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Chapter 7. Impact 
Tissue Engineering is a field which was described more than 25 years ago as “an 

interdisciplinary field that applies the principles of engineering and life sciences toward the 
development of biological substitutes that restore, maintain, or improve tissue function”.[1] 
To therefore generate functional tissues and organs, one approach could be to first mimic 
tissue formation and organogenesis in vitro using biological models. To date, several 
biological models that mimic specific aspects of embryonic development have been 
established, including early embryonic patterning,[2] gastrulation-like events,[3, 4] and neural 
tube formation.[5] Further, organoids which mimic certain characteristics of organs including 
tissue architecture and functions are available for many organs, including kidney, [6, 7] 
stomach,[8] liver,[9] brain[10, 11], and optic cup.[12] However, these biological models, although 
extremely complex in their own right, are often an incomplete imitation of the actual tissues 
and organs they represent. Despite their simplification, these in vitro models are a good 
starting point to follow and analyze tissue morphogenesis. Fine-tuning the ability to control 
and manipulate these in vitro models will allow deeper insights into pattern formation and 
stem cell differentiation as well as organogenesis. Whether developmental biologists, tissue 
engineers and regenerative medicine researchers have the right tools and methods to do so 
are important questions. This is where microengineering can become a powerful tool to 
augment artificial organogenesis and create more viable tissues. Lessons learnt from these 
studies could then be used to further improve in vitro tissue formation. As the physicist 
Richard P. Feynman once said “What I cannot create, I do not understand.” 

In this thesis we describe a closely intertwined interaction between microfabrication 
and stem/progenitor cells to mimic tissue patterning in vitro. The work described in this thesis 
serves to make technological toolkits easier to use for developmental biologists, tissue 
engineers and regenerative medicine researchers. First, we use pre-existing technologies, 
such as microthermoforming to generate platforms which provide a controlled 
microenvironment which was shown (or could be used in the future) to manipulate and 
analyze tissue patterning. These platforms allow easier observation of cell movement during 
these patterning processes. Since the platforms can be easily adapted to different cell types 
and in vitro models, this makes it highly relevant for biological researchers. Second, we have 
developed a new technology based on direct lithography of thermoplastic polymers 
including polystyrene which is the gold standard for culturing cells throughout the 
world. These technologies are then applied for controlling patterning of cells and tissues. 
The processes are optimized to allow easy accessibility and applicability for the biological 
research community who might not be familiar with the microfabrication toolkit available at 
their disposal. Third, we strived to use free, open-source software and plugins wherever 
possible. This ranged from machine learning-based feature extraction (Trainable Weka 
Segmentation and ilastik), cell tracking (Trackmate) to lithography virtualization (Blender). 
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This further increases the adaptability of the described methods. Lastly, to ensure efficient 
dissemination of knowledge amongst our peers, we decided to publish our results as open-
access wherever possible. This ensures that other researchers can easily access and adapt 
our work which can further accelerate the growth in our understanding of tissue patterning 
processes. 

The findings described in this thesis are based on interdisciplinary approaches to 
engineer stem/progenitor cell differentiation and patterning. Proving that such 
interdisciplinary approaches work and are meaningful can create new opportunities for 
collaboration between academic researchers and industries. For example, application of 
photolithography for bioengineering approaches could attract companies from the field of 
lithography to advance the development and adaptation of their technologies in the field of 
life sciences. For the companies, this could open a new market for their technologies while 
for academic researchers, this could provide easier access to advanced products and 
platforms. Knowledge generated in the process could be used to develop even better 
strategies for regenerative medicine and tissue engineering, which will help patients to 
benefit from improved tissue regeneration and innovative treatment options based on such 
technologies in the future. 
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