and O2, 

contamination, MRT and shear stress. 

 

Cell density 

One of the most important factors is the cell density introduced in the device. If the density is high, it will be 

easier to insert cells because the chamber will fill with cells faster. On the other hand, too many cells 

occupying the chamber encourage a possible obstruction in the channels, what will be a problem during the 

perfusion assays, because the medium will not flow free. Furthermore a too high density of cells might cause 

an accumulation of nutrients and waste that the system cannot eliminate at time, because the cells produce 

waste. Before every experience, the density was tested. The amount of cells used depends on the number 

of devices used in the experiment. In this case, cells were usually introduced to four devices and therefore 

1mL of suspended CFBE cells were necessary. The density varied in each experiment but always was in a 

range between 500.000 cells/mL and 1 million cells/mL They were transferred to a falcon tube and 

centrifuged to form a pellet. A cell pellet was formed in the bottom of the tube, and the surplus liquid was 

removed. Finally, new medium was added in order to obtain the desired density. At the moment of using 

the cells, fresh medium was pipetted up and down to re-suspend the cell pellet (figure 3.6).  
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Figure 2.8 – Cell density preparation. (A) Cell suspension in a falcon tube. (B) Centrifugation of the tube, formation of 

the pellet. (C) Removing the cell medium. (D) The pellet is re-suspended in fresh medium. [41]   

EMEM 

As it was mentioned before, the cellular medium is one of the most important conditions, since it can affect 

and change several parameters that need to be controlled. Including all the components described above 

in section 1.3 and 2.2, EMEM helps to keep the cells alive, uncontaminated, and with a good growth due to 

nutrients. 

 

pH 

The pH affects the cell viability directly, because the cells are really sensitive to changes, and especially to 

the pH value that can compromise the enzymatic activity of the cells. For that reason, the medium was 

buffered with the most commonly buffer substance, the sodium bicarbonate (NaCOH3), to guarantee that 

the pH values were in the optimal range for CFBE cells, which means around 7.2 and 7.4. [26] 

A buffer or a regulator solution is a mix of one acid and his conjugate base, meaning, hydrolytic salts active. 

These buffers have the characteristic to maintain the pH on a stable level in a solution when some acid or 

base is added, because they slow down the rate of pH change. 

 

Sodium bicarbonate, the buffer used in this work, depends on CO2 according to the next formula: 

 

H2O + CO2 ⇄ H2CO3 ⇄ HCO3
- + H+ 

 

Owing to the dependence of the pH on the dissolved CO2 and bicarbonate concentration, the atmospheric 

CO2 has to be controlled to avoid alterations in pH values. For that, during the step of incubation, after the 

cell insertion, exogenous CO2 in the order of 5%-10% was provided due to the incubator.  

Otherwise, during the perfusion assays it was impossible to use an external source of CO2, but the 

continuous perfusion of cell medium and the air diffusion were enough for the cell´s survival. 
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Temperature 

The temperature is an important factor for an adequate development and growth of the cells. It is needed 

to provide 37ºC to the system to encourage the enzymatic activity of the cells. Furthermore the temperature 

has influence on the CO2 concentration, which, as was explained before, has influence on the buffering 

system and therefore on the pH values.  

The temperature was controlled by the incubator during the step of cell adhesion. For the perfusion assays, 

a hot plate was used to provide the optimal temperature to the system. 

 

Evaporation and O2 

The maintenance of the temperature at 37ºC causes that the liquid inside the chamber quickly evaporates 

and, due to the permeability of PDMS, the gas passes through it. As it is known, oxygen is essential for the 

metabolic processes of cell. Hence, when the evaporation is processing, the osmolality and accordingly the 

osmotic pressure of the cells increase and the cells can die. The typical method to control that factor is to 

introduce the microfluidic device inside a closed humidity environment, after the insertion of cells, in the first 

24h, it is controlled using an incubator. Nevertheless, during the perfusion days it was impossible to put all 

the experimental setup inside an incubator, and therefore a continuous flow was used to culture the cells. 

In addition, the device was submerged in water, with the aim to mimic the conditions inside the incubator 

and to avoid the evaporation and consequently the bubble formation.  

 

Contamination 

Contamination is an ordinary problem in cell culture assays, as we can see in figure 3.7. During the 

experiments in this work, a protocol for cell culture inside microfluidic devices was used to avoid 

contaminations. It was important to take care of the differences in the experiments, and adapting the 

conditions with the results of the first experiments.  

The protocol starts in sealing each PDMS structure in one different glass slide, with the objective to avoid 

cross contamination. Then, and before the cell insertion, the sterilization step was realized inside a laminar 

flow. In this stage, a double sterilization of the device was carried out. The first one was made with ethanol 

and the second was an irradiation with UV light inside the laminar flow, the way as it is explained in chapter 

2.4. 

Successively the cells were introduced in the device and all the holes were closed with plugs, before putting 

everything in the incubator. After 24h in the incubator and the cells adhered, the perfusion started with a 

medium supplied with antibiotics in order to protect the culture for the case that some bacteria has been 

penetrating the device before. 
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Figure 2.9 - Contamination after 24h of perfusion. 

 

Following all this steps and highly taking care of all the movements around the device in all the stages and 

especially when the tubes has to be changed, it was possible to realize the experiments without any 

contaminations that affect cells life. 

 

Medium Residence Time 

The medium residence time (MRT) is defined as the time needed for the complete change of the medium 

in the chamber or channel. MRT is a quantitative parameter used during the perfusion assays to know if the 

rate of medium renovation is sufficient for the nutrient delivery, oxygen transport and to control the 

accumulation of waste resulting from the metabolism of cells. To calculate the MRT, knowledge about the 

dimension of the chamber is needed and a uniform average velocity is assumed in order to use equation 

2.1. [19][20] 

𝑀𝑅𝑇 =  
𝑉

𝑄
 

 

Where 𝑄 is the flow rate (in m3/s) and (V) is, the useful volume obtained from the width (w), length (l) and 

height (h) (in m) of the chamber as presented in equation 2.2.  

 

𝑉 = 𝑤 × 𝑙  × ℎ 

 

Considering the dimensions of the chamber established, and the flow rate used, 1 µl/min, the MRT obtained 

using the equations above, is 2,06s. This represents an acceptable time for the replacement of the nutrients 

and the prevention of waste accumulation. This time was taken into account, when the quantity of medium 

was introduced in the syringes for the perfusion experiments.  

 

 

(2.1) 

(2.2) 
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Shear Stress 

The shear stress (𝜏) of a liquid is the parallel force that exerts on the surface of an object. In this case, the 

force on to the surface of cells was calculated, to determinate the characteristics of fluid that maintain viable 

cells. High levels of shear stress can kill the cells, by breaking their membranes, so it is important to keep 

this parameter under physiological maximums. [20][21][22] 

The shear stress was found following the equation 2.3.  

 

τ =  µ
𝜕𝑣

𝜕𝑥
=  

µQ

𝑤 ℎ2
 

 

Where 𝜇 is the fluid viscosity (in kg/m·s), v is the fluid velocity (in m/s) and x is the position within the channel 

(in m). Developing the first equation, second one was obtained with the following parameters: width (w) and 

height (h) (in m), 𝑄 is the flow rate (in m3/s). 

Using this equation and the values of this work, the shear stress was calculated. Accepting the viscosity of 

EMEM similar the viscosity of water at 37ºC which is 0,6913mPa·s and the maximum flow rate used in the 

experiments which was 1 µl/min. The value obtained for the shear stress is 0,286dyn/cm2. For cells with a 

diameter of 10µm, the maximum value of shear stress to avoid a prejudicial effect is 0,3dyn/cm2, 

consequently the flux used did not affect the cells.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2.3) 
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3 Results and discussion 

 

3.1 Device design 

The first step for starting this work was to make a useful design for the microfluidic device. To do so, the 

AutoCAD software was used.  

To design the device, it was necessary to bear in mind some characteristics. At a beginning, previous 

designs that were used for this type of experiments bevor and their advantages and disadvantages were 

studied. Afterwards, a new device was designed by considering the previous advantages and trying to 

improve the earlier problems.[19] 

Two designs (A and B) were used and the device was adapted in order to increase good results. Both have 

five inlets, one for each liquid introduced in the device, and one outlet, explained in table 3.1. The chamber 

has the same size, 1000x1720µm, in both devices, and the channels are equal, too.  They dispose of a 

width of 208µm and a height of 20µm and have five structures to divide the flux at the entrance of the 

chamber, as it is possible to see in the figure 3.1. 

 

Figure 3.1 – General structure of the device.  

 

 

 

 

 

 

 

 

 

Hole Function 

1 Cell inlet 

2 Ethanol 

3 VX – 809 

4 FN 

5 EMEM 

6 Outlet 

Table 3.1 –General structure of the device. 

1 

2 

3 

 

4 

5 

 

6 

 

1.000 µm 

208 µm 

1.720 µm 
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The first notable differences between the two designs is the size of the traps inside the chamber. The traps 

in design B (figure 3.5) are bigger than in A (figure 3.3), in order to trap the cells better and to waste less 

space inside the chamber. This was realized because the small structures were not perfectly defined in the 

PDMS devices during the microfabrication step, and therefore the cells crossed them and they didn´t stop 

in the traps. Due to the increment of size of this structures, the results in the PDMS devices were better and 

the trapping mechanism was optimized. [19] 

 

Design A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

50 µm 

50 µm 

30 µm 

30 µm 

5 µm 

Figure 3.2 – General view of the design A and more detail of the chamber. 

Figure 3.3 – Cell traps in design A.  
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The other difference between both designs is that two channels were added above and under the chamber 

in the design B, as shown figure 3.4. Their purpose is to remove the bubbles inside the chamber, pulling 

them with a syringe. This structures were designed because of the advantage of PDMS, and the property 

of its permeability to O2, what enables air, but bot liquid, to cross the polymer. Therefore and to remove the 

air bubbles, the distance between the chamber and the channels must be really narrow. In this case it is 

50µm, which represents also the dimension that determines the size of this channels. 

 

Design B 

 

 

 

 

 

 

Figure 3.4 - General view of the design B and more detail of the chamber. 



42 

 

 

 

 

 

 

 

 

 

 

 

Concerning design A, the results obtained were good alluding to the cell seeding and the quantity of cells 

in the chamber, even though, the cell traps were not working in a good way firstly, due to their small size 

which caused that the traps were not totally defined in the PDMS structures. Consequently, the cells passed 

through above them with direction to the exit. Furthermore, even though the flux of the cells was stopped 

by the tramps, the cells sometimes didn´t grow in the tramps, but in their surroundings. 

To avoid that the cells pass the traps and don´t remain in them, which was provoked by the bad definition 

of the structures, the size of the traps was increased as it is shown in the images 3.3 and 3.5. This also 

implies the possibility to put less traps in the chamber, a change that was considered to be better, as the 

tendency of the cells was to grow outside the traps. Consequently, the design B disposes bigger obstacles 

to stop the cells and offers more space to grow to the cells. 

The flow spreaders were designed with the objective to generate a homogeneous flux in the whole chamber. 

As they worked out well, they were used in both designs. 

A much bigger problem during the cell experiments is the formation of bubbles inside the device. Trying to 

avoid this issue, two channels above and under the chamber were designed. These channels, every of them 

with a hole, were thought to pull the bubbles through the PDMS. The result obtained by using this channels 

was positive: if the bubbles are in contact with the wall near these channels, bubbles will disappear with an 

action of pulling and pushing repeatedly in the time. 

Finally, it has to be concluded that the best results were achieved by using design B. 

 

 

 

 

 

100 µm 

50 µm 

5 µm 

50 µm 100 µm 

Figure 3.5 - Cell traps in design B. 
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3.2 Cell culture assays 

As was said before, two types of cells were used, CFBE with constitutive wild type CFTR expression and 

CFBE mCherry-wt-CFTR. It was necessary to optimized to achieve a useful cell culture inside the 

microfluidic device. 

 

3.2.1 Cell adhesion  

The first 24 hours of the cells being inside the microfluidic device are very important. During this time, with 

the help of the fibronectin inserted in the first steps, the cells must adhere to the chamber and between each 

other. For offering the optimal conditions for the adhesion, it is indispensable to put the device inside an 

incubator. The conditions inside the latter are: 37ºC, 5% of CO2 and the control of humidity.  

After this 24h the chip was incubated:  if the cells are adhered well, their morphology has been suffering 

some changes as it was explained in chapter 1.1.1 and we can see in pictures 3.8 and 3.9. 

 

 

         

 

 

 

 

 

 

        

It is important to make sure that cells dispose over this new shape. If this is not the case, this implies that 

they weren´t  adhered well to the device and as a consequence, after the perfusion assays have been 

started and at the time the medium is flowing inside the chamber, the cells would leak out of the device. 

 

3.2.2 Perfusion assays 

The perfusion assays were the most challenging steps in this work due to the difficulties in the maintenance 

of the required conditions, as it was explained before, during the days of perfusion. It has to be bared in 

mind, that already one failure in the conditions can compromise the whole experiment and can disturb the 

adequate growth of the cells. 

After the insertion of cells and after having remained 24h inside the incubator in order to promote the cell 

adhesion, cells look like in image 3.10, then the perfusion assays start. They allude to the experience by 

Figure 3.6 - Morphology after the adhesion Figure 3.7 - Morphology before the adhesion 
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achieving to maintain the cells alive in the device for three days, with a daily change of the medium to 

guarantee the fresh medium. 

When the devices were removed from the incubator, the cells disposed of a good appearance and a correct 

morphology, what proves that they were growing and adhered adequately forming a mono layer..[23] 

 

 

Figure 3.8 – Device after 24h of incubation.  

After taking pictures of the devices, the perfusion tests begin. The tests consist in the continuous insertion 

of the medium in the device, verifying that the liquid also exits, reason why the EMEM inside the camera is 

renewed. This process was performed with a 10mL syringe and a flow rate of 1μl/min. 

 

Contamination 

During the perfusion assays, two principal problems emerged repeatedly. Firstly, 

the appearance of bacteria after the first day of perfusion. To solve this problem, all 

the steps of the contamination protocol were carried out being extremely careful. 

Especially during the moments when the plugs and tubes were lifted in order to 

change the medium the risk of contamination was quite high and therefore these 

steps have been minimized as much as possible. It was also noticed, that there 

was no contamination, when a filter was used between the syringe and the tube, as 

we can see in image 3.11. 

 

 

 

 

Figure 3.9 - Experimental setup for perfusion assays. 
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Bubbles 

The other big problem during the perfusion assays, was the formation of bubbles (figure 3.12). As the 

appearance of bubbles, can lead to the rupture of the cell membranes and can block channels what then 

impedes the passage of fluid during the perfusion, the formation of bubbles has to be avoided anyway. It is 

nearly impossible to prevent the appearance of bubbles since they can arise from residual air or 

spontaneous formation at defect sites. [28] 

 

 

Figure 3.10 – Bubbles inside the chamber, after first day of perfusion.  

 

During the experiments, bubbles appeared when the plugs were connected or disconnected, so they were 

usually formed during the cells insertion. Although, when the device was introduced in the incubator the 

bubbles disappeared. In conclusion, the control of the formation of bubbles was possible by controlling the 

humidity. Never the less, this was more difficult during the perfusion assays, because it is impossible to 

introduce all the experimental setups inside an incubator.  

It was common that some bubbles appeared, when the syringe with medium was connected to the device 

on the first day of perfusion. In the first hours of perfusion they also appear outside the incubator.  

In order to prevent the formation of bubbles, it was very important to make sure that the liquid did not expire 

during the perfusion and before changing it after 24 h and to be carefully at the moment of change the tubes.  

Furthermore, the control of temperature is essential to realize the experiment without bubble formation. 

 

Even though, the bubbles had already appeared some solutions were tested. 

The first one, which can only be applied when there are no cells inside the chamber, was the application of 

some pressure with the syringe pump. If this process had been realized with cells inside, the cells probably 

would have died because of the shear stress.  
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It was more difficult to eliminate the bubbles, when cells were inside the chamber.  Due to this 

circumstances, the idea to mimic the conditions inside the incubator were humidity and CO2 are controlled 

appeared. The device was submerged totally in water, making sure that the inlets and outlets were covered 

well. The evaporation through the PDMS was avoided with this process, because in both sides of the PDMS 

wall was water (figure 3.13). It was proved that due to the submerging in water, the bubbles disappeared 

and the formation of new bubbles was eluded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The image 3.14 shows the results obtained by this method in a microfluidic device and allows a comparison 

with a device that was not submerged in water. As a difference of the formation of bubbles during the 

perfusion assays is notable, in all the experiments done after obtaining this insight, the microfluidic device 

was submerged in water during the perfusion assays. 

 

 

 

H2O 

H2O 

H2O 

Air 

B A 

Figure 3.11 – Schematic representation of microfluidic device non-submerged in water (A), and submerged in 

water (B). 
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Figure 3.12 – Comparison between the first day of perfusion submerged in water (A) before the perfusion, (A1) after 

perfusion and the perfusion without submerging the device (B) before perfusion, (B1) after perfusion. 

 

The other proposed solution, can be found in the second design of the device, as it was told bevor. It was 

realized with the help of two additional channels, with the intention to try to pull the bubbles and remove 

them from the chamber. Two mechanisms were tested: Pulling the bubbles out manually and doing so with 

a syringe pump. Sometimes they moved a little bit, but they did not disappear. The reason for this result is 

that it was impossible to pull more than 2mL of air, and as the channel became full of air, negative pressure 

inside the latter impedes to continue pulling. Similarly, it was tested to pull and push repeatedly during some 

seconds. It was possible to observe how the bubbles were vanished by the contact with the wall near these 

channels. The bubbles in the middle of the chamber, did not show these reaction. In their case, the channels 

also become full of air due to pulling but, as the air is pushed immediately, the exchange causes that the 

bubbles have some space to cross the PDMS and be eliminated.   

A A1 

B B1 
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The images in figure 3.15 are snapshots of the bubble absorption captured in a video. 

 

 

 

 

 

 

 

 

Figure 3.13 - Bubbles disappearing through PDMS when pull and push the channel (10 seconds). 

  

This method was tested with cells inside the chamber, too. The result was the same as before. To achieve 

this results, it is necessary to bear in mind that the cells must be totally adhered. If this were not the case, 

they would disappear with the action of pulling and pushing.  
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Applying all this it was possible to culture cells inside the microfluidic device and maintain them alive for a 

few days. It has to be considered that the quantity of cells alive inside the device will decrease during the 

pass of time, as some of them will die and others will be washed out due to the perfusion flow. 

 

3.3 Fluorescence Assays 

The aim of the fluorescence assays is to do a step for the future traffic protein assay, showing how it is 

possible to use a microfluidic device to localize the CFTR protein inside. With the aim, in the future, to be 

able to see how the protein change their location when the drug is applied. 

 

To do so, the CFTR protein was marked with a fluorescent protein, called m-Cherry, which enables to 

indicate the exactly position of the CFTR protein. This fluorescence protein has its maximum excitation at 

588 nm and the maximum of emission at 611 nm. [24] 

 

At the beginning, CFBE mCherry wtCFTR flag were inserted in the microfluidic device, and afterwards the 

same procedures were done with the wild type cells without fluorescence. After the 24h of incubation, photos 

were taken with and without the fluorescence. To notice the expression of mCherry-Flag-CFTR doxycycline 

(Dox) was introduced to the cells.  

 

As it is possible to see in the picture 3.16, the number of cells has decreased significantly after the first day 

of perfusion. This happens because some of the cells were not well adhered and therefore were washed 

out with of medium with the perfusion. Also, some of the cells had died, and the m-Cherry cannot show 

fluorescent light in dead cells, because the protein cannot be expressed.  

The experiment was realized by taking lot of care of the control of the formation of bubbles, with the objective 

to maintain the cells alive. Therefore, the devices were submerged in water.  
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Figure 3.14 – CFBE – mCherry-WT-CFTR-Flag inside the microfluidic device. After 24h of incubation and after first 

day of perfusion (24h). 
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The figures 3.17 and 3.18 show this cells in a more amplified perspective. 

 

   

Figure 3.15 – CFBE – mCherry-WT-CFTR-Flag inside the microfluidic device. 

 

 

Figure 3.16 - CFBE – mCherry-WT-CFTR-Flag inside the microfluidic device. 

 

In 3.18 it is possible to see the fluorescence localized around the nucleus, which suggests that the imaging 

is not really optimised, because with CFBE-mCherry-WT the signal should be spread around the cytoplasm 

and visible at the plasma membrane. In future work the fluorescent image will be emphasized. 

It is possible to see some differences between image 3.17 and 3.18, in spite of the same cells are used, in 

3.18 cells are in the right shape and good adhered, whereas in the other case that they had not changed 

their spherical shape. The fluorescence of CFTR labeled with mCherry located in the membrane, it would 

be possible to see if cells were forming a monolayer and adhered. When this experiments where performed, 
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the cell density was lower than necessary and as a consequence, cells can not form the monolayer, 

impeding the properly localization of the CFTR. [3][7] 

The next step must be the traffic protein assays but, the execution of VX-809 correction would have required 

multiple experiments and a statistical approach, that due to time problems was impossible to achieve. 
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4 Conclusions 

Nanotechnology, and particularly microfluidic devices, have a really promising future as they can help to 

improve medical researches. The development of “Lab-on-a-chip” microfluidic devices, open the door to 

different applications, simulating all the characteristics of an entire laboratory, inside a chip. They offer the 

possibility to mimic situations of the human body with more accuracy and by reproducing the same 

characteristics, what enables to reach more realistic results.  

 

In this work, a microfluidic chip was designed and tested with the aim to improve the cell culture inside it. 

Furthermore, the objective was to stablish the protocols in order to maintain the cells alive during a few days 

by controlling the variables such as pH, temperature, the amount of O2… It was noticed that these 

parameters have influence in the growth and development of cells within the microfluidic device, as they 

obviously also have influence in the human body.  

After thinking about the characteristics needed to realize the experiments in this work, the microfluidic device 

was designed in a way make it possible to culture the cells in its interior. It must be mentioned that, besides 

controlling the parameters needed to maintain the cells alive, also the cell density has a high importance. 

Especially during the insertion, it must be high. If this was not the case, it would be difficult to trap a good 

quantity of cells in the chamber. Once the perfusion assays were improved, contaminations were avoided, 

and the bubble formation was controlled by using the second design of the chip and submerging the devices 

in water, the fluorescence assays were performed. It was possible to see how the CFTR protein was 

expressed inside the microfluidic devices. 

 

This whole process, has the final objective to offer a more personalized medicine to cystic fibrosis patients, 

by realizing faster tests to know the best therapy is for each patient. Thus, this could improve the daily life 

of this patients.  

To conclude, it remains to explain that this work constituted a big challenge due to the lack of information 

and because the technology used is still in development. Even though, it was interesting to work in this 

project and to help to advance the process of getting a better knowledge about the use and application of 

this technology in medical research with some little steps.  
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Figure 5.1 – Future Design proposed. 

5 Future work 

As was said previously microfluidic technology is a newest world, with a big projection in the future, so a lot 

of advances must be done until this technology will be used in the daily life.  

To continue investigation in terms of this work, there are some ways can be followed. For example, first 

thing that have to be improved is the design of the microfluidic device. Like in the second design used in 

this work, where two channels to pull and push bubbles were added above and under the chamber, it will 

be a good idea to use it again, but designing an extended chamber (figure 5.1), for example from 1450µm 

x 705µm. It was seen that bubbles in contact with the chamber wall near the channels, can be slurped, and 

with a new design like the image below, it will be easy. About the flux divider, it was really useful to achieve 

an homogenous flux in all the chamber, so it will be good use it in the future. 

 

 

 

 

 

 

 

 

Another improvement of the design is focused in the way to trap the cells. To minimize the insertion cell 

time, and optimize the quantity of cells used, it will be a good idea to make another design using valves, 

which can be closed when the enough amount of cells are in the chamber. Also, it will be a good idea to 

create some barriers before the output channel, to stop the cells but allow the flux flow. Because, although 

traps used had worked, sometimes flux passed between they, and cells had not been trapped. It was seen 

that the most important is to have obstacles where cells can stop around and being accumulated there. 

Also, if in the future some barriers or structures like the traps used will be designed, a good improvement 
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will be to decrease the distance between them, remembering that in this work 5µm distance was used 

between each rectangle of the traps. It is why, although the size of the cells is bigger, during the cell insertion, 

and with the help of the flow, cells passed through this holes making more difficult to trap them. Also because 

when cells are in their spherical shape, their size is less than when they are adhered. 

 

Also, and in relation with the biggest problem during this work, which was the bubble formation. It will be 

necessary to stablish and mechanize the way to remove bubbles with the external chamber channels, 

because now, it was seen that it is possible to do it, but by hand.  

 

Continuing with the traffic protein assays, next step will be to introduce mutated cells in the microfluidic 

device, for then, apply the treatment with VX-809 inside the device. After a few days, it will be possible to 

observe the CFTR protein in the membrane, as a result of their migration. Obtaining the results showed in 

the chapter 3.3 but doing the hole process inside the device.  

Another thing is to do one of the objectives of this work that was impossible to reach, which was to do assays 

using specific extracellular antibodies, to be able to detect the CFTR protein in the cell membrane, with the 

CFBE cells inside the device. 

 

Now, cell culture inside microfluidics is in a really interesting point, because we know the factors that have 

to be controlled and how to do it, and it is the moment to stablish these improvements, and to start with the 

next challenges. 
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7 Annex – RUN SHEET 

 

7.1 Microfluidic fabrication 

 

Hard Mask  

1) Cleaning of glass substrate in a wet bench. 

- Rinse with Acetone 

- Rinse with IPA 

- Immerse in Alconox at 65ºC (20 minutes each side) 

- Rinse with water 

- Dry 

 

2) Aluminum deposition – Magnetron sputtering 

- Layer of 2000 Å 

Machine: Nordiko 7000 

 

3) Photolithography for the definition of the microfluidic pattern 

- Spin coat of photoresist in track 2 (Recipe 6/2)  Dispense PR (1,4µm)  

                      Spinning 800 rpm for 5s 

          Spin at 2500 rpm for 30s 

          Soft bake at 85ºC for 60s 

- Lithography DWL 

- Development of the exposed sample in track 1 (Recipe 6/2)  Bake at 110ºC for 60s 

     Cool for 30s 

     Developer for 60s 

-  Inspection of the sample in the microscope 

 

4) Aluminum wet etch at the wet bench 

- Immersion of the sample in Gravure Aluminum Etchant 5 minutes 

- Wash with water and dry 

- Inspection of the sample in the microscope 

 

5) Resist strip at the bench 

- Wash with acetone 

- Wash with water 

- Dry 

- Inspection of the sample in the microscope 
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SU – 8 Mold 

6) Preparation of Si Substrate 

- Wash the Si substrate with acetone and IPA 

- Immersion of the substrate in Alconox in hot strip (65ºC for 20 minutes) 

- Wash with water and dry 

- Plasma treatment - Machine: Harrick Plasma PDC-002-CE 

 

7) Spin coating of SU – 8 in the laminar flow camera 

- Spin coat the substrate with SU - 8 

Step Spin Speed 

(RPM) 

Acceleration 

(RPM/s) 

Time (s) 

1 500 100 10 

2 2300 300 37 

 

8) SU – 8 mold 

- Soft bake at 65ºC for 3 min and 95ºC for 8 min. Cold down 2 min. 

- Situate the hard mask up the substrate.  

- Expose the substrate to UV-light for 30s 

- Post exposure bake at 65ºC for 3 min and 95ºC for 7 min. Cold down 2 min. 

- Develop the SU – 8 by immersion in PGMEA for 6 min with agitation 

- Wash with IPA and dry 

- Hard bake at 150ºC for 40 min 

- Cold down 5 min 

- Inspection of the sample in the microscope 

 

 

PDMS Microfluidic Device Fabrication 

9) Preparing the PDMS mixture 

- Mix PDMS with curing agent (1:10 ratio) 

- Mix until homogeneity and bubble formation 

- Degas under the vacuum chamber 1h 

 

10) Preparation of the glass slides 

- Wash the glass slides with acetone and IPA 

- Immersion of the glass slides in Alconox in hot strip at 65ºC (20 minutes each side) 

- Wash with water and dry 

 

11) PDMS and mold 

- Wash mold 

- Inject the PDMS mixture in the mold 

- Cure for 1:30h at 70ºC 

- Remove the PDMS from the mold 

- Make holes with a 20ga syringe 

 

12) Seal structures 

- Plasma treatment in PDMS structures and glass slides  

 Machine: Harrick Plasma PDC-002-CE 
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7.2 Cell culture assays 

 

Double Sterilization 

1) Insertion of ethanol 70% (v/v) at 5µl/min for 10 min  

 

2) Insertion of a solution of fibronectin (FN) or collagen at 1’5µl/min for 10 min. 

Collagen concentration: 0.032 mg/ml 

 

3) UV – light irradiation  

 

(All the steps inside the laminar flow and with the holes open) 

 

 

Cell Insertion 

4) Closing all the holes with close plugs 

 

5) Insertion of EMEM with antibiotics at 5µl/min for 5 min  

 

6) Insertion of cells: cell density between 500.000 cells/ml and 1 million cells/ml.  

- Starting with a flow rate of 2µl/min reduced gradually to 0’4µl/min 

- Stop when enough cells where in the chamber 

- Cut all the tubes 

- Put the device inside the incubator 24h (37ºC, humidity control and 5% CO2) 

 

 

 

Perfusion Assays 

7) Continuous perfusion of EMEM with a flow rate of 1 µl/min. 

- Hot plate at 37ºC 

- Syringe of 10mL 

 

8) Change the medium every 24h 

 

 


