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Dynamic in vitro 4D
bioprinted models

3D in vitro tissue models are a valuable tool in biomedical research for elucidating certain biological
processes, disease modeling and high-throughput drug screening. They offer greater complexity than
2D cell cultures and have the potential to reduce animal testing due to ethical concerns, while
recreating human tissue more realistically1. The development of such sophisticated models requires
advancements in cell engineering techniques, creation of new materials, and advanced imaging tools
for accurate characterization. In this context, 3D bioprinting is a powerful technique for recreating the
complex structure of tissues, enabling a reproducible, layer-by-layer deposition of bioink in
predetermined patterns. Our work in the Hybrid Biofunctional Materials group focuses on the 3D
bioprinting of cardiovascular and pulmonary models, tissues that are particularly dynamic due to the
contracting and expanding movements associated with heart beating and lung breathing. These
physiological motions have been shown to promote cell differentiation and tissue maturation2,
highlighting the importance of reproducing them in in vitro models, which is highly challenging.
To address this, we aim to 3D-print dynamic tissue models that replicate physiological motions over
time, a concept known as 4D printing3. We achieve this by employing hybrid biomaterials that combine
nanoparticles (NPs) with biocompatible, stimuli-responsive polymers. Depending on NPs composition,
these NPs can exhibit different responses. We have specifically explored the use of plasmonic NPs as
photothermal actuators within thermoresponsive polymers to generate cyclic expansion-contraction
movements imitating heartbeat or breathing in cardiovascular or pulmonary models4,5. Additionally,
the incorporated NPs can also serve as contrast agents for imaging, contributing to the characterization
of these models.
In summary, the Hybrid Biofunctional Materials lab is dedicated to the 4D bioprinting of dynamic
human in vitro models. These models serve as proof-of-concept for the development of advanced
tissue models for studying disease mechanisms or evolution and drug testing.
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