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Summary 

This thesis is composed of five parts revolving around microfluidics research and its impact on 

currently used research methodology. In the first part, we introduce the reader to the motivation for 

this PhD thesis and review optical tools and methods which are currently applied for observation of 

cell and tissue cultures. The second part shows our work on microfluidic channel optimization for 

cell culture purposes and discusses the influence of shear stress on cultured endothelial cells in 

microchannels with different widths. The third part is dedicated to the development of a label-free 

method for cell culture monitoring, its evaluation and integration into a microfluidic setup. In the 

fourth part, we present our achievements in the application of 3D printing in microfluidic research. 

The fifth part of this thesis contains a general discussion of the work and gives perspective to future 

experiments. 

In Chapter 1, we present the scope of this thesis and explain our motivation for the performed 

research. Chapter 2 reviews the most popular optical tools and methods for real-time monitoring of 

cell and tissue cultures. In this Chapter we described the importance of selecting an adequate method 

for cell culture monitoring, which depends very much on the exact application and the nature of the 

research question. For this purpose, we summarized the advantages and limitations of two-photon 

microscopy, flow cytometry, and evanescent waveguides as real-time sensors. At the end of this 

Chapter, we indicated future directions for the further development of the reviewed methods. One 

conclusion we have drawn is that there is a need for miniaturization and integration of the discussed 

methods, and the impact that microfluidics has had and still can have on this process. 

The second part of this thesis revolves around the development of a microfluidic channel geometry 

which allows the cultivation of endothelial cells in channels as narrow as 60 µm. In Chapter 3 we 

assessed the efficiency of cell seeding in different channel designs having widths from 360 µm down 

to 60 µm. Additionally, we described all cell culture protocols in great detail, which were developed 

in this work. In Chapter 4, we performed a series of tests with endothelial cells exposed to different 

shear stresses to determine the impact on membrane protein distribution and actin filament adaptation. 

As a result of shear-stress induced changes, we observed different protein distribution patterns of 

membrane proteins and cellular shape rearrangement, orchestrated by changes in the actin 

cytoskeleton. In Chapter 4, we used confocal microscopy to inspect cell cultures, making it necessary 

to adapt the microfluidic chip and the protocols for its use.  

The third part of this work describes the development, evaluation, and application of an optical chip, 

which allows simultaneous probing of the interaction between a few cells in the context of an entire 

cell culture in a label-free and real-time fashion. Chapter 5 is dedicated to a description of the 

development of the optical sensor which employs integrated waveguide technology to precisely 

deliver and collect red light to and from an endothelial cell layer. The cell layer is thus functioning as 

an optical component. As a result of light propagation through the exposed endothelial cell layers, 

light scattering patterns are registered. The fluctuations in the collected light signal reflect changes in 

cell morphology, which occur because of changes in the cytoskeleton. This phenomenon is known as 

cellular micromotion. Cell response, and thus cell micromotion can be influenced by various chemical 

and physical factors. Observation of cytoskeletal changes is particularly important in the investigation 

of endothelial cells. 

The main goal in Chapter 6 was to obtain a better insight in how changes in the cytoskeleton affects 

the collected light scattering patterns with the optical chip. We therefore selected xenobiotics that 

selectively bind to actin cytoskeleton components and act as accelerator of actin fiber formation 

(jasplakinolide) or blocker of actin polymerization (latrunculin A). The changes in light scattering 
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due to exposure to these compounds were successfully monitored with the optical chip. Therefore, 

the optical method presented for monitoring cellular micromotion with forward-scattered light 

enables real-time observation of the effects of xenobiotics on the cytoskeleton of endothelial cell 

cultures. 

In Chapter 7 we introduce an integrated cell culture platform for microfluidic devices, to make 

experiments with microfluidic cell culture chips more robust, reproducible and user-friendly. The 

developed platform integrates a pump, microscope, and incubator into one versatile tool, which is 

easy to operate with a desktop computer. By application of the developed platform it is possible to 

increase the experimental capacity of a research laboratory. The integrated cell culture platform was 

applied for experiments with the optical chip to monitor cellular micromotion in confluent endothelial 

cell layers under flow and static conditions. 

Chapter 8 describes the application of 3D-printed polymers in our research laboratory. This work 

shows the contribution of a 3D printing method, namely fused deposition modeling (FDM) to our 

research. The FDM method is based on the deposition of a molten polymer in a pre-defined shape on 

a print bed to form a 3D structure. We exploited this methodology to characterize a number of 

parameters, including resolution, surface roughness, leakage through parts and transparency. We 

tested twelve different polymers for FDM 3D printing and a number of tests was performed to 

determine solvent compatibilities, biocompatibilities for a cell and a tissue model, and several other 

parameters. Chapter 8 presents how 3D-printing contributed to the research field of lab-on-a-chip, 

including the fabrication of master molds, rapid prototyping and experimental setup customization.  

In the fifth part we wrap up this thesis. In Chapter 9 we present the general conclusions of this research 

and we critically assess our achievements. Additionally, we suggest next steps regarding work with 

the optical chip and future applications such as development of inflammatory state in endothelium 

upon application of e.g. TNF-α. We discuss current issues and limitations of developed optical 

method for cell culture monitoring in terms of technology and biology. Moreover, we indicate future 

directions for the development of the microfluidics field to achieve a better understanding of 

biological systems. 
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