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Chapter 1 Preface

1 Preface

This thesis is written in collaboration with Cardiology Stem Cell Center. It composes a
tool, and is intended for use in future research, with the aim of developing potency assays
for a cellular therapy product based on adipose-derived stromal cells.

In anticipation of this, comprehensive details are included to ensure that the contents are
su cient to reproduce and re ne any future experiments.
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Chapter 3 Resumé

3 Resumeé

Formal: | de senere ar stromale celler fra fedtveev (ASCer) blevet undersggt som celleter-
api pa grund af deres immunmodulatoriske egenskaber, og fordi de kan regulere funktio-
nen af immunceller, sisom makrofager. Makrofager er plastiske celler med bade pro- og
anti-in ammatoriske funktioner. Disse egenskaber gar ASCerne i stand til at mindske in-
ammation og forebygge brose. Fibrose kan opsta som fglge af vedvarende in ammation
og medfarer nedsat funktionalitet af veevet. ASCer kan interagere med de omkringliggende
celler gennem bade parakrine udskillelser af for eksempel proteiner og ved celle-celle kon-
takt. Den preecise virkningsmekanisme bag interaktionen mellem ASCer og makrofager er
dog stadig ukendt. Derfor var formalet med dette studie at undersgge e ekten af ASCer
pa makrofagernes brotiske e ekt.

Metoder: For at udvikle en makrofag-ASC-kokultur model blev den optimale koncen-
tration af lipopolysakkarid og interferon- bestemt ved at male koncentrationen af tumor
necrosis factor-, som blev udskilt af makrofagerne. Derefter blev makrofager isoleret fra
ASCerne ved hjeelp af Dynabeads med CD90 antistof og herefter sdet ud i en extracellulzer
matrix, som var dannet af transforming growth factor- -stimulerede broblaster. Efter
seks dage blev niveauerne af collagen | og Il bestemt som et mal for udskillelsen af ek-
stracelluleer matrix. Optimering af broblasternes optimale densitet k dem til at danne

en teet ekstracelluleer matrix, hvilket blev bestemt ved farvning med Sirius Rgd (0,1%) i
pikrinsyre.

Resultater og konklusion:  Der blev etableret en makrofag-ASC-kokultur model, hvor
makrofagerne blev aktiveret med 100 ng/mL lipopolysakkarid og 20 ng/mL interferon-
Efter seks dage i kokultur med broblaster havde de ASC-behandlede makrofager forarsaget
signi kant nedsatte niveauer af kollagen | og kollagen Ill, hvilket tyder p&, at makrofagerne

er i stand til at pavirke udskillelsen af ekstracellulaer matrix. Den optimale koncentration af
makrofager var 6250 M1/cm, idet denne koncentration resulterede i den starste signi kante
og numeriske forskel mellem de ASC-behandlede makrofager og en kontrol med aktiverede
makrofager.
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Chapter 4 Abstract

4 Abstract

Aim: In recent years, adipose-derived stromal cells (ASCs) have been investigated for use
as a cellular therapy, due to their immunomodulatory properties and their ability to regu-
late the function of immune cells, such as macrophages. Macrophages are plastic cells with
both pro- and anti-in ammatory functions. These features enable them to reduce in am-
mation and prevent brosis. Fibrosis can arise as a result of prolonged in ammation and
this leads to decreased tissue functionality. The ASCs can interact with the surrounding
cells through both paracrine secretion and cell-cell contact. However, the exact mecha-
nisms of action for the interactions between ASCs and macrophages are still unknown.
Therefore, the aim of this study was to investigate the e ect of ASCs on the brotic e ects

of macrophages.

Methods: To develop a macrophage-ASC-coculture, the optimal concentration of activat-
ing stimuli, lipopolysaccharide and interferon-, was determined by measuring the concen-
tration of secreted tumor necrosis factor- by the macrophages. Hereafter, macrophages
were isolated from the ASCs using Dynabeads coated with CD90 antibody, and then seeded
onto an extracellular matrix derived from transforming growth factor- -stimulated brob-
lasts. After six days, the levels of collagen | and Ill were determined as a measure of
deposition of extracellular matrix. Optimisation of broblast seeding density allowed them

to create a dense extracellular matrix, which was determined through staining with Sirius
Red (0.1%) in Picric Acid.

Results and Conclusion: A macrophage-ASC-coculture model was established, and the
optimal concentrations of lipopolysaccharide and interferon-were found to be 100 ng/mL
and 20 ng/mL, respectively. After six days of coculture with broblasts, the ASC-treated
macrophages had resulted in signi cantly decreased levels of collagen | and I, which
suggests that macrophages are able to a ect the deposition of extracellular matrix. The
optimal seeding density of the macrophages was 6250 M1/ which concentration the
greatest signi cant and numerical di erence between the ASC-treated macrophages and
the mature macrophages was found.
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Chapter 5 Abbreviations

5 Abbreviations

A acceleration

ASC adipose-derived stromal cell

ASC-M1 ASC-treated M1

BSA bovine serum albumine

CXCL C-X-C motif chemokine ligand

D deceleration

DAMP  damage-associated molecular pattern

DMEM Dulbecco's modi ed eagle medium

DMSO dimethyl sulfoxide

ECM extracellular matrix

EDTA ethylenediaminetetraacetic acid

ELISA enzyme-linked immunosorbent assay

FACS uorescence-activated cell sorting

FBS fetal bovine serum

GM-CSF granulocyte macrophage colony stim-
ulating factor

HCL hydrochloric acid

HLA human leukocyte antigen

ICC immunocytochemistry

IFN interferon

IL interleukin

imM1 immature M1

LPS lipopolysaccharide

M1:ASC macrophage and ASC

M1:NHDF macrophage and broblast

MACS magnetic-activated cell sorting

M-CSF macrophage colony stimulating factor

MFI median uorescence intensity

Group 9025

mM1
mM2
MMC
MMP

mature M1

mature M2

macromolecular crowding

matrix metalloproteinase

MSC mesenchymal stromal cell

NHDF normal human dermal broblasts
PAMP pathogen-associated molecular pattern
PBMC peripheral blood mononuclear cell
Pen/Strep  Penicillin-Streptomycin
PicroSirius  Sirius Red (0.1%) in Picric Acid
RGD arginine-glycine-aspartic acid

RT room temperature

TGF transforming growth factor

Thl type 1 T helper

Th2 type 2 T helper

TIMP  tissue inhibitor of metalloproteinase
TNF tumor necrosis factor

gPCR quantitative Polymerase Chain Reaction
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Chapter 6 Introduction

6 Introduction

In the past decade, cell-based therapies have been investigated for use in the repair and
regeneration of damaged tissue. Most human cells have limited potential for di erentia-
tion and thus limited use in tissue regeneration, and it has been a challenge to procure a
reliable source of suitable cells (Gimble and Guilak, 2003; Bourin et al., 2013). Recently,
cellular therapy products have been suggested for clinical evaluation and market autho-
rization (Bravery et al., 2013). When developing a cellular therapy product, the rst step

is to characterize the product by identifying relevant biological functions and de ning the
quality of the product. This is important, because if the quality of the product is not
consistent, neither is the clinical e ect (Bravery et al., 2013). A way to ensure consistent
quality of the product is through potency assays. Potency assays are tests that during
product development have been demonstrated to con rm the presence of relevant biolog-
ical functions of the cellular therapy product. Ideally, potency assays are correlated to
product e cacy. Potency assays are based on the initial characterization of the cellular
therapy product, and are important tools for managing any process changes and evaluating
the product prior to market release. A theory of the mechanism of action of the product
must be developed before designing a potency assay, and this should be based on scienti ¢
data and re ect the therapeutic rationale for administering the product (Bravery et al.,
2013).

An example of a cell type that has been explored for use as a cellular therapy product is
the mesenchymal stromal cell (MSC), which meets many of requirements to be a reliable
cell source. MSCs can be isolated from various tissues, including adipose tissue and bone
marrow, which gives rise to the adipose-derived stromal cell (ASC) and the bone marrow-
derived MSC, respectively. MSCs are de ned by a set of minimal criteria, stating they
must be plastic-adherent when maintained in culture, and express positive markers CD105,
CD73, and CD90 while lacking expression of negative markers CD45, CD34, CD14 or
CD11b, CD79 or CD19, and human leukocyte antigen (HLA) class Il (Dominici et al.,
2006). No single marker is able to identify an MSC, but collectively several positive markers
are used to establish the presence of stromal cells. The negative markers are present on
cells with a hematopoietic origin, e.g. immune cells. Lastly, the MSCs must be able to
di erentiate into osteoblasts, adipocytes, and chondrocytes (Bourin et al., 2013; Dominici

et al., 2006). As the phenotypes of MSCs prepared from di erent adult tissues resemble
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Chapter 6 Introduction

each other, the terms of ASC and MSC will be used interchangeably henceforth.

Especially ASCs seem promising for use in regenerative medicine as they are abundant
and easy to procure. In addition, they are multipotent and can give rise to osteoblastic,
chondrocytic, and adipocytic lineages (Bourin et al., 2013). ASCs can be isolated from
human adipose tissue through enzymatic digestion, resulting in a stromal vascular fraction
from which the stromal multipotent cells can be isolated (Gimble and Guilak, 2003; Bourin

et al., 2013). When expanded and administered to a patient they will migrate to sites of
injury where they secrete growth factors to promote a regenerative environment, and they
are also potent regulators of both innate and the adaptive immune responses (Hidalgo-
Garcia et al., 2018). Due to their regenerative and immunomodulatory properties the
ASCs have been studied in relation to wound healing and various diseases such as graft
versus host disease and cardiovascular diseases, where they show promising therapeutic
e ect (Bian et al., 2022; Luz-Crawford et al., 2017; Stevens et al., 2020).

In general, ASCs interact with their environment through either paracrine signalling or cell-
cell contact. In an in ammatory environment, the ASCs can interact with immune cells to
regulate their function, and many of the implicated modes of action of ASCs suggest that
they act either directly or indirectly on macrophages (Luz-Crawford et al., 2017; Stevens
et al., 2020). Therefore, it is di cult to identify a sole mechanism of action, and as a result
also to anticipate experimental outcomes or demonstrate reproducible results, which in
turn poses a challenge in designing a suitable potency assay (Bravery et al., 2013; Stevens
et al., 2020).

6.1 Anti-Fibrotic E ects of Adipose-Stromal Cells

Cellular therapies based on ASCs have been used to promote regeneration of tissue and
prevent brosis. Fibrosis can develop as a result of continued or chronic in ammation in
the tissue, which causes excessive production of extracellular matrix (ECM) and scarring.
Fibrosis can lead to decreased functionality of a tissue, and is characteristic in the progres-
sion of chronic diseases in di erent tissues such as the heart and kidneys (Guillamat-Prats,
2021; Kendall and Feghali-Bostwick, 2014; Setten et al., 2022). When tissue is injured the
surrounding cells facilitate a response, which involves a series of overlapping events jointly
called wound healing. These events are highly coordinated in order to attain optimal tissue
regeneration, and start with the formation of a clot to prevent exsanguination with subse-
guent recruitment of immune cells (Figure 6.1A) (Guillamat-Prats, 2021). ASCs a ect all
phases of wound healing by promoting coagulation in the hemostatic phase, and modulat-
ing the in ammatory and proliferative phases by targeting immune responses to facilitate
regeneration and repair of the tissue. Lastly, they secrete cytokines and growth factors
that promote reorganization of collagens to remodel the tissue (Figure 6.1C) (Guillamat-
Prats, 2021; Bian et al., 2022). ASCs can be activated by pro-in ammatory cytokines
like interferon (IFN)- . When activated, they have been shown to modulate immune cell
response to tissue damage by decreasing production of pro-in ammatory cytokines while
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Chapter 6 Introduction

promoting an anti-in ammatory environment. This happens through secretion of paracrine
soluble factors such as transforming growth factor (TGF)-, interleukin (IL)-4, and IL-10,
that can shift the balance in cytokine release between type 1 T helper (Th1l) cells and type
2 T helper (Th2) cells. As such, ASCs can avert and/or reduce chronic in ammation and
attenuate brosis (Guillamat-Prats, 2021; Bian et al., 2022).

Figure 6.1: ASCs in wound healing.  A: Firstly, a brin clot is formed in response to immediate
tissue injury to prevent bleeding. Next, immune cells and broblasts migrate to the site of
injury. The immune cells eliminate pathogens in the wound site, and the broblasts assist
in recruitment of immune cells, and begin producing components of the ECM and
di erentiate into myo broblasts. B: If the in ammatory phase is prolonged, activated
broblasts will continue to recruit immune cells, thus creating a positive feedback loop.
This further stimulates di erentiation of broblasts into myo broblasts which, if
unregulated, will produce excessive amounts of ECM and result in increased deposition of
ECM, leading to rigidity of the tissue and eventually loss of function. The grey area
illustrates increased sti ness of the brotic tissue. C: Treatment with ASCs promotes
coagulation and modulates the immune cell response by decreasing the production of
pro-in ammatory cytokines by immune cells, thus promoting an anti-in ammatory milieu.
They further increase migration of broblasts to promote proliferation of the ECM, and
later secrete growth factors to aid in neovascularisation, reorganization and remodelling of
the tissue along with repopulation of the injured area with endothelial cells. ASC:
adipose-derived stromal cell, imM1: immature macrophage, mM1: mature macrophage,
NHDF: normal human dermal broblast, ECM: extracellular matrix, TGF- : transforming
growth factor- .
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Chapter 6 Introduction

When tissue is injured, immune cells and broblasts respond by migrating to the site. They
then start secretion of growth factors and proteins to repair the injury (Figure 6.1A). Scar
formation happens when the injured tissue is replaced with pathological connective tissue
(Kendall and Feghali-Bostwick, 2014; Guillamat-Prats, 2021). Connective tissue consists
primarily of broblasts in an ECM, and broblasts are important in both maintenance and
degradation of the ECM, as well as in wound healing, in ammation, angiogenesis, and in
pathological tissue brosis (Kendall and Feghali-Bostwick, 2014).

The ECM is a network of proteins that provide tissue structure, and it is produced and
maintained by broblasts. The ECM is composed of two subunits: The interstitial con-
nective tissue matrix and the basement membrane. The interstitial matrix consists mainly
of brillar proteins such as collagen | that provides tensile strength, and elastin, which al-
lows for expansion of tissues (Zhao et al., 2022; Kendall and Feghali-Bostwick, 2014). The
remodelling and readsorption of the ECM is important in healing of tissue injury and in pre-
vention of brosis. It is controlled through secretion of matrix metalloproteinase (MMP)s
and tissue inhibitor of metalloproteinase (TIMP)s, which regulate the turnover rate of
collagen (Guillamat-Prats, 2021). Excessive deposition of ECM is a common feature in
brosis, and alterations in the constitution of the ECM can result in release of biologically
active fragments. These are known as matricryptins, which were originally encapsulated
within the ECM, and upon release they can a ect both cell-cell and cell-ECM interac-
tions (Zhao et al., 2022). The interstitial matrix also contains adhesive proteins such as
bronectin that connects the ECM to the surrounding cells by facilitating interactions with
integrins through arginine-glycine-aspartic acid (RGD)-domains. The basement membrane
is a hydrated gel made of proteoglycans, whose main function is to facilitate intercellular
communications, and it is also a pathway for ow of nutrients into unvascularized tissues
(Zhao et al., 2022; Kendall and Feghali-Bostwick, 2014).

Fibroblasts can be activated in response to cytokines such as TGFE-Activated broblasts
secrete pro-in ammatory cytokines and contribute to the in ammatory milieu by promot-

ing activation and migration of immune cells, which can result in chronic in ammation
and brosis (Kendall and Feghali-Bostwick, 2014). They di erentiate into myo broblasts,
which are important in tissue regeneration because they are highly contractile and have
increased expression of cytokines, chemokines, and cell surface receptors. In addition, my-
o broblasts are characterised by excessive production of ECM, which in turn promotes
further recruitment of immune cells such as macrophages to the site of injury (Kendall
and Feghali-Bostwick, 2014). In brosis, the di erentiation of myo broblasts is promoted
through positive feedback regulation, which can results in increased amounts of collagen in
the tissue, leading to increased rigidity and eventually loss of function (Figure 6.1B) (Zhao
et al., 2022).
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Chapter 6 Introduction

6.2 Macrophages

Macrophages are important immune modulators due to both their functional plasticity
and their prevalence in the body (Stevens et al., 2020). They are large cells with varying
morphology that depends on their activational state, and while macrophages have multiple
functions in the body, their primary function is phagocytosis of pathogens and debris.
Other than that, they are important antigen-presenting cells, they produce cytokines, and
are able to both promote in ammation and aid in the repair of damaged tissue (Agger
et al., 2015; Shapouri-Moghaddam et al., 2018). Some tissues such as the liver and lungs
have resident macrophages, but macrophages can also be recruited as monocytes in the
mononuclear phagocyte system (Agger et al., 2015). Monocytes migrate to sites of injury
in response to pathogen-associated molecular pattern (PAMP)s and damage-associated
molecular pattern (DAMP)s, and their phenotype can change in response to the elicited
immune response and the environmental stimuli (Das et al., 2015; Shapouri-Moghaddam
et al., 2018). A common denominator of the cells in the mononuclear phagocyte system is
plasticity of their gene expression patterns, which means they are generally challenging to
identify based on surface markers alone (Das et al., 2015).

The two major stimulating factors for di erentiation of monocytes into macrophages are
granulocyte macrophage colony stimulating factor (GM-CSF) and macrophage colony sti-
mulating factor (M-CSF) (Jaguin et al., 2013). The proteins have di erent patterns of
expression and induce di erent responses in monocytes and macrophages. M-CSF is pro-
duced ubiquitously and is expressed in a constitutive manner during homeostasis (Ushach
and Zlotnik, 2016). GM-CSF is mainly produced by activated leukocytes as a part of the
host response in the presence of an infectious agent. The monocyte-derived macrophages
are immature until they receive an activating stimuli, and based on whether they are
di erentiated using GM-CSF or M-CSF, respectively, they are inclined to adopt a more
pro-in ammatory or anti-in ammatory phenotype (Ushach and Zlotnik, 2016; Jaguin et al.,
2013).

Macrophage Phenotypes

Macrophages are matured in response to di erent activating stimuli. Mature macrophages
are generally characterized by plasticity and exibility, and can have either pro-in ammatory
or anti-in ammatory properties, which is illustrated by distinct functional phenotypes (Das

et al., 2015). There are two major macrophage phenotypes, which are classi ed based on
whether they are polarised by cytokines secreted by Thl or Th2 cells (Das et al., 2015).
Thl-cytokines such as IFN- or tumor necrosis factor (TNF)- produce classically acti-
vated macrophages, known as mature M1 (mM1) macrophages that support Thl-mediated
immune responses and are pro-in ammatory. On the other hand, Th2-cytokines like
IL-4 and IL-10 induce a non-classically activated macrophage phenotype, which is anti-
in ammatory and support Th2-functions (Das et al., 2015). These will be referred to as
mature M2 (mM2) macrophages.
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When macrophages are activated, they increase their expression of antigen-presenting and
co-stimulatory molecules such as CD80 and CD86, and HLA-DR (Shapouri-Moghaddam
et al., 2018). The mM1 and mM2 macrophage phenotypes have di erent expression pro-
les and produce di erent cytokines to support their roles in attenuation and resolution of

in ammation, respectively (Appendix A.1).

These di erences can be used to determine their polarisation state (Shapouri-Moghaddam
et al., 2018; Luz-Crawford et al., 2017). The polarisation state of a mature macrophage
depends on the presence of stimuli in the local tissue environment, which can promote
both recruitment and di erentiation of monocytes into macrophages, and maturation or
repolarisation of existing macrophages. While the distinct macrophage phenotypes can be
induced in vitro, it is more likely that the macrophage populationin vivo is constantly
changing due to a multitude of stimuli (Hidalgo-Garcia et al., 2018).

The mM1 macrophages are activated as an immediate response to e.g. tissue injury through
in ammatory signals like IFN- , or by the presence of pathogens or bacterial toxins such
as lipopolysaccharide (LPS). They typically have a high expression of pro-in ammatory
cytokines, for example TNF- and IL-12. Additionally, the mM1 macrophages have a high
expression of Thl-attracting chemokines like C-X-C motif chemokine ligand (CXCL)9 and
CXCL10, which increase recruitment of T cells (Shapouri-Moghaddam et al., 2018). The
production of these cytokines ensues antigen presentation, promotion of Thl responses,
and production of reactive oxygen species, all of which promote the cytotoxic adaptive
immunity and lead to upregulation of co-stimulatory molecules (Luz-Crawford et al., 2017,
Shapouri-Moghaddam et al., 2018).

Di erent mM2 macrophage subgroups exist: The M2a, M2b, and M2c subsets, each with
di erent characteristics (Shapouri-Moghaddam et al., 2018). The best known is the M2a
subset, which can be stimulated by IL-4 and IL-13, has an anti-in ammatory phenotype,
and is involved in tissue remodelling. The M2b subset is induced by exposure to immune
complexes and through toll-like receptors, while the M2c subset has an immunosuppressive
phenotype that promotes neovascularization and can be induced by stimulation with IL-
10, TGF- , or glucocorticoids (Das et al., 2015). The mM2 macrophages are present in
the later stages of macrophage recruitment e.g. after tissue injury. They produce anti-
in ammatory cytokines such as TGF- and IL-10, have a high expression of scavenger
receptors and C-type lectin receptors like CD206, and they also secrete chemokines to
recruit Th2 cells, regulatory T cells and neutrophils (Luz-Crawford et al., 2017; Shapouri-
Moghaddam et al., 2018). The mM2 macrophages tend to have a higher phagocytic activity
than the mM1 macrophages, as phagocytosis of dead or apoptotic cells and debris inhibits
the production of pro-in ammatory cytokines and also involves secretion of TGF- which
inhibits recruitment of monocytes and macrophages. Furthermore, phagocytosis limits
local in ammation by protecting the tissue from both pro-in ammatory cytokines and
immunogenic components of the debris (Shapouri-Moghaddam et al., 2018).
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When tissue is injured, macrophages are recruited to the site, and are hereafter matured
into mM1 macrophages in response to DAMPs and PAMPs. They begin to secrete pro-
in ammatory cytokines and further contribute to the activation and proliferation of brob-
lasts. Later, macrophages can be repolarised into mM2 macrophages that help degrade
ECM components and inhibit the activity of broblasts and myo broblasts, thereby aid-

ing in resolution of in ammation (Kendall and Feghali-Bostwick, 2014; Zhao et al., 2022).
The ECM is continuously produced and degraded in an equilibrium to maintain tissue
homeostasis. Macrophages produce MMPs to degrade the ECM, and can also ingest ECM
components to resolve in ammation and promote a regenerative environment. This is key
in restoring ECM homeostasis after tissue injury to prevent continuous deposition of ECM
(Figure 6.2). If the macrophage-MMP-ECM balance is disrupted, it can result in excessive
deposition of ECM, thereby creating a positive feedback loop that leads to brosis (Zhao
et al., 2022; Kendall and Feghali-Bostwick, 2014).

Figure 6.2: Interactions between macrophages and the ECM. Macrophages can regulate the
degradation of ECM by producing MMPs and through ingestion of ECM, resulting in
release of matricryptins. This can further promote migration of monocytes and activation
of mM1 macrophages. ASCs can induce repolarisation of macrophages towards an mM2
phenotype that secretes TGF- , causing broblasts to di erentiate into myo broblasts.

This further promotes remodelling of the ECM during normal tissue repair. Disrupting the
macrophage-MMP-ECM balance can lead to the promotion of di erentiation of

myo broblasts through a positive feedback loop that results in an increased deposition of
ECM, eventually leading to brosis. MMP: Matrix metalloproteinase, mM1: mature M1
macrophage, mM2: mature M2 macrophage, ECM: Extracellular matrix, ASC:
Adipose-derived stromal cell, TGF: Transforming growth factor- .
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ASCs have been shown to induce M2-like polarisation of monocytes and monocyte-derived
macrophages irin vitro models and also to prevent LPS- or IFN--induced mM1 polarisa-
tion, thus modulating macrophage function (de Witte et al., 2018; Hidalgo-Garcia et al.,
2018). This suggests that macrophages play a critical part in the therapeutic e ect of
ASCs, because the ASC-induced migration and repolarisation of mM2 macrophages to a
site of injury promotes tissue regeneration (Luz-Crawford et al., 2017).

Potential Regenerative Properties of Macrophages

The function of macrophages is crucial in both the innate and the adaptive immune sys-
tem, as they acquire information from their surroundings and communicate it by presenting
antigens, thus facilitating a coordinated immune response (Jaguin et al., 2013). Just as
macrophages and other immune cells are recruited and home to sites of injury, ASCs have
demonstrated this ability when administered as a therapy. However, when administered
through intravenous infusion, the ASCs end up being trapped in the lungs with no evidence
of engraftment, meaning the life-span of ASCis vivo is relatively short (Bian et al., 2022;
Stevens et al., 2020). The ASCs exert their paracrine e ects by the release of extracellular
vesicles, and through their secretome they can induce a phenotypic switch in macrophages
from an mM1 to an mM2 phenotype (Bian et al., 2022). While the paracrine e ects of
ASCs seem to play an important role in their mode of action, the complex communica-
tion between macrophages and ASCs also includes direct cell-cell contact. Macrophages
phagocytise apoptotic cells, which can result in immunosuppression and so, uptake of ASCs
or ASC-derived cytoplasmic components by macrophages can also result in repolarisation
of macrophages from an mM1 phenotype to a functional mM2 phenotype. In fact even
apoptotic, fragmented or inactivated ASCs may be able to exert their immunomodula-
tory functions on macrophages due to the clearance of apoptotic ASCs by phagocytising
macrophages (de Witte et al., 2018; Shapouri-Moghaddam et al., 2018; Stevens et al., 2020).
mM21 macrophages in coculture with ASCs have a higher upregulation of genes involved
in immunosuppression when compared to mM2 macrophages cocultured with ASCs. This
further suggests that the crosstalk between macrophages and ASCs is vital for the regen-
erative e ects of ASCs (Stevens et al., 2020). The mM2 macrophage phenotype may be
able to assist in survival, proliferation and migration of ASCs, thereby creating a positive
feedback loop, where LPS-induced release of TNFby the macrophages can stimulate
the ASCs, causing them to secrete growth factors to promote tissue repair (Luz-Crawford
et al., 2017).
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6.3 Aim of Study

The aim of this study was to develop a macrophage-ASC-coculture model to investigate
whether treatment of macrophages with ASCs could polarise the macrophages towards a
phenotype that could attenuate brosis in a broblast-derived ECM-model.

To achieve this aim, two main objectives were addressed:

" To investigate the e ect of di erent concentrations of LPS and IFN- on a macrophage
and ASC coculture.

" To investigate the e ect of ASC-treated macrophages on the ECM model.

The hypotheses were:

" Optimal experimental concentrations of LPS and IFN- will allow for detection of
the e ect of the ASCs on macrophage activation, e.g. in terms of TNF-secretion.

" Treatment of ECM with ASC-treated macrophages will result in decreased deposi-
tion of ECM when compared to ECM treated with mM1 macrophages, immature
macrophages, or ECM without macrophages, e.g. regarding the levels of collagen
type | and Il

Group 9025 Page 18 of 61



Chapter 7 Methods

7 Methods

The experimental setup was comprised of multiple steps (Figure 7.1), and the nal de-
sign of the study was based on additional supporting experiments. The nal design is
illustrated in gure 7.1, from isolation of monocytes to evaluation of the assays. The
aim was to further optimise an existing model for di erentiation of mM1 macrophages
from cryopreserved peripheral blood mononuclear cell (PBMC)-derived monocytes, which
were developed by Hansen et al. (2022). A number of experiments were conducted to
achieve this aim, such as determining the optimal concentration of activating stimuli using
enzyme-linked immunosorbent assay (ELISA), and with correction for cell count based
on immunocytochemistry (ICC), and investigating PKH26-labelling of ASCs for evaluat-
ing macrophage phagocytosis. Dierent methods for separation of the macrophage and
ASC (M1:ASC) coculture were tested, with the aim of using the isolated ASC-treated
M1 (ASC-M1) macrophages in combination with an ECM- broblast-model. The ECM
model was based on an existing Scar-in-a-Jar-model developed by Sgndergaard et al. (2022).
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Figure 7.1: Overview of the nal experimental setup. The experimental setup including any
additional experiments that were performed. Left, the nal setup is described with
numbers indicating the respective sections where further details can be found. Middle,
graphic depiction of the study design. Right, the additional experiments are listed. LPS:
lipopolysaccharide, IFN: interferon- , TNF: tumor necrosis factor- , ELISA: enzyme linked
immunosorbent assay, ICC: immunocytochemistry, MACS: magnetic-activated cell sorting,
FACS: uorescence-activated cell sorting, ASC: adipose-derived stromal cell, GM-CSF:
granulocyte-macrophage colony stimulating factor, M1: M1 macrophage, NHDF: normal
human dermal broblast, MMC: macromolecular crowders, AA: ascorbic acid, ECM:
extracellular matrix
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7.1 Cryopreservation of Peripheral Blood Mononuclear
Cells

Buy coats were obtained from the Bloodbank at Rigshospitalet in order to establish a
biobank of cryopreserved PBMCs. This protocol had previously been optimised by Hansen
et al. (2022). Buy coats were diluted 1:3.6 in 1x PBS (Gibco, cat. no. 10010-015)
supplemented with fetal bovine serum (FBS) (2%, -irradicated, heat-inactivated) (Gibco,
cat. no. 10101-145) (FBS-PBS). This is appropriate for transfer to six LeucoSep tubes
(Greiner Bio-one, cat. no. 227290) with Lymphoprep (Alere Technologies, cat. no. 04-
03-9391/02). The diluted buy coats were centrifuged at 800g for 15 minutes at room
temperature (RT) (acceleration (A)=9; deceleration (D)=1), then the plasma phase was
removed. The interphases were poured into a new centrifuge tube, divided into four new
centrifuge tubes and lled with FBS-PBS, before centrifugation at 300g for ve minutes
(RT, A=9; D=5). Unless otherwise stated these are the settings for centrifugation. The
four tubes were pooled into two tubes, and the process was repeated. To collect as many
cells as possible, the emptied tubes were washed with FBS-PBS. The cell suspension was
strained through a cell strainer (4Qum) (Fisher Scienti ¢, cat. no. 22-363-547) into a single
tube, and counted on a NC-202 (Nucleocounter) (Chemometec, NC-View 2.2.0.21) in a 1:20
dilution with PBS using a protocol suited for PBMCs. The cell concentration was adjusted
to 2E7 cells/mL in cryomedium consisting of FBS with dimethyl sulfoxide (DMSQO) (10%)
(WAK-Chemie, cat. no. USP20131), and transferred to cryovials (1 mL/vial). Cryovials
were then placed in a cold CoolCell container and cooled at°€ for 10 minutes before
storage at -80°C overnight. The next day, the cryovials were transferred to liquid nitrogen
for long-term storage.

7.2 Isolation of Monocytes and Generation of Macrophages

The experimental setup started on day zero (Figure 7.1), with isolation of monocytes from
cryopreserved PBMCs by magnetic-activated cell sorting (MACS) using an LS column
(Miltenyi Biotec, cat. no. 130-042-401) and MACS bu er consisting of 1x PBS with
ethylenediaminetetraacetic acid (EDTA) (2 mM) (Invitrogen, AM9260G) and FBS (0.5%,

-irradicated, heat-inactivated). The protocol for isolation of monocytes and generation
of macrophages was also previously optimised by Hansen et al. (2022). Before thawing of
PBMCs, the MACS bu er was degassed in vacuum for 10 minutes using a Steriip Iter
system (0.22uL membrane) (Milipore, cat. no. SCGP00525). Both the MACS bu er and
the LS column were kept at 4°C to prevent trapping of cells.

Cryopreserved PBMCs were thawed in a water bath (3C), transferred to a centrifuge tube
lled with PBS to 10 mL, and centrifuged before the supernatant was removed completely.
The cells were adjusted to 1E8 cells/mL in MACS bu er, and incubated with 4QuL of
CD14 MicroBeads (Miltenyi Biotec, cat. no. 130-050-201) per 8E7 PBMCs for 15 minutes
at 4 °C, and then washed in MACS bu er. Unless otherwise stated, washing steps were
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followed by centrifugation and discarding of supernatant. Meanwhile, an LS column was
placed on a MidiMACSM separator (Miltenyi Biotec, cat. no. 130-042-302) and washed
by letting 3 mL of MACS bu er drain through. The PBMCs were carefully resuspended
in 3 mL of MACS bu er, transferred to the LS column, and washed three times by letting
MACS bu er drain through to ensure that unbound cells were removed. The column
was removed from the separator, the cell solution was gently forced into a new centrifuge
tube using 5 mL of MACS bu er, and counted on a NC-202. The cell concentration was
adjusted to 5E5 cells/mL, resulting in 65,789 cells/cin complete medium consisting of
RPMI-1640 (Sigma-Aldrich, cat. no. R8758) supplemented with FBS (10%:yirradicated,
heat-inactivated) and Penicillin-Streptomycin (Pen/Strep) (100 U/mL) (Gibco, cat. no.
15140-122), and 0.5 mL/well was seeded in an untreated 12-well plate (Thermo Scienti c,
cat. no. 150200). To dierentiate the isolated monocytes into macrophages, 0.5 mL of
2x polarising medium consisting of recombinant human GM-CSF (20 ng/mL) (Peprotech,
cat. no. 300-03) in complete medium was added to each well, before incubation at°@7
and 5% CQ for two-three days. These are the conditions used for incubation of cells.

On day two or three (Figure 7.1), 1 mL of fresh 2x polarising medium was added to each
well, before incubation for another two-three days. On day ve or six, 1 mL of medium was
carefully removed from each well, and replaced with 1 mL of fresh 2x polarising medium,
before incubation until harvest and coculture with ASCs on day seven.

7.3 Coculture of Macrophages and ASCs

Cryopreserved ASCs (CSCC, Donor ID ASC_BOO03) had previously been isolated by en-
zymatic digestion of lipoaspirate from a consenting, healthy volunteer (Sgndergaard et al.,
2022) in compliance with the Declaration of Helsinki (World Medical Association, 2001).

On day six (Figure 7.1), the ASCs were thawed in a water bath (37C), transferred to

a centrifuge tube lled to 10 mL with complete medium and centrifuged. The cells were
adjusted to 5,000 cells/cm (4.8E4 cells/mL), seeded into an untreated 6-well plate (1

mL/well) (VWR, cat. no. 734-2777), and incubated overnight.

On day seven (Figure 7.1), the monocyte-derived macrophages were harvested by centrifug-
ing the plates, washing in 1 mL of PBS, centrifuging again, and then incubating in 1 mL

of TrypLE (Gibco, cat. no. 12563-029) for 20 minutes at 37TC. The cells were released by
pipetting and transferred to a centrifuge tube. Cell release was validated using a micro-
scope. The wells were washed once with 1 mL of PBS, and the TrypLe was inactivated by
adding equal volume of complete medium. The cell concentration was adjusted to 25,000
cells/cm? (2.4E5 cells/mL), before 1 mL of macrophage cell suspension was seeded in each
well containing ASCs.

The M1:ASC coculture was activated by adding 1 mL of 4x LPS (400 ng/mL) (Sigma-
Aldrich, cat. no. L3024) in 2x polarising medium and 1 mL of 4x IFN- (80 ng/mL)
(Peprotech, cat. no. 300-02) in 2x polarising medium to each well. The coculture was
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then incubated for 48 hours. Optimal concentrations of activating stimuli was determined
by ELISA and is described below. For setups that included immature macrophages as
controls, no activating stimuli was added to the polarising medium.

7.4 Validation of the Macrophage Model

Determination of Optimal Activating Stimuli

The optimal concentrations of activating stimuli were determined through titration of LPS
and IFN- . The M1:ASC coculture was seeded in a black 96-well plate with a clear bottom
(Costar, ref. 3603) and activated with di erent concentrations of stimuli in all combinations
through a ve-fold serial dilution from 500 ng/mL to 20 ng/mL (LPS) or 100 ng/mL to

5 ng/mL (IFN- ), respectively (Table 7.1). The coculture was incubated with activating
stimuli for 48 hours before supernatants were harvested for ELISA analysis.

500 ng/mL LPS
100 ng/mL IFN-

100 ng/mL LPS
100 ng/mL IFN-

20 ng/mL LPS
100 ng/mL IFN-

500 ng/mL LPS

100 ng/mL LPS

20 ng/mL LPS

20 ng/mL IFN- 20 ng/mL IFN- 20 ng/mL IFN-
500 ng/mL LPS | 100 ng/mL LPS 20 ng/mL LPS
5 ng/mL IFN 5 ng/mL IFN- 5 ng/mL IFN-

Table 7.1: Titration of activating stimuli. Concentrations of LPS and IFN- for the titration of

optimal activating stimuli. LPS: Lipopolysaccharide, IFN- : IFN-

The ELISA was performed using an ELISA kit for determination of TNF- concentrations
(Human TNF- Duoset ELISA, DY210-05 and DuoSet ELISA Ancillary Reagent Kit 2,
DYO008) over the course of three days. The ELISA test was performed twice to determine
the proper dilution of the supernatant, and to test the levels of TNF- in the samples.
The samples were serial diluted ve-fold in Reagent Diluent from 1x to 125x.

On day one, the plate was coated with Capture Antibody (44g/mL). On day two, the
plate was washed three times in an ELISA platewasher (Tecan Hydrospeed Platewasher,
cat. no. 1919995985) using a prede ned program to wash the plate three times by removing
supernatant and adding 20QuL of washing bu er (Program QC 3x200uL). This was used
for all washing steps. The plate was blocked with Reagent Diluent and incubated at RT
for one hour. In the meantime, the samples were diluted, and the standard solutions
of TNF- were prepared by two-fold serial dilution from 1,000 pg/mL to 15.6 pg/mL.
After incubation, the plate was washed and incubated with standard solutions and diluted
samples at 4°C overnight. On day three, the plate was washed and incubated for two
hours with detection antibody. Streptavidin-Horse Radish Peroxidase was added for 20
minutes at RT in the dark, then substrate solution was added for 20 minutes at RT, also
in the dark. At last, stop solution was added and the plate was measured at 450 nm on
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a FLUOstar Omega ELISA reader (Omega v5.5.0.R.3). To correct for optical impurities
the background was measured at 540 nm and subtracted. Furthermore, the samples were
corrected based on a blank sample. Omega Mars software (BMG Labtech, v3.32 R4) was
used to plot the standard curve, and a 5-parameter t was chosen for determination of
TNF- concentration based on the range of standards. The 5-parameter t was chosen
over a 4-parameter t or a linear t due to a higher coe cient of determination. Data
from the ELISA can be seen in Appendix A.2 and A.3.

The cocultures were xated in 4% paraformaldehyde in PBS (Hospital Pharmacy, cat. no.
861215) for 20 minutes at RT, and the concentration of TNF- was normalised to cell count
with ICC. The following stains and antibodies were used to stain the cocultures: Hoechst
33342 (2pg/mL) (Invitrogen, cat. no. H3570), primary antibody: Mouse anti-Human
CD45 Antibody Cocktail (2 pg/mL) (Invitrogen, cat. no. MA5-12197) and secondary
antibody: Rabbit anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody, AF555 (5
pg/mL) (Invitrogen, cat. no. 10728994) diluted in PBS. To do the staining, the PBS was
removed from the wells, before they were blocked in 1% bovine serum albumine (BSA)
(Tocris, cat. n0.5217) for 30 minutes at RT, incubated with Hoechst stain for 15 minutes
at RT, and then washed in PBS. Fluorescent images were acquired at this step for safety
in case the cells were washed away during antibody staining. The cells were incubated
with the primary antibody at 4 °C overnight, and washed in PBS the following day, before
adding the secondary antibody for one hour at RT in the dark. The wells were carefully
washed twice in PBS prior to analysis on a uorescent microscope.

Titration of Optimal Concentration of PKH26

Labelling of the ASC-membrane using PKH26 dye was introduced as a method for eval-
uating whether the macrophages phagocytised the ASCs during coculture. The titration
of optimal concentration of PKH26 membrane stain was performed twice using a PKH26
Red Fluorescent Cell Linker Mini Kit (Sigma-Aldrich, cat. no. MINI26-1KT), and cry-
opreserved ASCs, which where thawed, centrifuged and washed in 1 mL of serum-free
RPMI-1640 medium. The ASC concentration was adjusted to 2E6 cells/mL in Diluent C
using a NC-202. Standard solutions of the PKH26 dye were prepared by a two-fold serial
dilution, rst from 40 pM to 2.5 uM and second, from 2QuM to 0.625 uM, and both times

a Diluent C vehicle control and an unstained control were included. ASCs were added to
each standard dye solution (1E5 cells/tube) and incubated for four minutes at RT, during
which the tubes were gently icked every minute, until the staining was stopped by adding
equal volume of FBS followed by centrifugation. Cell pellets were washed three times, and
after the last washing step, the cells were counted on a NC-202, centrifuged, and resus-
pended in 1 mL of complete medium. Hereafter, they were seeded in a 6-well plate and
incubated for three days.

On day three, the ASCs were harvested to FACS tubes (Falcon, cat. no. 352054), cen-
trifuged, resuspended in FVS450 dye (0.12%g/mL in PBS) (BD Biosciences, cat. no
562247), and incubated for 15 minutes at RT in the dark. The tubes were washed once in
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2 mL of FACS bu er, consisting of FBS (10%), EDTA (1 mM) (Hospital Pharmacy, cat.
no. 850097), and sodium azide (0.05%, v/w) in PBS, then centrifuged, and resuspended
in 200 pL of FACS bu er before analysis on a ow cytometer (for additional details, see
section 7.8).

7.5 Separation of the Coculture

Separation of the M1:ASC coculture was done on day nine (Figure 7.1). Initially, it was
tested whether harvest with TrypLE was su cient to create a single cell suspension on a
NC-202 which, besides cell numbers and viability, provides an image along with an estimate
of the percentage of aggregation.

At rst, separation of the coculture was tested with MACS. The harvested cell suspension
was centrifuged and adjusted to 1E8 cells/mL in cold MACS bu er, labelled with 2QuL

of CD90 Microbeads (Miltenyi Biotec, cat. no. 130-096-253) per 1E7 cells, and incubated
for 15 minutes at 4°C. MACS bu er was added for a nal volume of 5 mL, and the cells
were centrifuged and resuspended in 3 mL of MACS buer. An LS column was washed
before the cell solution was pipetted into the column, as previously described. Both the
negatively selected cells and the positively selected cells were counted on a NC-202 to assess
the separation.

DynaBeads were used for separation of the M1:ASC coculture. The optimal number of
Dynabeads per cell was determined by titration with 20 beads/cell, 10 beads/cell, and
5 beads/cell. Before harvesting the coculture, 2GL of Dynabead Pan Mouse IgG (1E7
beads) (Invitrogen, cat. no. 110.41) per 5E5 cells/mL were washed in 1 mL of MACS
buer, and placed in a DynaMag™ -5 Magnet (Invitrogen, cat. no. 12303D) for one
minute before the supernatant was discarded and the washed beads were resuspended in
MACS bu er to initial volume. The beads were coated with CD90 Mouse anti-Human
Monoclonal Antibody F15-42-1 (1:1000) (31.g/mL) (Invitrogen, cat. no. MA1-81930) for

30 minutes at 4°C in the dark with gentle tilting and rotation to prevent settling of beads.
The coated beads were washed twice in MACS bu er while placed in the magnet, before
removal from the magnet and resuspension to initial volume. The M1:ASC coculture was
harvested, and an unseparated sample was extracted for analysis on the ow cytometer.
The coculture was incubated with the CD90-coated beads (20 beads/cell) for 30 minutes
at 4 °C in the dark with gentle tilting and rotation. An additional 1 mL of MACS bu er
was added to limit cell trapping, and cells were sorted in a DynaMagnet for two minutes.
While in the magnet, the supernatant with unlabelled cells were transferred to new tubes
and counted on a NC-202, before the separation was evaluated on a ow cytometer by
extracting samples from the sorted supernatants and comparing them to ASC and mM1
controls.

Group 9025 Page 25 of 61



Chapter 7 Methods

7.6 Evaluating the e ect of ASC-treated Macrophages
on the Extracelluar Matrix

To create a scar-like ECM, cryopreserved normal human dermal broblasts (NHDF)s (Pro-

mocell, Passage 6) were cultured in Dulbecco's modi ed eagle medium (DMEM) medium

consisting of DMEM (Thermo Fischer, cat. no. 31966-021) supplemented with FBS (0.4%,
-irradicated) and Pen/Strep (100 U/mL). A titration was performed to determine the op-

timal concentration of broblasts through a two-fold serial dilution from 20E3 cells/cn?

to 5E3 cells/cn?. Additionally, it was established whether the broblasts were able to

produce su cient amounts of ECM if TGF- was removed after three days.

On day ve (Figure 7.1), broblasts were thawed in a water bath (37°C), transferred to

a centrifuge tube lled to 10 mL with DMEM medium, and centrifuged. The cell pellet
was resuspended in 1 mL of DMEM medium, counted on a NC-202, adjusted to 10E3
cells/cm? (3.2E4 cells/mL), seeded in a black 96-well plate with a clear bottom (1006L
per well) (Greiner Bio-One, cat. no. 9302), and incubated overnight. The next day,
experimental conditions were created by adding 1Q€. of Ficoll medium to all wells. This
consisted of ascorbic acid (0.033 mg/mL) (Wako, cat. no. 013-196441) and macromolecular
crowding (MMC) generated with a coll solution that contained Ficoll 70 (37.5 mg/mL)
(Cytiva, cat. no. 17031010) and Ficoll 400 (25 mg/mL) (Sigma Aldrich, cat. no. F4375).
The concentrations of coll were based on ndings by Chen et al. (2009). The Ficoll
medium was supplemented with 2x Recombinant Human TGF-(10 ng/mL) (Peprotech,
cat. no. 100-21), and the broblasts were incubated for 72 hours before the medium was
changed by removing 16QIL of Ficoll medium, washing in 16QuL of PBS, and adding 160
pL of fresh Ficoll medium, this time with no TGF- . Unless otherwise stated, this was
how medium was changed in the ECM model, to prevent the ECM from drying out and to
prevent any excess TGF- from a ecting the macrophages. Other than an experimental
control where TGF- was removed after three days when medium was changed, both
positive and negative controls were included.

To determine the optimal seeding density of the broblasts, they were xated in 4%
paraformaldehyde in PBS after six days of experimental conditions. This was followed
by washing for ve minutes in 200uL of hydrochloric acid (HCL) (0.01 M) (Merck, cat.

no. 1.09057) in PBS, and incubation with Sirius Red (0.1%) in Picric Acid (PicroSirius)
(Hospital Pharmacy, cat. no. 856382) at RT overnight. The next day, the broblasts were
washed for ve minutes in HCL (0.01 M), and then twice in ion-exchanged water before
analysis on a uorescence microscope (see section 7.7 for further details). Wells were also
stained with Hoechst, but this staining was incompatible with the PicroSirius dye.

To determine optimal seeding density of the macrophages, they were added to the brob-
lasts after three days of experimental conditions. The optimal concentration of macrophages
were determined through a two-fold serial dilution from 16E5 cells/mL to 0.1E5 cells/mL.
On day nine (Figure 7.1), the macrophage and broblast (M1:NHDF) coculture was created
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similarly to how the medium was changed, but instead 10@L of macrophage suspension
and 100pL of fresh 2x Ficoll medium was added. Macrophages were isolated from the
M1:ASC coculture using Dynabeads before they were centrifuged, resuspended in 1 mL
of Ficoll medium, counted on a NC-202, and adjusted to 6,125 cells/éniRE4 cells/mL).
Macrophages from two donors were included in each setup, and mM1 macrophages were in-
cluded for comparison with ASC-M1 macrophages after M1:NHDF coculture. Additionally,
immature M1 (imM1) macrophage controls were included to determine whether the acti-
vation of macrophages improved their e ect. Initially, the M1:NHDF coculture was xated

in 4% paraformaldehyde in PBS after three days of coculture with broblasts. However, to
allow for more collagen deposition the study setup was extended. In the extended setup,
the media was changed after three days of M1:NHDF coculture, followed by incubation for
another three days, before xation prior to immunocytochemical staining.

The immunocytochemical staining was performed using the following primary antibodies:
Collagen | Mouse anti-Human Monoclonal Antibody (1:2000) (3.1fg/mL) (Invitrogen,
cat. no. MA1-26771) and Collagen Il Rabbit anti-Human Polyclonal Antibody (1:300)
(3.33 pg/mL) (Invitrogen, cat. no. PA5-99160) and secondary antibodies: Goat anti-
mouse IgG AF488-conjugated (1:2000) (fug/mL) (Invitrogen, cat. no. A-11001) and
Goat anti-rabbit 1IgG (H+L) AF546-conjugated (1:500) (4 pg/mL) (Invitrogen, cat. no.
A-11035) diluted in 1%-BSA-PBS. Before adding the primary antibodies, the cells were
permeabilised with Triton X-100 (0.3%) (Sigma-Aldrich, cat. no. X-100), washed twice in
PBS, incubated for 15 minutes at RT, and then blocked in 1%-BSA-PBS for 30 minutes
at RT. The cells were incubated in 10QuL of primary antibody mastermix for one hour at
RT, washed once in PBS, and then incubated in 100L of secondary antibody mastermix
for one hour at RT in the dark. Lastly, the cells were stained with Hoechst for 15 minutes
at RT, before being washed twice in PBS, and analysed on a uorescent microscope.

7.7 Microscopy

In order to document cell di erentiation and their general well-being throughout the setup,
images were obtained at each stage with an EVOS XL Core microscope using 10x, 20x, and
40x Olympus objectives (PH2 4x/10x or 20x/40x with condenser annulus). These images
were also used in troubleshooting.

Fluorescent images were acquired using an inverted microscope (Axio Observer 7, Zeiss)
tted with scanning stage, microLED illumination for transmitted light, a HXP 120 V
uorescence light source, and an Axiocam 506 mono camera with Plan-Apochromat 5x,
20x and 40x objectives. Exposure time was xed between samples, and separate channels
were acquired based on the respective setups; this depended on the uorescent tags of the
secondary antibodies and the use of PicroSirius or Hoechst staining (Appendix A.4).

For the normalisation of TNF- to cell count stitched images covering each well were
acquired with a 5x objective, and then analysed in Fiji (ImageJ, v1.53t) using a macro
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for automatic background subtraction, Gaussian Blur, Li Dark threshold (CD45) or Otsu
threshold (Hoechst), watershedding, and particle analysis. Based on this, the concentration
of TNF- was normalised to picogram per thousand cells (pg/1,000 cells).

To determine optimal seeding densities of broblasts and macrophages, stitched images
covering each well were acquired using the 5x objective along with ve close-up images
in each well, which were obtained at xed positions and biased towards the center using
the 20x objective. The 20x images were considered technical replicates. Cell counts were
determined based on the 5x overview pictures, and analysed in Fiji using a macro for
automatic background subtraction, Otsu threshold, watershedding, and particle analysis.
The median uorescence intensity (MFI) for collagen | and |1l was measured with Fiji based
on the 20x close-up images. MFI were used as opposed to mean uorescence intensity to
avoid high intensity areas from a ecting the measures disproportionately.

7.8 Flow Cytometry

Flowcytometric analyses were performed on a BD FACSLyric Flow Cytometer using a BD
FACSuite Application (V1.3.1). As part of the ow cytometer start-up, a preliminary
performance quality control was performed using cytometer setup and tracking (CS&T)
beads (BD Biosciences, cat. no. 656505) to de ne the baseline performance of the ow
cytometer, including compensation and establishing linearity. All similar analyses were run
at xed voltages, and data was acquired for one minute at medium ow rate. Subsequent
data analyses were conducted using FlowLogic (Inivai Technologies Pty. Ltd., FlowLogic
v8.7) with identical approaches to grouping data, gating to remove debris, then doublets
and lastly, dead cells (Appendices A.5 and A.6 and A.7). From there, the gating strategy
varied depending on the desired outcomes of the respective experiments.

Flowcytometric analysis was used to determine optimal PKH26 concentration. The har-
vested M1:ASC coculture was adjusted to a cell concentration of 1E6 cells/mL and trans-
ferred to FACS tubes with 1 mL of FACS bu er, followed by centrifugation and incubation
with FVS450 for 15 minutes at RT in the dark. For comparison, cocultures were also
labelled with conjugated primary antibodies in FACS bu er: FITC Mouse anti-Human
CD90 (1:16) (31.25ug/mL) (BD Biosciences, cat. no. 555595) and PE Mouse anti-human
CD45 (1:1) (BD Biosciences, cat. no. 555483) for 30 minutes at RT. Subsequently, they
were washed in FACS bu er, before being centrifuged and xated in 4% paraformaldehyde
in PBS for 20 minutes at RT. The cells were then centrifuged, resuspended in 200 of
FACS bu er, and analysed on the ow cytometer. The CD45 antibody staining was not
included when ASCs were labelled with PKH26, as both uoresce in the PE channel. The
percentage of macrophages that adsorbed PKH26 dye was investigated with a Boolean
gate to exclude CD90-positive cells from the population of viable cells (Appendix A.6E,
bottom row).

This procedure was also used for evaluating the separation of the M1:ASC coculture with
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Dynabeads by ow cytometry. Unstained controls were included as well as monoculture
controls with CD90-labelled ASCs and CD45-labelled macrophages. The percentage of
remaining ASCs were determined by plotting both CD45 and CD90 in a CD45 x CD90
plot. Successful separation was de ned as the removal of all or most of the ASCs from the
sorted macrophage sample, when compared to an unsorted M1:ASC sample.

7.9 Statistics

Statistical analyses were performed using SPSS (IBM SPSS Statistics v28.0.1.1(14)). Shapiro
Wilks tests of normality were conducted, and nonparametric Kruskal Wallis rank tests were
used to evaluate the di erence in medians both for the various cell concentrations and con-
ditions, followed by Dunn's test for pairwise comparisons. p-values of 0.05 were considered
signi cant and data is reported as mediant standard deviation. The SPSS chart builder
was used to illustrate results with subsequent processing in InkScape (Inkscape Developers,
v1.0.2-2).
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