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Abstract
 models of human microvasculature are increasingly used to understand blood vessel 

diseases and to support drug development. Most engineered models, however, are slow 
and labor-intensive to produce. Here, we used a single commercial digital micromirror 

for forming perfusable microvasculature from human induced pluripotent stem cell-derived 

a tubular morphology that was similar to capillaries in vivo

research.
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The microvasculature is integral to the vascular system. It plays a crucial role in maintaining 

.  models of human microvasculature are increasingly popular and 

vasculature, enhancing the relevance of these models for human health .

throughput and relevance compared to animal models

human microvasculature .

microvasculature in vitro

in vessel dimensions

.

slower processing speed
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produced valuable vascular constructs. However, these methods are challenging to scale, 
.

DLP is used in maskless photolithography. The technology is based on a digital micromirror 

hydrogels

as a ready-to-use DMD-based system for maskless photolithography which has been used 

.

Here, we show how this maskless photolithography system can be used for direct hydrogel 

.

we described earlier

.

valves could be generated. Valved microvessels can be used to model and study thrombosis, 
in vitro. 
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Taken together, the level of control shown here allows rapid engineering of a wide range 

disease modeling.

Results and Discussion

carried out using a single setup .

2

structures were observed but they proved fragile and unsuitable for perfusion (data 

2

2. This 

. Therefore, a LAP 

reported in the literature.
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2

straight walls from this system have been reported previously . We also observed straight 

system .

Figure 1. (A)

 

(C) (D)  
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. 

.

in situ-generated hydrogels, in preference to bulk 

2 2 UV dose. Higher UV doses 

2

. 

in engineered microvasculature.



  3

Figure 2. (A)
GelMA hydrogels crosslinked using increasing laser doses. Graph showing storage modulus 

(C) 

(D) 
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2

2 2

. Therefore, 

.

 

and migrate extensively to cover the channel walls, or need to invade the hydrogel .



  3Figure 3. Engineered microvasculature. (A)

Confocal overview image of an engineered 
(C) 

(D) 

In summary, the method described here allows facile and rapid engineering of 
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via one of the gel inlets and using a photomask that only crosslinks GelMA in the central 

vascular compartment and two side compartments. These side compartments could be 

Figure 4. Compartmentalized chip for co-cultures. (A)

Digital photomask used 

black is no exposure. (C) 

(D)

reporter.
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2. The 

processes in vitro

the pathophysiology of diseases such as thrombosis .
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Figure 5.  (A)  
Digital 

frame are indicated by cyan circles. (C)
(D) 

in vivo, has also been studied in vitro using hydrogel valves . These studies 

cyan-colored circles in this frame. 

valves was thus demonstrated. 
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wide. Despite being small, these valves retained the ability to open and close the channels 

generated previously. Importantly, such small valves resemble microscopic venous valves 

.

.
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based on photolithography, which means that there is complete crosslinking of everything 
in the light path and that it is rapid, there is limited control over microstructure height. 
However, hydrogel height control inside enclosed chambers has been achieved by others 

.

Conclusion

microvasculature with predetermined designs inside custom microfabricated chips using 

in vivo

inside hydrogel microchannels, capable of opening and closing the channels, even with live 
microvessels. This opens avenues for studying valve-related hemodynamics in vitro and 
disease modeling such as thrombosis. Overall, the precise level of control demonstrated 
in this study enables the rapid engineering of a diverse array of microvasculature on-chip.
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Materials and Methods
Maskless photolithography to generate glass master mold

fabricated as previously described

microscope holder for backside UV exposure. A maskless DMD-based photolithography 

vector graphics editor (Inkscape). The digital photomasks were then loaded into the Leonardo 

2
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2

2

2

compared with the dimensions of the digital photomask.
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Cell culture

derived and maintained as previously described .

hiPSC-astrocyte co-culture
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hydrogel microchannels of the central vascular compartment was performed as described 

cultured using EGM-2 medium as described earlier.

microchannel open up. Concurrently, to capture bead movement, a region of interest 

.

Immunocytochemistry
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