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Mimicking Tissue Mechanicsfor Better Wound Healing
Models

Using a 3D culture system that imitates fatty tissue, researchers developed a simpler process to
study mesenchymal stem cell aging and tissue regeneration.

Deanna M acNeil, PhD
Mar 24, 2023

W ound healing is a response to tissue damage that relies on a complex series of signaling
events. Cells such as mesenchymal stem cells (MSCs), keratinocytes, and fibroblasts
orchestrate the molecular processes involved in closing and repairing wounded tissue, preventing
infections and vulnerability to further damage. Researchers are interested in potential therapeutic
applications of MSCs for wound healing, due to their regenerative capabilities and secretion of

signaling molecules that regulate other tissue-repairing cells.13

In addition to different cell types, the tissue microenvironment plays an important role in wound

healing. It provides arange of mechanical cuesthat affect cellular differentiation, viability, and
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aging. Replicating the mechanical properties of the tissue environment poses a challenge to studying
wound healing in conventional 2D cell culture. Cells grown in a dish are often exposed to
unnaturally stiff culture substrate, over-crowding, and continuous subculturing, which does not
reflect the biological context of wound healing and may disrupt the cellular activities needed for

tissue regeneration.34

Recently, scientists examining wound healing have investigated 3D engineered systems that mimic
tissue, which improve the viability of stem-like cells and provide greater control of cellular
differentiation in culture. In astudy published in \Wound Repair and Regeneration, researchers from
the University of Kansas developed a 3D hydrogel system that resembles fatty tissue to better
characterize the substrate effects on adipose-derived mesenchymal stem cells (ASCs).° The hydrogel
system acted as a porous 3D culture substrate with similar stiffness to adipose tissue, which enabled
the scientists to examine how the mechanical environment affects ASC aging, stem-like properties,

and regenerative molecul e secretion.

The researchers cultured ASCs derived from a patient using both a conventional 2D system and their
3D hydrogel. Compared to ASCs grown in 2D culture, those grown in the 3D hydrogel system
showed less evidence of cellular aging and higher expression of stemness markers. Because of

the porous structure of this model, the researchers were also able to collect and assess A SC-secreted
molecules in the conditioned culture media. ASCsin the 3D system displayed increased protein,

antioxidant, and extracellular vesicle (EV) secretion. Additionally, when the scientists applied the
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conditioned mediato cellsin 2D culture, they observed that keratinocytes and fibroblasts had
increased metabolic, proliferative, and migratory activity. The conditioned mediafrom 2D ASC
cultures also increased the tissue regeneration functions of these cells, but the researchers noted that

3D culture conditioned media enhanced this effect.

If it isasimpler protocol, a smpler procedureto
obtain a greater number of stem cells...then that's
a good contribution.

- Dr. Kacey Marra, University of Pittsburgh

These findings are in line with previous research showing that 3D systems can improve MSC
stemness and longevity. For example, scientists have grown spheroid and organoid culturesin large-
scale bioreactors to demonstrate how 3D systems enhance M SC viability and stem-like properties.:’
The hydrogel structurein this study overcomes some limitations of other 3D systems with its porous
architecture, which allowed cells to migrate and proliferate within the hydrogel and enabled the
researchers to easily collect molecules secreted by ASCs. The simplicity of the system also provides
an alternative to current complex culture methods. “1t's asimpler 3D culture compared to
spheroids...and ssmpler than the complicated bioreactors that groups such as myself have used in the
past,” said Kacey Marra, a professor of plastic surgery and bioengineering at the University of
Pittsburgh who was not involved in the study. “If it isa simpler protocol, asimpler procedure to
obtain a greater number of stem cells and hence greater number of [extracellular vesicles], then that's

agood contribution.”

There are many future avenues for this proof-of-concept study, including deeper investigation of the
extracellular vesicles that the researchers captured from their system, and expanding this model
beyond more than one ASC donor source to examine possible patient-specific effects. The
researchers aso hope these findings provide a template for the future design of tissue-mimetic 3D

culture systems that harness the potential of MSCsin wound healing.
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