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Adipose-derived stem cells (ASCs) are a subpopulation of mesenchymal stem cells. Compared to bone marrow-derived
stem cells, they can be harvested with minimal invasiveness. ASCs can be easily expanded and were shown to be able to
differentiate into several clinically relevant cell types. Therefore, this cell type represents a promising component in
various tissue engineering and medical approaches (e.g., cell therapy).
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| 1. Introduction

Cells continuously interact at a high level with their surrounding extracellular matrix (ECM) in vivo and growth substrates
or scaffolds in vitro and modulate their functional phenotypes to maintain homeostasis W2El The surrounding material
can provide cues that control migration, adhesion, proliferation, and even differentiation of the cells. These cues include
physicochemical properties, such as surface topography, chemical modifications and composition, and mechanical
properties. Next to the used biomaterial, the choice of a suitable cell source is crucial for success in tissue engineering
approaches. Adipose-derived stem cells (ASC), a subpopulation of mesenchymal stem cells (MSC), represent a promising
cell source regarding several tissue engineering aims. In contrast to the widely used bone marrow-derived MSCs, they
can be isolated in higher numbers with less invasive techniques and can be differentiated into different cell-lineages,
which are in strong demand for tissue engineering approaches BI=. |n the context of cell-based therapies and tissue
engineering, it is essential to understand how the physicochemical properties of material surfaces influence ASC behavior.
In the last years, a great effort was made to investigate the interactions on the cell-material interface. Understanding
these interactions would be a milestone in medical engineering and regenerative medicine by providing specific material
designs, which would facilitate and promote tissue repair and regeneration. For tissue engineering, the challenge is to
create an in vitro matrix, which promotes progenitor cell migration, adhesion, and proliferation and induces differentiation,
extracellular matrix synthesis, and integration with host tissue. Therefore, the major approaches in developing new
biomaterials are mimicking certain advantageous characteristics of the natural ECM of the specific cells.

Material properties are an important tool to influence adipose-derived stem cells (ASCs)’ behavior and fate. Table 1 gives
an overview of the specific characteristics that can be identified to induce or enhance adipogenic, chondrogenic, or
osteogenic differentiation. The most consistent results were found for material stiffness. As tissue stiffness changes during
development, it would be interesting to investigate the influence of adjustable stiffness over the culture period.

Table 1. Overview of material characteristics that support adipogenic, chondrogenic, and osteogenic differentiation of
ASCs.

Differentiation Material Characteristics

Softer materials (comparable to native tissue),

lager pores that allow rounded shape and lipid storage,
surface functionalization with methyl groups

adipose tissue-derived and pre-adipocyte-derived ECM.

Adipogenic

Material stiffness in the medium range,

topography that allows the spheroid formation and chondrocyte imprint,
surface functionalization with carboxy groups

chondrocyte-derived ECM.

Chondrogenic

Stiff materials, smaller pores,

aligned fiber/grooves and nodular or pillar structures and osteoblast imprint,
surface functionalization with amine groups or strontium

bone tissue-derived and pre-osteoblast-derived ECM.

Osteogenic



| 2. Adipose-Derived Stem Cells

MSCs are multipotent stem cells that can differentiate into multiple cell types of the mesoderm, such as chondrocytes,
osteoblasts, and adipocytes, and non-mesenchymal cell lines, such as neuronal cells, cardiac cells, and skeletal muscle
cells. MSCs can be isolated from a wide range of tissues including bone marrow, umbilical cord stroma, and adipose
tissue €. They exhibit a spindle-shaped fibroblast-like morphology. According to the Minimal Criteria of the International
Society of Cellular Therapy, MSCs have to be plastic adhered, exhibit tri-lineage differentiation potential (adipogenic,
osteogenic, and chondrogenic), and express cluster of differentiation (CD)73, CD90 and CD105 4.

ASCs are part of the stromal vascular fraction (SVF) of adipose tissue from where they can be isolated by enzymatic
digestion [&l. The SVF of a tissue describes the entirety of all cells of blood vessels and stroma B9, Despite defining
ASCs is still a challenge, CD13, CD29, and CD44 count as the unofficial markers for ASCs 11, Compared to widely used
bone marrow-derived MSCs, ASCs have several advantages. For example, they exhibit a 2500-fold higher abundance
and a higher differentiation and proliferation potential than bone marrow-derived MSCs. Furthermore, adipose tissue
harvest is cheaper, safer, and less invasive compared to bone marrow aspiration 2213 However, also ASCs have some
limitations regarding tissue harvesting. There is evidence that local anesthetic agents might negatively impact ADSC
viability and quantity 4. Furthermore, liposuction in summer should be avoided due to the risk of infections. Contrary,
isolation from whole adipose tissue can be performed every time.

Cultured ASCs secret various immunomodulatory cytokines and growth factors that are relevant for cell therapy 23116 |t
can be suggested that when ASCs are transplanted into inflammatory regions, they actively secret these factors and
significantly promote wound healing and tissue repair. This may make ASCs a powerful tool for use in future approaches
in the development of cell- and tissue-based therapeutics. To date, there are several clinical trials in several research
areas investigating the therapeutic potential of ASCs WALEIL9N20]21]22]123]  However, several points remain unclear. For

example, the dependence of differentiation potential from the donor’s age, gender, and anatomic location of the fat source
(241 pespite these limitations, ASCs represent a promising cell source for adipose tissue engineering and regenerative
medicine.

Crucial for the determination to differentiate into a particular cell type is the specific differentiation signals received by the
cell. These signals can either be soluble factors in the cell culture medium or mechanical signals transmitted through
matrix properties. The differentiation process involves a complex and highly orchestrated regulation of the expression of
lineage-specific transcription factors (Figure 1). These “master transcriptional regulators” are PPARy for adipogenic
lineage (23, RUNX2 for osteogenic lineage 28, and Sox9 for chondrogenic lineage &4, Lineage-specific differentiation can
be determined by specific proteins. For chondrogenic differentiation, these include the important ECM genes Col2al and
Acan, Col9al, Col27al, and Matnl (2829 Adipogenic differentiation can be proven by proteins involved in insulin
sensitivity, lipogenesis, and lipolysis, including fatty acid synthase (FAS), glucose transporter type 4 (GLUT4), lipoprotein
lipase (LPL), fatty acid binding protein 4 (FABP4), perilipin, and adipokines BQBLS2IS3N34]  Classical osteogenic markers
include proteins, such as collagen type I, alkaline phosphatase (ALP), osteocalcin (OCN), and bone sialoprotein (BSP)
(331 Another important transcription factor involved in regulating osteogenic differentiation is the zinc-finger transcription

factor osterix (OSX) 8],
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Figure 1. Differentiation potential of adipose-derived stem cells (ASCs): ASCs are multipotent mesenchymal stem cells

that can be isolated from adipose tissue. ASCs can differentiate into mesenchymal cell lines such as osteocytes,

adipocytes, and chondrocytes. There is also evidence for their differentiating potential into non-mesenchymal cell lines,

such as endothelial cells, neuronal cells, and cardiac and skeletal myocytes. For each differentiation lineage, a specific

“master transcriptional regulator” is identified. For adipogenic lineage it is PPARYy, for osteogenic lineage it is RUNX2, and

for chondrogenic lineage it is Sox9. Lineage-specific differentiation can be determined by specific proteins that are listed

in the boxes (created with BioRender.com).
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