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== Devastating complications! 
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2014: FDA allows marketing of 
HeartFlow vFFR-CT tool for optimal 
treatment of coronary stenosis

Gaus S, et al, JCCT 2013, 7(5):279-88.

2019: FEops HEARTguide in silico tool 
for planning transcatheter aortic valve 
implantation is CE-marked

El Faquir N, et al Int J Cardiov Img 2019

2014: Sim&Cure 2017: Predisurge

Vascops

Derycke, et al Circulation Img 2021
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De Nisco, G., ... &
Morbiducci, U. (2020).
Medical Engineering &
Physics, 82, 119-129.

Local stiffening related to 
locally altered hemodynamics 

WSS fixed points
weighted residence time
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Guzzardi et al, JACC (2014), Condemi et al, IEEE TBME (2019)
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PROTEOLYTIC
INJURY

Strain

HEALING

Stress

Stress
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Normalized Thickness

Mousavi et al, BMMB (2019)
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2010 2015 2018
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Driscoll et al, Biophysical Journal, 2015
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Confocal microscopy + DIC 
combined with Siractin
staining on living cells
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HEALTHY ANEURYSM

Petit C, Karkhaneh Yousefi AA, Ben Moussa O, Michel JB, Guignandon A, Avril S. Regulation
of SMC traction forces in human aortic thoracic aneurysms. BMMB. 2021 Apr;20(2):717-731.

Myofibroblast
phenotype
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HEALTHY ANEURYSMPetit et al, JBME, 2022
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Yap et al, ATVB. 2021; 41:2693–2707.

FBN1 - fibrillin 1

COL1A1 – Collagen type 1α1

LAMA5 - Laminin

MMP2 – matrix metallopeptidase 2

ACTA2 - α-SMA

MLCK – myosin light chain kinase

TGFBR1 – Transforming Growth Factor receptor 1

PRKG1 – Protein kinase cGMP-dependent 1

TAGLN - transgelin

TNFRSF11B TNF – OPG - osteoprotegerin

SERPINE1 – human plasminogen activator
inhibitor 1 (PAI-1)
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10% (physiological)0% (no tension)
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Cell culture

Sample preparation

Stimulation in culture 
(24, 48, 72, and 100h)

RNA extraction + qRT-
PCR

Commercial lineage : Lonza
AoSMC, Passage 6-7, 

H, 21 y.o.
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Cell lysis (special
buffer)

Freezing (-80°C)

RNA purification 
(columns)

RNA Quantification (UV 
spectroscopy)

Analysis of RNA quality

Freezing (-80°C) -> qPCR

« F » group

« C » group

Source : histogene.ir

https://histogene.ir/extractrna/
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Mechanical stimulation prevent SMCs to remodel their ECM.

No mechanical stimulation With mechanical stimulation

Col1a1
FBN1

TAGLN
MLCK

PRKG1

MMP2

OPG

Col1a1
FBN1

TAGLN
MLCK

PRKG1

MMP2

OPG
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2010 2015 2018 2021

FUTURE

2030



Cliquez et modifiez le titre de votre présentation 25

Monitoring immuno-mechanical

stimulations

Predicting tissue remodelling,

deformations, stresses and stiffness
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HOMEOSTASIS

vSMC

Elastic
lamella

ECM REMODELLING
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MOLECULAR TREATMENTILL-STRESSED vSMC
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5 mm 1 µm

P

Focal adhesion (FA)

Mechano-
transduction

1 mm

vSMCs
fibroblast

Endothelial cell

media

Gene
expressions

SPATIAL 
TRANSCRIPTOMICS
& PROTEOMICS
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Strain map in the cell nucleus

Distribution of the maximum principal strain in half of the 
nucleus for substrates with Young’s moduli of 2 kPa (a), 4 
kPa (b), and 8 kPa (c).

a b c
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