
Maskless photolithography for rapid Organ-on-a-Chip
prototyping and microvascular engineering
Kasi, D.G.

Citation
Kasi, D. G. (2025, December 11). Maskless photolithography for rapid Organ-
on-a-Chip prototyping and microvascular engineering. Retrieved from
https://hdl.handle.net/1887/4285618
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/4285618
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/4285618


Abstract
The research presented in this thesis focused on developing 
bioengineering methods for in-house prototyping and 

and microvascular models. These methods can be performed 
cleanroom-free in regular biochemistry labs, and are based on a 

that employs a digital micromirror device (DMD) and UV light to 

the system was used to perform and develop several high-

the bioengineering methods can accelerate OoC and VoC 
development because of the possibility to rapidly prototype 

models with their Context-of-Use (CoU). Moreover, combining 

provides tools for disease modeling and drug development. 
To this end, steps were taken towards developing a vascular 

dominant small vessel disease. In this chapter, I discuss the 
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Advancing Organ-on-a-Chip development through rapid 
prototyping
There is no universal in vitro

of human in vitro

Chapter 2 increase 

Chapter 2. Development of 

graphical user interface to expose digital photomasks of arbitrary design using its DMD. 
Moreover, because the system is connected to an inverted microscope with an automated 

backside exposure was made possible. This strategy enabled grayscale photolithography of 

sensors, integrated circuits and other advanced micro- and nanostructures.
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when cultured on top, showing that topographical cues to guide cellular behavior can be 
fabricated.

that want to explore advanced in vitro

specialized infrastructure such as cleanrooms. Importantly, once a suitable and working 
prototype has been developed, as showcased in this thesis, manufacturing could be scaled 

in Chapters 2 and 3. This contrasts with commercially available chips where chip designs 

compromised reproducibility to some extent: While the glass coverslips are a very convenient 

Chapter 3). 

knife and using biopsy punchers to create inlets and outlets, result in nonuniform chips due 

to connect tubing . These manual procedures are nonstandard and complicate handling 

might leak when connected to pump systems . Commercially available chips do not have 
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.

. 

laser dose, explaining the fact that we could controllably control microstructure height. 

because glass coverslips were used instead of silicon wafers. If topside exposure was used, 
the structures would detach from the glass substrate during development.

they print constructs layer-by-layer or use volumetric approaches. Advanced non-planar 
structures and geometries can be created, including curved channels, overhangs and 
embedded features

construct is not performed .

In summary, both methods are very suitable for rapid OoC prototyping and the choice of 
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Chapter 3, it 

photolithography-based in vitro modeling.

Facile microvascular engineering for Vessel-on-a-Chip 
development

Chapter 2 we 

Chapter 3 Chapter 2 
and demonstrates the usefulness of in-house rapid OoC prototyping. We did not need an 
external supplier for our master mold because we were able to fabricate our glass master 

and we could easily prototype a new, simpler chip (i.e. the chip that was used in Chapter 3). 

ECs have an intrinsic capacity to self-organize into microvascular networks and this capacity 
enables biology-driven engineering of perfusable VoCs. When ECs are mixed with a suitable 

through vasculo- and angiogenesis . While very useful, the network geometry, topology 
and vessel diameter cannot be controlled. Technology-driven engineering of microvascular 
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height and geometry

methods are slow and labor intensive .

associated events.
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by localized hydrogel crosslinking and does not need a capillary pressure barrier. However, 
akin to capillary pinning-based methods, it is also membrane-free and allows cells to freely 

hydrogel check valves20.

that is both biology-driven and technology-driven is the proper strategy to engineer vascular 

approach and smaller vascular beds created through self-assembly could anastomose 
onto these larger vessels. This approach would resemble the in vivo
accurately and would be very suitable to create advanced VoCs and vascularized organoids 

incorporated to increase the relevance of the engineered microvasculature.

mechanism)

in vitro model contrasts with more complex OoC 

level, and in a high-throughput fashion.
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Chapter 4

in vivo-like morphology and anisotropic alignment. This 

has the advantage that it is not oxygen-driven (as is the case with LIMAP) and eliminates 

was based on the two-step LIMAP method, but that it should be based on the one-step 

thus be possible. However, this needs to be tested in future studies. It is important to 
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using vSMCs

can lead to vascular disease, including hypertension and atherosclerosis, and can switch 

.

, 
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or its receptor . In similar pharmacological studies, it could be employed to develop 

Establishing hiPSC lines and hiPSC-derived ECs for vascular 
disease modeling
While most of this thesis is centered around technological bioengineering developments, 
Chapter 5 is biologically oriented around stem cells. Appropriate technologies are crucial 
to engineer in vitro disease models, but well-characterized cells harboring the disease gene 

. We derived ECs 

Chapter 4 
 Chapter 5

data and can be performed at higher throughput than more complex models, thus being 

phenotype was observed in the 2D assays we performed in Chapter 5. This underscores the 

.

compared to inbred animal models or standard (immortal) cell lines
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disease models. These studies have highlighted the increased power of using isogenic 

the experimental design employed in Chapter 5. However, many published studies seem 
to be underpowered

clones in the study design

.

Chapter 5

, 

50.

in vitro 
in vivo . Immaturity may therefore explain 

and improvement of the extracellular matrix (ECM), metabolism (e.g. altering the energy 

reagents

small vessel diseases
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and endothelial behavior. Importantly, the technological developments described in this 

model containing both neurons and ECs, or a model that supports leakage assays).

Chapter 5. While one of 
the goals of in vitro models is to contribute to replacing animal models, it will take many 

use animal models, but these will be complemented by human in vitro models of increasing 

in vitro model development in general, to employ animal cells from established and well-
) to develop and 

employ in vitro
make it possible to go from in vivo to in vitro in vitro 

in vitro models can help ensure that 

robust proof-of-concept that the disease features are faithfully reproduced. These studies 

in vitro model by allowing comparison of assay data to in vivo 

animal studies and human cell-based models. Importantly, it would also help convince 

Conclusion
in vitro models, 

personalized medicine. In this thesis, we described facile and interdisciplinary bioengineering 

and in vitro 
developed are suitable for rapid and in-house prototyping of OoC devices, VoC development 
and for microvascular engineering.

While these methods are deployable in regular biochemistry labs and we made considerable 
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in vitro models, tailoring the model to and aligning it with the 

part, and where PhD candidates and postdocs are trained to understand the interdisciplinary 
aspects of OoC development, and are applying their knowledge to conduct in vitro research 
and develop novel OoCs .

the technological developments in this thesis in future studies, enabling accurate in vitro 

in vitro models and 
corresponding assays. This strategy could help to provide compelling data to convince 
regulators and industry to adopt OoCs and advanced in vitro models.

use. I believe that the technological developments described here can help to achieve 

. 

regulators, a very welcome development .
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