
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
There is an urgent need for accurate human in vitro models and considerable societal pressure 
to reduce the number of animals used in biomedical research and drug development. At the 

context of the research to provide background to the later experimental chapters of this 
thesis.



Organ-on-a-Chip technology and 
microvascular engineering

Chapter



Chapter 1

in vitro models is ongoing in 
biomedical research. Driven by the unmet need for more relevant and accurate models of 

. Animal models 
are increasingly considered a double-edged sword: they have been the gold standard in 
biomedical research and drug development for decades but may fail to predict human 

. This is in part because of 

. Moreover, animal-based development of 

.

(OoC) models. This has been an important focus of the research I report in this thesis.

Human in vitro models and Organ-on-a-Chip technology
Human in vitro
complement research on animal models as to minimalize their use in case there is no in vitro 
or in silico

approach methodologies (NAMs) include both human in vitro and in silico methods. They aim 
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. The in vitro models include:

2D cell culture

include an extracellular matrix (ECM) that provides structural integrity, physiological 

Organoids: 
stem cells. They can self-assemble and organize into structures that resemble the 

Organ-on-a-Chip models (OoCs), also known as microphysiological systems (MPSs): 

responses to drugs.

.

20

on a microscale
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capillary interface of the human lung25. This compartmentalized chip consisted of two 

epithelium were grown on opposite sides. The chip incorporated two side-chambers that 

nowadays a renowned developer and supplier of commercial OoCs . It should be noted 

true OoC

.
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and brain. (A) 

be introduced in the channels by placing the chips on a rocker. A single-compartment Vessel-on-a-

(C)

(D) 

with ECs. (E) 

(F) Organ-

development. Importantly, because of the small size that can be achieved with current 

. Moreover, the 

when combined with bioengineering approaches, accurate disease models can be created 
to study pathophysiological mechanisms or perform drug development in a controlled 
environment
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. This 

.

personalized medicine, guided and informed decisions regarding diagnosis and treatment 

in these groups
learning (ML) approaches can complement and improve OoC development by increasing 

datasets . Therefore, it is very likely that AI and ML methods will increasingly be applied to 

or other in vitro models to validate in silico models.

Many strong claims and promises regarding OoCs have been made by the academic 

thesis as I believe these promises can become reality, provided the challenges in OoC 
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addressed

drug development.

this has facilitated its widespread use in OoCs

.

. 

polymers and poly(octamethylene maleate (anhydride) citrate) (POMaC) are being developed 

.

OoC development involves biology, physics and chemistry and thus is inherently 
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disciplines involved: the biologist should understand basic chip engineering and physics 

should be devised and maintained throughout the OoC development process. Hence, it is 

when conceptualizing the intended OoC . An overview of the whole OoC development 

and should be considered during the development process and be part of a long-term and 
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development and deployment of Organ-on-a-Chip (OoC) devices. The process progresses through 

modeling, drug development, and personalized medicine.



  1

to adopt them in their drug development pipelines. This is mostly because of the inherent 

reliance on animal models in biomedical research and drug development. Only when OoCs 

.

. These 

enables meaningful comparisons between OoCs, clinical data, and other models, while 
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20

between stakeholders, which includes researchers, regulatory agencies, clinicians and 
industry leaders, are crucial for advancing OoC development. These partnerships align OoC 

.
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example, a landmark study published in 2022 by Emulate and academic partners showcased 

in vivo.

assessment of drug safety .

drug development paradigms. This is in contrast to commercial chips that are ready to use 

OoC standards

high-throughput screening



25

  1
. 

scale and can provide many replicates, rendering them especially suited for drug discovery. 

a CoU .
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in vitro models

scale devices and structures that enable researchers to generate and study human cell-

environments that mimic biological systems . Aspects of this have been core to 

.

and detect disease markers, but can also be miniaturized and integrated into OoCs to 
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Rapid prototyping accelerates model development

can be produced and tested in parallel

The PRIMO system: A bioengineering toolbox based on maskless photolithography

Maskless photolithography is a well-known method for rapid prototyping that involves 

digital micromirror device (DMD)
. These 

systems eliminate the need for physical photomasks and are therefore, inherently faster 

employed to create microstructures with complex geometries and submicron features . 
As such, these systems are suited for rapid prototyping of OoCs, especially when combined 
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maskless photolithography is predominantly carried out using silicon wafers .

and can simplify OoC and in vitro model development. In fact, such systems can be installed 
in regular biochemistry labs and hence have lower entry barriers for biomedical researchers 
who want to start with bioengineering, while providing them with rapid prototyping 

designed in a vector graphics editor . This is the system I used in my thesis research. It 

provides, allows researchers to interrogate fundamental cellular processes that include 
. Due to its speed, 

in vitro models .

using a single setup, it was used extensively for the development of the bioengineering 



  1to study the brain vasculature
Human in vitro models of the brain 

motor neurons. Glial cells are also abundantly present, that is astrocytes, oligodendrocytes 
and microglia .

developed. These animal models have provided valuable insights into brain disease 

in vitro . These 
models are simple when compared to the in vivo
relevant cell types and lack intricate architectural features of the brain . Nevertheless, 

disease.

in vitro

or laser-based methods

. Notably, 

such as epilepsy or migraine.

The vascular system

the behavior of endothelial cells (ECs) that line blood vessels. The vascular system is crucial 

. This closed circulatory system comprises interconnected vessels of 
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varying diameters, forming a large hierarchically organized network that includes arteries, 

lymphocytes, cellular waste and debris, plasma proteins and other cell types .

tunica 
), 

.

Part of the research described in this thesis provides methods that can be used for 
microvascular engineering to controllably fabricate and mimic perfusable microvasculature. 

including small vessel diseases.

(Micro)vascular engineering strategies

vessels may also be suitable to study disease and to perform drug development. Vascular 

use a biology-driven approach which relies on the self-assembly of vascular cells within the 
. Vascular cells such as ECs have an inherent capacity 

vascularize other engineered organ models and organoids to support proper perfusion. It 
should be noted that organoids are another example of biology-driven engineering, where 

.
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In contrast to biology-driven approaches, technology-driven approaches provide more 

. 
Commonly used methods for technology-driven vascular engineering are photolithography, 

can be obtained with photolithography is limited (structures are restricted to having 

consuming

also evolving which enable researchers to construct structures and models with increasing 
precision and speed .

the dimensional, hierarchical and topological features of engineered vasculature are 

is not suitable to engineer capillaries, but can be used to fabricate larger caliber vessels, 

to engineer submicron structures because of its high precision

.
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Figure 3. Vascular anatomy and engineering. (A) The human vasculature is composed of complex 
and hierarchical vessel networks. Large vessels are the arteries (red) and the veins (blue) and have 

used need to be considered in order to engineer vasculature that displays relevant human vascular 

Human induced pluripotent stem cell-derived ECs and Vessel-on-Chips

based on 2D monolayer cultures to which growth factors and small molecule inhibitors are 

associated kinase inhibitor. Other methods include using forskolin for cyclic AMP-mediated 

factor . In contrast, non-monolayer cultures such as cell aggregates called embryoid 
bodies, and more recently, vascular organoids, can also be used to generate ECs . 

.

in vitro modeling of vascular diseases . When 
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compared to other in vitro models, VoC technology is most suited for compound screening, 

modeling of physiological phenomena especially when combined with appropriate vascular 
cells, are promising for personalized medicine and vascular disease modeling. VoCs can be 

, 

, or via capillary pinning where a hydrogel is pinned 
. 

surrounded by a hydrogel (e.g. bioprinted, micromolded or template-based) can also be 

endothelial marker expression, morphology, angiogenesis, vasculogenesis, tubulogenesis, 

cytokine expression .
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side channels. 

right, tubular channel that can be made by template-based approaches (e.g. using microneedles), or 
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parenchyma. This vasculature is composed of specialized ECs (human brain microvascular 
 . The 

relevant nutrients and compounds

. The barrier 

such as the P-glycoprotein (Pgp) transporter. Moreover, astrocyte endfeet also connect to the 

the astrocytes, pericytes and neurons form the neurovascular unit (NVU) .

in vitro

stringent and restricts passage of many compounds makes it very challenging to develop 
in vitro models to study these transport phenomena are 

therefore crucial to develop such drugs . As part of the research described in this thesis, 

 

of relevant growth factors and small molecules
.

improvements thereof
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for neuroectodermal epithelial lineage while lacking expression of relevant vascular lineage 

several organ systems, including the brain . This co-culture strategy underscores the 

TREX1

in vivo

in vitro models (e.g. in 2D assays 
or VoCs), 
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Aim and scope of this thesis

and bioengineering strategies that accelerate OoC development and microvascular 

In Chapter 2

prototyping accessibility for non-specialized labs.

In Chapter 3
in Chapter 2

structures such as microvascular valves could be fabricated.

Chapter 4

In contrast to these technological developments, Chapter 5

and corrected ECs were used to study endothelial defects.

Chapter 6 discusses the results and conclusions presented in the preceding chapters 
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