COMPUTATIONAL METHODS
FOR MECHANO-CHEMO-BIOLOGICAL MECHANISMS IN ARTERIES
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Cardiovasculadisease$CVDs) arethe leadingcauseof deathswvorldwide, causing3.9 million deathsn Europe,i.e.
45% of all deathsandover 1.8 million deathsn the EuropeanJnion (EU), i.e. 37% of all deaths Nowadays CVDs
areestimatedo costthe EU economy! 210billion ayearandthesecostsareproneto increasewith the ageingof the
population Therefore novel engineering approaches for personalized medicine arise as urgent needs.

A majorrole in the aetiologyof CVDs is playedby the imbalanceof cascade®f biochemicalreactionsinvolved in
cell-cell signallingpathways The imbalanceof thesepathwaydeadsto non-physiologicalconcentrationsf molecules
in tissuesIn turn, over or underproductionof active moleculessuchasgrowth factorsor enzymesgdeterminenon
functional growth and remodelling (G&R) of tissue constituents Therefore chemo-biological mechanismaighly
affectthe mechanics of cardiovasculatissuesn termsof stiffness,strengthandanisotropicpropertiesin turn, tissue
stressesandstrainspavethe way to biochemicakeactionsgclosingtheloop of arefinedfeedbackcontrolsystem

Computationabpproachesavereachedimited resultsin the understandingf the aetiologyof CVDs diseasessince
reliableonly in termsof mechanicabuantities(i.e., stressesndstrains)in biologicalstructuresat a givenpathological
state As aconsequencen silico analysesarenowadaydar from beingusedin medicalresearctandclinical practice
The term OdigitaltwinOin a biomechanicakontextis indeedabused since currentapproacheslo not manageto
reproducethe living propertiesof biological structuresin this context, COMETA is motivatedby the high needfor
renewing the perspective of in silico approaches in biomechanicswhich areto-datenot effectivein accountingfor
coupledmechanechemabiological effects COMETA will contributein sheddinga light on how arteries evolve in
health and disease.

Challenges arerelatedto the needof couplingvery different physicalmechanismsaswell aslengthandtime scales
(i) loadsaffectingthemechanics of arteriegmillimetres)vary with the cardiaccycle (seconds)
(ii) the biochemical environment, determinedoy inter-cellular moleculardiffusion (micrometres)reacheshe
steadystatewithin hours
(iii) biological mechanisms in G&R occurwithin severaldaysandaffectarterialgeometry(millimetres),
histologicalfeaturegmicrometrespndmolecularpropertiegnanometres)
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