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Additional information on the kinetic growth model (MC-based hASC growth):

The MC-based hASC growth in the Corning spinner flask was adapted from Jossen et al. [1] and
divided into four steps (I cell sedimentation and initial cell attachment, II cell spreading and
migration, IIl mitotic cell division and IV cell growth arrest due to contact inhibition), which partially
ran in parallel (see Figure S1). During the cultivation period, the formation of MC-cell-aggregates
was promoted due to the increasing number of cells per bead and periodic particle interactions. The
rate of the MC-cell-aggregation was influenced by the frequency and strength of hydrodynamic
stresses. However, the rate of MC-cell-aggregate formation was not considered in the current version
of the MC-based growth model. All mathematical formulations used for simulating the MC-based
hASC growth were comparable to those used for the 2D growth simulations.
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Liquid phase
Cell sedimentation
Turbulent eddy streamlines
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Y
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w /
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Figure S1. Growth model principle and influencing factors in MC-based hASC expansions (adapted
from Jossen et al. [1]).

Table S1 summarizes the parameters used for the hASC growth simulations of the planar (2D)
and MC-based (3D) cultivations. Metabolic flux and cell attachment/detachment parameters were
used from this study. Affinity constants were adapted from the literature.

Table S1. Parameters used for the kinetic growth model (2D and 3D).

Parameter Value Reference
qAmn [pmol/cell/d] 0.26-0.32 This study
-qCle [pmol/cell/d] 1.34-1.98 This study
qLac [pmol/cell/d] 1.41-2.72 This study
Kat [d1] up to 50 This study
Kdet [d7] up to 0.01 This study
Kamn [mmol/L] 8.0 Mohler et al. [2], Schop et al. [3]
Kaie [mmol/L] 0.4 Mohler et al. [2], Schop et al. [3]
Ktac [mmol/L] 105 Mohler et al. [2], Schop et al. [3]
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Additional information for flow cytometric analysis:

Table S2 provides an overview of the antibodies and the concentrations used for flow cytometric
measurements during SVF extraction and hASC processing.

Table S2. Detailed information of the antibodies used for the flow cytometric measurements.

Antibody Concentration for Concentration for # Catalog no. Company

SVF [ng/uL] ASC [ng/ul]
CD26-FITC - 50.0 302704 BioLegend
CD34-BV650 125.0 - 343624 BioLegend
CD36-APC 55.0 50.0 130-095-475 Miltenyi Biotec
CD45-PC7 125.0 - 304016 BioLegend
CD54-PE - 50.0 12-0549-42 Thermo Fisher
CD55-BV421 - 50.0 742677 Becton Dickinson
CD73-FITC 75.0 50.0 344016 BioLegend
CD90-APC - 50.0 328114 BioLegend
CD105-PE - 50.0 323206 BioLegend
CD146-PE 34.0 50.0 130-092-853 Miltenyi Biotec
Syto40 1uL - 511351 Thermo Fisher
7-AAD 2.5 uL - 559925 Becton Dickinson
Zombie Yellow™ - 1:1000 423103 BioLegend

Additional information on the RT-qPCR analysis:

Table S3 summarizes the reagents and the respective amounts of each reagent used for the
reverse transcription of the extracted RNA.

Table S3. Reverse transcription detailed procedure.

Reagent Amount
Mix 1:
RNA Upto2pug
Oligo dT 0.5 ug
Random Primers 0.5 ug
H20 Final volume 5.0 uL
Mix 2:
Buffer 5x 2.0 uL
MgCl2 1.0 pL [2.5 mM]
dNTPs 0.5 uL [0.5 mM]
Inhibitor RNasi 0.25 pL [20 Units]
RT Enzyme 0.5 uL
H0 Final volume 5.0 uL
Procedure:

Add Mix 1: incubate 5" at 70 °C, cool to 10 °C and incubate 5" in ice
Add Mix 2: incubate 5’ at 25 °C, 42 °C for 1h and 70 °C for 15
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Figure S2 schematically shows the relationship between different factors that positively or negatively
regulate adipogenesis. The expression of the main regulation factors was measured in this study by

RT-qPCR.
progenitor cell ZFI“ Wit = DKK1 . differentiated cell
ZFPA423 jpmm WISP2 Notch Q"? S
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Figure S2. Factors that positively or negatively regulate adipogenesis. The blue dotted line represents the various

stages of differentiation that lead to a mature adipocyte starting from a progenitor cell.

Table S4 provides an overview and short description of the stemness maintenance genes

measured in this study.

Table S4. Overview of measured stemness maintenance genes.

Name Description

Reference

Preadipocyte factor (Delta-like 1 homolog) is a
transmembrane  protein  which inhibits
adipogenesis and it belongs to the non-
canonical Notch ligands family.

PREF-1 (DIk-1)

Sox9 is a member of the HMG-box class DNA-

50X9
binding proteins and is a Pref-1 target.

ZEP525 Zm.c Fl.nge.r .Protel.n 525is é transcription factor
which inhibits adipogenesis.
Wnt-1 inducible signaling pathway protein 2 is

WISP2 an endogenous/secreted auto/paracrine non-
conventional WNT ligand.

NOTCHI It regu'lates the prohf.eratlon/dlfferentlatlon of
the adipocyte progenitor cells.

DLL1 Delta-like protein 1 is one of the five canonical

Notch ligands. It inhibits adipogenesis.

Hudak et al. [4]
Hei et al. [5]

Wang et al. [6]

Chiarella et al. [7]
Kang et al. [8]

Griinberg et al. [9]
Hammarstedt et al. [10]

Shan et al. [11]
Ross et al. [12]

Murata et al. [13]
Sparling et al. [14]
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Table S5 provides an overview and short description of the differentiation regulators/markers
measured in this study.

Table S5. Overview of measured differentiation regulators/markers.

Name Description Reference
PeroxisoTne P.roliferator—Activated Rec.ep'tor Ahmadian et al. [15]
gamma is a ligand dependent transcription

. Barak et al. [16]

PPARy factor that is a member of the nuclear hormone

. . . Rosen et al. [17]
receptor superfamily. It plays a crucial role in
. . . - Tontonoz et al. [18]
adipose tissue development/differentiation
Zinc Finger Protein 423 is responsible for

ZEP423 adipogenic commitment. It induces PPARy Gupta et al. [19]
expression & terminal adipogenic Gupta et al. [20]
differentiation
Runx2 is a transcription factor that is essential

RUNX2 for osteoblast differentiation and chondrocyte Komori et al. [21]
maturation
Th 1-i 1 ignali h

e Wnt 1.nducab e signaling p.at way Ferrand et al. [22]

WISP1 protein-1  increases  during  adipocyte .

. . . . . . Murahovschi et al. [23]
differentiation, stimulating adipogenesis
Dickkopfl inhibits Wnt signaling and Christodoulides et al. [24]

DKK1 . -
promotes differentiation Gustafson et al. [25]
CD34 is a transmembrane
phosphorglycoprotein expressed on Festy et al. [26]

CD34 precursors cells and on mature adipocytes. Its Sidney et al. [27]
function on the adipocyte membrane is still to Scherberich et al. [28]
be determined
CD36 is a transmembrance glycoprotein

CD36 classified as a class B scavenger receptor. It Christiaens et al. [29]
plays a functional role in adipocyte Gao et al. [30]
differentiation/adipogenesis
Three forms of this adhesion protein have been
described, including two transmembrane Leroyer et al. [31]

CD146 isoforms and a soluble protein, detectable in Y i

the plasma. Its expression increases during
adipogenic differentiation

Walmsley et al. [32]
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Table S6 provides an overview and short description of the lineage hierarchy markers measured in

this study.

Table S6. Overview of measured lineage hierarchy markers.

Name Description Reference
Dipeptdyl peptidase-4 (DPP4), also known as Mortier et al. [33]

CD26 adenosine deaminase complexing protein 2 or Metzemaekers et al. [34]
CD26. It is associated with immune regulation, Merrick et al. [35]
signal transduction & apoptosis Rennert et al. [36]
Complement decay-accelerating factor, also

CD55 known as CD55 or DAF, is a protein that, in Merrick t al. [35]
humans, regulates the complement system on Rennert et al. [36]
the cell surface
Tissue factor, also called platelet tissue factor,

CD142 factor III, or CD142, is a protein present in Schwalie et al. [37]
subendothelial tissue. It is the primary Chu et al. [38]
inhibitor of the blood coagulation cascade
CD248, also known as endosialin and tumor
endothelial marker 1 (TEM-1). This marker

CD248 does not have a fully characterized role, but its Brett et al. [39]
expression has been associated with Merrick et al. [35]
angiogenesis in the embryo and uterus as well
as in tumor development and growth.
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= S | s '
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0 2 4 6 8 10 0 4 6 8 10
Time (d) Time (d)

Figure S3. Time-dependent profiles of cell density in the supernatant of the T2s-flasks for donor 080 (a) and 085
(b). The symbols represent the experimentally measured values collected from offline measurements. The lines
represent the simulated time courses.
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Figure S4. Results of RT-qPCR measurements (“heat maps”) of donors 080 (I) and 085 (II). The investigated genes
were subdivided into 3 groups: (a) Stemness Maintenance genes, (b) Differentiation Regulators/Markers, (c)

Lineage Hierarchy Markers. Colormap = relative gene expression 20 to 40-fold.
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