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Mechanical forces are essential to fibrosis development and progression. In this sense, cell mechanics is a
potential label-free biomarker for fibrotic diseases. Here, we introduce the highthroughput mechanical screening
platform Pavone for thoroughly characterizing fibrotic tissues and developing innovative therapies.
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INTRODUCTION

Mechanical forces are essential to the development
and progression of fibrosis'. Cells and tissues behave
like viscoelastic matter that exhibits viscous and elas-
tic characteristics when subjected to deformation.
Changes in their mechanical properties, such as stiff-
ness and viscosity, affect their behavior and play a sig-
nificant role in tissue injury, repair, and fibrosis.

Recent evidence confirms that changes in the mechan-
ical properties of the extracellular matrix (ECM), such as
matrix stiffness, play a crucial role in developing fibrosis
by mechano-activation of fibroblasts, which remodel
normal tissue into non-functional fibrotic tissue. Once
activated, fibroblasts produce and deposit exces-
sive amounts of ECM components, leading to tissue
fibrosis®. For example, the stiffness of the skin, lung,
and liver increases from 0.5 to 1kPa in homeostasis up
to 25-100 kPa in animal models of fibrosis*.

Given the evidence of ECM’s contribution to disease
progression, investigating the processes underlying
perturbation of homeostasis, the changes in bio-
mechanical ECM properties, and the resulting cell-
ECM interactions will allow researchers to identify
early signs of fibrotic disease and novel therapeutic
approaches. However, traditional biological studies
overlook the impact of mechanical forces on fibro-
sis development. Besides, conventional methods for
the mechanical characterization of cells and tissues
are complex, as they require time-consuming sample
preparations, which may lead to losing some of their
native mechanical properties.

To address the unfulfilled needs in fibrosis, we present
the Pavone Nanoindenter as a novel tool to character-
ize the mechanics of cells, tissues, spheroids, organ-
oids, and biomaterials. This innovative approach mon-
itors the mechanical environments to which cells are
exposed in health and disease, clarifies the mechanical
responses caused by disturbances, and unlocks innova-
tive therapeutic strategies. In contrast to most classical
instruments, Pavone non-destructively characterizes
a smaller sample volume and allows a more realistic
profile of its nanoscale mechanical properties.
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Pavone provides a mechanical screening platform for
novel applications, such as disease modeling, drug
screening & delivery, regenerative therapies, genetic
medicine, and diagnosis of diseases. Forinstance,
Pavone monitors the mechanical environments in
healthy, injured, repaired, and fibrotic tissues®. By mea-
suring changes in the mechanical properties of fibrotic
tissues over time, Pavone assesses the effectiveness
of antifibrotic drugs in reducing stiffness and restoring
normal tissue function®’. Additionally, Pavone supports
advanced 3D in vitro systems, which more accurately
mimic the fibrotic microenvironment. These include
scaffold- or hydrogel-based structures®'°, spheroids",
and organoids™®. By creating 3D models of cells and
surrounding tissues, researchers simulate living tissue's
mechanical and biochemical properties to optimize
therapeutic delivery methods and discover potential
therapies for fibrotic diseases.

Pavone features a unique combination of automated
indentation mapping, bright-field and fluorescence
imaging, and environmental control. Compatible with
up to 2 x 96-well plates, Pavone is the only instru-
ment to measure soft materials in well plates for large
and extended living sample experiments. Compared
to most conventional methods, Pavone stands out
by providing simple and easy workflows that do not
involve specialized operators or extensive training.
Therefore, it minimizes equipment requirements and
reduces processing times and costs.

MECHANICAL
CHARACTERISATION
OF ECM HYDROGELS

Fibrotic lung diseases result from alterations in the
ECMs composition and abundance that affect the
lungs mechanical properties. Therefore, the mechani-
cal properties of the fibrotic ECM are often mimicked in
vitro using hydrogels. ECM hydrogels, made from native
decellularized tissue, retain most of the native ECM
composition and generally reproduce the mechanical
properties of the parent tissue'®.

Here, we investigated the mechanical properties of a
fibrotic microenvironment of lung-derived ECM hydro-
gels using Pavone. To generate hydrogels, fibrotic lung
tissues were decellularized, lyophilized, ground into
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powder, porcine pepsin solubilized, buffered with PBS,
and gelled at 37°C. We used two lung-derived ECM
hydrogels in duplicates of similar composition and dif-
ferent fibrosis levels (ECM hydrogels A and B). Hydro-
gels' topographical and mechanical properties were
assessed with a probe with a stiffness of 0.5 N/m and a
tip radius of 25.0 pm.

First, we employed Youngs modulus to measure the
stiffness of the lung-derived ECM hydrogel. Our find-
ings revealed that ECM hydrogels A exhibited higher
stiffness than ECM hydrogels B (364 + 151 Pa and 297 +
68.1 Pa for ECM hydrogels A and 21.7 + 6.68 and 20.3
+ 7.66 for ECM hydrogels B) (Figure 1), confirming a dif-
ferent degree of fibrosis.
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~ Figure 1

Mechanical characterization of lung-derived ECM hydrogels.
(A) Young's modulus of ECM hydrogels A and B. (B) Mechanical
profile of EMC hydrogel A duplicates. (C) Mechanical profile of
EMC hydrogel B duplicates.

Then, we focused on ECM hydrogels A and its surface
plot of Youngs modulus and topography (Figure 2).
Youngs modulus ranged from 149.22 to 575.57 Pa, with
a mean value of 362.39 Pa (Figure 2A). Additionally,
the topography map indicated a range of heights up to
29.04 pm, with a mean of 14.52 um (Figure 2B). Under-
standing the association between mechanical features
and clinical manifestations in fibrotic lung diseases will
contribute to earlier diagnosis and novel therapies.
In this sense, Pavone is an innovative tool for investigat-
ing biomechanical alterations in fibrotic ECM.

~ Figure 2
3D map of ECM hydrogel. (A) Surface plot of Young’s modulus.
(B) Surface plot of topography.
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CONCLUSION

Fibrosis causes progressive deterioration of tissue mechanical behavior, making mechanics a potential labelfree

biomarker for disease development. Developing studies on tissue mechanics lead to new targets for fibrosis

treatments. In this sense, Pavone is a promising technology for screening-scale research on fibrosis. Translating

tissue mechanics into clinical and therapeutic interventions will enable new approaches to treating fibrotic

tissue remodeling.
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