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Project Description

Coronavirus disease 2019 (COVID-19) is primarily a respiratory disease but
several aspects of severe acute respiratory syndrome (SARS) infection are
likely to impact on cognition. Indeed, up to two-thirds of hospitalized
patients show evidence of brain damage including ischemic and hemorrhagic
stroke [1]. It is still not clear whether cerebrovascular dysfunctions are
caused by direct viral action or indirect inflammatory response of the
infected patient [2]. A growing body of evidence indicates that the spike
protein, one of the most studied portions of the SARS-COVID-19 owing to its
strong immunogenic profile, may cause brain injury with mechanisms still
poorly understood. The spike protein is known to bind to brain endothelial
cells when exposed to physiological fluid-flow (shear stress) [3,4].
Moreover, results published in multiple research papers support a potential
pro-thrombotic effect of the protein [5]. Traditional cell culture systems do
not allow for recapitulating the complex tissue architecture of the human
blood-brain barrier (BBB) nor the vascular blood-fluid dynamics. At the same
time, animal models are rarely predictive of human response to pathogenic
infections. An in vitro system designed to reflect the multicellular 3D
architecture of the BBB could help gain a better understanding of molecular
mechanisms underpinning COVID-19-induced cerebrovascular dysfunction and may
represent a valuable tool for identifying novel therapeutic targets in the
future. The Organ-on-Chip technology is conceived to include multicellular co-
culture on tissue-specific substrates (extracellular matrix) and
physiologically relevant 3D geometries. Cells growing within these chips are
also exposed to physiologically relevant biomechanical forces. In this
project, we will leverage our expertise in bioprinting of vascularized 3D
models to engineer a microfluidic system designed to capture the full
tridimensional architecture of the human BBB and to recapitulate early
cellular and molecular events leading to BBB dysfunction caused by the

Page 1/2



recombinant spike protein. We plan of using a combination of tissue
engineering and 3D bioprinting methodologies [6] in order to recreate a
hollow vessel-like structure (or vascular compartment) entirely surrounded by
human astrocytes and pericytes (or glial cells) . Finally, pro-inflammatory
and pro-coagulant factors will be used alone or in combination with the
(commercially available) recombinant spike protein to determine whether our
3D Bio-printed model of BBB (3D BBB-Chip) can recapitulate spike-protein
mediated injury of the cerebrovascular tissue as observed in patients,
including increasing vascular expression of inflammatory markers, and altered
barrier properties.
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