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Proj ect Description

Coronavirus di sease 2019 (COVID-19) is primarily a respiratory di sease but
several aspects of severe acute respiratory syndrone (SARS) infection are
likely to inpact on cognition. Indeed, up to two-thirds of hospitalized
patients show evi dence of brain damage including i schem ¢ and henorrhagic
stroke [1]. It is still not clear whether cerebrovascul ar dysfunctions are
caused by direct viral action or indirect inflamuatory response of the
infected patient [2]. A grow ng body of evidence indicates that the spike
protein, one of the nobst studied portions of the SARS-COVID-19 owing to its
strong i nmunogenic profile, may cause brain injury with nechanisns stil
poorly understood. The spike protein is known to bind to brain endothelial
cell s when exposed to physiological fluid-flow (shear stress) [3,4].
Moreover, results published in rmultiple research papers support a potenti al
pro-thronbotic effect of the protein [5]. Traditional cell culture systens do
not allow for recapitulating the conplex tissue architecture of the hunan

bl ood-brain barrier (BBB) nor the vascular blood-fluid dynanmics. At the sane
time, animal nodels are rarely predictive of human response to pathogenic
infections. An in vitro systemdesigned to reflect the multicellular 3D
architecture of the BBB could help gain a better understandi ng of nol ecul ar
mechani sns under pi nni ng COVI D- 19-i nduced cerebrovascul ar dysfunction and nay
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
physi ol ogically rel evant 3D geonetries. Cells growing within these chips are
al so exposed to physiologically relevant bi onechanical forces. In this
project, we will |everage our expertise in bioprinting of vascul arized 3D
nodel s to engi neer a microfluidic systemdesigned to capture the full

tridi mensional architecture of the human BBB and to recapitul ate early
cellular and nol ecul ar events | eading to BBB dysfunction caused by the
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reconbi nant spi ke protein. We plan of using a conbination of tissue
engi neering and 3D bioprinting nethodologies [6] in order to recreate a

hol | ow vessel -1i ke structure (or vascul ar conpartnent) entirely surrounded by
human astrocytes and pericytes (or glial cells) . Finally, pro-inflammtory
and pro-coagul ant factors will be used alone or in conbination with the

(comercially avail abl e) reconbi nant spi ke protein to deternine whether our
3D Bi o-printed nodel of BBB (3D BBB-Chip) can recapitul ate spi ke-protein

medi ated injury of the cerebrovascul ar tissue as observed in patients,

i ncl udi ng increasing vascul ar expression of inflammtory narkers, and altered
barrier properties.
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