Cell seeding and flow-induced stimulation in automated culture platform for
physiologically relevant 3D vascular co-culture modelling
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Abstract

Tissue-engineered vascular grafts aim to address the shortage of vascular substitutes by
harnessing endogenous regeneration. However, their success remains limited due to the complex
interplay between neo-tissue formation, scaffold degradation, and hemodynamics. Although
preclinical animal testing remains a standard, but species- and model-specific differences which
hinder clinical translation. To better investigate these complex phenomena, 3D in vitro models,
providing more physiologically relevant environment than conventional approaches, have become
essential.

In this context, we developed an advanced culture system capable of replicating in vivo-like flow-
induced stimuli and performing automated cell seeding. The system enables the housing of
tubular constructs, allowing precise control and monitoring of fluid dynamic and mechano-
chemical stimuli. The platform was designed with a focus on versatility and automation, with
closed-loop control functions ensuring consistent and reproducible operation while minimizing
operator-dependent variability.

Through a multidisciplinary approach, combining in silico modelling and biological experiments,
we define an automated cell seeding procedure to obtain a 3D luminal co-culture. Human
umbilical vein endothelial cells (HUVECs) and human aortic smooth muscle cells (HASMCs) were
automatically seeded. Co-culture was maintained for five days, with flow-induced stimuli applied
during the last three. Immunostaining confirmed a well-organized and layered structure, with
HUVECs above densely packed HASMCs. This 3D model advances the study of vascular
mechanobiology, cellular and cell-scaffold interactions, enhancing research in vascular
engineering field.

The developed system represents an effective platform to investigate these phenomena, serving
as a reliable alternative to animal models while significantly reducing the cost and ethical concerns
of preclinical and clinical research.
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