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Mechanical properties of wound sites significantly influence the healing rate and quality of newly formed tissue,
making mechanics a potential label-free biomarker for tissue regeneration. Here, we introduce the Pavone -
a high-throughput mechanical screening platform for thoroughly characterizing epidermal cells and supporting
physiologically relevant in vitro models for wound healing.
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INTRODUCTION

Injuries to the skin's normal barrier function heal through a
progressive cellular response involving fibroblasts, mac-
rophages, endothelial cells, and keratinocytes to restore
the skin's integrity. During wound healing, mechanical
forces are crucial to skin regeneration. Changes in tissue
mechanical properties, such as stiffness and viscosity,
affect cell behavior and wound healing quality'2

Characterizing the mechanical properties of the skin,
particularly at cell length scales, is becoming increas-
ingly relevant in regenerative medicine, mainly because
the mechanics of cells and their microenvironment
regulate various biological processes involved in wound
healing®. However, conventional methods for mechan-
ically characterizing tissues, such as an atomic force
microscope (AFM), are complex and time-consuming.
They often require sample preparations that compro-
mise the tissu€e’s native mechanical properties.

In this context, we introduce the Pavone as a powerful
instrument to mechanically characterize cells, tissues,
spheroids, organoids, and biomaterials in a nonde-
structive manner. This innovative technology can assay
the mechanical properties of cells and their surround-
ings in health and disease conditions and elucidate the
mechanical responses triggered by disturbances with
the potential to inspire novel therapeutic strategies.
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Pavone is a mechanical screening platform for novel
research applications, such as disease modeling, drug
screening & delivery, regenerative medicine, and tis-
sue engineering. More specifically, it can monitor the
mechanical environments in healthy, injured, repaired,
and fibrotic tissues®. Moreover, it characterizes the
influence of mechanical properties on biological pro-
cesses linked to tissue healing, such as collective cell
migration>¢ and wound contraction’. By applying this
technology to developing human skin equivalents®
and organoids®, scientists can more accurately model
the physical microenvironment of native tissues.
Besides, Pavone supports the development of scaf-
folds’™® and drug delivery systems™. The mechanical
properties of these materials are crucial to ensure
compliance with injured tissue in vivo.

This application note describes the mechanical prop-
erties of a bladder tumor and surrounding areas using
Pavone technology.

MECHANICAL
CHARACTERIZATION
OF KERATINOCYTES

Pavone is a powerful tool for characterizing the
mechanical features of epidermal cells in wound heal-
ing. Keratinocytes, the predominant cells in the epi-
dermis, are responsible for the skin's protective barrier
function. Keratin cytoskeleton remodeling is essential
for cell-cell and cell-matrix adhesion, modulating cell
motility during wound healing™. Here, we investi-
gated the influence of two bioactive peptides on kera-
tinocyte mechanical properties using Pavone.

Bioactive peptides can influence the expression of
cytoskeletal and cell-extracellular matrix interacting
proteins, which are crucial for tissue remodeling and
wound healing®. In this study, human keratinocyte
cell lines (HaCaT) were treated with two distinct bio-
active peptides (BP): BP1 (5 ug/ml) or BP2 (0.5 ug/ml).
Untreated cells containing only culture medium were
included as a control. After five days, HaCaT cells' stiff-
ness and topography were measured using the Pavone.

Cells' mechanical properties were assessed using a
probe with a stiffness of 0.2 N/m and a tip radius of
9.5 pm. The indentation depth was 3 pm. All indenta-
tions were performed in cell culture medium. To deter-
mine Youngs modulus and surface topography, the
contact point was identified using Optics11 Life Data-
Viewer software. A Hertzian model with a Poisson's
Ratio of 0.5 was fitted to the load vs. indentation curve
corresponding to the first 1000 nm of indentation. Any
indentation with a fit for the Hertzian model below an
R2 value of 0.80 was excluded from further analysis.

Our findings revealed that exposure of HaCaT cells
to BP1 and BP2 decreased cell stiffness and propor-
tionally to the concentration of the investigated pep-
tide (4.25 + 1.08 KPa for cells treated with BP1, 3.18 +
1.00 KPa for cells treated with PB2, and 5.50 + 1.61 KPa
for untreated cells) (Figure 1). Exposure to the peptides,
particularly BP1, also influenced the cells' morphology,
which became rounded, unlike the typical flat appear-
ance of untreated HaCaT. It might indicate cytoskeletal
rearrangements that align with cell stiffness changes
(data not shown).

Additionally, by mapping the surface of the untreated
HaCaT cell monolayer, we could visually reconstruct
the 3D topography of distinct cellular compartments,
especially the cytoplasm (thicker area) and the cell-
cell junctions (thinner area) (Figure 2).
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Young's modulus of HaCaT cells. Cells were treated with two bioactive peptides (BP): BP1
(5 pg/ml) or BP2 (0.5 pg/ml). Untreated cells were included as a control.
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HaCaT cells topography. 2D surface plot (A) and 3D surface topography (B).



CONCLUSION

Pavone is a powerful tool to measure the mechanical properties of cells involved in wound healing,
specifically keratinocytes.

Pavone revealed how potential treatments influence cell stiffness, providing significant insights into

the mechanics of keratinocytes with potential applications to skin regeneration and wound healing

research.

The mechanical properties of wounded tissues affect the rate and quality of healing, making mechanics a
potential label-free biomarker for tissue regeneration.

In this context, Pavone can support novel wound care approaches by fostering a better understanding of tissue
regeneration and healing and developing physiologically relevant in vitro models.

REFERENCES

1 Mierke CT. Viscoelasticity, Like Forces, Plays a Role in 7  Ihang H, et al. Purse-string contraction guides mechanical
Mechanotransduction. Front Cell Dev Biol. 2022 Feb gradientdictated heterogeneous migration of epithelial
9;10:789841 monolayer. Acta Biomater. 2023 Mar 15;159:38-48.

2  Pensalfini M, Tepole AB. Mechano-biological and bio- 8 Weigel T, et al. Fully Synthetic 3D Fibrous Scaffolds for

-n
o
=
P
1]
wn
o
Q
=
0
=
[
wn
m
o
=

<
Z
o
~
—
o
=
c
wn
(0]
5
Q
Q

[1e]
2
o
%]
=2
[g]

gel
=
o
[a]
[0}
Q.
c
=
M
©

mechanical pathways in cutaneous wound healing. PLoS
Comput Biol. 2023 Mar 9;19(3):e1010902. Cox TR, Erler JT.
Remodeling and homeostasis of the extracellular matrix:
implications for fibrotic diseases and cancer. Dis Model
Mech. 2011 Mar;4(2):165-78. doi: 10.1242/dmm.004077.

Stromal Tissues-Replacement of Animal-Derived Scaffold
Materials Demonstrated by Multilayered Skin. Adv Mater.
2022 Mar;34(10):e2106780.

Willemse J, et al. Hydrogels derived from decellularized
liver tissue support the growth and differentiation

3 Kimura S, Tsuji T. Mechanical and Immunological of cholangiocyte organoids. Biomaterials. 2022
Regulation in Wound Healing and Skin Reconstruction. May;284:121473.

Int ] Mol Sci. 2021 May 22;22(11):5474. Cao G, et al. Biomimetic SIS-based biocomposites with

4 Segars KL, et al. Age Dependent Changes in Corneal improved biodegradability, antibacterial activity and
Epithelial Cell Signaling. Front Cell Dev Biol. 2022 angiogenesis for abdominal wall repair. Mater Sci Eng C
May 5;10:886721. Mater Biol Appl. 2020 Apr;109:110538.

5 Shellard A, Mayor R. Collective durotaxis along a self- Bono N, et al. Silk fibroin microgels as a platform for cell
generated stiffness gradient in vivo. Nature. 2021 microencapsulation. ] Mater Sci Mater Med. 2022 Dec
Dec;600(7890):690-694. doi: 10.1038/541586-021- 31;34(1):3.

04210-x. Epub 2021 Dec 8. Erratum in: Nature. 2022 Walter MN,et al. Mesenchymal stem cell-conditioned
Jan;601(7894):E33. medium accelerates skin wound healing: an in vitro study
6 Lhang H, et al. Purse-string contraction guides mechanical of fibroblast and keratinocyte scratch assays. Exp Cell Res.

gradientdictated heterogeneous migration of epithelial
monolayer. Acta Biomater. 2023 Mar 15;159:38-48.

2010 Apr 15;316(7):1271-81.

Kobiela T, et al. The Effect of Anti-aging Peptides
on Mechanical and Biological Properties of HaCaT
Keratinocytes. Int ] Pept Res Ther. 2018;24(4):577-587.

www.optics11life.com



