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Supplementary Materials for the Materials and Methods Section

Table S1. Detailed information of the antibodies used for the flow cytometry measurements

Concentration for Concentration for

Name # Catalog Company SVF [ng] ASC [ng]
7-AAD 559925 Becton Dickinson 2.5 uL 2.5 uL
CD15-FITC 332778 Becton Dickinson - 50
CD34-BV650 343624 BioLegend 125 -
CD34-PE 130-081-002 Miltenyi - 50
CD36-APC 130-095-475 Miltenyi 55 50
CD45-PC7 304016 BioLegend 125 -
CD61-PE IM3605 Beckman & Coulter - 50
CD73-FITC 344016 BioLegend 75 50
CD90-APC 328113 BioLegend - 50
CD105-PE 323206 BioLegend - 50
CD146-PE 130-092-853 Miltenyi 34 50
SYTO™40 511351 Thermo Fisher 5 uM -

Evaluation of cell proliferation

It is often challenging to detach cells efficiently from the MCs on which they grew. For this

reason, we developed a protocol based on nuclei count: A cell lysis buffer solution frees the nuclei
that can thus be enumerated by flow cytometry. This method also allows assessing the cell cycle
status of the collected nuclei. So, it is possible to determine the proliferative status of the cells grown
on the MCs.

N

Protocol: Nuclei count after cell lysis.

Collect the MCs + cells from each well and transfer them in 1.5 mL Eppendorf tubes. Rinse each
well twice with PBS to recover all the MCs + cells.

Centrifuge at 400 g for 5 min at RT.

Discard the supernatant and resuspend the pellet (microcarriers + cells) in 1 mL of “Lysis &
Nuclei Extraction Buffer” (LNEB; 0,2 M Citric acid + 2% Triton X-100).

Incubate 5-10 min at RT and pipette up and down until the cells are completely lysed.

Add the lysate to a pluriStrainer Mini 40 um inserted into a 5 mL Eppendorf tube (pluriSelect,
cat. no. 43-10040-60, see figure S1). The strainer separates microcarriers from cell lysate/nuclei.
Wash filters twice with LNEB to recover all the nuclei.

Centrifuge at 800 g for 5 min at RT (5 mL Eppendorf + filter) to collect the nuclei.

Resuspend the pellet (nuclei) in 100 uL of CLNEB.

Stain with 7-AAD for 5 min at RT, and analyze by flow cytometry. Nuclei analysis:
discrimination between G1, G2, and S phases.
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Figure S1. A pluriStrainer Mini 40 um is used to separates MCs from the nuclei. The centrifugal force
helps to collect the nuclei quantitatively on the bottom of a 5 mL Eppendorf tube.

Table S2. Reverse transcription detailed procedure

Mix 1 Mix 2
Reagent Amount Reagent Volume
RNA Uptobpug Buffer 5x 2 uL
Oligo dT 0.5 ug MgCla 1 pL [2.5 mM]
Random Primers 0.5 g dNTPs 0.5 uL [0.5 mM]
H20 Final volume 5 uL. Inhibitor RNasi 0.25 pL [20 Units]
RT Enzyme 0.5 uL
H:0 Final volume 5 pL

Procedure:
Add Mix 1, incubate 5" at 70 °C, cool to 10 °C and incubate 5' in ice.

Add Mix 2 and incubate 5' at 25 °C, 42 °C for 1h, and 70 °C for 15'.

Table S3. Primer sequences

Gene Name Forward Primer (5’-3") Reverse Primer (5’-3")

ACTB CTG GAA CGG TGA AGG TGA CA AAG GGA CTT CCT GTA ACA ATG CA
SOX9 AGC GAA CGC ACATCA AGA C CTG TAG GCG ATC TGT TGG GG
RUNX2 TCA ACG ATC TGA GAT TTG TGG G GGG GAG GAT TTG TGA AGA CGG
PPARG GCT TTC TGG GTG GAC TCA AGT GAG GGC AAT CCG TCT TCA TCC
PREF1 TGA CCA GTGCGT GACCTCT GGC AGT CCTTTC CCG AGT A
ZFP423 GAT CACTGT CAG CAG GACTT TGC CTC TTC AAG TAG CTC A

ZFP521 GGC TGT TCA AAC ACA AGCG GCA CATTTA TAT GGC TTG TTG

DKK1 ATA GCA CCT TGG ATG GGT ATTC C CTG ATGA CCG GAG ACA AACAG
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Table S4. RT-qPCR cycle conditions

Phase T (°C) Time (min) Repetition
Denaturation 95 °C 2:00
Denaturation 95 °C 0:05

X 40
Annealing+ Extension 60 °C 0:20
Denaturation 95 °C 0:05
Melting Curve 65-95 °C 18:00

Evaluation of growth-related parameters

Equation used to calculate the growth-related parameters:
(I) Specific growth rate p (Eq. 1)
In(X,(t)) — In(X,(0
©= n( A( ))At Tl( A( )) (1)

Where p is the net specific growth rate. XA(t) and XA(0) are the cell numbers at the end and the
beginning of the exponential growth phase, respectively, and t is the time.
(II) Doubling time ta (Eq. 2)

In(2
to= "2 @

Where td is the doubling time, In(2) the binary logarithm of 2, and u the specific growth rate.
(III) Population Doubling Level PDL (Eq. 3)

XA(t)) 3)

PDL =109 109 <XA(0>

PDL is the number of population doublings, and XA(0) and XA(t) are the cell numbers at the

beginning and end of the cultivation.
(IV) Expansion factor EF (Eq. 4)

EF = XA (tmax)

T X\(t=0) @)

EF is the expansion factor, and Xa(tmax) is the maximum cell number, and Xa(t=0) is the inoculated cell
number.
(V) Lactate yield from glucose Ytac/cic (Eq. 5)

ALac
YLac/Glc = AGlc ()

Where Yiad/cr is the lactate yield from glucose, ALac is the lactate production over a specific time
period, and AGlc is the glucose consumption over the same time period (= exponential growth phase)
(VI) Specific metabolite flux gmet (Eq. 6)

U > Cmet(t) - Cmet (0)
X,(t) et — 1

Where gmet is the net specific metabolite consumption or production rate (for Glc, Lac, Amn), p is the
specific cell growth rate, XA(t) is the cell number at the end of the exponential growth phase; Cmet()
and Cmeto) are the metabolite concentrations at the end and the beginning of the exponential growth
phase, respectively, and t is the time.

amec = ( ©)
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Name # Catalog Company
Phenol 327125000 Acros Organics
CytoFLEX Daily QC Fluorospheres B53230 Beckman & Coulter
VersaComp Antibody Capture Bead Kit B22804 Beckman & Coulter
VersaLyse Lysing Solution B59266AA Beckman & Coulter
Sso Advanced Universal SYBR Green Supermix 1725271 Biorad
Albumin CSL 20% 22918180119611 CLS Behring
Privigen Immunoglobulin CLS Behring
Ultra-Low 24 well 3473 Corning
Eppendorf Tubes® 5.0 ml 0030119380 Eppendorf

85% Glycerol solution 07-3800-07 Hénseler AG
Syringe Filters FPE-204-030 Jet Biofil
IRDye®800CW Streptavidin 926-32230 Li-Cor
Nucleospin RNA kit 740955.250 Macherey-Nagel
Microtube mesh 40 um 43-10040-60 PluriSelect life science
GoScript Reverse Trascription System A5001 Promega
Proteome Profiler Human Adipokine Array Kit ARY024 R&D Systems
Chloroform C2432 Sigma-Aldrich
Citric Acid Monohydrate C1909 Sigma-Aldrich
DAPI D9542 Sigma-Aldrich
Ethanol 51976 Sigma-Aldrich
Formaldehyde 47608 Sigma-Aldrich
Glutaraldehyde G6257 Sigma-Aldrich
Guanidine Thiocyanate 50980 Sigma-Aldrich
SDS 74255 Sigma-Aldrich
Sodium Chloride 57653 Sigma-Aldrich
Triton X-100 X100 Sigma-Aldrich
Urea U5s378 Sigma-Aldrich
PronectinF 737866-6 SIGMA-soloHill
SYTO™40 blue fluorescent nucleic acid stain 511351 Thermo Fisher Scientific
Trypan Blue 15250-061 Thermo Fisher Scientific
TrypLE Select 12563-029 Thermo Fisher Scientific
Glucose Bio (for Cedex Bio) 06 343 732 001 Roche

Lactate Bio (for Cedex Bio) 06 343 759 001 Roche

NH3 Bio (for Cedex Bio) 06 343 775 001 Roche
Vial-Cassette (for NucleoCounter NC200) 941-0012 ChemoMetec

T25 Flask 90026 TPP

T25 Flask CLS430639 Sigma Aldrich
T75 Flask CLS430720 Sigma Aldrich
125 mL Disposable Spinner flask CLS3152 Sigma Aldrich
Collagenase Type B AOF L.S004147 Worthington Biochemical Corp.
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Supplementary Materials for the Results Section

Table S6. Percentages of nuclei found in G1, G2, or in S phase.
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G1 S G2 APP
BR44 PNF BR44 PNF BR44 PNF BR44 PNF
Day1l 4205+370% 3740+11.57% 6.10+448% 512+3.12%  12.07+4.03 % 1143559 %  42.80+17.05% 42.58 +14.39 %
Day2 2405+476% 31.92+£1007% 3.16+0.89% 7.77+2.05% 8.64+3.05 % 18.04 £ 5.90 % 48.25+6.09 %  82.19+£11.96 %
Day4 2726+8.10% 41.78+2.07 %  4.60+251%  10.87 +3.69 9.90 +4.15 % 17.30 £ 6.24 % 51.60+8.33%  67.77 £11.27 %
Day 7 29.29+9.56 % 42.07+595%  415+133% 7.08+0.59 % 9.98 +4.41 % 18.34 £ 4.03 % 4746 +581 %  61.61+14.83 %

Flow cytometry analysis of CD36 and CD146 expressed by adipogenic-induced hASCs

CD36 is a very useful surface antigen because it labels progenitor cells with a particular
susceptibility to undergo terminal adipogenic differentiation. Its expression is correlated with an
increase in intracellular neutral lipid content [1,2]. The cell surface marker CD146 is also associated
with adipogenic differentiation. Indeed, Graham G. Walmsley et al. showed that hASCs induced to
differentiate into adipocytes expressed the CD146 as well as the CD36 markers [3]. Furthermore,
Yongting Luo et al. found that macrophagic CD146 promotes foam cell formation and interacts with
CD36 to mediate oxidized low-density lipoprotein (oxLDL) uptake [4]. One adipocyte task is to store
triglycerides and regulate lipid metabolism. Published studies show that these cells use both CD36
and CD146 for these biological processes. Therefore, both are ideal markers to determine if hASCs
spontaneously start to differentiate during the culture time [3,5,6]. Therefore, we wanted to verify if,
with our defined xeno- and serum-free culture system, CD36 and CD146 were markers that signal
maturation towards the adipogenic line, as described by others. For this purpose, hASCs obtained
from three different donors were initially expanded in UrSuppe basal medium until confluency was
reached. Adipogenic differentiation was then induced with a specifically developed defined medium
for ten days. Human ASCs efficiently differentiated into early adipocytes accumulating lipid-
containing vesicles that were easily seen under the microscope. After very gently detaching the cells
from the cell culture plates, they were labeled with aCD36-APC, aCD146-PE, and analyzed by flow
cytometry. The results are shown below in figure S2.
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Figure S2. Representative flow cytometry analysis of hASCs induced to differentiate into adipocytes.
Early adipocytes from three different donors (plots 1,2, and 3) were stained with aCD36-APC and
aCD146-PE. Red populations: Isotype controls. Green populations: Tests with aCD36-APC and
aCD146-PE.
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We confirm with this test that maturing adipocytes can express both CD36 and CD146 surface
antigens, and a significant population is a double-positive for these markers. Flow cytometry with
adipose tissue cells is notoriously tricky due to their fragility and high autofluorescence. Indeed,
Carolina E. Hagberg et al. reported that mature adipocytes' analysis requires a modified flow
cytometer specifically adapted for this purpose. This included using a larger nozzle (150 mm
diameter), lowering the sheath pressure to 6 psi, and enhancing the detection of large-size events [7].
We worked with a standard flow cytometer, so it is possible that we could not analyze the larger and
more mature adipocytes, which probably broke inside the device during the data acquisition.
Nonetheless, we confirmed that CD36 and CD146 are valuable markers that signal
differentiation/maturation of hASCs into adipocytes.

Flow cytometry analysis of some standard markers expressed by hASCs cultures in 2D or 3D under static

conditions
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Figure S3. Single-parameter histogram for flow cytometry analysis of expanded hASCs. Cells from
donor 057_MaPa at passage P2 stained with labeled antibodies which recognize a panel of standard
cell surface markers. Each plot's vertical axis marks the threshold "negative/positive” found with a
sample of cells stained with the isotype control antibody. The cells were cultured in SF conditions in
standard cell culture vessel (2D, T25 flasks, upper panel) or on the MC prototype BR44 (3D, lower
panel).
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Figure S4. Single-parameter histogram for flow cytometry analysis of expanded hASCs. Cells from
donor 059_SeMa at passage P2 stained with labeled antibodies which recognize a panel of standard
cell surface markers. Each plot's vertical axis marks the threshold "negative/positive” found with a
sample of cells stained with the isotype control antibody. The cells were cultured in SF conditions in
standard cell culture vessel (2D, T25 flasks, upper panel) or on the MC prototype BR44 (3D, lower
panel).
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Figure S5. Single-parameter histogram for flow cytometry analysis of expanded hASCs from donor
060_DeMa at passage P2 stained with labeled antibodies recognizing a panel of standard cell surface
markers. Each plot's vertical axis marks the threshold "negative/positive" found with a sample of cells
stained with the isotype control antibody. The cells were cultured in SF conditions in standard cell
culture vessel (2D, T25 flasks, upper panel) or on the MC prototype BR44 (3D, lower panel).
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Figure S6. Average flow cytometry expression. "Radar Plot" shows the percentage of positive hASCs
for the respectively indicated surface marker for cells grown in 2D (T25 flask, blue line), in 3D on BR44
(green line), and in 3D on PNF (orange line).

Schematic illustration of adipogenesis
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Figure S7. Schematic illustration showing the relationship between some critical factors that positively or
negatively controls adipogenesis. Two of them are particularly important: PREF1 is known to inhibit
adipogenesis, whereas PPARG is considered the master regulator of adipose tissue development and
differentiation. The grey arrow represents the various differentiation stages that lead to a mature
adipocyte starting from a progenitor cell. Further information and references about the marker genes
used can be found in Table S7, and Table S8.

Table S7. Overview of measured stemness maintenance genes

Name Description Reference
PREF1 Pre-adipocyte factor 1 (Delta-like 1 homolog) is a transmembrane Hudak et al. [8]
(DLK1) protein that inhibits adipogenesis, and it belongs to the non- Hei et al. [9]

canonical Notch ligands family.

SOX9 S0x9 is a member of the HMG-box class DNA-binding proteins and Wang and Sul [10]
is a Prefl target.
ZEP521 Zinc Finger Protein 521 is a transcription factor, which inhibits Chiarella ef al. [11]

adipogenesis. Kang et al. [12]
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Table S8. Overview of measured differentiation regulators/markers
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Name Description Reference
Peroxisome Proliferator-Activated Receptor Gamma is a ligand- Ahmadian et al. [13]
PPARG dependent transcription factor that is a member of the nuclear Barak et al. [14]
hormone receptor superfamily. It plays a crucial role in adipose Rosen et al. [15]
tissue development and differentiation. Tontonoz et al. [16]
Zinc Finger Protein 423 is responsible for adipogenic commitment. Gupta et al. [17]
ZFP423 It induces PPARG expression and terminal adipogenic Gupta et al. [18]
differentiation.
Christodoulides et
al. [19]
DKK1 Dickkopfl inhibits the Wnt signaling and promotes differentiation. Gustafson and
Smith [20]
Runx? is a transcription factor that is essential for osteoblast Komori [21]
RUNX2

differentiation and chondrocyte maturation.

Komori [22]

Table S9. Overview of secreted adipokines and chemokines

Name Description Reference
CathepsinD Prote%nases: Th.e Cathepsin family pla.ys arole .in intrécelh?lar Kapur and Katz [23]
. protein catabolism and degrade proteins to activate bioactive
CathepsinL . ) Taleb et al. [24]
proteins' precursors in pre-lysosomal compartments.
Gealek tal.
IGFB-P4 The IGFBP family protein's primary function is regulating the [22? ekman et
IGFBP-6 availability of insulin-like growth factors (IGFs) in tissue and
. . . Haywood et al. [26]
IGFBP-7 modulating IGF binding to its receptors.
Headey et al. [27]
Holdsworth and
CXCLS/ILS Interleukin 8 is a pro-inflammatory chemokine/cytokine that Gan [28]
induces chemotaxis of granulocytes and stimulates phagocytosis. ~ Zlotnik and Yoshie
[29]
Holdsworth and
Monocyte Chemoattractant Protein 1 is a small cytokine Gan [28]
CCL2/MCP-1 responsible for recruiting monocytes, memory T cells, and Zlotnik and Yoshie
dendritic cells to the inflammation site. [29]
Holdsworth and
M-CSE Macrophage Colony Stimulating Factor is a secreted cytokine that Gan [28]
stimulates macrophage proliferation and activation. Zlotnik and Yoshie
[29]
Holdsworth and
Macrophage Migration Inhibitory Factor is an essential regulator Gan [28]
MIF Zlotnik and Yoshie

of innate immunity.

[29]
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IL-6

Pentraxin-3/
TSG-14

Complement
Factor D

Nidogen-1/

Entactin

TIMP-1

HGF

VEGF

Interleukin 6 acts as a pro-inflammatory cytokine that raises the
body's temperature via PGE2 in the hypothalamus and
stimulating energy metabolism in fat tissue and muscle.

Proteins of the pentraxin family are involved in acute
immunological response.

Component of the alternative complement pathway of the innate
immune system.

A structural protein, a component of the basement membrane
glycoproteins.

Metalloproteinase inhibitor. Involved also in promoting cellular
proliferation and anti-apoptotic function.

Growth Factor. Hepatocyte Growth Factor is secreted by
mesenchymal stem cells (MSCs) and plays several roles in
development, organ regeneration, and wound healing.

Growth factor. Vascular Endothelial Growth Factor is a signal
protein that stimulates the formation of blood vessels.

Holdsworth and
Gan [28]

Zlotnik and Yoshie
[29]

Kapur and Katz [23]

Liu et al. [30]

Kapur and Katz [23]

Kapur and Katz [23]

Kapur and Katz [23]

Kapur and Katz [23]

Kapur and Katz [23]
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Figure S8. Comparing the secretion profile of hASCs. A: Profile of hASCs cultured in the classical static 2D
cell culture system. B: Profile of hASCs grown on BR44 MC in static conditions. C: Profile of hASCs grown
on BR44 MC in dynamic conditions (spinner flask). Array processing techniques according to the

manufacturer of the kit (bio-techne, #ARY024). Evidently, the three secretion patterns are not the same.
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Table S10. Human adipokine array
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Table/List on the left: Coordinates and explanations of the 58 different spots present on the commercial human

adipokine array membrane.

Coordinate Analyte/Control Coordinate Analyte/Control
Al, A2 Reference Spots C19, C20 IL-6

A5, A6 Adiponectin/Acrp30 C21,C22 CXCLS8/IL-8

A7, A8 Angiopoietin-1 C23,C24 IL-10

A9, A10 Angiopoietin-2 D1, D2 IL-11

All, A12 Angiopoietin-like 2 D3, D4 LAP (TGF-p1)

Al3, Al4 Angiopoietin-like 3 D5, D6 Leptin

Al5, Al6 BAFF/BLyS/TNFSF13B D7, D8 LIF

Al7, A18 BMP-4 D9, D10 Lipocalin-2/NGAL
A19, A20 Cathepsin D D11, D12 CCL2/MCP-1

A23, A24 Reference Spots D13, D14 M-CSF

B1, B2 Cathepsin L D15, D16 MIF

B3, B4 Cathepsin S D17, D18 Myeloperoxidase
B5, B6 Chemerin D19, D20 Nidogen-1/Entactin
B7, B8 Complement Factor D D21, D22 Oncostatin M (OSM)
B9, B10 C-Reactive Protein/CRP D23, D24 Pappalysin-1/PAPP-A
B11, B12 DPPIV/CD26 El, E2 PBEF/Visfatin

B13, B14 Endocan E3, E4 Pentraxin-3/SG-14
B15, B16 EN-RAGE E5, E6 Pref-1/DLK-1/FA1
B17, B18 Fetuin B E7, E8 Proprotein Convertase 9/PCSK9
B19, B20 FGF basic E9, E10 RAGE

B21, B22 FGEF-19 El1, E12 CCL5/RANTES
B23, B24 Fibrinogen E13,E14 Resistin

C1,C2 Growth Hormone E15, E16 Serpin A8/AGT
C3,C4 HGF E17, E18 Serpin A12

C5, C6 ICAM-I/CD54 E19, E20 Serpin E1/PAI-1
C7,C8 IGFBP-2 E21, E22 TIMP-1

C9, C10 IGFBP-3 E23, E24 TIMP-3

C11, C12 IGFBP-4 F1, F2 Reference Spots
C13,C14 IGFBP-6 F5, F6 TNF-a

C15, C16 IGFBP-rp1/IGFBP-7 F7, F8 VEGF

C17,C18 IL-1p/IL-1F2 F23, F24 Negative Controls
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Figure S9. Time-dependent profiles of amino acids consumption: (A) Ala-Gln dipeptide. Ala and GIn
are generated by slitting the dipeptide. (B) Non-essential amino acids. (C) Essential amino acids. (e)
3D dynamic cell culture system. () Standard planar 2D conditions.
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Table S11. Overview of cell culture results achieved in MC-based expansion processes with serum-free cell culture media.

14 of 18

Cell type Medium MC Hn ta Xmax EF Cultivation system Ref.

[] [-] [-] [d1] [h] [105 cells/mL] [105 cells/cm?] [-] [] [-]
hASC UrSuppe (SFM) ProNectin (PS) 043+0.1 38.7+0.9 1.98 £0.22 0.55+ 0.6 31+0.1 125 mL spinner [31]
ASC52telo (WTERT)  UrSuppe (SFM) ProNectin (PS) 0.56 29.7 7.5 2.08 21.3 125 mL spinner [32]
ASC52telo (WTERT)  UrSuppe (SFM) BR44 (PLGA) 0.35 47.5 1.2 n/a 7.0 125 mL spinner [32]

hASC UrSuppe (SEM) BR44 (PLGA) 0.25 67.2 3.2 n/a 8.1 125 mL spinner a
hMSC-TERT Stem Cell 1 (SFM)  Solohill glass coated 0.31 53.7 2.4 0.45 4.5 100 mL spinner [33]
hMSC-TERT Stem Cell 1 (SFM) Corning EA (PS) 0.65 25.6 2.8 0.52 54 100 mL spinner [33]
hMSC-TERT Stem Cell 1 (SFM) Corning Synthemax II (PS) 0.24 69.3 1.8 0.34 34 100 mL spinner [33]
hMSC-TERT Stem Cell 1 (SFM)  Solohill ProNectin (PS) 0.41 40.6 1.0 0.19 1.9 100 mL spinner [33]
hBM-MSC Prime-XV™ (SFM) Plastic P102-L (PS) 042+0.1 39.6+0.9 8.1+0.2 n/a 27.0+0.7 100 mL spinner [34]
hBM-MSC Prime-XV™ (SFM) Plastic P102-L (PS) 041+0.1 40.6x09 85+0.2 n/a 28.3+0.6 ambr 15 [34]
hBM-MSC Prime-XV™ (SFM) Plastic P102-L (PS) 0.7 23.8 3.5 n/a n/a 100 mL spinner [35]
hBM-MSC Prime-XV™ (SFM) Plastic P102-L (PS) 052+0.03 319+1.7 6.6+0.5 n/a n/a ZDSE SH;I;XDASGIP [36]
hBM-MSC Prime-XV ™ (SFM) Plastic P102-L (PS) 0.38+0.02 43.8+24 3.0+£03 n/a 10.0£0.9 100 mL spinner [37]

a = results from the present study, PLGA = Polylactid-co-Glycolid, PS = Polystyrene, EA = Enhanced Attachment
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