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Atomic Force Microscopy nano-mechanics
in biology and medicine

: Laser Diode
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Papi M et al, Applied Physics Letters. 2014;104(10):103703.



Atomic Force Microscopy nano-mechanics
in biology and medicine
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How can we image mechanical properties with AFM?

= Force-distance curve
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Minelli et al. Appl. Phys. Lett. 111, 143701 (2017)
We assume that the sample has a purely elastic behavioitne papesiigidiegeladviies etalBME Bioinformatics 20.1 (2019): 1-9.



More complex models for mechanical imaging

Standard Linear Solid

Cantilever  motion
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More complex models for mechanical imaging

Standard Linear Solid

The time-dependent relaxation gives information on the viscosity n
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More complex models for mechanical imaging

Sample deformation
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Why should we image the mechanical properties in diagnostics ?

Fi, = Fp
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Molecular Biology of the Ce

Mechanical balance of forces among cells



Why should we image the mechanical properties in diagnostics ?

Mechanical balance of forces among cells

Mechanical balance of forces between cells and their ECM



Why should we image the mechanical properties in diagnostics ?
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Mechanical homeostasis In pathological conditions, such as cancer,
the mechanical homeostasis is disrupted



Mechanical fingerprint of brain tumors

GLIOBLASTOMA

A highly aggressive and infiltrating
tumor

Necrosis Tumor tissues Healthy tissues
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Ciasca, G. et al. Nanoscale 8 (47), 19629-19643 (2016)



Mechanical fingerprint of brain tumors

MENINGIOMA

A slowly growing tumor
originating from the meninges

10°
Casca, G. et al. Nanoscale (2016)



AFM is a time-consuming technique in terms of
measurement and analysis time

/ N\

Neural network Efficient Spatial Sampling for
and machine learning? AFM-Based Cancer Diagnostics

Minelli et al. APL 111, 143701 (2017) Ciasca et al. Condens. Matter 2019, 4(2), 58

Exciting breaktrough in the field :

Muller et al. "nanite: using machine learning to assess the quality of atomic force
microscopy-enabled nano-indentation data." BMC Bioinformatics 20.1 (2019): 1-9.

Neary-Zajiczek et al. Whole-Sample Mapping of Cancerous and Benign Tissue
Properties arXiv preprint arXiv (2019)
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AFM is time-consuming in terms of data analysis and acquisition

NEURAL NETWORK
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Ciasca et al. Condens. Matter 2019, 4(2), 58 ; Minelli et al.APL 111, 143701 (2017)



Neural Network’s performance in distinguishing glioblastoma tissues
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AFM is time-consuming in terms of data analysis and acquisition
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Quantitative evaluation of Rigor Mortis for the determination of the
time of the death in forensic sciences
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Red Blood Cells obtained from Alzheimer’s Disease patients have an
altered biomechanical response
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Red Blood Cells obtained from Alzheimer’s Disease patients have an
altered biomechanical response
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In conclusion: is this technique really diagnostics and/or useful for early detection?

In 2017, when we started to study the mechanical properties of RBCs in AD and diabetes,

A healthy male subject, aged 38,
with normal blood sugar levels
was included among CTRLs
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Ciasca et al. Nanoscale 2015 7(40)
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In conclusion: is this technique really diagnostics and/or useful for early detection?

In 2017, when we started to study the mechanical properties of RBCs in AD and diabetes,

A healthy male subject, aged 38,
with normal blood sugar levels
was included among CTRLs
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Di Giacinto F, et al. Front. Bioeng. Biotechnol. 2020, 8:569978
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In conclusion: is this technique really diagnostics and/or useful for early detection?

In 2017, when we started to study the mechanical properties of RBCs in AD and diabetes,

A healthy male subject, aged 38,
with normal blood sugar levels
was included among CTRLs

In diagnostics, we usually search for morphological
( e.g. histological or radiological findings) or biochemical
( e.g. blood tests) markers

Morphological and biochemical changes are deeply
connected with mechanical modifications of cells and
tissues at the nanoscale level

Mechanical biomarkers have the potential to be used
in combination with the conventional ones for
diagnostic purpose
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