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Projects Overview
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Carbon-based prosthetic
materials, interaction with
cell membranes; AFM
cell/tissue
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Au Nanopatrticles.
Single molecule DNA-Helicase interactions
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NANOMEDICINE

Electrochemical microfabricated
devices for real-time, cheap and fast
protein analysis..
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q .. ~DNA-barcoded Nanoarrays .
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Detection in cell lysate

F. Bano, L. Fruk, C. Niemayer, L. Casalis, G. Scoles, et al., Nanoletters 2009
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q e e ECD-Her2 detection
INn serum
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q Mechanobiology

How do cells perceive a mechanical stimulus and translate it into a
biochemical response
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ACS Biomater. Sci. Eng. 2017, 3, 2712-2726

Chromatin

Cells respond to extracellular matrix (ECM) cues generating and transducing mechanical forces into
biochemical sighals and genomic pathways which affect cell properties.

Such forces define tissue architecture and drive specific cell differentiation programs. In adults
perturbation of ECM (stiffness, mutations) cause pathologies in different organs, including ageing and
malignant progression.

Signalling induced by ECM stiffness regulate the onco-factor YAP (Yes-associated protein) promoting
its translocation from the cythoplams into the nucleus to promote cell division/apoptosis and controlling
the formation of Focal Adhesion (FA) to stabilize the anchor of the actin cytoséBel2dt$ Zoetive IeVknia |



q ~i.How to study cell mechanics
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OPTICAL TWEEZER
*Two lasers in order to trap a
bead
*The bead displacement
converted to force by the
software
*Force applied from 0.1 to
100 pN

STRETCHING IN
MICROFLUIDIC CHANNELS

AFM

& Cantilever
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ATOMIC FORCE MICROSCOPY
« Tip mounted on a flexible cantilever
« Tip/sample interaction monitored by
a laser
* Force applied from 10 pN to 100 nN
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AFM Force-Spectroscopy
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q ..  AFM Force-Spectroscopy
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Calcific aortic valve disease
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q Srarone Calcific Aortic Valve Disease
(CAVD)
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Fibroblasts ~ha'
Myofibroblasts

Smooth muscle
cells

Osteoblastic like cells Calcific (0.9cm)
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q —Aortic Valve Interstitial Cells (VIC
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on Polyacrylamide gels
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the rearrangement of the
red: phalloidin; blue: DAPI; green: aE@IytOS kEI eto N

white arrow: high levels of a-SMA and co-localization; yellow arrow: intermediate levels of a-SMA
and co-localization; blue: low levels of a-SMA and co-localization;
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q Rearrangement of the
Cytoskeleton and cell stiffness

red: phalloidin; blue: DAPI; green: a-SMA,;
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q . High cytoskeleton tensioning
determines high levels of YAP
nuclear localization
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q e EX-VIVO tissue: stiffness of human
aortic valve leaflet

Non Calcific Calcific
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ECM morphology contribution to Calcific Aortic
Valve Disease: the carbon nanotubes matrix
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q == CVD growth 2D CNTs substrates
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<= CVD growth 2D CNTs substrates*
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*In collaboration with Denis Scaini, SISSA, Trieste RBC 2018, Zrece, Slovenia



q <= Raman and XPS characterization
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Confocal Raman Microscopy 5
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«=  Patterned CVD grown CNTs
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Patterned CVD grown CNTs
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CVD assisted growth of CNTs on
transparent substrates
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morphology

aortic valve interstitial cells

q t-CNTs influences cell
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Stiffness of the healthy valve leaflet: 20-30 kPa; Myofibroblast about 5-10 %

RBC 2018, Zrece, Slovenia



Sincrotrone

morphology

aortic valve interstitial cells

q t-CNTs influences cell

Number of cells per type on glass Number of cells per type on t-CNT
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q «. t-CNTs Influences VICs stiffness
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Possible explanation : cells characterized by a small body area (i.e. cells of elongated
shape) feel the nanometric stiffness of the CNTs (structural contribution) more than cells
having a large body surface that, instead, feel the micro- or macroscopic stiffness of the
CNTs carpet .

Nanotubes perturb more effectively VIC stiffness when the contact area between cells

and the underneath CNT mat is small. RBC 2018, Zrede, Slovenia | 30
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q t-CNTs influences Focal
Adhesions

Number of FA (vinculin)
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Preliminary results: further studies needed
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q CNTs-membrane interaction
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q CNTs-membrane interaction
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q Conclusions

1. VICs’ Mechanical properties are dependent on substrates
stiffness and induce different cytoskeleton rearrangements.

2. YAP | TAZ activity is involved in the variation of cell
mechanical properties

3. CNTs have a positive effect on the VICs differentiation,
promoting the formation of a low number of myofibroblast

with respect to fibroblast, and therefore conditions for a
healthy valves.
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