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Abstract

Dendritic cell§DCxand macrophages () are antigen presenting ce(l8PCjhat orchestrate
immune activation, immune and tissue homeostasis, and disease pathology. In the case of
M3 that act in tissue repair and wound healing, it is important that local inflammation is
tightly controlled. Disorder in inflammatory processs leads to impaired regeneration,
excessive remwdelling or immune suppressiom contrast, the major functions of B@clude
priming and tolerization of immune responses, disruption of which has major impact on
responses to infectious disease, malignammygan result in autoimmunityhilst a sizeable

body of research has studied ®&hd My, there has been relatively little attention paid to

the role of stromal cells that share thigissue microenvironment.

Invitro, human laboratory models of Mand DCswere differentiated from monocytes under
the influence of cytokines; 4. and GMCSF for DSZor GM-CSF or MCSF to differentiate GM
M> or M-M3, respectively. flese two major polaried MY populationsexhibited unique
cytokine profiles, ie GANMY expressé a pro-inflammatory cytokine profile including-i2

and [:23, whilst MM} exhibited elevated H10 with minimal 1L12.

Initial studies demonstrated the impact 6broblasts EB on M} in conventional planar co
culture and showed the presence of FBeafed thar cytokine secretion profileHowever,
further attempts to establish a more physiological model with@Erulture of these cells in
spherotds were promising to improve this systernm planar coculture, FB increased2B.
secretion by GMMY but this was not dserved in the spheroid modebecretion of H10 by
M-M3> was decreased in both planar and spheroidcodtures in the presence alermal
fibroblasts.We explored the impact of ionising radiation (IR) deliveredaasngledose.
Irradiation EGy) altered the FBiediated effect onM3. In moncculture, IR significantly
increased W12 secretion by GMAY (p<0.001), suppressed-10 by GMM} and MM}
(p<0.001 and p<0.0001), and decrease@3Lsecretion by M (p<0.001 and p<0.01). In
contrast, iradiated ceculturesshowedincreased 12 expression by G > (p<0.00001),
and suppressed 110 by MM} (p<0.001).This highlighted the potential for complex
interactions between APC and stromal cells. Glucocorticoids (GCs) display both

immunosuppressivand antiinflammatory features, allowing them to be used for treatment



in various immunenediated inflammatory disorders, we investigated the effect of Dex
administration. Dex in acute and prolonged periods of culture suppressed cytokine secretion

by the My. We explored thaDexat high concentratiorand treated with TGF & A Ay A FA Ol v
(p<0.01 and p<0.001) decreased2B and IE10 by GMM3. In contrast, Dex at low
concentration and treated with TGF | ' f 26 O2y OSYUN} GA2Y &A3IYAT
IL-23 by MMS.

Recently, it has been shown th&CM can convegpecific signals to cells. We therefore
explored the hypothesis that Fierived ECM regulates macrophage behaviour. We
developed a model oM} differentiation to investigate the influence dfBderived ECM

components on their differentiation and function.

Fibroblast cell lines and primary fibroblasts from breast cancer patients were cultured on
plastic for an extendedlO-day period to deposit ECMSubsequently monocytes were
cultured on decellularized ECM in the presencdifierentiatingcytokines. Interestingly, the
presence of ECM frorBJ6 cell line fibroblast suppresses CD169 and CD86 on monocyte
(CD14+p<0.05 and p<0.001BJEECM dowrregulates CD1690GMMY (p<0.05) whereas
BJ6ECM dowrregulates CD169 and CD86 onM} (p<0.05 and p<0.001)Tumour-
associated FB upregulat€3D204 and RD on MM3}. Whilst there was also evidence of
impact on cytokine secretion by Mhis was less clear. Taken togethiéiis evidence suggests
that phenotypic consequence of Mregulate by FRlerivedECMand does represent the
physiological situation and the potential promising to provide outlook on future experimental
implications that may lead to the design of noveladture experiments. Further planned
studies of this system (including sequencing the matrisome depositédBgnd expression
profiling of the resulting macrophages) have the potential to reveal key ECM proteins

responsible for the development of the turapassociatedvy phenotype.
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Chapter 1 : Introduction



Chapter 1 Introduction

1.1lmmune system

Although innate immunity has provided rapid scanning and affected the elimination of a wide
range of pathogenic organisms, the variety of common pathogenic molecular patterns that it
can scan is limited. The innate immune system has developed in mulacedhganisms to
recognise and respond to conditions that compromise tissue homeostasis. It includes a variety
of tissueresident and peripheral leukocytes whose main job is to scan pathogens and tissue
damage via hardwired receptors and eradicate harnafgénts by mediating inflammatory
processesWhile indispensable tammunity, activated innate cells is that they can produce
inflammatory mediators during microbial invasion or injury, while also contributing to an

enhanced risk of cancer and tumourigersest the site.

In the context of the fight against foreign pathogens, innate immunity is the first line of
defence when it comes to mechanisms which are qualified to specifically scan microbes and
eliminate infection(Nowarski, Gagliani, Huber, & Flavell, 2D1B8nate immunity comprises
epithelial barriers which prevent microbes from entering, such as protective plasma proteins
and tissueresident or peripheral leukocytes, e.g. phagocytic macrophages and neutrophils,
dendritic cells, natural killer cells, anthate lymphoid cells (ILC®)ledzhitov, 2008Nathan,

2002. Inflammation is induced by the recognition of pathogenic organisms or other danger
signals, which causes innate imnaupells to express recepto(Barton, 2008. During the
initiation of an acute inflammatory response, various chemotactic molecules, cytokines, and
inflammatory mediators are secreted by tisstgsident macrophages and dendritic and mast
cells; these factors can recruit neutrophils and monocytes to the infected tissue. Through the
production of antimicrobial elements, extensive phagocytosis, and extracellular matrix
remodelling, followed by the ac@tion of adaptive immune responses, innate immune cells
play a key role in the elimination of noxious sources and restore tissue homeostasis

(Medzhitov, 20070rkin & Zon, 2008

The adaptive system has evolved to recognise the overwhelming variabilitytigeic
structures, and the pathogens are able to mutate to avoid host recogniBonilla &

Oettgen, 2010Cooper &Alder, 2006.



There exist a wide range of cells within adaptive immunity, such as the effectors of cellular
immune responses, i.e. T lymphocytes, which develop in the thymus, and anibodycing

cells, i.e. B cells, which mature in bone marigtedrick, 208). In primary lymphoid organs,

such as the thymus and bone marrow, lymphocytes are developed and characterised by high
motility, migrating towards secondary lymphoid organs, including lymph nodes and the
spleen, which derive to engulf circulating amtigc factors from lymph and blood,
respectively. Adaptive immune responses exist in these sites, the process of which is often
impacted by innate immunity signals driven either directly by peripheral pathogens or
indirectly by pathogeractivated cutaneousor mucosal antigempresenting cells (APCs)
trafficking towards secondary lymphoid organkinson, Jenkinson, Rossi, & Anderson,

2006 Takahama2006).

1.2 Antigenpresenting cells

Macrophages are one of thgredominant immune cellthat reside in different organand
hawe various phenotypic properitiesuch as Nf1 and My 2, that are responsible for causing
and activatirg inflammation This procesgesultsin various inflarmatory diseaseprocesses
including cancer eliminain (Islam et al., 2018 Macrophages play a crucial rpleot only in
diseases like lung inflamation, acute lung injury or azcerous diseasedut also inthe
resolution of iflammation (H. Dong et al., 20)3DCs are identified as the most potent
professionalntigenpresenting cell§$APC}Y which can uptake, process and dispiiifferent
types of antigens (Ag), such as tumour antigens to tunsspacific T cells, leading to the
regulation ofthe immune system andhave the ability to stimulate adaptive immunity
Dendritic cells (DCs)and macrophagesplay an important role inthe tumour
microenvironment(Steinman & Witme), resulting in a decreas@& tumour progression in
human maligant diseasesTumourinfiltrating mature activated DCs can promote immune
regponses and recruitmenf effector cells and pathway®Cs can be the preferential target

of infiltrating T cell§L. Zhang et al., 2003



1.2.1 Key functions of APC
The adaptive immune system comprisgfsB cellsCD8+ and CD4F cels. Unlike B cellsr

cells donot reactto intact foreign proteinsrather they recognizepolypeptide fragments of
potential antigens.APCsdisplay these fragments ogpolypeptides on their surfacesm
association wittMHC class | and MHC class Il proteihe primingof effective adaptive cell
responses is stimulated bgcognition of processedntigers onDC(Roche & Furuta, 205
Polypeptdes are created by proteolysis of intact foreign f@ias in endosomal/lysosomal
antigenprocessing compartments that bind MHC 1l. Thesenpartmentsgain accesso
antigens by using several mechanismscluding receptormediated endocytosis,
macropinocytais, phagocytosis and autopha@y. S. Anderson & Miller, 199E. A. Elliott et
al., 1994. In principle, antigenic peptideghat access the endosomallysosomal
compariments are capable of imding to MHC Ij this in turn generates MHC Hpeptide
complexesthroughout the endocytic pathwalCastellino & Germain, 1993hilst MHCclass

| associating peptides arcanonically obtained from the cytosolic compartment, the process

of crosspresentation permits exchange of antigens between these systems.

1.22 Macrophagesn health organs site
Leukocytes are compesd of manycell types,ncludingmonocytes and macrophageshich

are involval in regulating tissue homeostasis and immunionocytes are associated with
modulating inflanmation and pathogen challenge, wherdag tissueresident macrophage
regulate development, homeostasasd resoltion of inflammation(Ginhoux & Jung, 20)4
Tissueresident macrophages are able to modulate some homeostatic functions including
angiogenesis and cleamce of cell apoptosis. Fthermore, the growth of blood vessels
induced by macrophagegFantin et al.,, 2010 Stefater et al., 201). In addtion, the
hematopoietic steady statdas maintaired when macrophagesengulf neutrophils and
eosinophils inthe liver and spleenWynn, Chawla, & dtlard, 2013. Macrophages play a
crucial role during inflammatory responsebhey caninvolve mediators of inflammatory
secretion suchas/ SONR aA & Tl QiLaNI I RK Iy NidedebnrBdiabiake R S
assoaited with the killing of invadingathogens bythe activation of antimicrobial defence
mechanisms. The inflammatonmpacrophageresponsehas the potential to cause tisse

damage, whichin turn causesmacrophageso undergo apoptosisthey thenchange to an



anti-inflammatory phenotyp in order to induce a balance resultingamedudion inthe pro-

inflammatory response during wound heali(@uffield et al., 2005Xue et al., 2014

Evidencdor monocyte subpopulations as provided using monoclonal antibodies and flow
cytometry for clear identification based on the differential expression of CD14 and CD16 cell
surface markergPasslick, Flieger, & Ziegldeitbrock, 198% In 2010, study propsed a
nomenclatue for the existence of different monocytsubpopulations in humang&iegler
Heitbrock et al., 2010 The proposd described the major population of CO™ cells
circulated in human blood as classical monocytes and the population of cells with little CD14
and high CD16 as nartassical monocytes. Thereaisotherpopulation in between these two
subdivisions namethtermediate monocyte¢ZieglerHeitbrock & Hofer, 2013 Studies have
shown expansion of the intermediate monocyte population in several inflammatory
situations are associated with diseases and these cells have been revealed to be of prognostic
relevance in cardiovacular diseaséRogacev et al., 2012t has been suggestdddat CCR2 or

slan use as the additional markers for delineatadrintermediate monocytesSlarpositive

cells populated in human blood have been described as DCs, but analysis of phenotype has
described that cells are CDiagw and CD1igh. The same termology as proposed for man

can be utilized in other specigZieglerHeitbrock, 2013 The classical and naassical
monocyte populations are identified in species such as mouse as well, but various markers

including CD115, Ly6C and CD43 are utiliZesylerHeitbrock, 2015

Peiipheral bloodmononuclear cells comme monocytes in the circulian which are divded
into two subsetsfollowing differentiation. These subsets capmecome distinct from one
another based on expressiomdhe cell surface. Expression of LY¥$OCX3CR1Y CCR2
CD62 CD4%®Y (LY6C9" is foundin inflammatorymonocytes, whereas LYBCCX3CR®E"
CCR2ZCD62CD439"(LY6E") are expresseih ciralating monocytes. Chemokingacluding
macrophagesolony stimulating factor 1 (C8J, CC motif chemokine ligand 2 (CClad
stromal celderived factor 1 alph&SDFwu h, direct inflammatory monocytes towards sites of
inflammation such as canceffhey then extravasate from the blood vessels as a result of
differentiation into monocytederived macrophagefCortezRetamozo et al., 201B. Z. Qian

& Pollard, 201)

It is becoming clear that macrophages are polarised into two types. M1 macrophages are

FOGAGIGSR o6& fALRLIRtIealr OOKINARS o[t{0 YR A\



are created in the presence of4lLand IL13 (see Figure 1.1). Macrophages produce several

types of preinflammmatory cytokines, #12, IFN° | YR ¢bCh X FyR 3ISYySNI G
species, which result in the elimination of foreign organisms and cells. These cytokines are
released by M1 macrophag, whereas M2 macrophages are associated with
antiinflammatory cytokines (including-Il0), upregulation of scavenging receptors and the

remodelling of tissu¢Biswas & Mantovani, 201®urray et al., 201}

1.23 Macrophages within the tumour microenviromhe
The tumour microenvironmen{Steinman & Witmer is comprised of many molecules

associated with regulating a Mike polarization state, sucas tumourderived lactic acid or
the secretionof cytokines, including 4, I:10 and IE13, that are released from different cells
within the TME or by B cellerived immunoglobulingColegio et al., 20t Ruffell, Affara, &
Coussens, 20)2



«~ Express MHC-II, CD68, CD80, CD86
markers

«~ Secrete IL-6, IL-12, IL-23, TNFa

« Pro-inflammatory, cytotoxic, anti-
tumourigenic

IFNy, LPS,

+, Express CD163, CD200R, MGL-1,
MGL-2

Secrete IL-10, TGF-B

+ . Anti-inflammatory, pro-tumourigenic

* Express CD163, Fc fragment of IgG,
C-type lectin domains, heat shock proteins
+ Pro-tumourigenic

Figure 11 Differentiation of macrophages and their role within the tumour microenvironment

Classically activated M1 macrophages are induced by LRS/IFENJ ¢ [ w f A3l YRAZ GKA
inflammatory cytokines and play tumoricidal roles4land 1E13 can stimulate alternatively activated

M2 macrophages, which express aintlammatory cytoking Ik10and TGF 'y R | OG F a § dzy 2
roles. Canceassociated macrophages (TAMs) express artliké2 phenotype and exert pro

tumorigenic featuregAras & Zaidi, 2007



Hypoxia is deature of the TME in a majby of malignant tumours. Ko hypoxiacan be
influenced by TAMs in the TME, owing to their abnormal-gamgiogenic factor secretion,
leading to permeable blood vessels that lose ordinary structure and function. However,
several studies demonstrate that TAM populations are associated wekeh df hypoxia in
distinct compartments within tumourfCasazza et al., 20L3Hypoxia plays a crucial role in
driving macrophage recruitment and polarization within the T(BButilier & Elsawa, 2021

Huber et al., 2016

1.24 Dendritic cells and their origin
In the 19" century, Paul Langerhans described cells, later named DCs by Ralph Steinman in

1973. These were bone marreserived cells that existed in blood, all tissues and lymphoid

organs(Steinman, 2012

Antigen (Ags) within peripheraissue are captured by DCs using many complementary
mechanisms. Initial immune responses are induced when DCs displaying an antigen complex
in the form of peptideMHC interact with naive cells, i.e. T cells in lymph nodes. The fate of
naive CD4+ and CD8+dlls following interaction with DCs is differentiation into antigen
specific memory T cells. CD4+ T cells can activate to T helper (Thl, Th2, or Th17) cells and T
follicular helper cells (Tfh), which in turn help B cells differentiate into cells thatugeod
antibodies or regulatory T cells (Tregs). These cells are involved in regulating other
lymphocyte functions, whereas naive CD8+ T cells can differentiate into cytotoxic T

lymphocytes (CTLS).

The immune response results from a complex interaction betwthe innate and adaptive
immune system which arenéigen-non-specific and antigespecific respectively, in which DCs
play a crucial role. There are various molecules that are associated with activation of innate
immunity, such as noulonal recognition eceptors including lectins, Tdlke receptors
(TLRs), NOlike receptors (NLRs) and helicases. In contrast, the adaptive immune system
utilizes clonal receptors leading to an interaction with antigens or their bearing peptides in an
extremely specific mie. Danger signals stimulate DCs and regulate the innate and adaptive

immune response. They also provide signals within their environment via specific molecules



that act as sensors in order to receive danger signals that result in the transmission of
information to lymphocytegBanchereau & Steinman, 1998Bteinman & Banchereau, 2007
Pathogens or dying cells do not provide direct danger signals (molecules released during
infections and/ or tissue damage and cellular stress) but are associated with disorders of
tissue and cell homeostasis and may sigadhplogical stress. These signals, such as acidosis,
hypoxia, and alterations in osmolarity, also play a role in inflammation and autoimmunity

(Gallo & Gallucci, 2018and & Messmer, 20)2

1.24.1 DC subets
DCs in human blood are divided into three main-sebs based on the differential expression

of surface molecules, including CD303 (BREAD1c (BDCH, and CD141 (BDCAB)eNo

et al., 2010. Cells expressing CD303 are known as plasmacytoid DCs (pDCs) and these cells
play an essential role as a frelme defence against viral pathogens through their ability to
express high levels of type NI response to viral interaction of infecti¢®iegal et al., 1999

Major histocompatibility complex (MHC) class | and Il molecalesomprisel of peptide
antigens.The surveillance function induces specific recognition between CD8+ T cells and
antigen presenting cells (APCB)igration of DCs to draining lymph nodes, viral peptides
displayed on MHC | permit activation of atimour CD8+ T cells in response to their
interactions. Type | IFN expressed from pDCs can increase the immunogenic capacity of other
DC populations and the activation of T cell clones. Tolerance is induced by the resting state of
pDCgDi Pucchio et al., 2008. J. Liu, 2005However, TolLike Receptor 3 (TLR3) is expressed

on human CD141+CDIXCs that produce 112; these induce efficiently crogsime CD8+ T

cells once DCs are activated through the TLR3 lifdadiffa et al., 2012 auterbach et al.,

2010. In addition, there are other human DC ss#ts, including Langerhans cdBetiol et

al) and CD1c+ DCs, that also activate CD8+ T betlagh interaction with crosgerived
peptides(Jongbloed et al., 201&Xlechevsky et al., 201Mittag et al., 201) Studies over
several years have revealed that activation of anthaféector CD8+ T cell is induced by both
CD1c+ and CD141+DC wseélts in humanized mice, human blood and lung tissue which
acquire viral antigens, whereas differentiation of CD103+CD8+ mucosal T cells is induced by

the ability of unigue CD1c+D(3S. I. Yu et al., 20).3Furthermore, the expression of CD103



on CTLs plays an important role in mediating adherent molecules to cadherin, resulting in

reduction of tumour progressio(Le Floc'h et al., 2007

Epidermal Langerhar(8etiol et al) and dermal interstitial DCs (dermal DCs) are present in
skin. Dernal DCs are divided into further suasses such as CDla+DCs and CD14+DCs.
Previous studies of human skin DCs have found that initiation of activated B cells can be
directly induced by interaction with human CD14+DCs, and can also help to activate naive T
cells into Tth cells, thus possibly leading to the development of humoral imn{itéiyhevsky

et al., 2008 Palucka, Coussens, & O'Shaughnessy,)20hb& unique and shared activities of

the different subsets of professional APC, together with ctalisbetween different types of

DC, are importantor effective tolerance and immune activation when required.

1.3Antigen processing, presentation and crpessentation

Professional APCsinclude DCs,macrophagesB cells and thymic epithelial cells. MHC 1l
expression is inducedn exposureto gamma interferon IFN 0 NX adz GAy3 Ay OS
PhagocytiAPCge.g.macrophages and dendritic cellaternalize bacteria and other foreign
antigensand transfer thisnto phagosomegBurgdorf & Kurts, 20Q8Savina & Amigorena,

2007). Microbicidal and proteolytic degradation functioage balancedfollowing fusion of

the phagosomewith the lysosomal compartment resulting i@nzymatic generation of
polypeptides fodisplay onMHC class | and Il molecules to CD4+ and CD8+ cells respectively
(Kinchen & Ravichandran, 2008

Cytosolic antigens withiall nucleated cellsre generated and displayesh MHC |, buthe
indudion of internalizing and processing polypeptides ceny be performed by phagocytic
APCs for MHC | crepsesentation(Albert, Sauter, & Bhardwaj, 1998chaible et al., 2003
Many gudies suggest that digenic fragments within the cytoplasm mée exported by
phagosomes for presentatidio aconventional MHC | pathway in the endoplasmic reticulum
(ER) orby phagosomesthat can mediatethe processing of peptide MHC | complex
themselveg(Figurel.2). There are various mechanisms of antigen cpssessinguch as
crossprocessing in the phagosome tthe cystol model involve in the export of antigers
through the phagosomal membrane intohé cyosd, resulting in degradation via the

proteasome and presented on MHC | in the(E&acsovieBankowski & Rock, 1995

10



MHC Il binds peptides produced by antigen proteolysis in endosomal/lysosortigéran
presenting compartments. There avarious mechanisms that allow antigetashave access

to the compartments, such as receptorediated endocytosis, macropinocytosis,
phagocytosis and autophagy. MHC Il molecules are divided in a heterodimer of
transmembraneh andi subunits and gain access to these compartments through correlation

with an accessory protein, termed the invariant chain (&pidly after biosynthesis in the ER.

Alternatively,the vacuolar mechanism playnimportant role inthe processing of antigens
cross through. This involvése movementof MHC | molecules to phagosomés a result of
this, they bind to a polypeptide of whole proteins thatre graded by vacolar antigen
proteolysig(Pfeifer et al., 1993Roche & Cresswell, 1990 J. Shergigal, Boes, & Rock, 2004
A third crossprocessing mechanism revealed that the model ofpBRgocytosis can
introduce molecules whereghe phagosome integrates with the ER, resulting thre
transportation of these intact foreign proteinmsto the cytoplasm andransports araction of

proteins back into the phagosonte present on MHC

Macropinocytosisprovides a route fordelivery of antiges into the antigenprocessing
compartment that requires intacprotein antigens which must acquireaccess to the
endocytic pathway of DCExtracellular material is captured byaoropinocytosisvariants of
extracellular protein size (from small molecules to whole bacteria and protozoa) caarbe

of the nonspecift uptale by an endocytic processMacropinocytosomes aiire
extracellular material when they fuse with early endosomes, transporting gained proteins to
the endolysosomal pathway for antigen processifigm & Gleeson 2011 Norbury,
Chambers, Prescott, Ljunggren, & Watts, 19%#e signalling pathway of Rho GTPase Cdc42
and Rac plagarole in controlling macropinocytosis areorganization of the cortical actin
cytoskeletonGarrett et al., 2000M. A. West, Prescott, Eskelinen, Ridley, & Watts, 200@

of lipopolysaccharidéo stimulate the activaion of DCsin vitro reduces levels foCdc42 and
profoundly inhibits macropinocytosisConversely, some studies have revealed &h
maintenance of the ativated DCs ability to agire, process and present peptides to CD4 T
cellsin vivo(Drutman & Trombetta, 2013,(Platt et al., 2010pRuedl|, Koebel, & Karjalainen,
2001).

Additionalmechanisns of antigendeliveryincludesreceptormediated endocytosisA range

of celtsurface receptors expressed on APCs regulate antigen internalization. Macrophages

11



and DCs possess Fcy receptariichin turn interact with immune complexesvhere they

are professionally transported to antiggmocessing compartmentgPlatt et al., 2010p
Lectin receptors also express on O@sluding the mannose receptdMR) and DE205),
carbohydrate residues on sgifoteing and some patbgenswhich can recognize these
receptorsanddeliver them to receptoimediated phagocytosis kayprocess oihternalization.

The efficacy of processing and presentation to -amtigen T cells idramatically promoted

by the binding of antigens to their ligands on specific APC receggRoaifaz et al., 2004
MHC | cosspresentation is induced when antigens targae MR (CD206leadng to the
transportation of molecules into early endosomes, whilst interaction between antigens and
Fcy receptor or DERD5 resuls in the transportation of late endosomeslysosomes for

effective processing of antigeand presentation by MHC(Chatterjee et al., 201)2
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Figure 12 Antigen process and presentation with MHThe proteasome can digest cytosolic proteins
into small peptides that are then transferred to the lumen of the ER by TAP, where the peptides binds
to nascent MHE& molecules. ER peptides are trimmed 18 residues by the action of ERAAP/ERAP1
and ERAPZThe MH@ peptide complex then migrates to the ER before being transported to the
plasma membrane. There are a variety of mechanisms involved in degrading proteins and late
endosomes are rich in proteinases, classically named cathepsins. These compadomeptise of
MHCII molecules transported from the ER by association with a chaperone, named the invariant
chain, shown as MIIC/late endosome in the figure above. Mid®lecules that are ready for peptide
binding are induced by proteinases degraded ifesarchain in late endosomes. Following a set of
peptide-editing processes, immunodominant MHigpeptide complexes are moved to the plasma
membrane leading to recognition by CD4+ T cells. Induction of a-gressntation process in
professional APCs, naly DCs, is observed when proteins that enter cells through
endocytosis/phagocytosis are rettcanslocated into the cytosol, where, following proteasomal
degradation, they may bind MHIGRoche & Cresswell, 20116
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1.4T cell regulation and activation

Naive T lymphocytes within peripheral lymphoid organs recognize twtetived peptides
and other ligands o Csand undergo proliferation and expansion of attmour specific
lymphocytes These thendifferentiate into effector and memory lymphocytg#\cuto &

Cantrell, 2000 This priming results from at least three signalgnal one, two and three.

1.4.1 Signal one
Naive T cell priming is regulated by the interactiof the TcR with MHC claspéptide

complexes which lead to the induction of signal one. The subsequent formation of an
immunological synapse triggers TcR movement to lipid rafts on the cell memb#rdriee
centre (¢CSMALCTcR and cestimulatory moleculesare generatedIn contrast on the side
(pPSMAC adhesion moleculeare presentedMontixi et al., 1998Nel, 2002. Furthermore,
central supramoleglar activation clusters (cSMAContain high structural associations of
several signalling clustersvhich provide the effective activation of T &lthereby it is
recognizedy the PDC protein kinase. The peripheral region surrmgttie cosmids where
lymphocyte functiorassociated antigeil (LFAL) and the cytoskeletal proteins are clustered
(Potter, Grebe, Freiberg, & Kupfer, 200The TcR/CD3 complex consists of several molecules
adzOK Ia h FyR i OKI Ay acompeRombléchles€riad?2 536 £ a¥X OL &
53 YR V&

1.4.2 Signal two
The two signal hypothesis states thédr the productive activatio of naive T cells not only

must the cell receive MHCpéptide complex signalling although their TcR, a second co
stimulatory signal is required. Numerous-stimulatory molecules have been identified. T
cellsexpressed CD28/CT4rAandAPC expresedCD80/CD86 and are effective-somulatory
molecules(Sharpe & Freemar2002h. The potent ones are CD28/CTFLAnolecules which

are expressed on T cells, binding B7.1 (CD80) and B7.2 (CD86) expressed on APC as their
ligands. Upregulation of B7.1 is induced upon activation, whereas expression ofr@aces
constitutively, and theyare both shownto have interfering functions(§harpe & Freeman,

20029. Interestingly, ithas beershown that B7 expression is also essential for maintenance
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of tolerance because of CD25+ Tretpichis absent in B-deficient mice(Abbas, 2008 The
recruitment of TcRs affected by lipid raft formation following the ligation of CD28
stimulatory molecules with its ligand¥iola, Schroeder, Sakakibara, & Lanzavecchia,)1999
Furthermore, this process has been found to inhibit the number of TcR required for activation.
8000 TcR are required withothte processwhile 1000 TcRBre needed with i{Lanzavecchia,
lezzi, & Viola, 1999The amplification of T cell expansion and survival can inde2ea$lLa

result of the CD2&D80/CD8gSharpe & Freeman, 200Ra

Another member of the CD28 atimulatory moleule family is ICOS, which isregulated
upon activation and interastwith its ligand (ICOSL) presented by the fRgyle et al., 2000
Wallin, 200). Programmed deatii (PD1) is another member ahe CD28 familyHowever,
unlike ICOShe interaction between PEL andits ligands PELL and PEL2 act as inhibitory
molecules; these ligands are expressed @wide number of cell types such as APC,
lymphocytes and epithelial cellBreeman et al., 20QQatchman et al., 20Q1This interaction
can suppress proliferation of CD8+T cell ard firoduction, in turn inducing initiation of

peripheral tolerancgNishimura, Nose, Hiai, Minato, & Honjo, 1999

CD40/CD40L are other important-stimulatory molecules. ACP expses CD40 on their
surfaces, while CD4+ T cells and other cell types express CD40L. When CD40 wthracts
CD40Linducing APC maturationhis givesrise to the upregulaton of their co-stimulatory
molecules and cytokine secretiaris the absence of tls binding, tolerance was inducéehn
Kooten & Banchereau, 20p0

ICAM1 is an adhesion molecule which, upon binding to is ligandlL. BA naive CD8+T cells,
has beenshownto provide sufficient cestimulatory signalling to prime naive CD8+ cells to
become CTd(Jenkison, 2005

1.4.3 Signal three
More recently it has been shown that not onlgre signal one andwo required for the

priming of naive T cell activation, b third signal in the form of cytokines and accessory
molecules is also required for clonal expansion, differentiation and effector function. Such

signals may be provided by secreted molecules sutbh®3 1L-12, [L-23,and type | IFN' | V' R
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¢ > | a by &ctebsory miolecules such as Ly6Qrtsinger et al., 19995chmidt &

Mescher, 1999 Signal three polarising cytokines influenceellresponses

Naive CD4+ T cells differentiate into a range of effeciaduding Thl, Th2,-flegulatory
(Treg) or Th17 sutypes by polarizing secretion of DC cytokines, like other APCs. Th1l cells
play a crucibrole in celmediated immunity resulting in compact intracellular pathogens,
whilst humoral responses are regulated by Th2 cellich thendefend against extracellular
pathogens. The regulation of autoimmunity is associated with the presence of Thl7 cells,
whereas the development of taleraginic state cabe mediatedby Treg cell§). Zhu & Paul,
2008. Secretionof ILl-12 and Ik4 cytokines by DCs increases Thl and Th2 polarization of
adaptive immune responses respectively-28_secretion plays an important role in the
polarization of Thl7 that is produced without simultaneous productions of th&2IL
transformird IANR 6 (0 K ¥ LUOZahdNIGF ¢ NBC I &ith thepblaridatoRr of

Treg cells(Constantinescu et al., 1998ua et al., 2003 Proinflammatory cytokines
expressed by Thtells including K2 and IFN H-4, 11-10, 1:13 and IL5 are known anti
inflammatory cytokines produackby Th2 cells. 117 cytokineis expressedby Th17 cells and
IL-10 is produced from Treg cellsincluding other cytokinegBlanco, Palucka, Pascual, &
Banchereau, 20Q& angrish et al., 2005

1.5APC in peripheral tissues

Monocytesand DG encounter antigesin peripheral tissuedn the bone marrow, a precusor
of common monocyte andDG is divided into many subets such as monocytes and other
precursorsknown asDC precursors and pieDCHK. Liu et al., 20Q®nai et al., 200y Pre
cDCs transfer to both lymphoid and nymphoid tissuewia circulating blood and give rise
to CD119" and MHGIIMI"DCs. Hematopoietiand Fit3 ligaml (fit3L) are required for DCs in
the steadystate, whereas monocytes depend dme macrophage colongtimulating factor

(M-CSFJD'Amico & Wu, 2003Randolph, Ochando, RartidaSanchez, 2008

Theunderstanding of key componentsuch as TLRthat interact with conserved proteins in
pathogenswas a significantdiscovery of how the host recognizes aetic invasion
stimulates innate immune responsesd leads to triggefing of antigenspecific adaptive

immunity (Kawai & Akira, 20)1TLR&avea high level bexpression on monocytes; there are
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approximately 20 times more thahLRs ilDCs in blood and bone marraiveon & Ardavin,
2008. Cytokines play an important role in the migration and recruitment of monocytes
towards inflammation sitesonsidered critical for host defeng€haro & Ransohoff, 20R6
Monocytes express CCR2 on their surfabieisis associated with their activation through
interaction with monocyte chemoattractant proteins (MCRSgrard & Rollins, 2001Studies
haveshownthat immunity can be initiated as a result thie mobilization of monocyteand
potent antigenpresenting DCs in peripheral organsy adopt upon the main service of
monocytes as precursors, and also during inflammafi®oring et al., 1997Leon, Lopez
Bravo, & Ardavin, 20Q7Followingon fromthe antigen processing and presentation on MHC
to form MHC/peptide complexes, the migration is induced to redolwnstream lymph

nodes which present the antigen to T cel{€heong et al., 201@hao et al., 2003

A range of different TLR agonists are used to mimic certain types of antigenic pathogen that
represent the roles of monocytes in antigen presentatiorviva The naive and memory T
cells that interact with acquired peptides on the differentiated monoegézived DCsare
activated (Qu, Moran, & Randolph, 20R3Within infection sites, formation of monocyte
derived DCs are important to induce efficient priming of T cells with ARCBrgne et al.,

2006 Qu, Nguyen, Merad, & Randolph, 2009

1.5.1 Normal physiological function of APC
DG, macrophages (M) and B cells are a family of professional antigen presenting cells (APC)

that chararacterize a highly hetrogeneous group of immune cells, which play a role in
mediating the adaptive immune system to process and present antigens (Ag) to T cells and B
cells, resulting in inducing an activating sigrfelamilos, 1989 Despite this, APCs can
demonstrate several dynamic responses within the surrounding environment and other
leukocytes. Induction of APCs may occur through secreted factors derived from stromal cells
including cytokines and chemokines. In addition, lympt@dunctionassociated antigeid
(LFA1),CD54, and CD4DD40L can also influence APC by direatamdllcontact(Hennen et

al., 2011 Saalbach et al., 2015tsprent, 1995
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1.6 The influence of solid tumours on APC function

1.6.1 Tumour micreenvironment
Genetically hetrogeneous cancer cells are a feature ofuh®ur microenvironmentTMB.

These cellsomprise of endothelial cells, tumo@ssociated fibroblasts and different types of
immune cells. Sa tumoursshow an abundancef immune cellswith macrophages one of
the most frequently observed cells typgglanahan & Weinberg, 201B. Z. Qian & Pollard,
2010. Highdensity of macrophages are associated with poor survival in patcréaeast,
lung, cervixand bladder carcinomas anh H? R 3 | Lynypkoéna(Bingle, Brown, & Lewis,
2002 Scott & Steidl2014). Studies haveused different breast cancer mouse modeis
demonstrate decreass in mammary tissue macrophagese linked witha reduction in
timour size whereas tumowassociated macrophages (TANMea3ulted inincreased tumour
growth. Expression of CD11MHCIN" F4/80° CD64 MerTK on the surface of TAMs
distinguishes TAMsfrom mammaryresidng macrophages. In fact, TAM poptitn resuts
from direct differentiaion from CCR2+ inflammatory monocytes in thdE(Franklin et al.,
2014). Previous stuigs suggest thatmyeloid populations withina TME comprise of
monocytederived LY6C+ inflammatory macrophagelsichare induced from the circulating
blood and the splenic reservoand which subsequentlydifferentiate into LY6E' TAMs.
Moreover, these TAMs are a feature of heterogenous populationgfaylshow arahility to
differentiate into further separate populations according ttee level of MHCII expression

(CortezRetamozo et al., 201 2ovahedi et al., 2010

Within the TME,cancer cells, stromal tissue, and the extracellular matrix infludrotlk the
priming and effector phasesf antitumour immurity. Immunological deficienciesre
associated with increased tumour growth looth rodent models and in humangChow,
Moller, & Smyth, 2012Smyth, Dunn, & Schreiber, 2008/oreover, it has also been shown
that in genetically immunocompromised mice, tumour progression is increased compared
with progression irconventional micéGirardi et al., 2001 It is now clear that the continual
inflammation caused by certain chronic microbial infections can greaiyease the
development oftumours (Aggarwal, 200P Persistent inflammation creates a favourable
microenvironmentthat promotes increased tumoudevelopment andgrowth caused by
certain immunologicahssociated geng§. Balkwill, Mantovani, A., 20unn, Bruce, Ikeda,

Old, & Schreiber2002. Indeed, the immunoediting hypothesis shows that not only can the
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immune system prevent tumour growthbut it can also helgo promote tumour growth
(Dunn, Old, &Schreiber, 2004 There are three distinct stages of immunoeditir

elimination, 2)equilibrium, and 3) escapeeFigurel.3).

Tumour microenvironment

e ! .

Tumour promotion Tumour control
progression N

Tumour prevention

Immune surveillance/ Equilibrium phase Escape phase Established tumours
Immune cells: Immune cells: Immune cells:
Cytotoxic T cell, NK cell, APC M2 marophages Cytotoxic cell
B cell-antibodies MDsC NK cell
Immune molecules: Treg B cell
IFN-y, perforin, IL-2 Immune molecules: Immune molecules:
TGF-IL-10, IDO, PD-L1 INF-y
CXCL-1, -5, -8,-12 CCL5
IL-8, TNF-a, IL-1a Toll-like receptors
% Tumour cell ‘ Macrophages % Dendritic cell Antibodies
( Stroma oCytokines/ chemokines @ Lymphocytes

Figure 13 The mechanisms within the tumour microenvironment that play a role at each stage of
tumour growth. CTL and Natural killer (NK) cells act at the initial immune surveillance stage helping
to eliminatetumour cells. However, the next phase, known as the escape phase, is associated with
the progressive accumulation of tumour cell mutations and alterations resulting in complete escape
from immune surveillance. Several types of immune cells, such as nyddoiced suppressor cells
(MDSC), TAMs and Tregs, as well as multiple immune mediators within the TME favour tumour
development.
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1.6.2 Elimination and Equilibrium phases
It is becoming clear that the immune system is very important in combatting tumou

progression. During the equilibrium phaghe tumour is being controlled by the immune
response. The tumour can remain latent for long periods of time until the microenvironment
becomes permissive for further tumour development. It is known that CD&+c@&f partly
control the dormant tumouy visceral metastases occur more rapidly if CD8+ T aedls
depleted(Chew, Toh, & Abastado, 201Puring the process of immunoeditirtgmour cells

may mutate surface antigensesuling in less immunogenic tumour cells. Thus, a highly
invasive and less immunogenic tumour cells can escape the equilibrium phase of immune

surveillancgAlmog, 2010Eyles et al., 2030

The escape from immune surveillance is an important mechanism, as this selects out and then
promotes the growth of porly immunogenic cell@Browning & Bodmer, 1992 Tumour cell
death is also prevented by the expression of apoptotic moleculegReed, 1999 growth
factors that aid tumour formation such as VEGEX. Zhang, Nie, & Chakrabarty, 2§10
immunosuppressive molecules, TG -10Lapd programmed cell dealilgand 1 (PEL1)
which eventually inhibg& anti-tumour immune responsegBenBaruch, 2006 Gajewski,
Meng, & Harlin, 2006 MDSC play a crucial role in suppressing naivellexpansion and
differentiation; functions of T effector cells are blockedd Treg cells are generated by the
relea® of I.-:10 and TGF (OstrandRosenberg & Sinha, 200However, ithas been sown
that the maturationof DCsdis inhibited by theTMEresulting in loss of function as effective
antigenpresenting cells to activate artimour immune responsé.. Yang & Carbone, 2004
Certain preinflammatory cytokinessuch as H6 andIL-8, and several chemokines are known
to act as antiapoptotic factors(Hodge, Hurt, & Farrar, 20D5Chemokinesincluding CXCL1
and CXClL.&re associated with an increase in tumour cell format{Bayne & Cornelius,
2002). CXCL5 and CXCL12 recruit neutrophils and BIRS®ang et al., 20p8and CXCL12
promotes themigration of tumour cells expressing the cognate receptor CXERZalkwill,
2004).

1.6.3 Established tumours
Although the immune system is often unable to inhibit tumour development, the immune

response towards establishedMEsplays an important role in controlling the outcome.
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Studies in mice have shown that an establisheglanomatumour could be reduced in size

by activation of the anti-tumour specific CD8+ T cell responses using a pejiiaked
immunotherapy(Belnoue et al., 2004. B. Qian, Li, Qian, & Chen, 200@munostimulatory
cytokines 2 and IFN' = | a ¢Sff la |yGAo2RASa 3IFAyad
adjuvants in combination with cancer vaccines or chemother@llo-Lopez et al., 20Q0
Moschella, Proietti, Capone, & Belardelli, 2Dl16deed, there is an association between the
presence oftumour-infiltrating lymphocytes (TI) combined with a pranflammatory
phenotype, and a favourable prognosis in various canicetsdingbreast colorectal,lung,

ovarian canceand melanomgBudhu et al., 2006Chew, Chen, et al., 201€hew V, 2012

Pages et al., 20)0

1.7Mesenchymal stromal cells (MSCs) in the TME

Non-haematopoietic cells comprise of a subsé mesenchymal stromal cells (MSCs). These
cells display homing and the potential to engraft to impaired tissue in several pathological
conditions including inflammation, tissue repair and neoplgBirgfeld & DeClerck, 2010

Kidd et al., 200P Uniquely, MSCs are not characterised or tded by a angle cell surface
marker. The haematopoietic cells markers CD34 and CD45 are typically absent on MSCs.
However, MSCare positive for the surface markers CD44, CD73, CD90, CD105, CD106 and
STRE (Salem& Thiemermann, 2010 Secretion of growth factors and cytokines by tumour
cells induces the recruitment of MSCs into tumours from normal tissues. This leads to MSCs
homing in on primary tumours. Mesenchymal and progenitor cells can migrate from tlee bon
marrow to tumours(Hung et al., 2006 These cells are abundant in adipose tissue and these
adipose tissualerived MSCs can contribute to tumour stroriéidd et al., 201 The cell
surface marker that uniquglcharacterise adipose tisswerived MSCs share a number of key
properties with bone marrowlerived MSCs, such cell surface marker expression, plastic
adherence and the potential to differentiate into cells mesenchymal lineage, including fat,
bone, musclend cartilage under suitable conditio(Bominici et al.2006). These cells have

been found to control the morphology and proliferation of cells by-teltell interactions

and the expression of chemoattractant cytokines and paracrine fa¢Baegfeld& DeClerck,

2010. The role of MSCs in tumour growth are diverse and comprise of a modulatory function

21



on tumour cell proliferation, metastasis, angiogenesis and migration. MSCs affect tumour

cells in four main ways.

x  The immunomodulatory function of M& has an indirect role in tumour growth. The
immunosuppressive function of MSCs can affect both innate and humoral immunity by
suppression of Thl lymphocytes, dendritic cells, B cells and NKLeeB$anc & Ringden,
2007).

x MCSs may have both a supportive and inhibitory function on tumour grdi<ibpp,
Gupta, Spaeth, Andreeff, & Marini, 2011

x MSCs share the tumour vasculature by production of angiogenic factors. It has been found
that proangiogenic factors, such as VEGF, angiopoiett),Ill8, TGF ¥ t 5DC o6 LJX I
derived growth factor), bFGF (basic fibroblast growth factor) and Fbroblast growth
factor type 7), are secreted by MSCs. The stimulation of new blood vessel growth and the
activation and recruitment of stromal fibroblasts by these cytokines leads to changed in
normal tissue homeostas(&risendi et al., 2001

x MSCs can increase tumour cell migration, cancer growth and metastasis to distant organs
via expresion of CCL5 (chemokine@dnotif ligand 5, RANTESjulated upon activation,
normal Fcell expressed and secrete@arnoub et al., 2007

The role of MSCs in tumour cells depends on their originy theggree of differentiation, the

dose and the administration route of the cell type they interact wiiopp et al., 2011

Various mechanisms are involved in the initiation of mutual autocrine and paracrine signalling

by secreted chemokines, apoptotmodulation and vascular support.

There are two mechanisms responsible for M&&liated tumour growth support. These are
the direct impact on tumour cell proliferation and vasculogeng$§isantl et al., 2010
Shinagawa et al., 201W/. Zhu et al., 2006Moreover, tumour incidence akhsize is increased

in the presence of the coinjection of mesenchymal cells through-130DXCR4 signalling
(Kucerova, Matuskova, Hlubinova, Altanerova, & Altaner, 20M@hlberg et al., 2009 Yan

et al. (2012) reported compelling evidence that MSCs affect both proliferation and inhibition
of apoptosis of breast cancer cells. Another study suggested it ecretion g MSCs can
affect chemosensitivity in human breast cancer cell line SKBRi®&0 (Greco et al., 2011
There are a number of biolagl roles mediated by MSCs that can affect tumour cells. These

are attributed to their specific molecular profile and the unique characterisation of the
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complex signalling pathways in response to soluble metabolites secreted into their

microenvironment(Kucerova et al., 2031

Several studies have shown that increased latency, decreased tumour size and metastases
are associated with human MS@ediated tumour growth inhibibn (Klopp et al., 20111

There are many mechanisms responsible for mediating this interaction, such as AKT
(serine/threonine protein kinase) signalling, WNT signalling, -DKRickkopfl protein)
secretion or G1 cell cycle arrd§&ousin et al., 200¥Khakoo et al., 20Q&. Qiao, Xu, Zhao, Ye,

& Zhang, 2008Y. Zhu et al., 2009

1.8The role of fibroblasts in tumour mieemvironments

Cancerassociated fibroblastéNgambenjawong, Gustafson, & Buatay a role in the general
host response to tissue destruction due tomours. Fibroblasts remain aliyeven if they
undergo severe stress tha consideed fatal to other @ll. TAFs are foundt all phases of
disease developmensuch as metastasigurthermore, AFs act as machines that created
deposit an extracellular matrix (ECM) structyreeprogramne metabolic and immune
functionsof the TME;and initiate synthesisof many different tumour elemergresulting in
resistance to chemotherapgiHanahan & Weinberg, 201Kalluri, 2016bQuail & Joyce, 20)3

The tumour stromaconsists ofcancer cellsurrounded bycomponents of normal organs
including immune cells, capillaries, basement membsarsetivated fibroblasts an&ECM
(Hanahan & Coussens, 2QBetras & Ostman, 20)0Fibrobbsts area majorcomponentof
tumour stroma, andt has longbeen suggestedhat they play an important role in cancer
progression and metastas{&alluri & Zeisberg, 200®hlund, Elyada, & Tuveson, 201A
wound healing response is usually comprisédctivated fibroblasts that differentiate from
quiescen cells, but the mechanism for converting quiescent and resting fibroblasts to
activatedcellsis still unkhown. Recent tudiessuggesthe excitingnewconcep that activated
fibroblastscan bedivided into two types reversible and irreversibléTampe & Zeisberg,
2014 Zeisberg & Zeisberg, 208 LYy | RRAGA2¥M Y2 86 KINBdza D2, $ 2 OGN
also knowas ACTA?2), a cytoskeletal protein associated with smooth musclgsallfeatire

of activated fibroblastgMicallef et al., 2012Powell et al., 1999
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Such response to diverse types of acute injury can induce wound healing. Recruitment of
inflammation processes, immune cells and fibroblasts induces the classic wound healing
response,leading to an increase in angiogenesis and deposition of @E2kby, Laverdet,
Bonte, & Desmouliere, 201B®vorak, 198% The ECM and basement membranesiprise of

many constituents, including type 1, type lll, type IV and type V collagens, several different
laminins and fibronectin. All these are secreted by activated fibroblasts or myofibroblasts.
Myofibroblasts were first identified in healing woundgtire skin(Tarin & Croft, 1960 ECM
degrading proteases, such as MMPs, are a major production of myofibroblasts, underscoring
their key role in sustaining ECM homeostasis by modulation of ECM tur(feimeian et al.,
2001). TGF -mediated signalling is associated with the induction of myofibroblasts, while

GAYSYUAY YR h{al gSNB LINE{ AMiGINIetiab RO1E Yy R S E LIN

Tumours can be characterised as wounds that do not Ifpabrak, 1985 Due to the
continuing development and accumulation of cancer cells in a given tissue, the process can
be considered as a starting tissue injurythwthe induction of a chronic wound healing
response into the cancer cells. Cancer fibrosis is recognised to be the result of chronic host
repair response in the tumour. Myofibroblasts function in wound healing is becoming clear,
whereas their role in carer growth and metastasis seems to be complex and bimodal with
both cancempromoting and cancerestraining actiongDe Wever, Van Bockstal, Mareel,
Hendrix, & Bracke, 201Dumont et al., 20130hlund et al., @14). In the 1970s, reports
suggestedhat activated fibroblasts recited by cancer cellare similarto those recruita in
normalwound healingDurning, Schor, & Sellwood, 198yanet al., 1973. This process is
governed byrelease of growth factorghat in turn regulate the recruitment of stromal
fibroblasts. There areavious phases ophysiological diseasescluding acute and chronic
tissue damagewhich areregulated by key cytokinest DCi = t 5DC YR FAONROT |
2 (FGF2(Aoyagi et al., 200£lenbaas & Weinberg, 200D Restraining mechanisof tumour
progression andhe potential eliminaton of thetumour is affected by activated fibroblasts in
0KS LINBaSyOS 27 <¢tReMECuindntyeda., 12013 shiy Ochidli, & Kldriy
2016.
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1.8.1 Canceassociatedibroblastssupport cancer development
Dermal fibroblasts not only create and regulate tBEMof skin but they alsocommunicate

with each other andvith other cell typeswhichin turn play an important role in modulating
the physiology of skifAnsel et al., 1996Nerner & Smola, 20Q1Moreover, there are various
cells of hematopietic origin thaeside in skinincluding a constitutive population &iCsand
leukocytes such as monocytes/macrophages, neutrophils and lymphodytegovic,
Lipozenocic, & JakRazumovic, 20Q1Nestle & Nickoloff, 1995 However, TAF differ
substantially from normal fibroblasts.

The activated fibroblastghat are isolated fromdifferent human tumours havéheir own
distinct propertiesvhencompared to those isolated frothe culture of normal tissueglarin
& Croft, 1969. The poliferative index of AFsis higherthan normal activated fibroblasts
(NAF3. Neverthelessthe enhancement of migratory capacignd autocrine growth factor
induced signalig may be induced byAFs leading toin increase irthe level of secretory

moleculessuch as growth fetors and chemokine@echtel et al., 201,(Madar et al., 2009

Several studies hawgsedco-culture experimentsto show that thetumorigenesis of cancer
cellsis enhanced in the presence oAHFs compared to that in the presence of NABiSmo et
al., 2005. Originally, itwvasfound that the ceculture of Simian virus 40 (SV 4fjnsformed
prostate epthelial cells oimiceinjected withthis mixture It was found thatumours similar
to prostatic epithelial neoplasia formed withAFs ceculture but not with NAFs.Invasive
cancer cells fronecan be induced frommon-invasivecells by AFs(seeFigurel.4)(Dimancle-
Boitrel et al., 19940lumi et al., 1999
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Figure1l.4 Role of TAFs in remodelling the stromal tumourhe TME is comprised of the cellular
components together with ECM, which consists of actively regulated TAFs. Figure 1.4 represents
regulation of immunemediated secretorjfunctions on the left;, selmaintained activation (centre);

and interaction of cancer cells (right) resulting in increasing tumour progression, survival or resistance
to therapy. Metabolic remodelling of TAFs are a crucial fuel for the TME and enharcattition

of tumour cells to growt. Tumour angiogenesis is associated with engagement with TAFs and by the
action of indirect effects of immune cell recruitment and activation, tumour cell migration and
invasion of features. TAFs express intercelluldrestbn molecule 1 (ICAM1), which may act as a
docking site for either the activation or suppression of immune cells. In addition, immunosuppressive
roles may mediated by programmed cell death protein 1 ligands PDL1 and PDL2, which express on
the TAFs. Cgkines secreted by TAFs may exert potent immunosuppressive actions on tumour
immunity, innate immune cell recruitment and activation, and differentiation of the adaptive immune
response (Kalluri 2016).
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1.8.2 Immune regukion by AB
Thepleiotropic immunodulatoryunctions of TAFs can be regarded as direct or indirédesT

are invohedin a secretory phenotypeare able tosynthesie ECM proteinsganrelease ECM
remodelling enzymes anthncreat high levels of cytokines and chemokin&kt onlydoes
can they maintain their activated state throughout tumour growth, but they cafso

dynamically develop during tumour progressi@ostea et al., 2013 otti et al., 2013

Generally, AFs play a crucial role the provisionof immunosuppressive molecules within

the TME (Harper & Sainson, 2014Raffaghello & Dazzi, 2019n the setting of tumaur-
inducedhypoxia,acomplexity of paracrine signalling responsescaused byhe recruitment

and interaction of AFs, cancer cells, endothelial cells and immune cells. Established tumours
comprisal of TAFsexpresscytokines, chemokines and pemgiogetic factors such as,-g, Il-

4,11:8, I.m n ¢ b C-E métibcBemaking ligand 2 (CCL2), CCRECenotif chemokine

ligand 9 (CXCL9), CXCL10, SDF1, prostaglandin E2 (PGEZ2), nitric oxide (NO), HGF and human
leukocyte antigen @. H. Chen et gl.Thismayhavedirect and or indirect impacts on tumour

immunity (Patel, Filer, Barone, & Buckley, 2056leymaninejadian, Pramanik, & Samadian,

2012

wSOSY (i NBLRNIA&A F2dzyR GKFG FTRRAGAZ2YLFE ANRSGK
for mainly immunosuppressive responses, ard also involed in the differentiation of T

helper 17 cell (Th17Bailey et al., 20L4Van & Flavell, 200Q7In this regard, expression of

the growthpromoty 3 STFFSO0G 2 F TABLray be gffRctet iy NAFSANBaYs

to suppresedtumour growth(Goel, Wong, & Jain, 2012

1.9 Experimental models of APC

1.9.1 Differenton of DG from monocytes
Since the discovery, 20 years aftat blood monocytes are capable of differentiation into

DGs or macrophagem vitro, many studies havetilised the human mononuclear phagocyte
systemto generate Mol in vitroasprimary cellscannot be sampled in adequasenounts
(Haniffa, Bigley, & Collin, 201Basinrerk, Baumruker, Majdic, Knapp, & Stockinger, 1993
Sallusto & Lanzavecchia, 1994 scovery of the plasticity of macrophageovided astrategy

which allowed theuseof various stimulio generae the most extreme classicérms ofM1
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(including toltike receptor ligands and C)wor an alternative activated M2 stimuladgXue
et al., 2014 by 11-4 (Murray et al., 2013 Several studiesaveshown that the human blood
CD14+ monocytes hauble ability to differentiate and polarize into sukets of different
phenotypic macrophages and also into immature and mature MogB€&sHgure 1.5) using

flow cytometry to amlyse their surface markers.

One study isolate@0x1® CD14+ monocytes from human peripheral blood mononuclear cells
(PBMCs) by anttD14 beads using magneilig-activated cell sorting. CD14 staining
determined that theisolated monocyteshad a purity 0f99.8%. The dfferentiation of
monocytes to macrophages were culturedingeither a granulocytemacrophage colony
stimulating factor(GM-CSF) oa macrophage colomgtimulating factor(M-CSF) for 7 days
(Mantovani etal., 2004. Followingthis, M1 wasactivated using M1 Lipopolysaccharide (LPS
b L @rldM2aactivationwas induced using 4 stimuli. Monocytes were differentiated to
macrophages in the presence of@5F, and then their activation siaduced withlL-10 to
give rise tathe M2c subtype. GMCSF and L cytokines were added ta culture of CD14+
cells for differentiation into DC for 7 dgywhereas our lab utilized monocytéisat were
polarized for 6 days to M2 noeophages in the presence of-MSKFigue 1.5).Afterwards
activation was induced with LPS for 2dubs. Activated D€were induced with LPS faan
additional 48 lours. Althougha non-adherent state isa feature of MoDCs, all macrophages
derived from monocytes were predominantly adheremtd have a morphologyeminiscent

of a friedegg(GM-CSF) oareround to rodlikein shapgM-CSFJjRelloso et al., 20Q2/erreck

et al., 2004.
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CD14*
monocyte

M-CSF GM-CSF+IL-4

MoDCs

GM-CSF GM-CSF GM-CSF M-CSF M-CSF M-CSF M-CSF
medium LPS+IFNy IL-4 medium LPS+IFNy IL-4 IL-10 medium
MoMd1 MoMd2

Figure 15 Schematic showing how human monocytes are differentiated into MdMand MoDC
cells CD14+ human monocytes were isolated by magreatiovated cell sorting (MACS) isolation kits
and cells were cultured with either GRISF or MCSF for differentiation into macrophages for 7 days.
Afterwards, activation of macrophages were induced as indithteeither LPS/IFN 2 NJ [ t {

48 hours. Differentiation of CD14+ human cells into MoDC was induced by addi@$E&eind 4L for

7 days. Their maturation was indicated by adding LPS/IFNT 2 NJ | Y
Repic, Machacek, Fischer, & Stockinger, 2016
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Mantovani and colleagues (2002¢vealed that macrophage stimuli are groupes a
continuum of two functionally distinct aspectdased on their selected immurelated
ligands on a phenotype @ffect onmacrophagesnarkers. EN-* combined with LPS or TNF
are termed M1M2 are divided into M2awhich ae activated with ¥4 while IL-10 and CGs
activate M2qFigure 1.6). Theubset termed M2lis activated with Fc receptors and immune
complexs as describetly Mosser(C. F. Anderson & Mosser, 2002antovani et al., 2004

Martinez & Gordon, 2014

M1 M2

[
INF-y + LPS or TNF IL-4 and IL-13 LA
ligands

M1 M2a M2b M2c
Classical Alternative Type Il Deactivated
l l v l
Th1 RESPONSES; TYPE | INFLAMMATION; Th2 RESPONSES; TYPE Il INFLAMMATION;  Th2 ACTIVATION; IMMUNORSULATION;
DTH; KILLING OF INTRACELLULAR ALLERGY; KILLING AND ENCAPSULATION  IMMUNOREGULATION MATRIX DEPOSITION
PATHOGENS TUMOR RESISTANCE OF PARASITES AND TISSUE REMODELING

L J

Th2 RESPONSES; ALLERGY; IMMUNOREGULATION; KILLING AND ENCAPSULATION
OF PARASITES; MATRIX DEPOSITION AND REMODELING; TUMOR PROGRESSION

Figure 16 Diagram of M1 and M2 macrophage modd\ctivation of M1 induced by IFN b [t { 2 NJ
TNF, and stimulatioof IL-4 differentiates M2 into subdivisionsof M2a, andllL and glucocorticoids
binding M2c, whereas immune complex and Fc stimulate M2b.
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1.9.2 Characterisation of tumoassociated macrophages (TAMS)
Cancerassociated inflammation involves monocytasd macrophages, which play crucial

roles. Several microenvironmental stimuli can regulate the heterogeneity of macrophages. It
is awidely accepted that there are two distinct subtypes rahcrophagesthe classical
activation (Thomas B. Thornley, 20j4nacrophage primed to microbial products and
interferon-' ; and alternatively activated (M2) macrophagegivated by 14, 1-13, and IE10
(Jacques, Bleau, Turbide, Beauchemin, & Lamontagne, 3d®et al., 2008 Many studies
have revaled that tumour growth, angiogenesis, metastasis and immunosuppression are
associated with tumour infiltrating M2 macrophages, also known assli{8MGordon, 2003
Varney, Johansson, & Singh, 2p0%e histology gradient of malignancy in theman ovarian
tumour is determined by unique features that are correlated with CD468 CD204ostive
macrophagesConsequently, these moleculeseaused as markers to distinguish activated
TAMs in human samples. Furthermore, a highel of expression of CD163 on TAMSs in
malignant lymphoma, glioma, and kidney cancer indicates a poor clinical progdosisver,
there is no correlation between clical prognosis and the level of CD204 expression on TAMs
(Komohara, Jinushi, & Takeya, 20B4 Z. Qian & Pollard, 2010CD163 is a haemoglobin
scavenger reqaor and widely expressed by monocytgacrophages system. Also, soluble
CD163 may be useful as a reliable diagnostic param&ierdemonstrate activated
macrophages within inflammatory conditiofikomohara et al., 20)3Pollard et al(Pollard,
2004) revealed that the M2 phenotype is polzed by tumour infiltrating macrophage tissues
and is associated with the development of thEME due to angiogenesis and immune
inhibition Previous studies have referred to specific markers, including CD168R2864,
expressed by these M@olarized macrophages as TAM&mMohara, Niino, Ohnishi, Ohshima,

& Takeya, 2015B.Wang et al., 2016 Characterisation of CD163 function is fundamentally
homeostatic and correlated with the binding of haemoglehaptoglobin complex. In
addition, CD163ostive macrophages exist in high concentraswithin inflamed tissue and

are inwlved in the resolution of inflammatiofFabriek, Dijkstra, & van den Berg, 2005

Tentillier et al., 201p

Expression of CD1ahd CD204 and immunosuppression were examined in TAMs in oral
squamous cell carcinoma (OSGBGpwing that thdocalisation of CD163and CD204ostive
cellswere clearly different. Interestingly, data showed that CD1&8d CD204positivecells
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expressed by tumour infiltrating TAMs veelocatedaround tumoursthat produce IL10 and
PDL1 inhigher levels compared to otheTAM subsetswhen examined using double
immunofluorescent staining technique.-10 is positively correlated to PIOL expression,
resulting in STAT3 being phosphorylated bgdLsignallingThe interaction of [£10:STAT3
signalling can produce significant expression of PIL. Agivation of T cell function and
apoptosis are associated with existi@@®163and CD204positive TAMs(Kubota et al., 2017
Wolfle et al., 201}

The incidence ohepatocellular carcinoma (HEGas increasedand it isnow the second
leading cause of cancer deaths globally. oBtoperative recurrenceis frequent and
consequentlythere is oftena poor response to systemic chemotherapeutic treatmeMisLi

etal., 2017 Maluccio & Covey, 20)2The most abundant infiltrating immune cell withiME

is TAM, which is involved in distinct functions in HCC development. Furthermore, one of these
cellsincluding CD68+ TAMs indicate multiple differentiated immune cells mostly comprising

CD86+ anttumour M1 macrophages and CD206+ juanour M2 macrophages.

Evidenceof CD68 expression was determined in all macrogiea, indicating CD68&s a pan
macropha@ biomarker(P. Dong et al., 201 €alini et al., 1998 However, M1 and M2 subtype
macrophages are not efficiently discriminated by CB6Brevious data suggesthat
expression of CD86and tumour necrosi¥  OG 2 NI & Dy baCm Y ONR LK I IS &
in high levels, whereas CD206, CD163 arntDlwere relatively highly expressed by M2
macrophage¢Biswas & Mantovani, 201@Isson et al., 20)5Interestingly, Tan et glTan et

al., 2019 implied that in HCC, CD86 expression of M1 macrophiagggificantly increased
relative to TNF | IR, whilg increased CD2@6&pressiorof M2 macrophagemcreased
relative to IL10 and transforming growth-f O (i ZTRF idMany studies have demonstrated
the association of TAMs with HCC developméehérefore may be apromising prognostic
factor and therapeutic target. However, in HCC patie@i8368-1AMs alon@renot promising

for prognostic value, indicating thathole macrophages v& no effect on HCC prognosis. A
correlation between invasive tumour phenotypes and TAMs beerfound in the presence

of alow level of CD86+ expression ambligh level of CD206+ expression. Furthermore, the
combination of CD86and CD206 analysis may have a better prognostic value for HCC
patients than individual analysis of those molecylEsDing et al., 20Q%. Dong et al., 2016
Shirabe et al., 2092

32



110Roleof TGF AY Y2RdzZ F GAy3 AYYdzyS NBaLRya$s

1101 GH
TGH isa family of homodimeric polypeptideith amolecular weighof ~25 KDa. This family

has five isoforms of T@F(Fawthrg, Frazer, Russell, & Bunning, 19%porn, Roberts,
Wakefield, & de Crombrugghe, 198TGF & LJt | &roldin nddi=idd rhafy processes
including connective tissue repair. In this context, E@Mcomponents comprisof collagen

| and fibronectin thatare synthesize 0 € ¢(Qr®tz & Massague, 1986porn & Roberts,
1989.

OriginallyTGF m ¢l & GK2dzZaKd (2 0S8 | HiNBsforhatign aBdE LINSG & &

growth of normal fibroblast¢Todaro, Delarco, Fryling, Johnson, & Sporn, 138awever jt

is becoming clear that it i@ multifunctional molecule angblays a roldan regulaing various
fibrotic disorders including pulmonary and hepatic fibraqgmgaki & Okazaki, 200eask &
Abraham, 2004 Indeed, several physiological mechanisms such call growth,
differentiation, and tumorigenesis can be regulatedTgyF wmwhichacts as multifunctional
cytokine. Many tumour cells and others withitME produce TGF m  { K I airoleLif | & &
promoting the tumour growth through the actieof inducing angiogenesis, immuescape
and metastasigGo, Li, & Wang, 199%umm & Oft, 2008 Siegel, Shu, Cardiff, Muller, &
Massague, 2003It isbecoming increasingly apparent that lung fibrogi€luding idiopathic
pulmonary fibrosis (IPFR)an be associated with promotn of lung cancer. On the other hand,

it has also been shown that fibrosis witlatungtumour is not a precursor of cancer but acts
as secondary phenomenoh was identified that the exiginceof fibrosis in high levsled to
tumour growth andpoor prognosis. Howevetthe mechanism ofjrowth of fibrosis in lung
tumour is not well undersiod (Noguchi et al., 1995Shimosato et al., 1980 Epithelial
mesenchymal transitio(EMT)is a phenotype change induced by theian of TGF  firfg | R
to differentiation of epithelial cells into fibroblaslike mesenchymal cell&EMT is correlated
with wound healing and tumour growth in adult tissu&abe, 2011Thiery, Acloque, Huang,
& Nieto, 2009. Although the involvement of EMderived fibroblastliike cells in fibrosis is well
established, TGF nandthe signalling mechanisns inducebiological evergin tumour cells
are less understoo(Radisky, Kenny, & Bissell, 20Willis & Borok, 200)/

Therefore, autoimmune diseases, cardiovascular disease, fimmateddiseases and cancer

are associated with abnormal modulation of FGBependent signalling pathways. Synergies
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of TGH | yR O2yySOGAGS GAaadzS 3INRSEK OFlyO A2yNR d&E
fibrosis (Bhowmick, Neilson, & Moses, 2Q0Roberts & Wakefield, 2003TGF ¥ dzNJi K S NJ
induces epithelial to mesenchymal transition further contributes to the fibrotisponse.

However, in addition to the weltstablished role of TGF | &  LINBPFAONRBGAO Y
also recently been shown to play a crucial role as an antifibrotic regulator through the action

of cyclooxygenas@ (COX) signal pathwayf. J. Gordon & Blobe, 2Q0@®uzer & Marnett,

2008 Verrecchia, Mauviel, & Farge, 2006

1.101.1TGF NB3Idz  GA2y 2F {YIR Tl YAfE&
TGH a Itrangrhssionfrom the cell surface is a crucial intracellular pathwalyich is

produced by components of the Smad family of signal transduction molecules. Studies have
defined three distinct classes tiie Smad family: the recepteregulated Smads (Bmads),

such as Smadl, 2, 3 and 8; the commmoediator Smad (c&mad), Smatl and the
antagonistic or inhibitory Smads$mads)which include Smed6, and 7(Attisano & Wrana,
1998 Heldin, Miyazono, & ten Dijke, 199 Bpecific Emads can be phosphorylated through

a conserved carboxy terminal SSXS motif when activatetype | receptors. However,
dissociation of the phosphorylated-8&nad from the receptor generates a heteromeric
component with the ceSmad (Smad4). €ke allow the complex to translocate into the
nucleus. Once this complex transfers to nucleus, Smads are able to target several DNA binding
proteins resulting in regulatn of transcriptional responsegAttisano & Wrana, 2002
Moustakas, Souchelnytsky, Heldin, 2001Wu et al., 2000

Phosphorylation of Smad2 andsinduced by TGFoeta stimuhtion at their carboxyl termini
via the receptor kinase 465 and 467 on smgaald serine 423 and 425 on Smattough
TbetaRI. Phosphorylated Smad2 and 3 are combined with theSnad family member
Smad4resulingin formation of a heteromeric compldkigure 1.7)These complexes can be
bound to DNA and regulate gene transcriptikbdollah et al., 1997X. Liu et al., 1997
Souchelnytskyi et al., 1997
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Figure 17 A general scheme of signal transduction molecules denoting members of the Smads
family that regulate TGbeta superfamily signals as transduceg/hitman, 1998§.

1.102 Cyclooxygenase
Cyclooxygenase (COX) acts as theliating enzyme in prostanoid synthesis. COX is divid

into 2 subclassesCOX1 is constitutively expressed, whereigsCOX2 inducible They pay a
role in regulating inflammation. CGXexpression is promoted in several tumour tisssiesh
aslung cancel(F. Li et al.2011;, Soslow et al., 20001t hasalso been showithat COX2 is
expressed in high lewein many lung cancerand leads to proliferation, resistance to

apoptosis and induction of Treg celBaratelli et al., 20055tolina et al., 2000

COX1 isexpressed constitutivelyn most tissuesnd playsarole in regulating homeostasis
However,induction of CO2 is commonly absent under basal conditions adthduced by
growth factors and cytokine§Gasparini, Longo, Sarmiento, & Morabito, 208&ncheri,
Mastruzzo, Sortino, & Crimi, 2004videncehas revealed that several physiological and
pathogenetic pathway cabe regulated via the CGX%prostanoid pathway, such as those
involved in fibrosis, cancer, inflammation, angiogenesagmodynamis, and renal function

(Araki et al., 2003Koki & Masferrer, 2002
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Prostaglandin E2 (PGE2) is the major product of-Z(Xdits role islargely consideretb be

as aneffective proinflammatory mediatoiif also acsto giveantifibrotic effects(Wilborn et

al., 1995. It has been documented thain response to TGF>X FAONROE I Al &
secretion of PGE2 in high lesekhich are responsible for its antiproliferation &fcts.
Expression of collagen and proliferation are suppressech autocrine fashionTheresult of

the inhibition of COX upregulation andthe following PGE2 expressias the loss of the
antiproliferative effects of TGF (Keerthisingam et al2001; X. H. Yang, Hou, Taylor, & Polgar,
1997). Furthemore, studies haverevealed that COR&-deficient mice have enhancel
susceptibility to pulmonary fibrosis and cardiac fibrosis. Fibroblasts release the anti
fibroproliferative effects of TGBeta by TG -stimulation of COX2 induction which are

thought to be essential biological procesgBsnner et al., 2002Morteau et al., 2000

Moreover, recentlines ofstudy haveconfirmed that tumour growth and development is
associatedwith abundarce of tumour-associated stromal fibroblasts. Reports have shown
colon adenoma$ave beenfound to havea high level of COX expression from stromal
fibroblaststhat are consideredo bethe predominant source of C&{Bierie & Moses, 2006
Sonoshita, Takaku, Oshima, Sugihara, & Taketo,)2Bl@2vever, an increasa COX2 does
not only existin cancer cellsbut also in fibroblasts swoundinginvasive carcinomasOX2
expression is considered be an upregulator for the prostaglandin cascade that @an
important role in tumorigenesis, tumour invasion and metastasise induction of TG -
mediated COx2 production in fibroblastss envisioned as a crucial contributory factor within

the tumour microenvironmentAdegboyega et al., 200€rawford et al., 2009

Prostaglandin E2 (PGE2) exerts a potent biological effect through G pecotgated receptors
(including EP1 EP4)(Riedl et al.,, 2004Sawaoka et al., 19981t has been revealed that
tumour progression, immunosuppression, or angiogenesis can be modulated by PGE2

(Greenhough et al., 200%awaoka et al., 1998

1.11 Role of dexamethasone in cancer patients
The most effective factor for manipulating Agecific immune responses is immunization.
However, induction ofan attenuated agent for established pathological responses

responsible for autoimmune disease, allergy or graft rejection by using immunizatiobe
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difficult, becausethe responses of pathogenic T cells can be triggered by immunogens and

has the potentiato worsen thecondition.

Alteration of the host immune response to immunogens has long been established by using
adjuvants for immunizatiofCoffman, Sher, & Seder, 201 has been found that adjuvants

can compriseboth of immunogenic meanso promote immunity, andthe potentiation of
tolerance inducel by tolerogenic agents. However, all adjuvants in use today encompass
immunogenic means.Studies have detected immunosuppressive responses that are
regulatedby both suppression of pathogenic T cells responses and potentiaf tolerogenic
antigen presenting cells via AP@s Chen, Oppenheim, WinkiBickett, Ortaldo, & Howard,
2006 G. Zheng et al., 20).3

Dexamethasone (Dgxs one of the glucocorticoid (GC) steresithat is used as aco-
medication for patients with cancevith the aim ofinducing immunomodulatory effect3he
field of Cancer immunotherapyas rapidly developednethodsto promote or directthe

immune response of patiestwith tumours (Cook, McDonnell, Lake, & Nowak, 2016

The synthesis of glucocorticoid immunosuppressive dexamethasone (Dex) is a critical factor
as it has been shown tha vivoDex favourably induces thepoptotic effector T cells while
sparing Treg cell¥. Chen, Murakami, Oppenheim, & Howard, 200breover,in vitrotrials
performed with DCs, revealed that the function and phenotype of DCs were alteryd,
rendered tolerogeniqHackstein & Thomson, 200#BWVith these immunological events in
mind, studes haveusedan adjuvant comprisd of Dex as tolerogenic agentombired with
antigensfor immunization in astrategy naned suppressed immunizatidiKang, Xu, Wang,

Chen, & Zheng, 2008

Despite these interesting outcomes, the mechanism of Dex action as an adjuvant agent is still

not fully understood. Surprising, all DCs within the spleen and periphargih nodes (N9

are actually depleted by Dex; the function of a subset of macrophages olsasvenriched

G2t SNP3ISyAO !t/ a4 (Kdza GKAA addzReée aK2gSR UKL

selection of macrophagen viva
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1.11.1 Dex promotesCD11&Y cells by depleting CD1%c
In the past few yearsa study utilisng the spleen and LNs derived from mouse models

revealed that Dex induces tolerogenic DRwitro. This study reasoned that Deacts as an
adjuvant agent by inducing tolerogenDCsn vivo(Hackstein & Thomson, 2004&lowever,
induction, redistribution and apoptosis of the majority of Diisvivoby Dex was observed
resulting in depletion of the cellwas mediated the glucocorticoid receptor using a specific
blocker of the glucocorticoid receptor as mifepristofide, Colvin, & Thomson, 20d=auci,

Dale, & Balow, 19765. Zhag et al., 2013

In addition, in this investigatiowas conducted to detect whether DCs were reprogrammed
to Dexenriched CD11® cells,they tested their lineage markerdt was found that Dex
differentiates monocytes into CD1%%macrophages. In the LNs, these cells were monocytes
(LY6EYCD62l2Y) and C®7blood-borne, which are identical to the monocytierived DCs
(Nakano et al., 2009Unexpectedlythese cells also can expres4/80 and CD66harkers on

the macrophages, indicating they wemsonocytederived macrophages. On the other hand,
the Dexdepleted CD11H cells compriseddermisderived DCs, the Langerhans cells, and
CD11b+ DQdlakano et al., 20Q9ona & Jung, 20)0

In the spleenexpression ofhe LY6EWCD62I°" monocyte marker &salso expressed by Dex
enriched CD11¢ However, the CD11%cells in the spleen are not identical to those in LNs
due to further differentiation into macrophages F4/8Gand CD68 (Kohyama et al., 2009
Taylor et al., 20055. Zheng et al., 20).3

Dex has a rang# effects on DCs, leadyto inhibition of maturation, disrupion of migration

and recruitnent to tolerogenic phenotypic DQ€umberbatch, Dearman, & Kimber, 1999
Kadmiel & Cidlowski, 20).3n response to activating stimuli, expression of MHC class Il and
the costimulatory molecules CD86 (B7.2), CD80 (B7.1), CD83 and CD40 can be down
regulated on cell surface of DCs by Dex treatmf@fitajima, Ariizumi, Bergstresser, &
Takashima, 1996Piemonti et al., 1999Vanderheyde, Verhasselt, Goldman, & Willems,
1999. mRNA expression for pinflammatory cytokines HL, 11-6, and IE12 is decreased It

is well estabBhedthat the addition of Dex can act as a potent inducer pbptosis in
immature DC¢Bros et al.2007, Moser et al., 1995 There idncreasingevidence from the
literature suggeshg that Dex treatmentis not the cause of increased maturation and

migration in the frequency of myeloid (BD@A and plasmacytoid (BDEA) DCs subsets.
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Indeed, expression of MHC class Il, CD80, CD86, and CD40 as maturational markers was not
seen. However, after migration hasduced low levels of expression of these markensh

terminal differentiationwere observedin peripheral blood DE

Dextreated DC cell lines of murine model have beenzatilito promote generation of Tregs,

and thento prevent autoimmunity or a grafts-hostresponse (Rutella, Danese et al. 2006).

1.12 Transduction of the lipopolysaccharide receptor signal through Tk receptor4
Understandingtie complexity of lipopolysaccharide amtlRs crucial in the effort to provide

a molecular basis fothe potent effect of LPS during septic shock daaddevelop novel
immunotherapies (S. J. Kim & Kim, 20017 Gramnegative bacteria comprise of
lipopolysaccharides on their outer membrane that represents major components of
membrane, which renders them major targets for recognition by the immapstem
(Schumann et al., 1990There are several bacteriauch asStaphylococcus aureughat
produce LPS which are toxic to humans and accountable for the dangerously lowered blood
pressure leathgto septic shock. Expression of a braadgeof pro-inflammatory cytokines
including tumour necrosis factér 06 b Cl y R A y (08 keEnDdlRdlced by the
host defence in response to LPS.-birding protein (LBP) plays an important role in aiding
LPS to dock at the LPS receptors complesebggnizing LPS and then developing a ternary
complex with CD14, consequently allowing LPS to be bound to the LPS receptors complex
such as Tolike receptor4 (TLR4jHailman et al., 1994Tobias, Soldau, Gegner, Mintz, &
Ulevitch, 1995 CD14 iglivided into two formsSolubleCD14 (sCD14) exssh cellsthat lack
membranebound CD14 e.g., endothelial and epithelial ¢aliS8D14 occerin plasma where

it helps to transmit LPS signallir{§errero & Goyert, 1988Haziot et al., 1988 The second
form of CD14as been maog widely studiedMembrane baind (mCD14are attached to the
membrane surface of cells such as myeloid cell¥hey are attachedvia a glycosyl
phosphatidylinositol tail, allowinthe CD14to be membrane proximal regardless of laifia
transmembrane domair(Simmons, Tan, Tenen, Nicholséfeller, & Seed, 1989Nright,
Ramos, Tobias, Ulevitch, & Mathison, 1p®ubsequent studies have since found that-ZLR

is the dfective receptor for LPS. Since this finding, research has focused on CDit4 and

involvementin TLR4 signalling, which seems to interawith LPS andhus, consequently
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preseris it to MD-2 and TLR. In addition, studiebaveshowed that TLR signalling acts in
different manner through a membrane receptor of CD14, and subsequent binding of bacterial
products other than LRSuch as peptidoglycan and lipoarabinomannan, presenting these to
TLR2 (Muroi, Ohnishi, & Taamoto, 2002 Poltorak et al., 1998 Muroi et al. (2002) have
mapped the essential CD14 regions that are involved in the binding of LPS and transfer to MD
2/TLR4 that leads to optimum signalling by FLRnd includes amino acids-38, 144153,
235243 and270-275 (Muroi, Ohnishi et al. 2002, Summers, Broxton et al. 2@0z\ever,
Viriyakosoland Kirkland(Viriyako®l & Kirkland, 1996found thatthe Gterminal portion of
human CD14 beyond amino acid 152 was not required by CD14 to provide a signalling
molecule for LP§/iriyakosolnd Kirkland 1996).

The activation of TL-R by priming of LPS is essential for Ldgghalling This induces
involvement of the secreted glycoprotein, M which acts as an extracellular adaptor
protein. In the pastfew years studies have found that LPS responsesere completely
abolished using a mutant form (C95Y) in-ZIRpressingalswhichlack MBD2, whereas LPS
responsiveness was restored in wilgpe MD2 (Schromm et al., 20Q1Visintin, Mazzoni,
Spitzer, & Segal, 20D1Visintin et al (Visintin, Latz, Monks, Espevik, & Golenbock, 2003
reported that LPS does indeed attach to MDefore TLR and MDB2 interaction Association
with the extracellular leucineich repeats of TLR result in inducing signal transduction and
TLR4 aggregation and demonstratghat LPS does not bind to MR Studies utiling
knockout micehave revealed that ME2 is a crucial key in LPSspenses, because LPS
responsiveness was abolished within these-BABeficient mice(Hoshino et al., 199Nagai

et al., 2002.

Thee isgrowingunderstanding of the mechanism bPS transduction signalling through TLR
4. TLR4 initially termed as human Toll (hTdbiit was later rename@Medzhitov, Preston
Hurlburt, & Janeway, 1997 Preliminary investigations revealed that a constitutive active
form of TLR4 cave riseto a fusion protein of TL-R with CD2, resultg in an increase the
costimulatory ligand to CD28 (B7.1 expression) and prooluctf inflammatory cytokines. In
addition to this, several molecules can exhid?S mimetic impacts on murine cells when
they bind to TLR, including lipoteichoic acid (LT,Apronectin; the fusion protein mediated

to respiratory syncytial virus (RS¥ihd taxol, a plant diterpenthat isstructurally unrelated

to LPSKawasaki et al., 200&urt-Jones et al., 200@kamura et al., 2001
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There are many members of TLR farily have beerdescribed in mice and 10 in human

key features of type 1 receptorare the extracellular leucingich repeats, a single
transmembrane region, and the intracellular TIR domain (which represents the TLRs domain
that relate sequence similarity with DrosopiToll)(Dunne & O'Neill, 2003 TRLs within the

TIR domain can be shared by the family of the interledkieceptor (ILLR) and by the
signalling adapter proteins in the-1IRrelated family. Thee is a small different between the
extra- and intracellular regions of TLReadng to distinct responses to specific microbial

products(Figurel.8).

In addition to the LPS signalling complexitifferent strains of bacteria produce different LPS
that appears to interact with different receptor clustethis recognition gives rise to different
cellular responsegHirschfeld et al., 20Q1Werts et al., 2001 One study hashown that
interaction of LPS derived frofescherichia coéis a ligand for TLRis a critical for inducing

the response of a cell to LPS, thus indicatimgLPS witha conical shape A protesn(M.
Triantafilou et al., 2004 Several nofenterobacteria, e.g.Rhodobacter sphaeroidesd R.
capsulatusare comprigd of a cylindricatshaped lipid A protemof LPSOn the other hand
precursors and analogues of toxic lipid A e.g., pentaacyl LPS (pLA) and Iva deriie@ddipm
LPS give rise tbind and activate TLR2 and can evenascantagonists to TER(Byrd et al.,
1999. A good example for thig the lipid Iva of LPS analogues that appear to act as
antagoniss to LPS in human cellait can act as.PS agonists in mouse cells. Furthermore, it
wasfound that suppression of NEBoccurred when there walgss recruitment of TLR/MD-

2 within lipid rafts, and consequentigcreasingactivation of the mitogeractivated protein
kinase (MAPKcascades. It is widely accepted that the structure of LPS plays a fundamental
role in the formation ofthe specific TLR receptor clusters in response to a variety of bacterial
products(Heine et al., 200X. TriantafilouTriantafilou, & Dedrick, 2001

To obtain a clearer picture of these signalling pathwagssduction signalling via activation
of TLR4 in response to LPS using adapter proteins to fundtias been extensivelstudied
(Burns et al., 1998 These adapteproteinsare divided into several formscluding myeloid
differentiation factor 88 (MyD88), MyD88 adaptlike protein (Mal, also known as TIRAP),
TIRcontaining adapter molecule (TRIF, also named TKCAMINd TRHelated adapter

molecule (TRAM, also named TIGRAMFrom the evidence, actitran of TLR4 in priming of
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LPS can beategorized intdwo classes: an early MyD&Rpendent response and a delayed

MyD88independent response.

Studies have utiled aworking model for the early MyD8®ediated signalling pathways once
they haveinteracted with LPS (Figure 3.8VMD-2 and TLR bind to LPS that appears to be
assessed by CD14. Recruitment of MyD88 and Mal to the receptor comptexswhen
homodimerization of TLR is inducedPoltorak et al., 1998y. Xu et al., 2000

Downstream signal pathways of MyD88pendent pathway activation via LPS egige to
active NFkB and the MAPK pathways. An illustrated madelwsNFkB activatiorisinduced
when IRAKL and IRAK are associated with the receptor complex. It is becoming clear that
auto-phosphorylation of IRAK (with TOLLIRcting as a negative mediator) follows in two
sub-steps leading to hyperphosphorylated IRAK which induces dissociation fromhe
receptor complex and binding of IRAK to TR&F#D,Xiong, Takeuchi, Kurama, & Goeddel,
1996 NinomiyaTsuiji et al., 1999 TRAF6 then converictivates,and linkswith TAB2, which
triggers the MAPK kinase transforming growth faéteactivated kinas¢TAK1), resuilhg in
constitutive association with its adapter protein, TAB1. At this pointkBl&as well as of the
p38 and gun Nterminal kinase (JNK) MAPK patlysaare regulated through TAK which
acts as a common activatdRegardless of NkEB, P38 and JNK MAPK, LPS binds to the early
MyD88dependent signallingindudng an early IRF3 activation and production of pro
inflammatory cytokines, such as TNF | FNR (Shirakabe et al., 199%amaguchi et al.,
1995
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Cell membrane

Figure 18 Induction of lipopolysaccharide (LPS) signalling transductioBP circulation can recognize

LPS within the plasma and present it to CD14. This plays a role in the loading of LPS on to the receptor
complex, comprising of dimerized F&Receptors in addibn to two other molecules, such as
extracellular adapter ME2. Consequent signals stimulated by ‘ALBan be subdivided into those
dependent on MyD88 (and Mal), which induce early (referring to the procedures shown on the right
side of the diagram), andhbse independent of myD88, which happen later and use the adapters TRIF
and TRAM as mentioned on the left. The early activation kBJHRF3 and MAPK kinase pathways
are induced by LPS signalling, therefore the adapters MyD88 and Mal are involved tiembii
transduction process. Furthermore, TRAF6 becomes activated after the subsequent activation and
phosphorylation of IRAK, triggering the expression of severainfl@mmatory genes. As a later
response to LPS, the activation of TRAF6 and TBKi1sdbcough TLR-LPS interaction, a process
mediated by the adapters TRIF and TRE@MWang et al., 2001
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1.13 The role of the extracellular matrix (EMC) in the promotion of tumour growth

The immensaliversity of EM@s evidenced by the variety afs biochemical and biophysical
properties ECMcomprisesof the non-cellular tissue componenthat provides essential
structure to the cellular components. The ECM does not only serve as intracellular ispace,
instructs cellcell communication, cell adhesion, and cell proliferation as a physically active

constituent of living tissuérrantz, Stewart, & Weaver, 20110

Fundamentally, resident cells in the living tissue produce the ,B@Nth isan abundant
interlocking network of water, minerals, proteoglycans, and fibrous proteifiese
components play a key rolesainique elemergto serve a definite tissuspecific purpose for
every organ(Bonnans, Chou& Werb, 2014. Thisoccurs by a feedback loop of dynamic
biophysical and biochemical actions through cellular components and their
microenvironment throughout tissue grow{iKai, Laklai, & Weaver, 201%. H. Kim, Turnbull,

& Guimond, 2011 Resident cells secrete several elements of the ECM for any tissue
depending on the demands of the tissue. The ECM produces essential fibrous proteins,
including collagen, elastin, and laminin, and adapts to periods of embryonic development and
disease ewlution. In the induction othis dynamic arrangement, the ECM produces various
biochemical agentsuch as proteinasethat are consistently remodelling the ECWhichin

turn degrace and modify their local environment (Jablonskalrypuc, Matejczyk, &
Rosochacki, 2016P. Lu, Takai, Weaver, & Werb, 2Dlilnitiation of the balance is
orchestrated by the ECMvhichis largely responsible for the modification of cells, tensional
homeostasis, and individual organ features, including plasticity and compressive/tensile
strength.In vitrg, the rateof viability of animal cells is only maintained when they adhere to

a substrate, leading to the protrusion, adherence, and spatial intevaetith the nearby ECM

(K. D. Chen et al., 199&umbiner, 1996Katsumi, Orr, Tzima, & Schwartz, 2p0#édeed,
studies have revealed that modulation of gene transcription occurs by transducing cues from
the ECM, including spatial milieu and mechanical stiffness, to regulate sagtbdvents of

key morphological organisatioEngler, Sen, Sweeney, & Discher, 3008ccordingly,
excessive ECM depositimading taincreased stiffnessansignificantly contribute to cell fate
through several fibrotic conditions as a conseqoenf downregulated ECM remodelling
(Cox & Erler, 2001
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1.13.1 The main ECM components
Collagen is the basis of ECM and exists @ameslt. It is one of the most plentiful proteins

within human tissueand has beemlassified into 28 unique subtypéglouw, Ou, & Weaver,

2014 Myllyharju & Kivirikko, 2004&RicardBlum, 201) Homotrimers or heterotrimes exist

inleftKF yYRSR KSt AOFt h OKI A y-AaRdedgtfiple @élix sivuturdl dzNy 7
(Shoulders & Raines, 2009 addition, tendons, cartilage, skand cornea consist of fibrillar

collagens from fibrous components. Several subtypes of collagen make up each collagen fibre

in response tdhe tissue site. The most abundant type of fibrillar collagen is type | collagen,

which makes up theonnective tissue within the skibones,corneasand tendors (Muiznieks

& Keeley, 2013RicardBlum & Ruggiero, 2005

Laminins connect the ECM to the cell and are trimeric glycoprqt&ins Of dzZRAy 3 h 3 | 3
chainsthat are common in the basal lamiaad insome mesenchymal compartments. There

are 60 unique lamininghat can theoretcally be created bythe 12Y | YY I € Ay h X | X
chains(Domogatskaya, Rodin, & Tryggvason, 20éhenester & Yurchenco, 201®zzo &

Schaefer, 2016 The laminins hava variety of differentcell typespecific functionssuch as

adhesion, differentiation, migration, phenotype maintenance and apoptotic resistance. The
interaction of laminins with integrins induces the dynarhetween the cell and the ECM

(Beck, Hunter, & Engel, 199Bngel et al., 1981

Fibronectin is an EMC component that is mechanosengtideonnecsthe cell to the ECM.
Furthermoe, the single fibronectin gene generates twenty isoforms in humans because of
alternative mRNA splicing. Like collagen, the fibronectin in the ECM is in the form of a fibrillary
mesh (Schwarzbauer & DeSimone, 20Q1R. Singh, Carraher, & Schwarzbauer, 2010
Fibronectin exists in a dimer form outside the cell, mediated by two cysteine disulphide
bonds, which in turn impacts on its ability to assemble in a fibmianner(Schwarzbauer,
1991). Alternative fibronectin formation is induced through the actin cytoskeleton pulling on
fibronectin molecules once they bind to the cell surface via integii@slante &
Schwarzbauer, 2007 This alternative fibronectin acts as binding sites for different ECM
proteins and is involved in physiological funas such as associating with collagen type |.
Previous studies have shown that the accumulation of collagen fibrils does not occur in the
absence of fibronectin, suggesting a reciprocal relationship between collagen and its role in

enhancing fibronectin aembly(Colombi et al., 200Pallas et al., 2005
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1.13.2 ECM function
The regulation of biochemical and biophysical contexts can be influenced by the plethora of

unique ECM moleculglat perform severafunctions in the cell simultaneous|i. H. Brown,
2011). Previously the ECM was considerdgd be an inactive scaffold solely providing an
architecture for the cells. Over the last two decades, its involvement in modulating the
functions and phenotypes of cells has become well understood. The ECM plays a crucial role
to serve as epitope sites, contliolg both the adhesion and migration of cells. A barrier
between epithelial cells and the interstitial stroma deeated through the action of the
complex structure and components of the basement membr@hd_u et al., 201 Rozario &
DeSimone, 2010 Growth factors are associated with several binding sites of the ECM
components, controlling their secretion and presentation to target ¢glieachev & Gonzalez
Gaitan, 2002 Finally, the transduction of mechanical signals through the cells is transmitted
by the ECM, in turn, activating various intracellular signalling pathways and cytoskeletal
filaments(Uhler & Shivashankar, 20117

Tissue homeostasis is regulated by the ECM, which acts as a highly dynamic structure. The
constant deposition, degradation, and modificatiortleé ECM maintains tissue homeostasis.

This process is important as it is associated with maintaining the cell phenatypeell as

with physiological events including wound healing, angiogenesis, and bone remodelling
(Gattazzo, Urciuolo, & Bonaldo, 2Q0Xohani & Parks, 2015The interaction between the

cells and ECM occurs through receptors and focal adhesiomplexes. In turn, the cells
express ECM components and enzyrf@kwing signal pathways from the EMStarr &
Fridolfsson, 2010 Weaver et al. (1997) identified the key role of the ECM in sustairssiget
homeostasis showing how the malignant breast cancer cell phenotype converted and
reverted to a normal phenotypasingbreast cancer cells cultured on basement membrane

based35 &dz0 &G NI 08& O2F SR 6 Mederkal, 0932y A aia 27

1.13.3 ECM in the tumour microenvironment
It is widely accepted that the traditional viewpoints of tumours have changed to consider the

crucial role of the ECM in the modulation of proliferation, migration, and apop{Bsisd| &

Wolf, 2008 Gritsenko, llina, & Friedl, 2012t is now understood that the proliferation of
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cancer cells is significantly affecteby small alterations in the microenvironment
homeostasis. The primary functional features of the ECM are changeable and dictated by
collagenthe most significant ECM constituent. Indeed, collagen can be altered via deposition
or degradation leading to theoss of ECM homeostas{fang, Yuan, Peng, & Li, 2014

Provenzano et al., 2006

During the proliferation of tumour cells, thECN goes through substantial structural
alterations as a result of the dynamic interplay between the surrounding space and resident
cells. Secretion of fibronectin and collagens |, lll, and IV are increased through the action of
these changedn turn, tumourdevelopment demands a continuous interaction of the ECM
and tumour cells(Malik, Lelkes, & Cukierman, 20Q1%everal factors play a key role in
promoting tumour progressionncludingamplification of thedeposition of matrix proteins

via correlating with cell polaritgeliccellcontact, and eventuahagnification ofyrowth factor
signalling(Paszek et al., 2005Previous studies have demonstrated the accumulation of
collagen crosslinking and deposition, indicating that tumour growth occurs by promoting
integrin signallingKaragiannis et al., 2012evental et al., 2009 Interestingly, however,
malignant behaviour can bpromoted via deletion of fibrillar collagen | and Ill, suggesting
that biomechanical forces induced by collagen deposition led to two aspects including
beneficial and detrimental effects on tumour growth, as shown in Fig@e(Arnold et al.,

2010 Ozdemir et al., 20)4ECM signallingerived cell proliferation is key cellular event,
which can induce differentiation and defer apoptogisiveneers & Danen, 2009n brief, the

cell needs to sense its mechanical environment so that it can survive.
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1. Regulation of Healthy Tissue Homeostasis

Cancer - Associated  Fibroblast
Fibroblast

Epithelial Cell  Meoplastic Cell

Collagen MMPs
NV *
Stromal- Tumor-Derived
Derived LOX LOX
] 0]

Figurel.9 ECM remodelling in tumour growth and initiatian
1) Rapid proliferation of epithelial neoplastic cells induces clones on the basement membrane
2) The basement membrane bulges due to the mechanical strain, with collagen deposition
promoted by adjacent cancexssociated fibroblasts and collagen is aligned by satom
derived lysyl oxidase (LOX).
3) Neoplastic cells breach the membrane and migrate along the aligned col(&gdmu et al.,

2011).
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1.13.4 ECM mediation for tumour initiation and migration
The ability of carcinoma and otheancer cells to breach the adjacent basement membrane

to facilitate their migration through surrounding tissues is an essential hallofaHese cells
(Morrissey, Hagedorn, & Sherwood, 2018owever, cells need to migrate around the body

in healthy tissue homeostasis. Cancer cells have adeggeeralmethods of penetrating the
collagenous barrier such as mechanical force. Studies have increasingly shown that
mechanical force acts as a compelling factor for stimulationlin turn, penetration of the
basement membrane, as shown in Figtirg(Kelley, Lohmer, Hagedorn, & Sherwood, 2014
Another method is the penetration of anchor cells through the basement membrane as a

protrusion of cells by-&ctin flaments named invadopodi@lagedorn et al., 2093

1.13.5 ECM regulates macrophages within the tumour microenvironment
Interestingly, several ECM constituents play an important role in TAM polarisation. At least in

cell culture, macrophageolarization is driven byhyaluronan or hyaluronic acid (HA)
promoting a protumorigenic and aninflammatory M2 phenotype(Tariq et al., 201y
Previously, it was reported that the effect of ECM on macrophage polarisation was driven by
collagen I, which in turn differentiated macrophages into M&sley, Meng, Godin, & Galis,
1998. Conversely, the cytotoxic activity of macrophages was induced by fibrosradtin

E@/, maintaining M1 polagation and acting against tumour ce{Rerri et al., 198p

1.14 Role of the matrix component biglycan

ECM comprisesf members of the family of small leuciieh proteoglycans (SLRPs) named
biglycan (BGN). The biological function of biglycan has not been fully etditi@wever, it

has been investigated in macrophages as an endogenous ligand of TLR4 andn@LR2,

thought to play a role in regulating innate immunity, ahds beenndicatedto be a rapidly

activated factor for the stimulation of P38, ERK, an&kR® produce TN® | YR Y I ONER LXK |
inflammatory protein2 (MIR2) (lozzo, 1999Schaefer et al., 2005BGN organises the ECM

into an irregular collagen fibril morphology and an osteopordi#ie phenotype correlate

with the disorder of the targeted BGN gene. Furthermore, cell signalling pathways are

49



transduced by the direct involvement with B@GA\meye et al., 2002Vioreno et al., 2005T.
Xu et al., 1998

There is a growing body of evidence that inflammatory signal transduction may be conveyed
by ECM moleculegHe et al., 200% In addition, previous studies haveeported that
expression of BGN in renal inflammatia® increased, and infiltrating BGékpressing
macrophagedave beenobserved(Schaefer et al., 2002Previous data indicasghat the
regulation of cytokine activity is associated with BGN capacity, which may invollaentheg
of TGH I vy R (Teifle€son & Westergrefihorsson, 2002 Growth and differentiation
requirements for monocytitineage cells seem to be enhasd by BGNKikuchi et al., 2000

1.14.1 The ECM composition from an immunological perspective
To date, little consideration has been given to the influencéadt ECMon major cellular

processes such as the immune respanséoreover, pathogens interact directlwyith
substrates in the idividual components of theCM or degrade, facilitating adhesion, |&agl

to pathogen infiltraion ofthe host as showrby a growing body of evidence stary over 40
years ago(Chagnot, Listrat, Astruc, & Desvaux, 20dQusela, 1978 Recetly, it has been
accepted that specific signals cha conveyed to cells through the ECM, thereby playing a
key role in regulatin of essential immune responses, immune cell migration into and
amongst infected tissues, activation of immune €ealhdproliferation and polagation. In the
infected host, significant chang@sthe ECM compositioare induced andassociated with

specific immune cell types

Most immune responseso infectionsare tissuespecific. There araround 300 different
proteins in eachtissue that contain distinct ECM signaturassing from the complex and
dynamic combination oéuchproteins in varying concentrations and geometneihin the
three-dimensional extracellular shape. These proteins can be promotadsaciation with
matrices (the matrisome) that comprise of approximately 43 collagen subunits, 36
proteoglycans and 200 glycoproteiftdynes & Naba, 20)2Amplification of ECM molecular
diversity and complexity is regulated by péstnslational modificationswhich in turn,
unveils cryptic epitopes or regulatenew ones to trigger immune responses and alternative

splicing, whichthen plays a key r@ in generating various isoformsachwith different
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functions (Boyd, Pierce, Schwarzbauer, Doege, & Sandell,;1998ning et al., 20)1For

example during leucocyte recruitmentmigrationto inflammation spacesccursas a result

ofthe O2Yy GNAOdzGA2Y 2F f I YA Y Athe bdsement nfefbrane with & 2 F 2 N

immune cell type selectivitfKenne et al., 2010

Basic forms of ECM are divided into interstitial ECMsthatbose fibritlike matrices that fill
the tissue stroma, basement membranesid laminar sheetswhich support celllayerson
underlying tissues. Additionally, studieaverevealed that in secondary lymphoid orgatise
combimation of the properties of these two ECM structuregcurs asspecialsed reticular
fibre networks(Lokmic et al., 200&ixt et al., 2006

The one feature of ECM fkat it is highly dynamic yet acts as a strict regulator for tissue
constitution. Normal function and componenbf ECMare determined and maintained

through the action of a fine equilibrium between ECM synthesis controlled by cytokines

including transforming growth factér 66 ®E | YR GdzZNYy2@SNJ | 002 Y LJ

metalloproteinases (MMPsa disintegrin and metalloproteinases (MMPahda disintegrin
and metalbproteinases with thrombospondin motifs (ADAMTSS), the functibmhichis
modulated by tissue inhibitors of metalloproteinases (TIMRB) Lu et al.,, 20)1

Monocytes/macrophages in activated profiles as immune cells produce these enzymes during

injury and infectionto promote immune cell migration into ites of infection and tissue
damage suppressg the capalility to boost inflammatory response€hou, Chan, & Werb,
2016.

The key dogmadescribedin matrix biology was thatstructural support forthe cell was
provided by the ECM and associatewith the uniquetissue structure. There are several
mechanisms involhein communication between the ECM and cells. @aehmechanisnis
signaling viaadhesion moleculesn the cell surface and receptors, such as integrins and
discoidindomain receptorgCampbell & Humphries, 201leitinger, 201). Others consist of
binding, storage, activation and release of secreted molecules witlstrong
immunomodulatoryfunction, such asytokines, chemokines and growth factofiSoyle,
Gerber, & Dietz, 20)2For example,the impact of TGF 2y | OGA QI GA2Yy X
differentiation of most immune cell typekas been determined both in vitro and in vivo

(Travis & Sheppard, 2014urthermore, tissue digestion can derive bioact#@&M fragments
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such & hyaluronan and heparan sulphate oligosaccharidesl ECM moleculesthe
expressionof whichis precisely produced upon injury e.fibronectin isoforms including
extra domain A, versican and biglycan that stimulate inflammation leading te pro
inflammatay gene expression or dispiéeatures ofa chemoattractant(G. Y. Chen & Nunez,
2010 Piccinini & Midwood, 2010 A class of endogenous damaggsociated molecules
patterns are formed from these moleculewhich in turn activaie pattern recognition
receptors (PRs) includingTLRsin immune cells (macrophages and dendritic celisyvall as

in nonrimmune cells (fibroblasts and epithelial cell$}is processoccurs aghe immune
systemrespondsto damage and infectioand acts teeliminate pathoges andrepairtissue

(S. Gordon, 2002Hence, there is synaptistertwining ofthe ECM and the immune system
underlying the indudion of signals from the ECM to regulate immune responses
Gonsequently immune cells trigger ECM repair and regeneratipnodudng cytokines
including tumour necrosis factor (TNF), 4FN | y R . TheBanodulate the releaseof

various ECM molecules.

1.14.2 ECMpathogens crosslinking and penetration of barriers to attack the host
The interaction between specific ECM and miceblmathogensias been reportedB. Singh,

Fleury, Jalalvand, & Riesbeck, 2018 1978 Kuusela et alpublished he first report ofa
pathogenbinding to host ECMia aStaphylococcsfibronectin interaction Years later, the
N-terminus and @erminuswere identifiedas two different binding regison fibronectin
(Kuusela, Vartio, Vuento, & Myhre, 198€haractedation of the interaction between this
ubiquitous and promiscuous ECM glycoprotein &talphylococcus aureasd Streptococcus
pyogeneswas reviewed by other groupgnd wasfound to beassociated withthe binding of

a remarkably large number of fibronectimo adhesins(Kreikemeyer, Klenk, & Podbielski,
2004). Furthermore, ECNb comprised of several proteins that play a crucial rolethe
specific binding of pathogenic bacterguch as laminin, collagen, heparan and chondroitin
sulphate, vitronectin, thrombospondin, elastin, bone sialoprotein and tenaSdigungh,
Moran, & Wadstrom, 199G Table1.1).
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Table 11 Examples of specific host EGpathogen interactions Examples of specific host ECM

pathogen interactions that facilitate microbial adhesion to tissues and pathogenesis (animal models

of infection were used in the study are indicat€blenke, Nandigama, & Ergun,13).
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The infected host, causel by the invasion of colorsed pathogens to tissuess a crucial
mechanism to fight primary and/or secondanyst infections,the crossing of interstitial
matrices and basement membranes. Machition ofthe ECMbccursby the development of
severaldistinct ways(PizarreCerda & Cossart, 2006teukers, Glorieux, Vandekerckhove,
Favoreel, & Nauwynck, 20L2Hyaluronidase and collagenases can directly degrade ECM
components This involveghe action of invasins or bacterial tissulegrading enzymes
followed by damageto local tissue.The growing body of evidence reviemg these

interactions s presented indble 1.2 (Steukers et al., 2032

ECM molecule Pathogen Microbial enzyme Effect of ECM cleavage Disease References
Laminin Psedomonas Elastase; alkaline protease Tissue invasion and Necrotizing pneumonia, 147
aeruginosa necrosis septic shock, UTI, skin
and soft-tissue
infections
Clostridium difficile Cwp84 Tissue integrity loss; Pseudomembranous 148
facilitation of toxin colitis and nosocomial
diffusion diarrhoea
Collagen I Porphyromonas Gingipains in P. Tissue degradation Periodontal disease 149
gingivalis gingivalis supernatant
Vibrio Metalloprotease VppC Tissue damage Acute gastroenteritis 150
parahaemolyticus
Collagen Clostridium Class Tand I Necrotic tissue Gas gangrene, infective 151,152
I, I, 101, TV, histolyticum collagenases (ColG, degradation; promote endocarditis
Vand VI ColH) keratinocyte migration
Collagen IV Streptococcus gordonii Serine protease Basement membrane Infective endocarditis 153
breakdown
Fibronectin Clostridium difficile Cwp84 Tissue integrity loss; Pseudomembranous 148
facilitation of toxin colitis and nosocomial
diffusion diarrhoea
Porphyromonas Gingipains in P. Cleavage and inactivation  Periodontal disease 149,1547
gingivalis gingivalis supernatant; of cell-binding region
HRgpA and RgpB of fibronectin; gingival
gingipains fibroblast detachment
and death; tissue
destruction
Vitronectin Clostridium difficile Cwp84 Tissue integrity loss; Pseudomembranous 148
facilitation of toxin colitis and nosocomial
diffusion diarrhoea
Tenascin-C Porphyromonas HRgpA, RgpB and Kgp Enhanced anti-adhesive Periodontal disease 154°
(large isoforms) gingivalis gingipains activity of tenascin-C;

gingival fibroblasts
detachment, apoptosis
and tissue destruction

Cwp84, putative cell surface-assodated cysteine protease; HRgpA and RgpB, arginine-gingipains; Kgp, lysine-gingipains; UTI, urinary tract infec-

tion.

Table 12 Examples of specific EQ@dathogen interactions Examples of specific EGpathogen

interactions that facilitate host invasion through direct degradation of ECM components (ex vivo

mammalian tissue degradation models were used in the st(tdghke et al., 2019
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Induction ofECM degradation not only facilitates the spread of pathogleuasis also involved

in tissue necrosis, diffusion of bacterial toxih®st cell adhesion, migration, and viability.
Host proteolytic systems can be hijacked or misused by pathogens. Faordestsmthogenic
activity derived from common bacteri&taphylococcus aureudaemophilus influenzand
Pseudomonas aeruginogaanipulates the plasminogerplasmin systento degracde laminin

and fibronectinand degradation of all types ECMN proteins can be induced by activating
MMP zymogens. Additionally, this process can regulate many biologically active molecules,
such as receptors on the cell surface and cytokines, which regulate behaviour and host
defence (Tomlin & Piccinini, 20)8Furthermore, secretion of hyaluronidases by group B
streptococci and ther grampositive bacteria is a key factorevadngimmune responses

tissue invasion. Specifically, pidlammatory hyaluronan fragments degrade into
disaccharides though a process of secretion of hyaluronidases, which inhibit TLR2/4 signalling
activated by hostderived hyaluronan fragments and pathogenic ligands, such as
lipopolysaccharide (LP&hd in turn leads toevasion of immune surveillang&olar et al.,

2015).

1.14.3 ECM mediated recognition of macrophage activation
PRRs ar@n importantrecognition site in the innate immune system that employ highly

conserved receptorghat bind conserved motifs in pathogenic bacteria, namely pathegen
associated molecular patterns. Secrete@M proteinsincluding the mindif~spondin family
comprising various members such as mindame unique moleculs who play a role in
microbial pathogerpattern recognition within the ECMahd may alselay a crucial function
embedded in the innate immune respongee et al., 2004 He et al.(He et al., 2005
evaluatedin vivoresistance to LP$duced shock and systenftalmonella typhimuriunand
Sreptococcus pneumoniafections inthe genetic depletion of mindirQearance of bacterial
pathogens irthe lungs withgram-positive group BStreptococcu®r Haemophilus influenza
was impaired and emerged the mindin-null mice feature. Suppression of TNF | y6R L [
secretion by macrophages and mast callse to thedeficiency of mindired to defective
phagocytosis vitro(Jia, Li, & He, 2008omlin & Piccinini, 20)8Tandenrepeats of leucine
rich motifs arecharacteristioof the proteoglycan lumican, which is similar to BRIRplays a

role in the interaction with CD14 expregsl by macrophages and neutrophilsicreasing
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CD14TLR4mediated responses to LRBigure1.10). Hence, septic shock was induced in
lumicannull mice thatwere hyporesponsive to LRE. Wu et al., 2007 Failure to tear of
bacteria fromlungtissues of lumicameficient miceinfected withPseudomongaaeruginosa
was noted, along with increased mortality rat€his study nported that macrophages of
CD1l4mediated phagocytosis througkthe action of Escherichia coland Pseudomonas
aeruginosabacteria are impaired in the absence of lumican andZDjs a crucial residue for
CD14 interaction and phagocytog&hao et al., 2002 Galectin3 is another member of ECM
proteins, whose function is sensingeveral microbial pathogens, binding carbohydrate
structures on glycoproteins and glycolipids includiNeacetytD-lactosamine and LPS

produced from mycobacteria, protozoan parasites, and yg&sno et al., 2003

Pathogen
recognition

Opsonization
Agglutination

‘ Phagocytosis

| Bacleriajf

\V ckira}né

' Pathogen 7 Microbial carbohydrate moieties ;4 TLRs
¢ Galectin3 &g Lumican o Mindin 3¢ L6 +'r TNF-a

Figure 110 Schematic depiction of mindin, lumican and galeclinsignals These extracellular
sentinels recognise and interact with moieties on the cell surface of various types of pathogens,
promoting the phagocytosis of bacteria by macrophages. Opsonisation and agglutination are induced
by binding of mindin to bacteria, fat¢dting their phagocytosis by macrophages. Induction of the
synthesis of pranflammatory cytokine is promoted in the presence of mindin, whereas lumican binds
to the surface of macrophages via CD14, promoting both dbR#mediated responses to LPS and
COL4-mediated phagocytosi§omlin & Piccinini, 2018
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1.14.4 The &tracellular matrix in the tumaumicroenvironment and role ofAF
It is essential to closely investigat&Fs and their ECM #se main componentin tumours

(Bagordakis et al., 20)6All solid tumours includdAFs Normal connective tissue compes
of quiescent, metabolically inactive fibroblagi®uram et al., 2017 This ype of tumour can
often stronglydrive the source of AFs.The original AFs vere derived from stellate cells,
bone-marrow-derived mesenchymal stem celés)d mesenchymal stem cel{Borriello et al.,
2017 Ohlund et al., 2017 Not surprisingly,TAFs derive from va@us origins andtheir
heterogeneous cell population can strongly differ in morpholamficcell interaction, and
expression profile. Howeverthey have characteristics in commosuch as synthetic
activation, migration, and invasionsavell aspromotion of proliferation andthe immune

response(Kalluri, 2016k

TAFsare associatel with chemoresistanceas suppression afaspase3 activation induces
TAFs to produce the cytokine PAZL1, resulting in apoptotic tumour following
chemotherapeutic stressTAFs pronote the production oflL-6 to stimulate tumour cells to
express resistanemediating CXCRThe et al., 201,8r. Qiao et al., 20)8Expression of TGF

i isinduced by AFs, especially under hypoxic conditions, which differentiates stem cells into
tumour-like cells promotingresistance to chemotherapfy. A. Tang et al., 20L& inally, the
ECM composition ofAFplays a key role irthe therapeutic responseforming abarrier to
shield and promat protective signallingvia the interaction with integrins and cadherins

(Jakubzig, Baltes, Henze, Schlesinger, & Bendas; 9818et al., 2018

1.15 Periostin function in tumour growth

Periostin (POSTN), also known as-@3%&a member of the fascicliamily andisa disulphide

linked cell adhesion protei(S. Bao et al., 2004Tumour development igssociated with the
dynamic interaction of cancer cells with stromal cells, as well as the ECM crosslinking the cells.
A supportive microenvironment for the recruitment and progression of the primary tumour
can be induced by ECM proteitigat are producedby stromal cells and tumour cells, which

then caninitiate the metastatic dissemination of tumour to distant secondary locations.

Periostin is a crucial constitutional factor and a secreted ECM pratet is not only
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associated with inflammatiqrbut it also acts as an active contributor to tumorigenesis and
metastasis. Periostin protein ssgnificantlyincreased in several types of solid tumours, such

as colon, breast, head and neck, pancreatic, lung, papillary thyroid, ovarian, gastric and liver
carciroma, as well ag neuroblastomgConway et al., 2014illan et al., 2002Ruan, Bao, &
Ouyang, 200p

~

Periostin in the colon and ovary exerts proS G I a G F 6 A O SFFSOGa G KNERdz3|
YRk 2 NJ h @by promegdceILdip@ityEnd survivah vitro andin vivo(S. Bao et

al., 2004 Tai, Dai, & Chen, 20p9°eriostin is an adhesion moldewvhich facilitates invasion

in the tumour microenvironment ands a novel tumousinvasive molecule in oesophea)
cancer. EGFR signalling and mutant p53 play a critical role in the induction of periostin
(Michaylira et al., 201 which can induce excessive expression of ECM proteins, such as
collagen 1, and fibronectin, in turn, pronegtumour progressn in the presence of nutrient
deprivation, hypoxia and chemotherapeutic press(Eekan et al., 2007 The proliferation of
melanoma cells is accelerated by the stromal periostin produced from normal human dermal
fibroblastsin vitroand in vivo. Indeed, secreted periostin may have the potential to serve as
a key target fofuture diagnostic and therapeit strategesto treat cancern(Kotobuki et al.,

2014 A. Y. Liu, Zheng, & Ouyang, 2014

Many tumorigenic processes are associated with POSTN regulation via signalling
transduction, including protein kinase B/phosphoinositRl&inase, integrin, and Wxit (Baril

et al., 2007 Malanchi et al., 201)1 Zhou et al(J. Zeng et al., 20)8used clinical specimens

and an animal model of glioblastonta investigate the role of POSTEnd showedhat it

acted as a chemoattractant to recruit M2 TAMs and was produced by stem cells. A study
previously revealed that CD44+ intrahepatic cholangiocarcinoma (ICC) stem cells highly
express POSTN and the presence of CD206+ mAdseerobserved with secreted POSTN

in ICC

1.16 Immune inhibitory receptors localgevithin macrophages are associated with

tumour growth
The immune system is reguéatby several moleculescluding imnune inhibitory receptors

which play a crucial rolen maintainingimmune homeostasis via monitoring of immune
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responses(Sharpe, Wherry, Ahmed, & Freeman, 2P0n cancer, expression of immune
inhibitory receptors is often on tumour cell&hichin turn suppress the antumour immune
responses as an adaptive escape mechaiigandoll, 2012Ribas, 201p Checkpoints among
immune cells are divided into many types, such as programmethdeaeceptor (PEL)
expression.TILs interact with its ligangrogrammed death ligand 1 (FL1) on tumour
cancer cellsThis has been demonsited as a key immunosuppressivelecule in cancefH.

Dong et al., 200ZFreeman et al., 200&Zou, Wolchok, & Chen, 2016

Several clinicatudieshave found that PEL/PDL1 axis of antagonists can block this pathway
signalling providing durable clinical responses resultingamunprecedented survival rate
(Gettinger et al., 2015Herbst et al., 2014 Mechanistic studies have identifigtie PDL1
function of macrophagessing mouse models arithve showedhat the immunotherapeutic
strategy ofthe blockade of PEL1 expression influens€®DL1 pathway ginaling in host cells

(H. Tang et al.2018. However,few studieshave investigatedthe expression of PD1 in
human tumours. Furthermorea study that evaluatedthe colocalzation of PBL1 inthree
immune cell subtypesf 457non-small cell lung canceNSCLLJF (i A Sy (s@mPlesisihg: & dzS
confocal microscopy shoad CD68+ macrophages expredshe majority of PEL1(Y. Liu et

al., 2020.

Macrophages are ndhe only immune cell$o express PEL1 PBL1 has been identified to be
expressed by cytotoxic T cells and NK cellsabatower levelthan haematopoieticand nor
haematopoieticcells, such as B cells, dendritic cells, Treg cells,(@triel et al., 2003
Dorfman, Brown, Shahsafaei, & Freeman, 2006ncisco, Sage, & Sharpe, 2010 addition,
in cases oincreasel recurrence the probability of TAMs macrophages the early-stage
increasesT cellsarenot affected by TAMsuggesngthat PDL1 expressiom TAMs in early
stage lung canceragsnot suppresshe function of effector T cedl(Mony & Schuchert, 2018
Singhal et al., 2019

It has beenwidely accepted thathe use of immunotherapies to promethost ant-tumour
cellsis akey cancer treatmentstrategy However, despiteecentclinical triab successfy
using checkpoint antagonists and adaptive transfer of T5,celtluction of a durable anti
tumour response in solid tumoshasoften failed when these immunotherapiegre utilised
in patients with cance(Garon et al., 2013Ribas & HtLieskovan, 20106 This poor response

to immunotherapies suggests that a deeper understandifighe interactions between
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tumour-specific T cells @hother immune cells withithe TMEis requiredto improvethe

effectiveness otancer immunotherapy.

Accumulation of monocyte/macrophage lineage cells (MMLCSs) in several types of human and
murine model tumoursis understood to play a key role ithe mechaisms oftumour

progression, such as asttimour T cells function&aldiero et al., 201,3Bica et al., 2012

The successful therapy of afifDL1 in a subset of patients with lung canceassociatedvith
boosting TAMs function@lerbst et al., 2014 It appears thaPDL1is significany expressed
by tumour cellsjn turn inhibiting T cell function, whereathe role of PBL1 expression in
MMLCs is unclear and remaigontroversial in the regulation of effector T cellshioth
humans and mouse modefduneja et al., 201 71.au et al., 201)7 Interestingly,a study also
suggesed that PDL1 expressg by TAM may maintain the efficiency of effector T cell
activation and protectigainstTAM apoptosis through effector T ce(S. N. Mueller et al.,
2006). In addition,a study found that the significance die high expression of RD1 onthe
surface leadto preventon of TAMs expressingqiaMHC | from being targeted by asittimour
effector T cells. This data suggetat the scenarioof PBDL1 pathway signalling bloicigas a
therapy might be contraryo the results in cancer patient®&locking of PEL1 tumour cells
would prevent its inhibibry role, consequentlincreasing théunction of cytotoxic effector T
cells to combat these tumour cell$lowever, professional APCs blocked by aRbBL1
antibodies might be associate with the elimination of preexisting antitumour cytotoxic T
cells therebyleadng to restoration of the function of existing amtumour effector cells in

tumours (Ngambenjawong et al., 201B. Z. Qian et al., 2011

Although mechanism of theblockade ofthe PD1/PDL1 axisto restore T cells is well
understood,the role of thispathway signalling in TAMs i®t clear A poor prognosis in
human cancers was associated with the presence of T@AMHBard, 2004 However,an
investigation previously revealed that macrophages expresd Rbthe environment of
pathogenic infection(Huang et al., 2009.. Shen et al., 20)16A fudy usng acolon cancer
mouse cell line CT26 to determine the expression eflRD TAMshowed thatmacrophages
within the TMEproduced around 50% ale surface PEL, whereas levels of RDexpressed

by circulating monocws or splenic macrophages were undetectable. In addition, CD68 TAMs
were cleally the most abundant population of cells that expressed-P[Mantovani, Sica,

Allavena, Garlanda Locati, 200Q Environmental stimuli can often polase TAMs towards

61



an inflammatory M1 or praumour M2 state. Analysis of TAMs populations by flow cytometry
found that almost all TAMwith an M2-like surface profile expressed ADwhereas PR-
TAMs expressedn M1-like profile. PBL expression of TAMs was highly variainldhuman
colorectal cancemMotably, M2 population was observed expressing significantly more PD

1 than the M1 population Furthermore, the frequecy of PB1 TAMs correlatedvith the
increasing disease stage, but only within the M2 phenotiehan et al., 2013Maute et al.,
2015).

1.17 In vitromodels of immune function

1.17.1 ConventionaR-dimensional culture systems
Many cell lines (e.g. epithelial, endothelial, fibroblastaydpw as a monolayeon a plastic

substratein a culture flaskand form conventionaladherent 2D culture®y attaching to the
planarsurface(Breslin & O'Driscoll, 20).3Such2D model systemhavethe advantage that
they provide a highlyreproducible, technically simple,andlativelyinexpensive cell culture
system for basic research or drug scregnidowever there aresome limitationsassociated
with 2D culture moded, which at best ovesimplifythe physiological suation (Hgure1.11).

In this system, paracrine interactions tife celkcell extracellular @vironment do mimic
biological sites in the tumour mass. Cell differentiation, proliferation, vitality, gene and
protein expressions, responsiveness to stimulation, drug metabolism and other cellular
functions are regulatedhrough thesetypes of cellccell interactions(Bissell, Rizk& Mian,
2003 F. Pampaloni, E. G. Reynaud, & E. H. K. Stelzer, 2@ Isthat are isolated and
cultured into a 2D conditionbeenobservedto havealtered morphology whercompared to

the mode of cell divisionThiscan affect the function of cells,cause theinability to
organizationthe particular organellenside the celand distruptcell signals and production
(Debnath & Brugge, 2008lelson & Bissell, 2006In addition, cell culture in 2D conditisn
canresult in adecreasen the diverse phenotypéKilian, Bugarija, Lahn, & Mrksich, 2010b
Mahmud et al., 2009PetersenRonnovjessen, Howlett, & Bissell, 199heinstability of the
external environment withircellccellinteractions in 2D conditiamandthe effect ofgrowing
adherentlyresults in a loss gdolarity (Mseka, Bamburg, & Cramer, 2Q0[éading to various
phenomenahat chargethe responssof these cells leading to apoptotic cWeaver et al.,

2002. Another stumbling block of working with 2flturesis that the ingredients of the
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medium, including oxygen, nutrientand themetabolites means that thesignalling pathway

is not able to pertrate properly into the cells in the monolayer formatigBirgersdotter,
Sandberg, & Ernberg, 2005. Pampaloni, E. G. Reynaud, & E. H. Stelzer, R@naer cells

in vivohave variable access to the ingredients sashutrients, oxygen etc. due to the natural
structure ofthe mass of the tumour. Furthermore, the gene expression and splicing, topology
and biochemistry inselthe cells are altered by using and growing cella 2D culture(Fuchs,
Tumbar, & Guasch, 200€. Li et al., 20Q6In 2D conditios, cells are growing adherently as
monocultures that allow only one type of ceitsbe cultured, resulting inalack ofa TMEBhat

would befound in vivofor tumour-initiating cels (Fischbach et al., 200@ilbert et al., 201p

Owing to the fact that manimitationshave been observed in 2D culturesisitmportant to
find alternative wagto better representthe physiologicaarchitectures of atumour mass

for example by using multicellular and /or3D cultures

A Monolayer 2D (co-)culture ||B Spheroid 3D (co-)culture

Monoculture Co-culture 1 2 3 4

=

‘ﬁ_ﬁ‘ﬁ

b
i

Figure 111 Schematic illustration of planar 2D model and 3D cell culture systems to illustrate key
differences in the spatial relatinship of two different cell types (red and green)(A) Schematic
representation of the monoculture and culture approach in 2D. (B) Schematic representation of the
experimental approach. Tumour cells were inoculated as single cells in damkdessel$o increase

cell aggregation. After 3 days, tumour spheroids and single cells, such as TAF and cell line FBs or PBM,
were mixed and encapsulated in alginate, in turn microcapsules circle the three cellular components.

]
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1.17.2 Alternative &limensionatulture systems
In response to the percieved limitations of conventional plandture systemsa number of

different approaches have been exploréd.the 1970s, a soft agar solution was used to grow
cell cultures in one dfhe first 3D model system@amburger &Salmon, 197) Since then,

cells grown in 3D culture have been found to have striking similarities in terms of morphology
and behaviour compared with those found in a tumour méeszzoleni, Di Lorenzo, &
Steimberg, 2009Pampaloni et al., 2007aAdvanced cell culture systeramploy a number

of major approaches including: i) using radherent plates to grow suspension cultutbat

often form clusters of celjsi) using aoncentrated medium or gdike substance in cultures

and iii) growing cells on a scaffold.

The notion of 3D models is relied on the formation of spheroid structuresioh cells form

several layersThis culture conditiohas been developed a 3D modeat mimics thedynamic

interaction between tumour, immune and stromal compartments, combined with deposition

of ECM and secreted factorSeveratumour cell lines have been cultured in 3D conditions

and subjected to morphological analysisicluding g 6 f F ad2YIl = | adiNROeiG?
tumour, neuroblastoma, head and neck squamous cell carcinoma, melanoma, lung, breast,
colon, prostate, ovarian, hepatocellular and pancreatic cantlkee. shapes and architecture

of spheroid culturegan be dividednto three distinct groups: i) tight spheroids, ii) compact
aggregates and iii) loose aggregate@/inci, Box, & Eccles, 2Q1¥inci et al., 201p

Impori I Yyt 8% Ydzf GAOSt f dzf  NE 05 Odzf (i dzthkiag RS NRA O
similarities to the architecture of the originating tissue ane msore accuraterepresentation

thanis gained by usingpnventional culturs (Griffith & Swartz, 2006 This architecture of 3D

conditions allows representation otliccell and ceimedium interactions that can imitate

the natural structure of parental tissues, and can also provide the proper stimulation from

the surronding environment that mimics tha vivosetting (Cawkill & Eaglestone, 200J.

Lee, Cuddihy, & Kotov, 2008b

Themorphology and polarity of cells can be maintained3D culture conditions(Benya &
Shaffer, 1982Van Kirk, Cornell, & Jacoby, 19%¥&amada & Cukierman, 2007nitiation of
lumen formation in specific internal architecture occurred in some 3D condijteunch as
acinarlike spheroids. As a result of inducti@poptotic cells in central parts of trepheroids

was increased. Cell location plays a role in cell proliferatiotin the periphery of spheroids
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showing higher rates of proliferatioffPfradhanBhatt et al., 2014PradhanBhatt et al., 2013
Pradhan et al., 20)0The natural structure of dlegrowthin vivg such asnetabolism, cellular
topology, gene expression and signalling are similar to the attributes of 3D culture

(Berthiaume, Moghe, Toner, & Yarmush, 19G60osh et al., 2009Marushima et al., 2011

1.17.3 Comparison between 3D and 2D cell culture system
Type of culture 2D 3D

Time of culture | Intiation from minutes to a few | Within hours to a few day(S. F.

formation hours Chen et al., 203;2Pampaloni et al.
20079
Culturequality | High conductrepeatability, Worsening carry out and

culture takes a while, easy to reproducibility, na easy to

read, straightforwardness of explain, culture more difficult to
culture perform (Hickman et al., 2004
In vivomimic Do not represent the biological | 3D models mimia vivotissues
stiuation of tumour mass and organgGriffith & Swartz,
2006
Cell interaction | There is nan vivo-like Provides appropriate conditions

microenvironment and no nicheq for celkcelland cel¢extracellular

due to depriation of the cell; environmentinteractions natural
celland celgextracellular structure sof the tissue or tumour
environmentinteractions mass are create@. Lee, Cuddihy,

& Kotov, 2008a

Charcteristics of | Morphology and way of divisions Morphology and way of divisions
cells altered; diversityof phenotype | are maintainegdiversity of

and polarityis lost phenotype and polaritis
observed (Kilian, Bugarija, Lahn, &
Mrksich, 2010a
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Access to Oxygen, nutrients, metabolites | Access to oxygen, nutrients,

essential and signalling molecules are metabolites and signalling
compounds availblewith nolimitof access molecules is variable (similar o
(contraryto in vivoconditiong vivoconditiong (Pampaloni et al.,
2007a)
Molecular Cells are changedith regards tro| Cells are similar tthosein vivoin

mechanisms gene expression, mMRNA splicing terms of gene expression, splicin
topology and biochemistry topology and biochemistry
(Birgersdotter et al., 2005

Cost of Tests and the mediare deap Expensivemore time consuming
maintaining a | commeircial test arereadily fewer commerciallyavailabletests
culture available (Sodunke et al., 2007

Table 13 Comparison of3D culturesand conventional 2D systemd his comparison illustrates cell
culture formation time, ease of performance, representation of the biological situationivo,
interaction between cells, loss of diversity phenotype, hypoxia, changes in gene expression and
experimental expenditure.

The establishment of neplanar culture systems for solid tumauallows more complex
systems to be devised and include their popilation with immune componentsn previous
work, one study has established a 3D cell model (known a8-@iture), where the
compartment contains three enclosing celdSCC cells form tumour spheroidsARls and
monocytes. This study utilizes an alginate microencapsulation strategy model, which
facilitates directcellccell and cell types contact, and allows monitoring and functional
assessmentwhich is compatible for lorterm culture using stirred systen{&strada et al.,
2016 Santo et al., 2016 Recently, this study hagmonstrated that in the 3D model, human
monocytes cultured with tumour tissuecruited their polarizationinto a M2like phenotype

in the absence of directed differentiation, such as exogenous cytodméasn reprograming

the TAM phenotypeén vitro (Rebelo et al., 2018

In the 3D3-culture system it wasfound that a proliferation of NGH157 tumour cells was a

maintaining state and expressed phenotypic markers typical of aggressive stages of NSCLC
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including Ncadherin and vimentin angresented low Ecadherin expression. Thisdicates

the pattern of typically latestage epitheliato-mesenchymal transition which is compatible
with the previous immunohistochemical analysis of human tissue samples from primary
tumours oflung squamous cell carcinoma and is relevant to late stage tun{®uuslkin et

al., 2009. The poliferation and histological profiles of tumour cells showed no major
differences upon interaction with TAF and myeloid cells, but growing evidence shows that
remodelling of the different cell components can be observed within the alginate

microcapsuleshirough the culturg(X. Q. Liu, Kiefl, Roskopf, Tian, & Huber, 2016

Early reportssuggestthat tumourimmune interaction research can use spheroids as a
suitable model andthis is important for tumour architecturewhen developing the
immunosuppressive TME in human tumo(FsederMengus et al., 2007 Inthe 3D-3-culture,
detection of CD68 and CD163+ was expressed on macrophages polarized Hitee M2
phenotype(Lavin et al., 201)7 Moreover, amongst tumour spheroids a high level of CD163+
cells wee detected, indicating that the established model was favourable to cell migration,
as is induced in infiltrating myeloid human lung cancers. TuAraorune and TAHNmMune
co-culture controls expression of CD163+ cells, albeit at a lower level. Activatioonocytes

within the TME was recruited in correlation with stromal compartme&izle et al., 2003a

An activated fibroblast phenotype is characterised as TAF. The secretory profile and ECM
production were akered (Comito et al., 2014 In fact, blood monocytes in a-oolture with

breast cancer TAF spheroids found the level of monocyte migration was higher than in a
tumour spheroid, demonstrating the association with ogpression of CCL2 phenotype
(Ksiazkiewicz et al., 2010

A cocktail of soluble factors and the cell contacts both play a crucial role in regulating the
phenotype of macrophages in the 3Dculture system, since directed differentiation, in
addtion to cytokines, can promote the polarization of macrophages. In a previous work, it
was found that the accumulation of soluble factors, including,Il-8, CXCL1 and Serpin,
were induced in alginate capsul@sstrada et al., 20)6Therefore, the polarization of an M2

like phenotype was indicated through promotion ofLIL-13, [1-10 and CXCL1 accumulation
(Mantovani, Marchesi, Malesci, Laghi, & Allavena, 20Burthermore, during week three of

the 3D3-cultures, a distinct accumulation of CCL22 and CCL24 detected. TAM s

prominent for the production of both cytokines, whose functions are involved in the
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recruitment and differentiation of regulatory T cells with TME; in turn they offer a poor
prognosis and regulate suppression of a specific-tamiour immune responseNoy &
Pollard, 2014Rebelo et al., 2018
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1.18 Hypothesis and aims

"Tumours govern adaptivienmunity by modulating the behaviour of local fibroblasts that in
turn impact o the function of antigen presenting celldMluch of the work has been done
with cells in isolation and in a 2D setting. Consequently, this would lead into a section on the

needfor 3D models and coulture models.

The project will address changes in the basic biology of #€,Aand how these impaoh

their ability to communicate with key effector cellacluding CD4+ andD8+ T cellsNe will
establish cecultures of tumoufrconditioned fibroblasts and compare these with matched
TAF/NARo investigatetheir effect on the immunology oAPCs, namely Mand DG. Initial
studies will be limitedto laboratory generated \§ and DG (differentiated from CD14+
monocytes) There is reaso to believe that tumour cells differentially condition FB in 2D vs
3D cultures in terms of their capacity to support cancer cells. However, to date there are no
studies examining how thisffectsAPG. Therefore the effect of these will be studied in 3D

co-cultures and compared with conventionallnarculture systems.
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Chapter 2 Materials and methods

2.1 Venous blood

Studies wereundertaken with ethical approvals granted by The University of Nottingham
Research Ethics Committee; reference: 10/H080BT20052010 and 09/H0408/7Blood
was collected from conseimg healthy volunteers by venesection into sodium heparin
solution. Donas with significant medical problems, currently on immunosuppressive
medication or with anaemia were asked not to volunteer, although no specific screening

were performed or any data recorded.

2.2 Isolation of CD14+ monocytes

Peripheral blood mononucleasells (PBMC) were separated from the whole blood using
density centrifugation over Histopaque 1077 (Sigma, UK). Brieflcaagulated blood
(35mL) was layered onto Histopaque (15mL) in 50mdntained in conicatbased
polypropylene tubes at room tempature. The gradient was subject to centrifugation (800g
for 25 minutes). Heparinised whole blood was diluted with PBS as needed, layered without
mixing over Histopaqu&077 (Sigma) and centrifuged at 800g for 25 minutes at room
temperature with minimal deeleration. Peripheral blood mononuclear cells were collected
from the plasma/Histopaqu&077 interface, washed three times with PBS to remove
platelets, and washed once in cold MACS buffer (PBS + 1% FBS, 2mL 0.5M-&D)lizefidie
proceeding to magneticseparation. The purity of isolated cell subsets was routinely

confirmed >95% by flow cytometry.

2.3 Generation of monocyte derivasacrophage (moly)

CD14+ Mo were cultured in RPMI1640 medium containing 10% FBS and 1% sodium pyruvate
in low adherence6-well plates (Corning Costar) atoncentrationof 5x1C cells per well per

5mL of medium for & days. For generation of GM. % -C&&Miltenyi Biotechwas added

at a concentration 20U/mL while for generation ofaVl. % -C&HMiltenyi Biotech)was

added atlOng/mL. A additional complete medium with respective cytokines was added on
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RFe nd LYYIOdz2NBE a. 6SNB 02t wissdhdoRiRBSoadd ganyleO dzo |

pipetting, washed and plated in normal adherence cell culture plate (Nunclon) for
experiments.A typical yield ranged between 2% of the initial cellular inputhe cells were
harvestedon day 6 and plated iatissue culture plate in ¥ or M-CSF medium with GI@SF

for further experiments.

2.4 Generation of monocyigerived dendriticells (moDC)

CD14+ monocytes were isolated from peripheral blood mononuclear cells (PBMC) of healthy
volunteers by positive selection with CD14+ microbedtit€nyi Botech) and differentiated

into MoDC with 1000U/mL 44 and 1000U/mL GMNCSF (Peprotechd)tata concentration of
0.5-1x1C cells/mL in T75 flasks for@days. On day 4, the cells were fed wathalf volume

of the initial amount of the medium with cytokines. The cells were harvesteday 5 and

plated in tissue culture plate in B&edium with GMCSF for further experiments.

2.5 Culture of primary tumour associated fibroblasts

The normal human dermal, together with surrounding and tumour FB cells were obtained
from lain Goulding and Jenny Gomm (Breast Cancer Now Tissue Bank, KRaegen
University).Frozen vials of FB were defrosted from liquid nitrogen stores by warming@t 37

As soon as the cell suspension was defrosted, it was transferred to a falcon tube and warmed
FB medium (DMEM with 10% FBS with 1% ®/S5 7 g /hydrocortisone,1 01 g / apo-
transferrin, 10ng/ml  EGF,57 g/ nnsulin) was added dropwise whilst mixing the cell
suspension. The cells were then centrifuged at 180xg for 5 minutes and resuspeadiexsin

FB medium for culturing 0.15x86ells in T25 or.8-1x1® in T75 flasks. Once the cell density
reached the maximum as judged by microscopic examination, the cell suspension was

aspirated and pelleted in a falcon tube. Then the cells were used up-6' passage.
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2.5 Culture of BJ6, TIG and prinmfédmoblast cells

The human dermal FB cell lines BJ6 and TIG were obtained from Dr. LIoyd Hamilton (University
of Nottingham).Primary dermal FB were kindly donated by Dr. Anja Saalbach (University of
Leipzig).All cultures were tested free of mycoplasméeiction. Frozen vials of FB were
defrosted from liquid nitrogen stores by warming at’@7 As soon as the cell suspension was
defrosted, it was transferred to a falcon tube and warmed FB medium (DMEM with 10% FBS
with 1% Eglutamine or RPMI with10% FBShwit% kglutamine for TIG) was added dropwise
whilst mixing the cell suspension. The cells were then centrifuged at 180xg for 5 minutes and
resuspended in fresh FB medium for culturing in T25 or T75 flasks. Once the cell density
reached the maximum as juddeby microscopic examination, the cell suspension was
aspirated and pelleted in a falcon tube. Then the cells were passaged at 1:3 or 1:5 for routine
culture. BJ6 and TIG were used up t8 passage, whereas primary fibroblasts were used up

to 5-6™ passage.

HPc {GAYdAZ I A2y 2F a. F2NJ LKSy2G8LIAO OKI N
a. B6SNB O02dzy i SRI ¢ l-velKndrial adffdrenca Bs8UR QiRure plstes ihc

Fdzf £ a. Y S RQSHNr MISK ahkonderaration of 5x1fcells/well in tripltates in

50ul MY YSRAdzY® bSEG a. -2admib3P8RAR iréied vitle rSpeuative

drugs. Unless otherwise stated GM. ¢ S NB  With (PS@BOAING/RL and N 6 m i n n
U/mL),whileMa . 6AGK [t{ 6pnny3dkY[ 0L 2Yyiaekolectech xkf 27F

after 24hoursand stored in20°C for analysis of cytokine secretion by ELISA.

2.7 Stimulation of MoDC for phenotypic characterisation and secretory profile

MoDC was plated in 98 St t (A a&ddzS Odzf (dzNBE LI} FCORtBx1Gk y F dzf f
cells/well in triplicates in 80ul B@nedium. After resting for -2 hours (MoDC), cells were
GNBFGSR gAGK [t{ opnnyadkY[O AY | FAYlLIt @2f dzy
were microscopically confirmed to be free of microbial ctfen before 180ul of culture
supernatant was collected and stored-&0°C for subsequent cytokine secretion analysis by

ELISA.

73



2.8Production of spheroids

Cells grown as a monolayer were detached using trypsin/centrifuged, and the cell number
was countedusing a haemocytometer.Standard orUltra Low Attachment (ULA) 9&vell
round-bottomed plates precoated with a hydrophilic polymer were used to allow for
formation of one spheroid per well. Spheroids were seeded by diluting the sietjle
suspensions in RPMI 1640 medium at a tamtsvolume of 200ul per welReplicates of &

wells contaning the same concentration were employed. The plates were centrifuged at 100g
for 4 minutes in order to enhance the formation of a single spheroid and minimize cell death.
Cellswere incubated for 3 days. The growth of spheroids was monitored daily kinga
pictures using bright field microscope using 10x objectivEhe breast cancer cell line MCF7
was employed as a positive control for spheroid formation (personal communication Prof. A

Grabowska).

The solid spheroids of the 3D system of cultwvere visualized by 10x fluorescence

microscope.

2.9 Irradiation of cells

Cocultures (APCs/FB) were irradiated in tissue culture plates immediately prioryt@rM

D&k a. FOGAGlIGAZ2Y BAGK [t{ Opnny3adkYEtx {AIYLI DOV
Sigma). Radiain (0-6Gy of 195kVp -rays, 0.87Gy/min, 0.5mm Cu filter, 48.4 cm FSD) was
delivered using a Gulmay Xstrahl cabinet irradiation facility within the department. Cell
morphology was examined by phasentrast microscopy (x10 or x40) after a furtheridrs

of culture. 180ul of culture supernatants were collected and storee2@C for subsequent

cytokine secretion analysis by ELISA.

2.10 Cytokine ELISA

Supernatants were assayed by ELISA for humat2diO (BD Bioscience, UK);28.
(Bioscience) and 410 wa 5 {eadsSyaz ! YO | OO0O2NRAY3I (2 GKS¢
Assays did not significantly cressact with other proteins, and the sensitivities were 7.8 and

15pg/mL respectively. Samples were diluted between 1:5, 1:20 and 1:100 as needed and
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assayed angside duplicate serial dilutions of protein standard. Absorbance was measured

at 450nm using Tecan microplate reader.

2.11Measurement of cell viability of live cells

Cells grownnto 96-well round-bottomed plates precoated with a hydrophilic polymer were
used to allow for formation of one spheroid per well. Spheroids were seeded by diluting the
singlecell suspensions in RPMI 1640 medium at astammt volume of 200ul per welllhe
plates were centrifugedtal00g for 4 minutes in order to enhance the formation of a single
spheroid and minimize cell death. Cellsre incubated for3, 5 and 7 daysThe plates were
incubated in a 5% vol/vol. Carimidified incubator at 37°CCells were quantitated using a
cellcounting kit CCI8 (Abcam, UK Cell quantitation was performed according to the assay
kit instructions. 100 pl of prepared C8HKs added to cell cultures in 96 well platbat have

200 pl of media. Cells are incubates for 4 hours. After incubatioraltserbance at 450 nm

was determined using @&ecan microplate reader

2.12H3thymidinedependent proliferation

Cells grownnto Ultra Low Attachment (ULA) 98vell roundbottomed plates precoated with

a hydrophilic polymer were used to allow for formation of one spheroid per well. Spheroids
were seeded by diluting the singtell suspensions in RPMI 1640 medium at astamt
volume of 200ul per wellReplicates of & wells contiing the same concentration were
employed. The plates were centrifuged at 100g for 4 minutes in order to enhance the
formation of a single spheroid and minimize cell death. Ged#ise incubated for3, 5 and 7
days.The plates were incubated in a 5% vollMOO2zhumidified incubator at 37°@ndpulsed

with 1 puCi/well 3Rthymidine (Amersham Life Sciences), in 25ul sefig®a media for the last
8hrs. Cells were harvested on fibre filtglates (Cox Science). Fibre filter platesre then
dried over night 3Hthymidine incorporation was read by a 1450 Microbeta liquid scintillation
counter forWindows 2.7 using a TopCount NCT reafsta was analysed using Microsoft
Office Excel and PrismO&oftware (Graphpad).
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2.13Preparation of a cetlerived matriXCDM)

13mm glass coverslips were boiled three times in ddH20O, sterilised by autoclaving, and rinsed
with 70% EtOH once and then placed in ax#dl plate. The coverslips were rinsed with PBS

to remove EtOH and then coated forrGhutesusing 0.2% sterilgelatin (autoclaved and
A0SNRAE AAaSR o0& n daferwOninitésatNd° G jgatin typé B). 2T wedea
then rinsed with PBS to remove excess protein. Gelatin was crosslinked using 1% sterile
glutaraldehyde for 30minutes at RT and rinsed tke times with PBS. Crebsking was
guenched using 1M sterile glycine (autoclaved) in PBS fani@0tesat RT and rinsed three
times with PBS. The coverslips were incubated wittormal growth medium (DMEM, 10%
FBS, 1% P/S (penicillin/streptomycin))30 minutesat 37°C and then rinsed three times with
PBS. Following this, they were plated with fibroblasts from normal dermal, tumour or
surrounding tissug at 60,000 cells per/well and cultured overnight until the cells were
completely confluent. On thenext day, the medium was supplemented with-5@/ml
ascorbic acid and changed media (&8fIml ascorbic acid) every two days. The cells were
cultured for 310 days. The medium was removed to be decellularized. The coverslips were
rinsed once with PBS. Pvearmed (fresh) extraction buffer (10 mM NBH, 0.25% Triton-X

100 in PBS) was added and incubated &C3or 4minutesto allow cell lysis. Half of the buffer

was removed and replaced with the same volume of PBS. This step was repeated until no
visible intact cells remained. It was then rinsed twice with PBS, and finally PBS containing 1%
P/S was added for storage at 44C€ up to four weeks. All ECMs were prepared by Dr. Tanya
{KFgQa tFo6o Ay YAy3a [/ 2ttS3S [2yR2yd Ly GKAA

from surrounding tissue, and T indicates ECM from tumour.

2.14Flow Cytometry

2.141 Staining cell surface
Isolated CD14+ cellgere transferred into rounebottomed FACS tubes (BD Falé¥nin a

total volume of 100 pl cold FACS buff®BS with 1% FBS and 0.1% sodium azide) with
required antibodies and matched isotypes Anti (CDE#Hurochromeconjugated mAbwas
directly added to 100ul cold FACS buffer to the £xddlls and incubated at RT for-26

minutes The cells were washed twice with 2 ml cold FACS buffer and centrifuged for 500 for
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5 minutesto remove excess unbound mAbs. After each wash, supernatats discarded.

They were then resuspended in 200ul cold FACS buffer and analysed by flow cytometry.
Samples were acquired on MACS Quant Flow Cytometer and analyzed using FlowJo software
(Treestar Inc.). In some cases, samples were fixed in 2% forma&léBygpna) and stored in

the dark at 4C until acquisition.

2.142 Celisurface marker expression by flow cytometry
An analysis of macrophage surface molecules was carried out with fluorescein isothiocyanate

(FITGEonjugated ant#CD204 mAb, amCD206 ViBlue, antCD86PerCPVio700, anti

CD169 (Siglet) FITC, artD204 APC and an@iD279 (PDARE by flow cytometry for surface
immunostaining. Isotypes, Mouse Ig&@ibBlue Mouse IgGIPerCPVio700, REA ContrBlE
Vio770, Mouse IgGAPC, RER£ontrolPEVio615 were used. Briefly, cell suspension was
centrifugated at 300xg for 1finutes Supernatant was aspirated completely, and the cells

g SNB NI i dza LIS y R &ehfagatédkaSHZ D204 >iAbar@i{C0D206 VioBlue, anti
CD86PerCPVio700, anti CD169 (Siglet) FITC, aCD204 APC and a@D279 (PDARE

were added. It was mixed well and incubated forrhhutesin a dark refrigerator (B°C).

Cells were washed by adding@InL of buffer (PBS, pH= 7.2, 0.5% bovine serum albumin (BSA)
and 2 mMEDTA by diluting a MACS BSA stock solution 1:20 with autoMACS rinsing solution)
and then centrifugated at 300xg for Iinutes Supernatant was aspirated completely. The

cell pellet was resuspended in a suitable amount of buffer for analysis. CD206, CDA®)9,
CD204andP® & dzNF I OS Y2t SOdzA S& 2y /5mMnb YR a. a
and sidescatter characteristics, following exclusion of debris. The results were analysed using

FlowJo version 10.6.2 software (Treestar Inc., US).

215Westerndo f 20 O60GKA& SELISNAYSyYy(d 6F3a8 OFNNASR
London)

CDMs were harvested and lysed with RIPA buffer. The samples were stef®Gnuntil
analysed. Nanodrop (ThermoFisher, US) was used to quantify the protein. Equal amounts
were loaded into 8%4.6% precast gels (Invitrogen NUPAGE, UK). Gels were run foir@es

at 120V with TrigGlycine running buffer. The gel was then transferred onto a nitrocellulose
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membrane (BieRad, UK) at 100V for 90inutes The transfer buffer wamade up of 20%
ethanol in 1X Tri§slycine buffer.

After transfer, the membrane was blocked fohdur with 5% milk dissolved in T+guffered

Saline Tween 20 (TBS Tween 20 at 1%), rinsed, and probed overnight in primary antibody

(Table 1) diluted in 0Z% sodium azide, 1% BSA in-TB¥he membrane was washed three

times for 10minutesin TBST and thena secondary antibody (Table 1) was added. After 1

hour, the membrane was washed again three times fonfiQutesin TBST and a quick rinse

in TBS. Chetniminescence was prepared by using 50% of component A and 50% of
O2YLRYSYyl . O6¢KSNN¥2CAAKSNE !'{0X YR (0KS aAi3dy

ACT was used as control.

Table 21 Characteristics of antibodies. Biglycén . Db X t h{ ¢-ACT:Bet@dtidh 2 A G A Yy X |

BGN POSTN I -ACT

(Proteintech, UK)| (Proteintech, UK)| (Abcam, UK)

Antibody species Rabbit Rabbit Rabbit
Dilution of Primary 1:1000 1:1000 1:2000
Dilution of Secondary 1:5000 1:5000 1:5000
Molecular Weigh{Ulubas Isik et g|. 42 93 42
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2.16Embedding spheroids in microarray mold

The Moldmakerwassprap2 i SR A GK I &AfAO02yS Y2f R NBft SI
Hot(5&ct n ¢/ 0 ¢@LJS L! 3FNRaS &az2f dzi wasyispénsgd 60k @
inaprewarmed(3Zzpn c/ 0 adlAyfSaa aisSSt KAaduGnake2 38 0 :
was placed on top of the warm agarose solution and the maskl gently pressed and tapped

to remove any potential air bubbles trapped underneath thtold-maker. The agarose
az2fdziAazy gl a €STd G2 3ISt 4G NRB2Y GSYLISNI G dzNJ
GNIF YAFSNNBR 2 | tF062NF 02NB FTNBST SN I yR LI |«
maker was removed leaving an agarose mold of 6isw&he previousHixed spheroids (4%

wt/vol paraformaldehyde solution in PBS,¢6n  Kcyl @€/ 8 6SNB GF 1Sy dzJ
media(Zy >[ 0 FTNRBY SIOK ¢gStf dzaAy3 | -ofiofacititdte LIA LIS {
spheroid collection. After edn well was filled with aqueous media from the spheroid plate

om: glik@2ft LI N F2NXVIfRSKERS azfdziAzy Ay t.{
Man J0d ¢KS FIFNRPAS Y2t Ra 6SNB OSYUNRTFTdzZZSR &
' pn Yii2MAQSIY NBR Fdz3S T RFELII2N®P ¢KS Y2fR g4I a
reach3znn c/ -BgREAX¥H | AL NRPAS ondp Y[I w: ko2
dispensed on the side of the mold to seal the spheroids. The agarose array was left to gel

P YAY 0 NB2Y GSYLISNI GdzNBZ ™M YAY |4 bwmy c/ 03
in a tissue processor overnight. The samples were dehydrated in a series of alcohol solutions

with increasing concentrations (one bath of 50%, 70%, 90%, and 4 b&t00% methanol,

M K SIFEOKoX Of SINBR Ay EetSyS 6o oliKaz m K ¢

A ¥ ¥ A 9w

H K2dzNB SIFOKO® ¢KS Y2fRa 6SNB (KSYy SY0oSRRSR

2.161 Immunohistochemistry
Spheroid microarray molds werecut ( >Y & SO0 A 2 ¥y & U -lysing Boatedfsid€&S R 2 v

G2 RNE OHNn KX Hp c/0®d tIFINFXFFAY &aSO0GA2Yy | NB
6{SOdzNF AyS0® {fARSa 6SNB RS6IESR Ay o EéftSyS$S
o K& om 2YEA&TOAYY IISYR (S2aAy adGFAYyAy3I 061390 61 &
60 YAYO YR S2&8AY 60 YAYyOO®
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2.17 Statistical analysis

Statistical analysis was undertakdh values were calculated with the student pairest
using the Prism 7, on@ay AVOVA antivo-way ANOVA software (GraphPad). P values of

0.05 Or less were considered significant.
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Chapter 3 : Characterisation af vitro APC model
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Chapter 3 : CharacterisationinfvitroAPC model

3.1 Introduction
There are many variabl@svolved in generating monocyigerived APC that can be classified

as follows:

1 Donorrelated (including genetic, sex, age, environmental)
1 Venipuncturerelated (e.g. time of day (diurnal variation), needle gauge, force; anti
coagulant)
1 Experimenter varialels (e.g. accuracy, efficiency, consistency)
1 Reagent variables (e.g. those introduced when using undefined medium,-tmatch
batch differences in reagents, endotoxin contamination) etc.
Such variables can reasonably be expected to impact on the quantityueliy of isolated
leukocytes. Importantlyfrom an experimental point of view, this variability impacts on the
function of sensitive cells such as APC and therefore it is important to validate the laboratory
process to ensure reproducible data. Inititidies were therefore conducted to determine
the range of cell yield, viability and function when monocytes were isolated from venous

blood of healthy volunteers.

Leukocytes obtained from adult blood can be divided into two broad categories: lymphoid or
myeloid. The lymphoid compartmerg comprisedf T, B, innate lymphoid and natural killer
(NK) cells, whereas myeloid lineage includes distinct cell types in function and morphology,
such as mononuclear phagocytes (monocytes and dendritic cells), grareddqogutrophils,
basophils, and eosinophils) and platele®he site of injury where these myeloid cells
recruited rapidly via chemattractants are released from injured or infected tisstigese
cellsexistat the inflamed siteandcan regulate and plakey effector functiongAkashi, Traver,
Miyamoto, & \eissman, 2000suggested that organization of hematopoiesis was a gradually
process deriving from a common precursor cell. Indeed, it has been revealed that
differentiation stages of hematopoietic stem cells therise from bone marrow can be
induced and becone progressively more restricted into amventually heterogeneous
population of leukocyte§Akashi, Traver, Miyamoto, & Weissman, 2D0evertheless, there

are several crucial factors thahpactson leukocyte generationSeveral sudies focusecdn
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how age, ethnicity, diet, exercise, sleep and sdluence human monocyte numbers during
homeostasis. In addition, circulating monocytes play an emergesieyand their functions
migrate atthe injured site to induce prinflammatory and preresolving functiongGuilliams,
Mildner, & Yona, 2018Jakubzick, Randolph, & Henson, 20¥ona & Gordon, 20315
Performance of flow cytometrywasmeasuredmonocytes expres$sg high levels of LPS that

bindsCD14 recepto(Griffin, Ritz, Nadler, & Schlosam 198).

It is also important to understand lifestyle and genetic factors impacting monocytes and their
development and function and monocytierived cells through pathology. However, healthy
physiological conditions caplay an important rolefor the behaviour of these cells. In
addition, healthy homeostasis is not a lonely state, various ag#tes ignored,such as sex,
diet, exercise and agenpactthe immune systemThe impact of genetic traits which prevail
over environmental signals rekd to the immune response is still pooiyderstood(Brodin

et al.,, 2015 Mangino, Roederer, Beddall, Nestle, & Spector, 20Tie most apparentf
thesebeing their role in reproduction associated witlarious physical differences present
between the sexes. Hormone concentratioanbe another obviouslifferent. For example,

a study byFairweather, FrisanchKiss et al(2008 found thatFemales were diagnosed with
autoimmune disease over three quartefeemales afflicmore than males in systemic lupus
erythematosus (SLE), Sjogren syndrome, fibromyalgia, and rheumatoid ar{Régstz
Zagrosek, 2012 whereas ankylosing spondylitis, vasculitis and Good pasture syndrome
predominantly diagnosed in malef-ish, 2008 Determine counts of monocytes was
observed that at all stages of life have be reported that monocgtesonsistently promoted

in male(Y. Chen et al., 2016Curiously, the previous study reported that monocytes are
higher in Caucasian men than those in women over 400 individual vagestested This
difference did not report in the Afr@aribbean population. Furthermore, ethnic diversity is a
relatively association between disease susceptibility and different human populations, this
can detect in patientsnfected with tuberculosis (TB) infection, autoimmune hepatitis and
systemic lupus iythematosus (SLEFoussens edl., 2013. Keller et al. (2014nalysed that
those population from European ancestry tend to have a higher monocyte count rather than
African and Japanese individudieller et al., 2014 Of note, populations from different

ethnics can possibly reflect monocyte function, for instance monocytglerived cells from
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Filipino, Chinese, and nedfispanic whites challenged with Mycobacterium tuberculosis

secreted different amounts of cytokines frob37 volunteerg§Nahid et al., 2018

Diet differs from persomo person, the quantity and frequenof cellsare associated to what
they eat. Monocyteplaya crucial role in various digelated pathologies. In recent years, it

is commonly accepted that a number of functional modifications was triggered in a high fa
western diet. Elevation of circulating and splenic monocytes was determined in mice fed a

western diet during weeks compared those fed on standard chow(Gietist et al., 2018

Sleep and wake cycle contributes to monocyte functions. However, immune cell gene
expression can be modulated cortisol as known the archetypical neuroendocrine anti
inflammatory hormong(Cuesta, Boudreau, Dubediaramee, Cermakian, & Boivin, 2016
Ehrchen et al., 20Q7There is related between cortisahd a diurnal pattern, thus 30 mites

after waking in the morninghis leads toits peak level and decreases during the day. Cortisol
acts asan immunosuppressive ang used as aanti-inflammatory drugandis classified as

the endogenous member of glucocorticoid family that can impact omymieukocytes,
including monocytes, resulting in inducing a prompt reduction in circulating monocytes
(FingerleRowson, Angstwurm, Andreesen, & Ziegtaitbrock, 1998 Therefore, it would be
interesting to adiurnal pattern is followed by several changes of function, such as cytokine
secretion, levelof expression of surface membrane protein, and phagocytic capacity
(Shantsila et al., 20)2In addition, although during the day expression of TLR1, 2, 4 and 9
does not change, expression of costimulatory molecules are inhibited when activation of
these receptors in the morningccurs(Lancaster et al., 2005monocyte count was a higher

in sleepdeprived individuals who remain awake throughout the night compared to

individuals slept at this perio@Born, Lange, Hansen, Molle, & Fehm, 1997

The impact of circannual or seasonal rhythms on monocyte functwas observed.
Specificallythe amountof monocytephagocytoss was higher in winter compared to spring
and autumn. In response to LPS, production of bothipflammatory TNF | y6RandL |
anti-inflammatory IE10 cytokines was lower in isolated monocytes throughout the autumnal

period (Linden, Larson, Prellner, Brattsand, & Laitinen, 188¢#ianthefs et al., 20083

Exercise is another fact@ffectingthe human immune system anthn causdeucocytosis

(Shephard, 2010 Sudies have shown thahe periodimmediately following exercisgeesa
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rise in intermediate and nowlassical monocytg$Steppich et al., 20Q0whereas others have
reported a change in classical and adassical monocytes, and even @ther populations
(Slusher, Zuniga, & Acevedo, 2018 one particular study hte percentage of CD16+
monocytes was reduced by a -W&ek exercise programe (Timmerman, Flynn, Coen,
Markofski, & Pence, 2008This reduction may be associated with loss of fat. Moreover,
expressionof TNF - g & aA3IYATFAOI yi fothis RE€ceNESerdsSrByime,dzo & Slj
andin contrast monocyte phagocytosis wiasind to beat a high leve(Poitou ¢ al., 201).

Myeloid cells frequency changes with age. The number of monocytes is three times greater
in newborn babiesthan in adults (Schefold et al., 205 Some studies have reported a
decrease in dendritic cells, wheretlee number ofmonocyte subsets increased in the older
aged grougmostly intermediate and notwlassical monocyt@¢Nyugen, Agrawal, Gollapudi,

& Gupta, 201D In older cohors, plasma CCL&asdetectedat a high level, which malgad

to mobilisation of monocyts from the bone marrow. However, lowarumbers ofclassical

and intermediate monocytes were detected in advanced old agel@Q years)Seidler,
Zimmermann, Bartneck, Trautwein, & Tacke, 20d€rschoor et al., 2004 Coinciderslly,
CD16+ monocytes can be expanded in inflammatory cmmdifand this isalso promoted in

older individualsWith these cells, in particular neclassical monocytes, secretion of FNF

was higher in aged individual®©ng et al., 2018 A consequence of this inflammagor
environment maybe dysregulation of innate immunity, such as impaired phagocytosis
(Hearps et al., 2012

It is well known that all the previolyismentioned physiological factors influence immune
reactivity. There aralso certaintechnical aspects of bloedrawing which can affectthe
viability, yield and function of immune cetlsat exist in peripheral bloodn a relevant study,
blood wasdrawn with heparirsed syringes or using recent vacudiniven devices, such as

BD Vacutainértubes (BD, Franklin Lakes, NJ, U@%dnso et al., 2010 There was no
significant difference either in terms of PBMC yield or T cell function following assessment
which was performedusing thehuman leukocyte antigen (HLA) class | multimed INF

ELISPOT assays.

It is often assumed that T cell anatysaffected by ethylenediamine tetraacetic acid (ED;TA)
as anticoagulated blood may suppress T cell activation throtlgh action of its C#-

chelating properties. Bukt al. compaed EDR, acidcitrate-dextrose (ACD) and sodium
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heparin as antcoagulants for drawing blood sampleand found that theydid not differ in

terms of cell recovery, viability and functi¢Bull et al., 200y

An issue in lmod storage until processing has been edtwhen it comes tothoroughly
analysng the human immunodeficiency virus (HIV) area, where it was found that the most
critical factor affecting subsequent cell recovery and function was associated with time from
venepuncture to cryopreservatio(Bull et al., P07). Inthe abovementioned studymulti-

centre study, other factors were consideredcluding type of antcoagulant used, PBMC
isolation method and process of sample shipping. Increasing time from 8 h to 24 h before
procedure and cryopreservatiomad a critical effect on sample quality. When PBMCs were
collectedfrom sodium heparin and layered by Ficoll gradient, reduction of cell recoveny 24
versus 8 h was determined by 30% (from 83% to 53%), viability by 4% (from ~96% to 92%),
and by 386 t056% n viral peptidereactive T cells (INF 9 [ L(Kidrsteddiet al., 2007

It was found that in T cell assays for blood stored for prolonged periods, granulocyte
contamination was increased in the PBMC preparation. This issue induces activation of
granulocytes upon prolonged storage, resulting in separatibithis insufficient by denty
gradient proceduregSchmielau & Finn, 20Q1This point was addressed hystudy which

found that activate (CD11b+CD15+) granulocties are contaminatedvith PBMC within 8

h after venepuncture andtored atroomtemperature (2.3fold increase), and contamination

was promoted 11.3old by 24 h, compared to fresh blood PBMCs (< 3 h after venepuncture).

Dilution of blood in phosphatbuffered saline (PBS) or RRMI40 (1:1) prior to storage can

reduce activation of ganulocyte resulting in limitation of both granulocyte contamination

and suppression of T cell respongdsannering et al., 2003 Macaqu& atudy observed
granulocyte contamination, in which the quality and quantitypéts inINF~ 9 [ L{t h¢ I aa
were affected (De Rose, Taylor, Law, vanrddeide, & Kent, 2006 It should be noted,

however, that a comparison betweesamples kept under gentle agitation on a rocking

platform and those intubes stored horizontally without agitatiomevealed thatrecoveries

were similar, but granulocytes wehighly contaminated after prolonged (18 h) storage and
non-agitation(Snow, Feldbush, & Oaks, 1980hs data suggestthat 8-12 hafter collection

isthe idealtime for processngblood (Thornthwaite, Rosenthal, Vazquez, & Seckinger, 1984
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Blood shipping and storage maypact on resultsand it is important to identify conditions

for shipping blood samples for the eventual PBMC isolatiberefore, it is recommended
that blood samplede heldin insulated containers in order to avoid temperature variations
(Martinuzzi etal., 2008§. PBMC preparation may impact the product of PBMC separation upon
bloodtaking andstorage. The dfects on cell quality, quantity and/or function are likely
associated withthe addition of medium to whole blood before centrifugation, separation
media from different sources, separation tubes, centrifugation speed and repetition and
addition serum.PBMC preparatiortomprisesseveral washing stepg.he nvolvement of
different washing media used, includngRRM nn> 1 I y1Qa ot yOSR alf
PBS$hasnot beenthoroughly tested. However, improved final yields of PBMC were detected
in the presence of human serum in the washing buffer (up to 40.5% median incrieagagr
promoting human seruntoncentrations did not increase PBMC counts furthaut HLA
tetramer staining was significantly decreased (40.0% median decreabk#g, there wereno
changes inthe responses of INF 9 [ I(Afohsb &t al.2010 Mannering et al., 2003

3.2Hypothesis and aims

This initial results chapter aims to establish proficiency in techniques of cell isolation and
differentiation,and to demonstrate the feasibility of generating sufficient different subsets of
APC from circulating monocytes such that subsequent experiments may be conducted.
Specifically, | aim to show that the number and purity of isolated cells is of a satisfizstely

and that when resting and stimulated the APC generated function as expected by secreting
appropriate cytokine profile. Having stated that this is largely a technical chapter, it is
nevertheless possible to test the hypothesis that the efficiencygeherating different

macrophage subsets, namely @GW and M-M. , differs.

3.3Results

Our previous studies employeflPCgenerated in the laboratory from human monocytes
(Storr et al., 201yand thesis of Mlecka(University of Nottingham, 2017h this system
isolated CD14monocytes were differentiated into Mollor MoDC cells under the influence

of cytokines GMCSF, MCSF(for macrophage),or GM-CSF with W4 (for MoDC) APC
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rise to mature GMMY, M-M3 or MoDC thatare expected teecrete a predicatable profie
of cytokines. These cytokines serve key functions involved in taygedaptive immunity in
T cells, therefore initial studies were conducted to demonstrate that the models of monrocyte

derived APC were consistent with published data.

3.31 Donor characteristics
Several steps were taken teduce variation in blood samples. Specifically these included

1. The exclusion of donors with chronic or acute healthy conditions (see our ethics for
details), narcotic use etc

Phlebobmy undertaken between 8am and 12 to reduce diurnal variation.

A restriced panel of trained phlebotomists.

Standard equipment namely 60mL syringes with 199 butterfly set.

a r 0D

The sole use of sodium heparin from a single supplier ascaagulant.

3.32 Yield of PBMC from venous blood
The isolation of monocytes from PBMC is a key step for laboratory generated APC. Differences

in the efficiency of this step may reduce the number of APC available for subsequent
experimentation, and contamination of monocytes with other cells may impactheir
function(Nair, Archer, & Tedder, 20L2T'herefore, a series of standard preparations of PBMC
were made from healthylonor venous blood and the number of Isebbtained determined.
Asshown (Figure 3.1), the number of PBMC obtained vabigveen individual isolations.

The median number of PBMC obtained wa87x13/100mL of venous bloodwith a wide
variation between individual isolations was observébese values werased when planimg

the volume of blood required to conduct subsequent experiments.
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Figure 3.1 The efficiency of isolation of PBMC from whole blod@BMC were isolated from venous
blood of healthy donors (n=23) by density centrifugatiéfiter harvest the number of PBMC was
determined with a haemocytometer. Dots indicate data from individual donors with box and whisker
plot showing the median, 25% to 75% interquartile range, minimum and maximum values.
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3.33 Yield oMmonocytes when isolated from PBMC
In order tounderstand the efficiency of monocyte isolation from PBMC we next conducted a

series of standard magnetic positive selections and counted the cells obakgezkpected,
the number of monocytes obtained varidgetween individual isolations (Figure 3.2). The
number of monocytes obtained rangéem 0.78&10'to 13x10, with a median 0f4.945x10¢

+/- 3.85x10).

1.5%108-

1x108-

5-107 %

Number of CD14+ cells
isolated/100mL blood

Figure 32 The efficiency of CD14+ monocytes isolation from whbleod. Isolated CD14+ monocytes
from 21healthy donors were obtained using positive magnetic cell selection. After harvest the number
of selected cells was determined using a haemocytometer. Dots indicate data from individual donors
with box and whisker plot showing the median, 25% to 75% duigrtile range, minimum and
maximum values.
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We further analysed the efficiency of monocyte selection from PBMC by transforming the
data to reflect the proportion of PBMC rather than whole blood as shown above. Whilst the
efficiency was clearly stMariable when data were expressed as a proportion of PBMC, the
distribution of data appeared more nmally distributed (Figure 3.3)On average
approximately 15% of PBMC could be isolated as CD14+ monocytes and these data were
important for designing late experiments in which APC were to be differentiated from

isolated monocytes.

304

20+

10+

Proportion of PBMC isolated
as CD14+ (%)
{.

Figure 33 The efficiency of CD14rmonocytes isolation from PBMAD14+ monocytes were isolated
from 21 healthy donors by magnetic cell selection. After harvest the number of selected cells was
determined using a haemocytometer. Dots indicate data from individual donors with box and whisker
plot showing the median, 25% to 75%percentile interquartile rangajmum and maximum values.
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3.34 Purity of isolated CD14+ monocytes
The purity of isolated monocytes wagxt determined by flow cytometry with antibodies

specific for CD14. The dot plofsom representative donorshow the presence of a clear
population of cells that expressed the CDaétigen(Figure 3.4 Subsequent experiments
were therefore undertaken only when the purity of isolated monocytes waxcess 080%
The distribution of monocyte purityvas broadly in line with expected vakidrom the

laboratory (personal communication, A Jacks@igure 34).
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Figure 3.4 representative purity of CD14+ cells isolated from PMEEMGnere obtained from blood

from 4 donors(Klechevskset al, 2010 by Histopaque gradient centrifugation and CDddlls were
isolated using magnetic beads. Isolated cells were stained witHg®&®#HPC isotype control mAb or
anti-CD14 APC mAb and analysed by flow cytometry. Cells were gated on equal humbers of CD14+
(10%. Dot plots show the forward scatter (FSCH aidescatter properties of isolated cells, and
histograms were drawn according to 1gG staining and the numbers indicate the expression of CD14
with a marker showing the percentage of CD14+ cells obtained.
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3.35 Generation of M
Recovery of GMMY and MM} After isolating and purifying CD14+ cells from circulating

peripheral blood monocyte. It was important to differentiate CD14+ into different
phenotypes are routinely classified inBM-MY and MM3 this allows us toundertake
subsquent experiments.Purified CD14+ were differentiated 8M-M> and MM} in the
presence of GMCSF or MCSF respectivehnd the yield of cells determined afteridays
(Figure 3.5.

The yield of GMM cells generated from CD14+ varied frOmix1(® to 4.5x1C, the median

number of GMMY obtained wasZ.1x1@ +/- 1.2x16). The number of MM cells generated

from CD14+ obtained varied from3x1(® to 4.7x1(° , the median number of cells obtained

was (2.2x16 +/- 1.2x16). The number of GMy Y F y-RY az2o il Ay SR i (K¢
differentiation was not significantly different and therefore both types of macrophage were

generated with similar efficiency.

6x10°+

4x10°

2x10°%4

from 5x10° monocytes

Number of M¢ generated

GM-M-h M'M[:'

Figure 35 Box and whisker plot showing thefficiency of macrghage generation from monocytes
CD14+ cells were isolated and differentiated with the indicated cytokinesGSM MCSF) for 7 days.

At the conclusion of the culture cells were harvested and counted using a haemocytometer. Dots
indicate data from individual donors with box and whisker plot showing the median, 25% to 75%
interquartile range, minimum and maximum values.
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We further analysed the efficiency of Mgenerated from CD14+ cells by transforming the
data to reflect the prportion of CD14+ rather than the total number of CD14+ as shown
above. Whilst the efficiency was clearly still variable when data were expressed as a
proportion of My, the distribution of data appeared more normally distribd (Figure 3.6

On average gmoximately40% and 45% of CD14+ could be recoverédad polarizing GM

M> and MM, respectively. fiese data were important for designing later experiments in

which APC were to be cultured in 2D and 3D system

150

100 1

Mé (%)

50

differentiated to

Proportion of CD14+

GM‘MI:I M'Ml:l

Figure 36 The efficiency of macrophaggeneration from CD14+ monocytedsolated CD14+
monocytes from 21 healthy donors were seeded in4wd| plates and cultured for-8 days with the
indicated cytokines. After harvest the number of recovered cells was datedniusing a
haemocytometer. Dots indicate data from individual donors with box and whisker plot showing the
median, 25% to 75% percentile interquartile range, minimum and maximum values.
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3.36 Generation of DC
Purified CD14+ cells weatsodifferentiatedto DG using the combination c6M-CSF and 1L

4 over 56 days The yield of DC cells generated frpnrified CD14+ varied from 1.5x46
10x1C® the median number of D&bbtained was%.2x1C +/- 2.4x16) (Figure 3.7.
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Figure 37 The box and whisker plot showing the efficienoy DC generation from monocyte€D14+

cells were isolated and differentiated with the indicated cytokinegl@nd GMCSF) for 6 days. At the
conclusion of the culture cellsere harvested and counted using a haemocytometer. Dots indicate
data from individual donors with box and whisker plot showing the median, 25% to 75% interquartile
range, minimum and maximum values.
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We further analysed the efficiency of DC generatedf©D14+ cells by transforming the data

to reflect the proportion of CD14+ rather than the total number of CD14+ as shown above.
Whilst the efficiency was clearly still variable when data were expressed as a proportion of
DG, the distribution of data appead morenormally distributed (Figure 3)80n average
approximately 65% of CD14+ were recovered as DCiaft@rodifferentiation. We observed

a similar trend in efficiency of GM Y and MM} generated from CD14+ cells. The efficiency

of DC generationvas significantly higher (p<0.01) than for @A}, and was also >1.4 fold
greater than with MM3. These data weraised to desigrater experiments in wich APC

were to be cultured in 2D and 3D systems

150 4

100 I

50 4

DC (%)

Proportion of CD14+
differentiated to

0 T

Figure 38 The efficiency of dendritiggeneration from CD14+ monocyteksolated CD14+ monocytes
from 21 healthy donors were seeded in to-véell plates and cultured for -6 days with the
differentiating cytokines. After harvest the number of recovered cells was determined using a
haemocytometer. Dots indicate data from individual donors with box and whigkérshowing the
median, 25% to 75% percentile interquartile range, minimum and maximum values.
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3.37 The cytokine profile of Mand DG upon exposure to Tk&Ragonist
Professional APC use a range of receptors to detect the presence of mighaiesno et al.,

2009 A. P. West et al., 2011The TLH receptor is widely expressed and upon association

with bacterial LPS activates signalling cascades that are important for the activation of APC, a
process we refer to as maturation. LPS binding to TLR4 isdugealling pathways such as

NFkB and MAPK that amplify the expressionofrg ¥t I YYI (12 NB Oe G4eil Ay Sa
, I:6, 11-:12) and typel interferons leads to regulate the inflammatory response and eventually

pathogen destructiorfY. C. Lu, Yeh, & Ohashi, 200&arson et al., 202(Zettel et al., 201)

Downstreanof LPS binding to TLR4, MyE@Spendentsignal pathways active NéB and the
MAPK pathways. An illustrated model of-kB activation induces when AR1 and IRAK

are associated with the receptor compléduto-phosphorylation of IRAK (with Tollip acting

as a negative mediator) induces dissociation fitvareceptor complex and binding of IRAK
to TRAF§Cao et al., 199@inomiyaTsuji et al., 1999 TRAF& turntriggers the MAPK kinase
TAK1 (transforming growth factéractivated kinase), results in association with its adapter
protein, TAB1. At this point, N€B, the p38 and gun Nterminal kinase (JNK) MAPK pathways
are regulatedhrough TAKL which acts as a common activatétegardless of NkB,p38 and
JNK, LPS binds to the early MyD88 dependent signalling induces an early IRF3 activation and
production of preinflammatory cytokines, such as TNF | y R (Shir@Kabe et al., 1997
Yamaguchi et al., 1995

Understanding how TLR signals give rise to the activation of different types of APC is
fundamental to manipulating immune responses. Ultimately, when APC are fully activated by,
for example TLR, this results in subsequeativation of leukocytes e.g.T cdls. T-cell
activationinvolvescoordination ofthree signa (namely TCRp-stimulation, and polarising
cytokine) that are influenced by TiaRtivation on APCT he differentialexpresion of TLR by
different subsetsof APC (and other cells such as epiiddeconveys alternate responses to

pathogens and other endogenous danger signals

Previous studies showed dtexpression of type 1 IFN by pDC in response to TLR7 agonists,
whilst 11-:12p70 secretion by MyD®@asactivated through the same agonigto et al., 2002
Oppman and colleagues demonstrated initial expression &3lifrom activaéd MoDC.
Initially described by Roses et,dl-23 secretionfrom MyDCoccursupon activation of TLR

agonists such as TLR2, 4 and 7/8. Remarkably, none of the individual TLR receptors stimulated

99



IL-12 showing differential recruitment of these two cytokséespite possessing a shared
subunit with IE12 (Kunze, Forster, Oehrl, Sohz, & Schakel, 20}7In human MoN}
activation upon LPS has been demonstrated to secre@3fl19 (Verreck et al., 2004
Additionally, ithas beerfound that high levekecretionof I.-23 but not 1.-:12, by MY upon
mycoplasma infectiofQ. Wu et al., 2007 Furthermore, although {23 secretion by N
increasedn response to Sendai virus, influenza virus does not indwimilar responsésiren
et al., 2004. IL-23 secretion by human WMcan be caused byfection by Francisellaand in

the microglia of patients with muljtie sclerosis (MS)Correa et al., 2011

Hematopoietic stem and progenitor cells (HSPC) in circulating blodaeteggered through

a range TLRagonistswhich stimulate expansion and differentiation of specific myeloid
subsets For exampledifferentiation of CD34+ cells int6D11c+CD1BG is triggered by
TLR7/8 ligandswhilstTLR2 ligands induce the differentiation into CD11c+CDZ}48ibud &
Floisand, 200

Many studiesreport that connective tissue dis regulate functional TLRceptors on their
surfaces. TLR@ and 9 express on epidermal keratinocytes (K&hre et al., 200)7in return,

promoting distinct immune responses upon their aation (Miller & Modlin, 2007.

Not all bacterialLPSare identical,andthere are severaldifferent sourcesfor researchgrade
LPShat differ in the bacteriaof origin (e.gSalmonellasp., E. coli sp), and the method of
purification. Additionally,the purity of LPSvarieswith some suppliers(Invivogen)assuring
only the presenceof TLR4agonistwith others (Sigmaj)ontainadditionalcontaminants.The
effect of contaminantdgsunclear.Wehypothesisdhat LFSsuppliedby SigmaactivatesMoDC
and MoM3 to producehigherlevelsof cytokineexpressiorthan InvivogenLPSTotest this
hypothesiswe will carryout experimentsto assesshe relativeimpactof theseon secretion
of Signal2 cytokinesby antigenpresenting cells.Cytokinesecretionwill be determinedfor
LPSreated D& andM} by Elisafor IL.-23,IL-12 and IL-10 at arangeof LPSoncentrations.

3.3.8Cytokine response of MoMo the TLR4 agonist, LPS
Sincepreviousstudies revealed heterogeneiin the response ofmacrophageowards LPS

(Meng & Lowell, 1997 we undertook experimentsto determine the relative response of
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macrophages generated under conditions in our laboratory by comparing two different

sources of LPS with tleecretionof 1L-10, 1112 and 1E23.

Most notably, secretion of interleukihO was significantly increasedith mature GMM Y
with LPS from Sigmas compared to Invivoge(Figure3.9). In contrast,IL-12 and 1-23
secretion were indifferent to the source of LP® pairwise comparison of both LPS
stimulations using a-test revealed significant differencesliz10 secretion by GMM> with

LPS provided by Sigma resulting in higher levels1 Becretion (Table 3.1).
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Figure 39 Effect of LPS at different concentrations in the presence on cytokine secretion by GM

M3. CD14 cells (5 x 18) were cultured in low attachment 6 well plates in the presence 20U/ml of
GM-CSF for 6 days. On day 7, cells were counted, washed and transferred into 96 welh\pIStesys

GM-M3 were activated with increasing concentrations of LPS) supplied by Sigind08@0U/ml of

LCb:s & . 0-M} Weegadtivaiec with the same previous concentrations of LPS supplied by
LY@A@23aSy YR wmnnn! kYt 27T setr@ibnanidngst bfidriplicate wellgfy Y S| y
SD and is representative 4 separated experimeB®5, 6, 7 and 8 indicate donoi®he secretion of

IL-10, 1:12 and IE23 were assayed at 24 hr by ELESW gatistically analysed by twavay ANOYA
OFYn®dnpBHhLI Bt dzZSxkndamI FfYnodnwhplvadie<0.edSlwms dot n M F F
significant).
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Cytokine LPSSigma LPSInvivogen P Value
Mean+/-SD (pg/mL)| Mean+/-SD (pg/mL)

=12 6358.1+/1443.2 7117.8+£1174.7 Ns
[L-10 2144.3+f1379.5 467.3+/385.2 <0.001
[L-23 8476.2+f1743.3 8234.5+/2307.1 Ns

Table 31 Secretion of IE10, 1:12 and 123 by GMM3 in response to LPSupplied by Sigma or
Invivogen / St & 6SNB | OGAGF (ISR dzaAyd RAFTFSNByid 02yO0S
cytokine secretion measured by ELISA after 24h. ns not significant.
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When M-M3Y were matured with Sigma LPS, their cytokine profile differed from those
exposed to Invivogen LH®&leaseof IL-10from M-M} was significantly promoted fromven

low concentration®f LPS (Sigmayhereas release of-23 was uncleaWe also observed a
significantly lower H10 expression of MM} treated with LPS supplied by Invivogen
compared to Sigma. Interestingly, LPS supplied by Sigma did stimulE2ectimpared to
Invivogen (Figure 3.10 This evidence demonstrates that thes®3. obtained from two
different resources (Sigma and Invivogen) can be indecghllevels of cytokine secretion
and also low doses of LPS can prime hyesponsive macrophage leadirtg abundant

cytokine expressiofiTable 3.2).
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Figure 310 Effect of LPS at different concentrations on cytokine secretion byWNf. CD14 cells (5

x 1) were cultured in low attachment 6 well plates in the presence 10 ng/mL-G8¥ for 6 days. On

day 7, cells were counted, washed arahsferred into 96 well plate®)) Shows MMy were activated

with increasing concentrations of LPS supplied by Sigma. B) Shéis Were activated with the

same previous concentrations of LPS supplied by Invivogen. Data shown mean cgaukiteon

amongst of triplicate well + SD and is representative 4 separated experimeB(sS5, 6, 7 and 8

indicate donorsThe secretion of HLO, 1-:12 and IE23 were assayed at 24 hr by ELIBA datistically

analysed by twvavay ANOVA F YN dnpbHLI O f dz2SxkxndnmsE FrpYndwupll St d
p value<0.0001ns: not significant).
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Cytokine LPSSigma LPSInvivogen P Value
Mean+/-SD(pg/mL) | Mean+/-SD(pg/mL)

IL-12 - 2374.4+1963.3 <0.00001
IL-10 4801.4+/447.9 2488.9+/539.3 <0.0001
IL-23 390+/-165.3 232.8+£185.6 Ns

Table 32 Secretion of 110, I:12 and IE23 by MM in response to LPSupplied by Sigma or
Invivogen. Cells were activated using different concentrations of LPS amdycytokine secretion
measured by ELISA after 24h. ns not significant.
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3.39Response of MoDC to LPS
MoDC were activated with eange ofdoses of LP&igma and Invivogein the presencef

IFN and characterised by theirytokine profile (Figure3.11). Secretionof 1L-10 and k23

were similarregardless of increasing doses of LPS (Sigma) eatd®0 pg/mLIL-12 was
similarlyregulated exceptvith 1ug/mLLPSThe cytokine responses were greater withsDC
SELRA&SR (2 [t{ &dzd)d ASR o0& {A3Yl (GKIy G(K24a$
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Figure 311 Effect of LPS on cytokine secretion by MaDX} DG were activated with increasing
O2yOSYUuNY GA2ya 2F [t{ &dzJJX A SR $wre éctivaediwithith¢ R ™M n n n
alYS LINS@A2dza O2yOSyidiNYXGA2ya 2F [t{ &adzZlJd ASR o&
cytokinesecretionamongst oftriplicate well +£ SD and is representative 4 separated experiments.

BCS5, 6, 7 and 8 indicate donof$ie secretion of HLO, Il-:12 and IE23 were assayed at 24 hr by ELISA

and gatistically analysed by twavay ANOVA F Yn ®dnp LI G f dzSxkxndnms FFYnodn
value<0.001****: p value<0.0001,ns: not significant).
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Cytokine LPSSigma LPSInvivogen P Value
Mean+/-SD(pg/mL) | Mean+/-SD(pg/mL)

=12 19623.3+/2779.8 17299+/2487.2 <0.01
IL-10 1117.9+F776.5 521.4+£306.2 <0.01
IL-23 11442+/2691 11819.9+/972.6 Ns

Table 33 Secretion of 110, 11:12 and 123 by D&in response to LPSupplied by Sigma or Invivogen
Cells were activated using differe@2 y OSY i N} GA2ya 2F [t{ F+tyR wmnnn!
secretion measured by ELISA after 24h. ns not significant.
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3.3.10Characterising MoMby cytokine secretion
MoM?3 can becharacterised byheir secretionof anti-inflammatorycytokines such as-i10

(Kittan et al., 2013Mills, Kincaid, Alt, Heilman, & Hill, 2Q0@ills & Ley, 201} Furthernore,
MoM?3 also share #&ied egglike morphologyas attached cells. Obtaining a large quantity of
M> from human tissue is difficuland in this regardlifferentiation from monocyteshas
proven a usefutesearchapproach Several protocols exist to geneeat!y from monocytes
(Brugger, KreutZ Andreesen, 199Plesner, 2008but no standard protocol or definitioaf
polarised My exists. Therefore, we elected to use a procedure which prayisoulygiven
reliable My as shown by cytokine secretiof alecka,PhD2017).

As expected, resting MoM did not release cytokinegFigure 3.12 In contrast MoM3
activated wil K [ t { I y Ralorie@lbased 2ytkingpVRislt GM-MY secreted 1E12.
activated MM did not. Interlekuin10 was produced by activated-M> and this cytokine
waslesswell producedby GMM?3. WhilstIL-23 was secreted blgoth types of My, M-MY
released considerably lower levelas indicated in Figur€3.12), there were significant

differences between macrophages and their cytokine profiles.

IL-23 secretion by GM/AY was significantly upregulated compared to immature cells,
whereas [E23 expresion by MM> was significantly upregulated compared to immature
cells, but at a lower level than with those in @Wp as shown irfTable 34). Figure 4.10 shows
the typical Y 2 NLJK 2 f 2 Bha&t wetefirmlg attached to thesubstrate despite using ULA
plates. It was anticipated thamacrophage morphologwould agree with previous studies

(Lacey et al., 203 ReyGiraud, Hafner, &ies, 201p
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Hgure 312 Cytokine profile of GMMY and MM} generated in ultralow attachment 6well plates

CD14 cells (5 x 19 were cultured in low attachment plates in the presence-GBF or MCSF for 6

days. On day 7, cells were counted, washed and transferred into 96 well plates, resteg? for 1
0STF2NBE FOUAGIGA2Y ¢ A ( KDath shéwa m€b cytokRedgressiofs adoyidgste T 2 NJ
of triplicate well +/ SD and is representative 24 separated experime@igokine secretion was

guantified by ELISA and statistically analysedtegts.
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Resting GM-M¢ Mature GM-M¢

Resting M-M¢ Mature M-Md¢

Figure 313 Morphology of GMMY and M-M3. Phasecontrast micrographs were taken under 10x
magnifications on day 7 prior.

Cytokine GM>Y M-M> P

Mean+/-SD (pg/mL)| Mean+/-SD (pg/mL)| Value

=12 4159.#/-5277.6 1017.1+t1674.9 | <0.0002
IL-10 963.8+£1684.4 1316.6+/1816.4 Ns
IL-23 4939.8++3349.5 686.7+£1349.6 <0.00

Table 34 Characterising M by cytokine secretion of H10, Il-:12 and IE23 in response to LPS and
2 NIM] wefe a@iyafecusing a standard concenttayfy 2 F¥ [t { K LCb!

LChb!
LCb+ 0

YR O&ut21AyS aSONBGAZ2Y YSI ada2NBR

0eée
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3.3.11Characterising MoDC by cytokine secretion
Previous studies in our lab examined the efficiency of MoDC generation, morphology, their

phenotypic and secretory profile. MoD@ssessedby microscope were found to be
unattached. Activated DCs primarily secrete cytokines such & Iand IE23 (Collison &
Vignali, 2008 The IE12 and 123 cytokines are unique, even if thereeagimilarities in their
receptors, downstream signalling components and structure, but they often have different
biological functions. Prmflammatory DCs comprise both-12 and 123, however Thl
responses upregulated by stimulation ofll2 promote ant-microbial resistance, also chronic
inflammation is stimulated through activation of Th17 by28 (O'Shea & Paul, 2002
Stritesky, Yeh, & Kaplan, 2008

This experiment was performed to demonstrate whether there is abundant cytokine
secretion by activated DCs, includind B, 11-:10 and IE23. Purified CDI4ells were cultured

in T75 flasks for a total of 5 days in the presence of@F and H4L.. On day 6, cells were
harvested, washed, counted and seeded in 96 well plates and rested for 1 hr. Rested cells
GSNBE | OGAGFGSR 6AGK [ trewsdcretion wag quandifiedrby BLISA. 0 S F 2
Interestingly, the expression of-12 by DG from all 3 donors was significantly increased
compared to immature cells and B€xpressed H23 it was observed that cells from 3 of 3
donors secreted a high level of1R compared to H10 and 123, whilst 1L23 secretion was
significantly increased compared to-10. In contrast, donor 3 expressed higvel 11-:12
compared to donor 1 and 2. However, donor 3 secreted a low level-dd land [E23
compared to othergFigure 314). It is possible that the differences between donors may be
due to ethnic or biological variation, health condition or age of the dor{bigure 3.1%shows

that DCs from all 3 donors significantly expressed?2lL[l-10 and [E23 compared to
inactivated DCs, with a higher level ofl2 secretion compared to {10 (Table 35). These
results are in agreement with previous findingd8 Malecka, Ph2017), that human
monocytes were differentiated into immature DCs in the presence of@@% combinediti

IL-4, resulting in the growth of an efficient number of DC®lic, Stoji/ukanic, Pavlovic,
Jandric, & Stefanoska, 2003
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Figure 314 Cytokine profile of MoDOCD14cells (15 x 1%) were cultured in T75 flasks in the presence
of 1000U/ml of GMCSF and 1000U/ml of-4Lfor 5 days. On day 6, cells were counted, washed and
transferred into 96 welplates and rested forati KNJ 0 ST2NB | OGA QDI GA2Yy SAGK
shown mean cytokine levels of triplicate wells $D. Cytokine secretions were quantified by ELISA
and statistically analysed usingetsts.

Cytokine| Mean+/-SD (pg/mL)| PVaue

IL-12 25957+£37050.5 <0.0001

IL-10 1184.8+/1450.53 <0.0001

IL-23 4398++2507.9 <0.0001
Table 35/ K N> OGSNARAalGA2Y 2F 5/ a o0& Oei21 PEwered SONB I A
FOGAGEGSR dzaAy3d F aGFyRFNR O2yOSYy NI GA2sgniy2 ¥ [t { K

And cytokine secretion measured by ELISA after 24h.
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3.4Discussion

The differentiation of monocytes into Min vitro is characterised by the secretion of
cytokines, namely #L2, 1-:10 and IE23, which play a crucial role in regulating immune
responses. Moreover, thén vivo and in vitro differentiation of monocytes into M is

modulated by many exogenous stimulations¢ls as TLR ligands, cytokines,qoelll contact,

and surface attachment, leading to tissue and condispecific My phenotype profilegRey

Giraud et al., 201;2M. Shen & Horbett, 20Q1Y. Yang et al., 1996There are many ways in

which to generate MoM, and these approaches vary from laboratory to laboratory,
depending on whether lovattachment plastic surfaces or standaattachment plates or

flasks are use@Ambarus et al., 202; Duluc et al., 2007 A previous study showed that the

direct use of GMCSF polises the phenotype of Mol into GMM3Y, while M-CSF
differentiates MoMy into M2 (Fan et al., 2003 Additionally, the morphology of Mo
differentiated on bw-attachment surface plates, regardless of the presence ofC3W# or M

/| {CZ A& OKINIOGSNRASR o6& I a&FNAReRGir&ug&al.,, a KI LIS
2012

Following the successful generation of MPMwe then investigated proand antt
inflammatory My, discovering that GMAS I OG A @F 6 SR 6AGK [t {kl-Cb' &I
12 and high H23 secretion and lower {10 secretion, while additionally ¥ was
characterised by HL0O and low {23 secretion without H12. These findings are in agreement

with previous studiesAMalecka, PhD thesis, University oftligham, 2017 Xue et al. 2014)
demonstrating the production of praand anttinflammatory cytokines, such as1p, 11-:10

and 1:23, by polarised GMMY and MMY 6 KSy &G AYdz I GSR gAGK [t {

respectively.

The secretion of cytokines by MoDC was also ingatd. Sallusto et al. showed that,vitro,

monocytes stimulated with GNCSF/Ii4 differentiated into MoD@J. Liu et al., 2036114 in
combination with GMCSF is typically used to polarise human monocytes into MoDC, as it
suppresses the generation of MMenges et al., 2005 With regard to infectious diseases,

the priming of DCs to LPS derived from pathogens can be stimulated by TLR binding to the
ligand on DCs, with the host cells at the infection site secretingrglammatory cytokines

such asC b (Banchereau et al., 200MHeath & Carbone, 2005teinman & Banchereau,

2000 Ly (GKS LINBaSyid addzRes GKS | idvitbidduded 2y 2 F

115



the production of high levels of-I12, but lower level®f I1.-:23 and IE10. This is in line with
NBEOSYyili TFTAYRAYyIaA HKAOK &aK2gSR (KIGX F2ff206A
underwent differentiation into MoDC, producing prand antiinflammatory cytokines in the

combined stimulation with GMCSF and {4 (A Malecka, PhD 2037(Gardner et al., 2018

Dendritic cells are prominent and unique for mononuclear phagocytes existing in blood,
lymphoid organs, and all tissues. They play a central role in digesting materials, including
pathogens, and present processed epitopes to T cells, indicating the negutdtinnate and
adaptive immune responsdblaniffa et al., 201p Over the past decades, the heterogeneity

of DCs has been identified, comprising several subtypes with prominent functions in mice and
humans. However, there are many factors related to DCs that are rstikar, such as how
their subtype exists, how they relate to each other, and how they vary from other
mononuclear phagocyte@illani et al., 201} However, DCs are still biasedly defined by the
limited markers available for identifying, isolating and manipulating ¢bks. Such biases
would affect the role of the function and ontogeny of thed3Gbtype(Mildner & Jung, 2014
Schraml & Reis e Sousa, 2D1Singlecell RNA sequencing (scRBEY)) was used to resolve

the problem posed by certain limitations (as mentioned) in order to better assess the diversity
of blood DCs and monocytes. This allowed usotdfirm new subtypes of DCs and monocytes,
refine their current classification, and also pinpoint cDC precursors in {Gagh & van
Oudenaarden, 2035 rapnell, 2015Villani et al., 201}

Previous studies showed that the classification of human blood DCs is divided into pDC and
cDCpopulations. Another study classified DCs into six populations: DC1 is characterised by
the crosspresenting CD141/BDE cDC1, of which CLEC9A is the best marker; DC2 and DC3
correspond to CD1C/BD&AcDC2, which are new subdivisions; DC4 refers to -CD141
CD11C+DC, which is best marked by CD16 and shares characterisation with monocytes; DC5
corresponds to the D&Bubtype, i.e. AS DCs; and DC6 is unique to the intergraducing

pDC, purer than the population of previoustientified pDC that was asssed by standard
markers (e.g. CD123, CD303/BEX3A and contaminated with AS D(4llani et al., 201y
Although macrophage development is well establishedth® roles of MCSF and C3R,
intracellular signalling pathways constitute poorly understood information which is used to

regulate macrophage generation. Stimulation throughQ8FR engagement leads to the
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activation of multiple signalling cascades, sashlyk2, STAT1, STATs, MAPK andNRi8SEk
et al., 1995 Yusoff, Hamilton, Nolan, & Phillips, 1994

SincelFNM A& | dzyAljdzS Y2t SO0dzZ S Ay GKS LRtFNRAF (A
that responses are induced by the mediation of JAK1, JAK2 and STAT1, as this cytokine
stimulates these major signalling molecules. The activation of STAT1 homsdiarerbe

triggered by IFN T Ay Gdz2NYy =X (GKS GNI YAONRLIIA2Yy Lt 3ASyS
(Darnell,Kerr, & Stark, 1994 1L-10, arginase 1, and the chemokines CCL17 and CCL22 are
expressed at high levels by M2 macrophafigsnecchi et al., 1998The polarisation of the

M2 phenotype corresponds to STATG signalling cascade stimulated by4lland IE13

(Takeda et al., 1996Conversely, STAT1 phosphorylation inhibitd OlLand inhibits signals
predominantly through STATS3, which triggers ARG1 upregulation in mycob&nfedted
macrophagegH. S. Li & Watowich, 281 The role of STAT3 has been well established: to
suppress the secretion of pfiaflammatory cytokines in macrophages and neutrophils,
resulting in lethal intestinal inflammation mediated by the cells, which was inhilteavo

(O'Shea & Murray, 2008 akeda et al., 1999

Early studies reported that a primitive macrophage lineage can exist vigeselival capacity

and arises earlier in the development of definitive haematopoiesis, in the absence of a
monocyte intermediatgNaito et al., 199% The first identification of primitive macrophages
was in the blood islands of the exteambrymic yolk sac (YS) around embryonic day 8 (ES8);
from E8.5 to E10 they migrate to several tissues, giving rise to the proliferation of foetal
macrophages independently of monocytddlaito, Takahashi, & Nishikawa, 199K.
Takahashi, Yamamura, & Naito, 198t mice, in YS blood islands on day E7.5, which
comprise the first haematopoietic cells, primitive erythrocytes and macrophages were
produced without lymphocyte¢Bertrand et al., 2005 Palis, Robertson, Kennedy, Wall, &
Keller, 1999 In humans, the third week of haematopoiesis development can be initiated in

the extraembryonic B, and erythromyeloid cells are limitéBavian & Peault, 2005

There are several physiological agents that may affect immune sufficiency (including
nutritional status, hormone levels, and circadian rhythms). There are alse $eahnical
characteristics of blood drawing that can influence how immune cells are derived from whole

blood in terms of viability, yield and function (Mallone et al. 2011).
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We have examined the effectiveness of the isolation of monocytes in PBMC frola lvbod
obtained from several donors, avoiding the contamination of monocytes with other cells that
may influence their function. The yield of monocytéstained frompurified from PBMC and
generated laboratory APC was assessed. Given the lack of lieratuthese technical
aspects in the isolation and protection of CD14+ monocytes and the subsequent

differentiation into My and DG, we collected details from previous studies.

The population of the resident macrophages may contribute itenotype ofmonocyte
derived macrophages, depending on the nature of the injury and the organ. Accumulating
evidence has shown that Kupfer cell necrosis was induced through infectiorListtria
monocytogenes in this case, the contribution of monocyterived macrophages to
repopulating the liver macrophage population was initiatégleriot et al., 2015 Lavin,
Mortha, Rahman, & Merad, 20)5However, the prolifeation and expansion of resident
Kupfer cells are associated with paracetaamoluced injury, and the contribution of
monocytes to the resident macrophage pool is not remarka@igmond et al., 2004
Dendritic cells, monocytes, and macrophages aregatsed by the mononuclear phagocyte
system (MPS), which alwe several functions during immune responses. Historically,
monocytes are considered to be the primitive progenitors of macrophages and DCs
(Chomarat, Banchereau, Davoust, & Peiy200(. Macrophages are characterised by a large
vacuolar shape that excels in the elimination of apoptotic cells, cellular debris and pathogens,
as well as phenotypes that have been identified in mice as F4¢80s(Austyn & Gordon,
1981). Conversely, DCs are distinguished as stehtped cells that have been well
established in terms of their ability to present antigens on MHC molecules and prineeThaiv
cells(Steinman & Witmer, 1978In mice, CD11®HC class I+ is a unique expression on DCs
(Guilliams et al., 2004

The monocytederived model of human DCs has been the mainstay of laborat
investigations for several decades. There is no direct correlate of moDC to be found in
humans. In humans, DCs derive from-pC and preDC precursors, which, in turn, derive
from CDP(Villani et al., 201} Furthermore, the naturally occurring BGubsets have
substantially enhanced the properties of antigprocessing, specialised cytokine profiles

and, importantly, crospresentation.
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In contrast with the DE€model, the monocytaederived MO system has direct physiological
relevance to our understading of MO biologyGuilliams et al., 2004 While the organ
specific specialised MO (e.g. Kupfer cells, microglial cells, and Langerhans cells in the liver,
brain, and skin, respectively) originate from embryonic stem cells under the control of
cytokines CSF1, CSF234Land TGh; in contrast, tumowassociated maaphages do not
originate from stem cells, but rather from circulating CD14+ monocytes that enter tissues or
are actively recruited. Under the control of the STAT1 transcription factor, CD14+ monocytes
will differentiate into an M1like cell capable of practing IE12. In contrast, where the STAT3
transcription factor is activated, monocytes polarise to -Nk& cells that secrete 110
amongst other cytokines. Thus, the monocgerived model of MO has biological relevance

and can be used to dissect the r@ETAM in cancer.

We establish the restriction in Mplasticity and provide the microenvironmental conditions
NEBIljdzZANBR Ay GKS SIFENXeée aidl3Sa 2F RAFFSNBYyGAl
status. Furthermore, we demonstrate the importance 6$ A YA GALFf | OGA @I G2

response to prolonged exposure to stimuli as a result of innate memory.

We refer to the previous protocols for Mgeneration by using GMSF and NCSF to provide

GMa . | y-NRS, r@spectively. The significance of these ihiiaenotypes is frequently

yS3ft SOGSR 06SOF dza S 2 Tulicketal., ROOAVELKINSIEGildar ASGtthes, &8 2 F
& Stout, 2007. Smithet al. showed that Mol consecutively or simultaneously treated with

a.- Mmga aldAydzZ A Oly AYyRdzOS RAFFSNBylU LIJRSy22GelL
markers to somedegree (Smith, Tse, Read, & LiBQ16). Similarly, the phenotype of the
NEAARSY(d GAadadzS a. 2 ¥ SyndSanEirflandmatort My YK LiLINE F A €
Zou, Chai, & Yao, 2018mith et al., 2016 We hypothesised that the differentiation of
monocytesg A G KAY SY@ANBYYSyYylltf O2yRAGAZ2Y A Ol y Lldz
specific ggnature on Mp and lead to the impact of a further response to pend antt
inflammatory stimulations that, in turn, leads to varied activation phenotypes. The activation
ofGMa. LRfFNR&lIGAZ2Y A& 2F0Sy dzaSR gArlmg GKS O
However, a comparison has never been made between activat§ddM 6 K [t { = | YR
combinedwith GM-CSF or MCSF.
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Our findings regarding the importance of theonocytedifferentiationinto a . LIKSy 2 Ge LS
indicate that the activation of ¥ generated by sing GMCSF with the combination of LPS

YR LbcC: SELdbNEeIdNEGR L[

Ly GKA& AYy@SadAaridArAzys ¢S RSY2YAaUN)I GE€&F GKI G
or M-CSF exhibited a stable phenotype vivg the exposure of M to constantly lowevels

ofM/ { C A& SaaSydaAlt G2 adzdl Ay AN2-BEke pbkrBatiéahA | 0 A £ A
state (Hamilton, 2011 Lombardo, AlvareBarrientos, Maroto, Bosca, & Knaus, 2BD7 a .

viability is also maintained by GNISF, but its concentrations are promoted through
inflammatory conditions and it can influence the piogypic propertiesof fG 2 6 NR&A a . ™
(Lacey et al., 2012. Li, Hsu, &ountz, 2012. It is essential to mention that initial studies

are limited to laboratonrA Sy SNI 6 SR a. FTyR 5/ & dzaiAy3 | &ai
polarisation stimuls,as well as shotterm cell culture following activation for 24h. Further

planned studies of this method will expand our findings on the different types of activation,

in addition to offering a longer timeline of the culture, a§ ldre longliving cells. fie ultimate

aim of this is to further the understanding of the impact of differentiation protocols on the
NBalLlRyasS 2F a. (2 | OGAQGlIaAz2y®

We also examined the response of macrophages generated under conditions in our
laboratory by comparing two differentosirces of LPS with the secretion of cytokines.
Interestingly, LPS from both sources (Sigma and Invivogen) induced significantly strong
secretions of H23, I:12 and ILvn 6& a. ® ! ySELSOGSRfezx [t { 2
induced ILE12 secretion by MMy . Furthermore, LPS from both sources (Sigma and Invivogen)
induced significantly strong secretion by DCs. Our findings show that the purity of LPS
obtained from Invivogen differs and assures only the presence of the TLR4 agonist, with

others (Sigma) containgnadditional contaminants.

Ly adzYYFNEI GKS&S FTAYRAY3IA RSypdlafisatioNntad B G KI G
used to assess the impact of FB on cytokine secretion Byail DCs, and then to further

investigate 2D and 3D models.
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Chapter 4 : Beyondd@mensional monaulture of APC

4.1 Introduction
The tumour microenvironmentan be highly heterogeneous and such differencescaueial

factorsthat impact on tumourcharacteristics, inclling proliferation, invasion, metastasis
drug resistancend alsoimmune escap€Y. Kim, Stolarska, & Othmer, 2Q0E8pano & Zollo,
2012. Solid tumours are not comprised of cancer cells alone but includegex& stromal
cells, such as cancassociated fibroblasts (CAF), tumessociated macrophages (TAM),
endothelial cells, mesenchymal stem cditg cellsand immune componentéalluri, 2016b
Shiga et al., 20)5Understanding the roles and importance of such a heterogeneous and
dynamic mixture of cellypes in malignancy remains a considerable emge.The majority

of investigations sit at opposite poles of the cancer research spectrum which rangeth&om

patient (or animal model) tin vitro mono-layer cultures of single cell lines

In recent years a growing number of studies have aimed to bridge the gap between single
celtline research and the patient by assembling increasingly complex experitrssi@ms.
These approaches includee vitro co-culture of different cell types (e.g-Gells and tumour

cells, D€ and TFcells, APC and fibroblasts) in conventional tissukure plastics, 3
dimensional tumour culture systems in contrast to meager culture (e.g. tumour
spheroids, tumots grown in matriy, and a combination of both these systems. As expected,
important findings have resulted from such methodologies as they permit a imore
physiologicalin vitro model in which celtell contact, hypoxia, and interactions between
multiple cell types can be invegtited.Nevertheless, these studies are in their infamcyd

further attention to such models is required.

Anticancer drug screeningas traditionally been undertaken using the twedimensional
culture systers of cancer cellines (Marino, Bishop, de Ridder, Delga@alle, & Reagan,
2019. Howeverthere is poor correlation between efficacy in preclinicd) Zulture systems
and efficacy in clinical trialDiMasi, Grabowski, & Hansen, 2013hereare significant
differencesbetween thein vitro culture conditions of cancer cdlhesto those ofin vivo

cancer environmentvith 2 important differences
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1) Most cancertissuesconsistof cancer celland various stromal celiShiga et al., 2095
Therefore, to mimic the cancer tissueather than using single cell line monolayedsich do
not representthe real physiologicakituation, co-culture or multi triculture of cancer cells

with the stromal cells, including CAF and Talbuld be considered

2) The 2Dmonolayercell culture does not represent and mimic the Siucture of thein vivo
cancer environmenftThus, it is important to establish 3 D cell cultteehniques that better

represent thein vivoenvironment.

In the body, it is well known that the biological functions, including proliferation;cedl|
interaction, and enzyme production are enhanced through cells interguatith other cells in

a 3D manner(Fukuda, Sakai, & Nakazawa, 20R6&rosawa, 2007Nii, Makino, & Tabata,
2020. Therange oftechnologies of cancer 3D tisswemgineering have been reported
(Burdett, Kasper, Mikos, & Ludwig, 201Cell aggregates have been tried, lpgor oxygen

and nutrient supplyeads toloss of the functia andcell death(Nii, Makino, & Tabata, 201%b
Gelatin hydrogelmicrospheres (GMhave been investigateds a distinct biomaterial for
tissue regeneration that cabe incorporatedin cell aggregateso enhancecell survival
(Kimura & Tabata, 201@gawa, Akazawa, & Tabata, 2D1h addition, GMare able to
release growth factors or to further promotaore physiologicatell functionsOf importance

to this thesis, Haung et al studidohAM using GMHuang, Li, Fu, & Xin, 201&ells present in
TAM aggregates were incorporated with GM to allow survival of TAM and boost their
functions. Moreover, the TAM functions were enhandeg adding adenosine (A), which
exertspotent positiveeffects on TAM functions, the GM allows adenosine to impregnate for
the enhanced release in TAM aggregates (3D -GAMA). Then, caulture of the 3D TAM
GM-A was performed with liver cancer cells (HepG2) across a model basement membrane on
both sides to examine the invasive cé&urray et al., 2014Nii, Kuwahara, Makino, & Tabata,
2020. We demonstrate the potential system of the interaction betweej ®hd FBs in mixed

cell 3D cultures, and discuss the evidefarethe direct impact oFB on Ny function.
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Another method of establishing 3D systems is to elsttspheroidsit is becoming clear that
understanding the creation of spheroid components of 3D spheres is based on the formation
of numerous layergOkochi et al., 2009 This culture condition mimi@more physiological
structureseen insolid tumoursand includes botlphysical and biochemical featureach as
celkcell contact and juxtacrine signalling respectivéany differenttumour cell lineshave

been cultured in 3D conditions and subjected to morphological analysis including
AtA2o0ftlrad2yrs FadNROBG2YIT 2AfYaQ Gdzy2dz2NE
carcinoma, melanoma, lung, breast, colon, prostate, ovarian, hepatocellular andep#incr
cancer(Chitcholtan, Asselin, Parent, Sykes, & Evans,)20h& analysis shows that according

to the shapes othe architecture of tle spheroid they can be dividadto three distinct
groups: i) tight spheroids, ii) compact aggregates and iii) loose aggrdyateset al., 2015

Vinci et al., 201p

Our collaboratofProfessoA Grabowska, University of Nottingham) has established spheroid
cultures with tumour cells e.g. MCF7 breast cancer cell dingé we used this model to

establish our 3D cultures.

Themeasurement oficotinamide adenine dinucleotide phosphgt¢AD(P)Mconcentration

has been demonstrated by a calimetric approach using tetrazolium saftsio, Wang, Long,

& Liu, 2006 Tetrazolium salts have been utilized generally in biological and clinical
researche, although their use is limited by the low solubility of the formazan product
(Hamasaki, Kogure, & Ohwada, 198§amwongsatit, Banada, Panbangred, & Bhunia, 2008
There are various wategoluble tetrazolium salts (WS3)ch as WST, WST3, WS4, WST

5, WST8 [2-(2-methoxy4-nitrophenyl)3-(4-nitophenyl}5-(2,4-disulfophenyl2H-
tetrazolium, monosodium salt], and WST which have been synthesizedishiyama,
Miyazono, Sasanto, Ohkura, & Ueno, 1997 Several electron mediators, including 1
methoxy5-methylphenazium methylasulfate {MPM, can affect WST, which is readily
decreased by NAD(P)H to produce a formazan product that can be measured by monitoring
absorbance in theange 436550 nm. Theabsorption of formazans proportional to the
concentration ofNAD(P)H, in turn the WSBsed colarimetric assayshowspotential for
several qualitative and quantitativeapplications (Chamchoy, Pakotiprapha, Pumirat,

Leartsakulpanich, & Boonyuen, 2019
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WST8 isone ofthe most of commerciallgvailable tetrazolium salts and is suppliedVdSF
8/1-mPMS (Dojindo)WSTS8 relies on the NAP)H detection approach in cell proliferation
and enzymatic assays. NAD(P)H plays a crucial radducing W3-8 to produce a formazan
product which is characterized laystrong orange dye with maximum absorption at 450 nm
(Tsukatani et al., 2009 sukatani et al., 2032

Solid malignancies contain large numbers of FBs, termed twassociated fibroblasts (TAF),
which differ substantially from FB in normal tissues (NAF). Whilst their role in would healing
and tissue remodelling cancer iglvestablished, their involvement in the modulation of local
and systemic anttancer immunity is less well understood. However, recent studies have
shown that FBs interact with APC, namely dendritic 8lsnes & Adcoglkand macrophages
(MY) (Kalluri, 2016aMalecka et al., 201,6Schirmer, Klein, von Bergen, Simon, & Saalbach,

2010. These APC are largely responsible for orchestrating the immune system.

Crosstalk between FB and)broduces signals that substantially alter APC cell biology. As a

result of this interaction, TNF k-u[ | NBE ASONBGSR FTNRY | OGADI (¢

fibroblasts promote PGE2 secretion. PGE2 can stimulate APC to relase/tiich plays a
crucial role in activation of Th17, resulting in an increase tumour growth, angiogenesis etc.
(Schirmer et al., 2000

LPS/INF-y or LPS

PEG;
T cells
S (memory)

Activated FB
T APCs ——» IL-23T—’..,V' -{\

Resting FB \/ |L-17f
IL-1p /

TNFa )
Tumour-promoting
microenvironment
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Figure 41 Model of interaction between fibroblasts and APCs and how they stimulate28.
secretion by preactivated APCs resting leading to proliferation of Th17 cells.

4.2 Hypothesis and aims

The hypothesis that we aimed to test was| thdTumours govern adaptive immunity by
modulating the behaviour of local fibroblasts that in turn impacts of the function of antigen
presenting cells.”

The project will address changes in the basic biology oAB€, and how this impacts on their
ability to communicate with key effector cellscinding CD4+ and CD8+cdlls. We will
establish cecultures of tumourconditioned fibroblasts and compare these with matched
tumour-associated fibroblast/normal dermal fibblastfor their effect on the immunology of
APC, namely M and DG. In the first year Initial studies were limited with laboratory
generated My and DG (differentiated from CD14+ monocytes). Recently we have been
established FBs/APCs-colture experimets in 2D vs 3D models to identify how their
interaction with FB affects functions of APCs. There is reason to believe that tumour cells
differentially condition FB in 2D vs 3D cultures in terms of their capacity to support cancer
cells. However, to date #re are no studies examining how this impacts on APC. The effect
of these will therefore be studied in 3D -coltures and compared with conventional 2D

culture systems.
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4.3 Results

This study aimed to test the hypothesis that tumour cells differentially condition FB cells in
2D vs 3D cultures in terms of their capacity to support tumour progression through the

influence of cytokine secretion by M including £23.

The amofthisKl LIJGSNJ gl & G2 Ay@SadAraridsS GKS AYLI O
Initially wedid this by

1. Optimising spheroigrroductionof MCF7 andJ6

2. Measuing viability of MCF7 and BJusing WST8 solutiedependent metabolic
activity of living cells.

3. Determiring proliferation of MCF7 and Bdipon incorporation ofH-thymidine.

4. Determinng the appropriate starting numbeof M} in co-culture thatallowsFBto

regulatecytokine secretion by APCs.

4.3.1 Growth and production of MCF7 breast cancerndlfibroblast spheroids

Our collaboratofProfessoA Grabowska, University of Nottingham) has established spheroid
cultures with tumour cells e.g. MCF7 breast cancer cell line which we employed as a positive
control prior to the generation of FB spheroitio study the production of MCF7spheroids in

3D culture, FB cells were cultured in ULA@8I (round bottomed) plates.

4.3.1.1 Optimization of BJ6 and MCF7 spheroids
The mainwaysfor preparationof 3-D cultures includei) using noradherent plates to grow

suspension cultures; ii) using a concentratedtrix or getike substance in cultures and iii)

cultures use of a scaffold.

Based on previous studies IBrofessorA Grabowska (University of Nottingham) where
spheroidcultures with breast tumour cell lines e.g. MCF7 were established the optimum
number of MCF7 required for spheroid formation was (1:2000). In contrast, the same
number of FB results in minimal spheroids formation. It has been noticed that it is importan
to study their physiological behaviours, morphology and volume as a comparison and
consequently, we can be established our spheroid model. To study the generation of

spheroids in 3D cultur&/CF7 cells dfB cells were cultured in ULA-@@Il (round botbmed)
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platedat arange ofdensities(1000-20000), the plate was centrifuged at 100 g for 4 min, then

incubated for up to 7 days.

Spheroids were observed in both cultures Figure2 &hd 43) confirming that spheroids
could be generated with both MCF cells and.m@erestingly,as shown inn Figure 4, the

volume of FB spheroids gradually decreased with time while the size of MCF7 increased.

Day 3

Day 5

Day 7

1000 5000 10000 20000

Figure 42 Macroscopic images of MCF7 tumour spheroids seeded at the indicated cell number in
ULA96-well (round bottomed) plates Images of the same spheroid were taken at days 3, 5 and 7.
MCF7 cells were cultured in ULA®WSII (round bottomed) plates aindicatedcell numbersthe plate

was centrifuged at 100 g for 4 min before culture at’@7and documentation by loypower
microscopy at the indicated time points.

128



Day 3

Day 5

Day 7

1000 5000 10000 20000

Figure 43 Macroscopic images of FB spheroids seeded at the indicated cell number il
(round bottomed) plates Images of the same spheroid were taken at days 3, 5 akd@® ¢ells were
cultured in ULA 98vell (round bottomed) plates d@hdicatedcellnumbers the plate was centrifuged
at 100 g for 4 min at 3 different time points.
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Figure 44 Growth of MCF7 and FB spheroids (jrover the course of 1 weelCells were cultured

in a ULA 94&vell (round bottomed) at theconcentrations shown after 3, 5 and 7 days of culture in
triplicate wells. Volumes were calculated based on the diameter as determined using Image J for the
replicate wells +/SD and is representative of three separate experiments.
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4.3.1.1Viability ofMCF7 and BJ6 apheroid production
On day 3, 5 and 7 WST8 solution was added to cells in parallel plates for overnight and the

absorbance was measured at 460 nm using a plate re&uieneases in thabsorbance (OD)
of MCF7 and FB cells were detecteith increased cell numbers and with increasexgept
the absorbance OD of 10000 FB on day 7 was slightly decr@iaégede 45).
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Figure 45 Metabolic activity of living FB and MCF7lis2Cells were cultured in a ULA-@@ll (round
bottomed)at the cell numbershown after 3, 5 and days of culturen triplicate wellsWST8 solution

was added to all wells for the last 8 hrs of culture in different time points as shown. The data shows
the mean WSTB8 solution represented as absorbance increases OD (460 nm) for the replicate wells +/
SD ad is representative of three separate experiments
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4.3.1.2Determination of proliferation in BJ6 and MCF7 spheroids tisititymidine
This experiment was carried out in parallel the previous experiment using the same conditions

including number®f cells and time points of culture. Plates were pulsed with standard 3H
thymidine-incorporation for overnight on day 3, 5 and 7. Proliferation was assessed by
measuring thymidine incorporation during the last 8 KfFggure 46). Figures show that the
proliferation of FB spheroids was inhibited in each day and concentration compared to the
actual starting number.nl contrast, proliferation of ME7 spheroids were increased

dramatically on day 7 compared to day 3 and 5.
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Figure 46 Proliferation of FB and MCF7 cellSells were cultured in a ULA-@&Il (round bottomed)

at the concentrationsksown after 3, 5 and@ days of culturén triplicate wells*H-thymidine was added

to all wells for the last 8 hrs of culture in different time points as shown. The data shows the mean
incorporation of*H-thymidine represented as counts per minute (cpm) thee replicate wells +5D

and is representative of three separate experiments.
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4.3.2 Microscopic examination of spheroids

After production of FB spheroidge carried out microscopic examinatiofnthe spheroidgo
identify whetherdevdopmentof a necrotic core was observed. Tluis end FB spheroids in
different cell numbers(1000, 5000 and 1000Gye prepared Samples were fixed by 4%
paraformaldehyde on day 3 and embedded in paraffin wax and then paraffin blocks were
sectioned (um) for Haematoxylin & Eosin stainir@n microscopy at day spheroids were

formed properly without necrotic coreigure 47).

1000 5000 10000

Figure 47 Characterisation of FB spheroids in @Dlture. Staining of representative Fpheroids (3

days old). Spheroid were carefully harvested, fixed and mounted in paraffin before 3um thick sections
were cut using a microtome. Mounted sections were stained with H+E dye for nuclei (blue) and
cytoplasm (pink) respectively. Indicated are thember of cells with which spheroids were seeded.
Scale bar show corresponds to 100mm.
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4.3.3 Populatinfjbroblastspheroids with macrophages
We combined BJ6 fibroblasts wittither GM-CSF treatednonocyte derived macrophage
(GM-M3Y) or MCF treatednonocytederived macrophagéV-My) at different cell numbers:

16000 FB + 1604 (10:1 ratio) 16000 FB + 3204 (5:1 ratio) 12000 FB + 120dY (10:1
ratio), 12000 FB + 240@3 (5:1 ratio)and examinedhem with light microscopy

Figure(4.8) shows that the light microscope picture of 3D BJ6, 3D BJ6/restinIB&hd 3D
BJ6/mature GIWM} at different ratios as showrkigure(4.9) shows that the light microscope
picture of 3D BJ6, 3D BJ6/restingM} and 3D BJ6/mature NM> at different ratiosas
shown. Moreover, on day 4 formation of spheroids was observed and solid, but
disaggregation of some cells was attached at the bottom of wells irrespective of culture BJ6

only or coeculture of BJ6/N}.
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(16000 FB + 1600 GM-Md) (16000 FB + 3200 GM-Md)

BJ6 GM-Md Activated GM-M¢ BJ6 GM-M¢ Activated GM-M¢

(12000 FB + 1200 GM-Md) (12000 FB + 2400 GM-Md)

BJ6 GM-M¢ Activated GM-M¢ BJ6 GM-Md Activated GM-M¢

Figure 48 Optimizing Images of threelimensional double culture of BJ6 FB/GMY using phase

contrast and light Monocytes 6x1) were cultured in Ultrdow attachment 6 well plate and treated

with 20U/ml of GMCSF. After 6 days of the culture, cells were harvestebtransferred into ULA96

well palatesmixed with FBSpheroid shapes at day 4 contains normal FB cultured wittM3MFrom

the top row and bottom rows the mixture of BJ6 FBs/&NJ and BJ6 FBs/GM Y (proportional

FB/GMM3 1:10 and 1:5espectivelyfor 4 daysMaturation was induced with LPS and4FN ¥ 2 NJ H n K NJP
Cells were spun at 100 g for 4 minutes and incubd&ve 3 days as shown.
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(16000 FB + 1600 M-Md) (16000 FB + 3200 M-Md)

BJ6 M-Md Activated M-M¢ BJ6 M-Mé Activated M-M¢

(12000 FB + 1200 M-Md)

BJ6 M-Md Activated M-Md BJ6 M-Md Activated M-Md

Figure 49 Optimizing Images of threelimensional double culture of BJ6 FBAMY using phase
contrast andlight. Monocytes (5x1€) were cultured in Ultrdow attachment 6 well plate and treated
with 10ng/ml of MCSF. After 6 days of the culture, cells were harveatebtransferred intdJLA 96
well palates mixed with FEBpheroid shapes at day 4 contains normal FB cultured wil YV From
the top to the bottom rows the mixture of BJ6 FBsMf (proportional FB/MMY 1:10 and 1:5
respectively) for 4 day®aturation wasinducedwith LPS onlyor 24hr. Cells were spun at 100fgr
4 minutes and incubatkfor 3 days.
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Previous studies have shown that the impact of FB oed@ My (Comito et al., 2014a
Saalbach et al., 200 Unfortunately, data revealed that cytokine secretion by>Mlid not
determinein 3D Take together, data suggest that this culture has two 2D and 3D in the same
well, and concentration of soluble cytokines produce by Was low levedin a total volume

of medium. On other hand, culture of Min these different numbers did not produce

detectable levels of cytokines includingl, 1-:12 and 1k23 (Data not shownijn 3D.

In this experimenand based on the previous experiment(figure 48, 49) it wasdecide to
increase numbers of BJ6 andyMells in ceculture, we tried to demonstrate the ability of
dermal FB to regulate Mo cytokine expression in 2D model vs 3D sys{&ingure 4.10,
4.11) To better visualise FB andMn the sgheroids we labelled BJith red fluorescent
protein and My with green fluorescent proteinA clearly welblefined spheroid border can
be detectedfor all FBs as shown in both gde contrast and red protein labelled BJ6 FB
fluorescent lights. BJ6 FB-cuoltured with My spheroidsthat indicate in red protein labelled
BJ6 FB and green CTV dye labelléd Mcreasing the mmber of cell did not productiom
consistent pattern of growth in spheroids size. However, -noifiorm aggregates of
spheroids were observed in an irrespectivecofculture of BJ6/mature or immature M
(Figure4.10and 4.11).

We also prepared smroids usindNDF12 Fi Figure(4.12) shows spheroids made of NDF12
FB cecultured with mature GMM3 formed uniform and solid spheroidsyhere a distinct
spheroid border was observed compared to those spheroids made of NDfl@ared with
immature GMM?3. Soheroids made of ND12/MAY shows cell aggregates shaped as radial
invasive patterns irrespective of the absence or the presence®{Eigurel.13). These data
would suggest that interaction of FB withi\Mspheroids was promoting MMP productions,
their functions to induce collagen and laminin degradation, resulting in radial invasive cells
around and attached at the bottom of wells. Results are in liita the previous findings of
data show that interaction of CAF and TAWMth cancer cells, leading to a higher production
of matrix metalloproteinase (M), which promotes the invasive cancer ¢dllscause MMP
can degrade collagen and laminin, which #re major components of basement membrane

(L. Liu, Ye, & Zhu, 2019
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Figure 410 Images of threedimensional double culture of BJ6 FB/GM> using phase contrast,
green and red fluorescent lightsMonocytes 6x1®) were cultured in Ultrdow attachment 6 well
plate and treated with20U/ml of GMCSF. After 6 days of the culture, cells were harvested and
transferred into ULA96 well palates mixed with FBpheroid shapes made of BJ6 FBAJIY at day

4 contains normal FB cultured with GMIy that are stained with cell trace violet (CTV) dye as green.
Maturation was induced with LPS and N ¥ 2 NBU6HB &pldsed red colour cultured with-GIyY
(green) werestained with cell trace violet (CTV) dye as shown
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Figure 411 Images of threedimensional double culture of BJ6 FBAM > using phase contrast,
green and red fluorescent lightsMonocytes $x13) were cultured in Ultrdow attachment 6 well
plate and treated with 10ng /ml of NCSF. After 6 days of the culture, cells were harvested and
transferred into ULA96 well palates mixed with FBpheroid shapes at day 4 contains normal FB
cultured with MM that are stained with cetrace violet (CTV) dye as gredfaturation was induced
with LPS only for 24hBJ6 FB exposed red colour cultured withWJ (green) were stained with cell
trace violet (CTV) dye as shown.
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NDF12 GM-Md+ NDF12 Activated GM-Md+ NDF12
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contrast
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Figure 412 Images ofthree-dimensional double culture of NDF12 FB/GM} using phase contrst

and green fluorescent lightdMonocytes 6x13) were cultured in Ultrdow attachment 6 well plate

and treated with 20U/ml of GMCSF. After 6 days of the culture, cells were harvested and transferred
into ULA 96 well palates mixed with FBpheroid shapes at day 4 contains normal FB cultured with
GM-M3 that are stained with cell trace violet (CTV) dye as gré&aturation was indued with LPS

and IFN T 2 NNDH12 RB\Ndiitured with GMY were stained with cell trace violet (CTV) dye as

shown.

NDF12 M-M¢+ NDF12 Activated M-M¢+ NDF12

Phase
contrast
Green CTV
dye labelled
GM-M¢

Figure 413 Images of threedimensional double culture of NDF12 FB/MY using phase contrst

and greenfluorescent lights Monocytes 6x1®) were cultured in Ultrdow attachment 6 well plate

and treated with 10ng /ml of MCSF. After 6 days of the culture, cells were harvested and transferred
into ULA 96 well palates mixed with FBpheroid shapes at daycéntains normal FB cultured with
M-M3Y that are stained with cell trace violet (CTV) dye as grifaturation was induced with LPS only
for 24hr.NDF12 FB cultured with-M > were stained with cell trace violet (CTV) dye as shown.
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4.3.4 Detecting theffects of FBs on cytokine secretion by i 3D vs 2D

We measured cytokine levels in the supernatant of the experiments above.

When FB were cultured alone they did not esgs IE12, 11-10 and IE23 in either2D or 3D
systems. In 3D culturdl-23 secreton by mature GM-M3 co-cultured with BJ6 andNDF12

was significantlfP<0.001 and P<0.08gcreased compared tmature GM-a . alonein 1/3
donors,whereas 23 was significantly (p<0.05 and p<0.01) increased in another 1/3 donors.
Expression of H23 inM-M3} did not change 1 out of 3 donorsteracting with BJgFigure
4.14)

Secretion of H23 by MM co-cultured with BJ&nd NDF12vasinhibited in one donor. 1L23
was significantly (p<01) decreased in the presence of NDF12 bt23lwas inhibited whn
cultured with BJ6in 1 donor. But in another donor expression of {23 by M-M> was
significantly (p<0.0001) decreased in the presence of BJ6

LYy W5 aeaidsSyz S &adGddzRRASR (GKS STFFSOO 27
mature GMM3> producedIL-23. In this sding interacting withBJ6 significantly (p<0.001)
increased secretion of 23 but NDF12 did not affect-23. Interaction of BJ6 and NDFdig

not affect secretion of 23 by mature Ma . @
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Figure 414 3D: Expression of H23 by activated Ny in the presence or absence of FBSx1(
monocyteswere cultured in Ultrdow attachment 6 well plate with 20 U/ml of GRISF or 10 ng/ml

of M-CSF. After 6 days, Mvere harvested. Next, the mixture of FBsfMwere cultued into ULA96

well plates for 4 days. Cells were spun at 100 g for 4 minutes and incubate for 3 days. On day 3
ALIKSNRPARA 6SNB OGAQGFGSR 6AGK px3akYE 2F [t{ IYR
Next day supernatants were collected and cytaksecretionassayed by ELISA. Data showed mean
cytokinesecretionamongst of triplicate well +/SD and is representative 3 experiments of 3 donors.
Statistical differences determined usinggst.
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Figure 415 2D: Expression of cytokine by activated}vin the presence or absence of FEx10
monocyteswere cultured in Ultrdow attachment 6 well plate with 20 1U/ml of GRISF or 10 ng/ml

of M-CSF. FB were cultured into 96 well plates for 24 hr. After 6 daysells were harvested and

addedand cocultures were incubated for 1 hr to allow cells to rest. In triplicate well from each of
G§KSaS OdzZ GdzZNB F FGSNI MmKNJ NBadAy3a F2ft26Ay3 o0& air
5ug/ml of LPS only for 24hNext day supernatants were collected and cytokineductionassayed

by ELISA. Data have shown mean cytolgreduction amongst of triplicate well +/SD and is
representative Jroductionof 3 donors. Statistical significance assessed witist
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This finding allowed us to carry out the same experiment but in this time it was important to
increase the cell ratio that alng with the actual number of FB/Mco-culture were cultured

in 3D and2D modes$. Productionof cytokines in MoNf were observed in both 2D and 3D
culture systems (Figu4.164.18). There was detectable expression 68, 11-:10 and [E23

in mature MY monoculture However, IE23 secretion bymature GMM} cultured with FB
was slightlyincreasedn 2 donors but H23 wasnot affected compareal to mature GMM Y
onlyin 1/3 donors. UnlikelL-23 secretion by FBhature GMM?3 co-culture, IL-12 secretion

in the presence ofFB vas significantly (p<0.05§lecreasedin 1/3 donors and H12 was
inhibited in oher 2 donors.Mature GMM5 in the presence of FBroduceda lessIL-10
productionthan mature GMMY and this was only in 1/3 donork this setting cross talking

with FB decreased secretion ofl0 by mature GMa - A Y ™ k(RigurB4216). 2 NB&
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Figure 416 The effect of FB on cytokine secretion by activated @A} in a 3D malel. 5x1F CD14+

cellswere cultured in Ultrdow attachment 6 well plate treated with 20 U/ml of GEISF. After 6 days,

GM-M3 were harvested. Next, mixture of FBs/@GWp were cultured (proportional FB/M 1:1-

20,000 FB, 20,000 ¥ into ULA96 well plates for 4 days. Cells were spun at 100 g for 4 minutes and
incubate for 3 days. On day 3 spheroids werdadtl 0 SR ¢gA 0K px3IkYEt 2F [t{ Y
24h. Next day supernatants were collected and cytolineduction assayed by ELISA. Data have

shown mean cytokinproductionamongst of triplicate well +/SD and is representative 3 experiments

of 3 donas. Statistical data were carried out usingest.
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In addition, in Figure (47) shows FB had a significadpk0.05)impact on IL10 secretion by
mature MM} compared to mature MM} only. However, one donor of 3 donors did express
IL-23 by mature MM}, the second donor expresseddB by mature MM} but FB did inhibit

expression of H23 while the rest remained unaffected.
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Figure 417 Cytokine secretion by activated M1} in the presence orabsence of FBs in the 3D
model. Monocytes 5x1C) were cultured in Ultrdow attachment 6 well plate treated with 10 ng/ml

of M-CSF. After 6 days of the culture;NWp cells were harvested. Next, mixture of FBsKA} were
cultured into ULA6 well plates for 4 days. Cells were spun at 100 g for 4 minutes and incubate for 3
days. On day 3 spheroids were activated with 5pg/ml of LBS@m24h. Next day supernatants were
collected and cytokine secretion assayed by ELISA. Data show the mean cyécketmnamongst

of triplicate well +£ SD and is representative of 3 individual experiments Statistical data were carried

out using ttest.

145



Interestingly,in Figure (418) secretionof cytokines (K12, 11-10 and 1.23) by FB/mature GM
M3 co-culture in 2D modelvasincreasedcompared to mature GMVY only. Mature MMy
did not secrete H12, whereas H10 was observed and FB induced slightly decredisé@
compared to mature MM} . FB slightly increasgatoductionof IL-:23 by mature MM3.

GM-M¢ M-M¢
10000 - 400

8000
60004
4000

2000+

IL-23 [pg/ml]
o

IL-23 [pg/ml]

- N w
- 8 % &

-
o
1

1000 4

800+ 0.8+
600+ 0.6+
400- Y044
200- . 0.2
0 : . 0.0

600

IL-12 [pg/ml]
IL-12 [pg/ml]

200+

150
400

1004
200

I ;

IL-10 [pg/mI]
IL-10 [pg/ml]

504

0 T
LPS - + - + LPS - + - +
INFyy - + - + INF-y - - -
BJ6 - - * + BJ6 - - + +

Figure 418 Cytokine secretion byctivated My in the presence oabsence of FBs in the 2D model
Monocytes bx1@) were cultured in Ultrdow attachment 6 well plate treated with 20 1U/ml of GM

CSF or 10 ng/ml of @SF. FB were cultured into 96 well plates for 24 hr. Next, after 6 days of the
culture, My cells were harvested and added andadtures were incubated for 1 hr to allow cells to

rest. In triplicate well from each of these culture after 1hr resting foiltmby stimulation with 5pg/mi

2F [t{ FYR mnnn L!'kYf 2F LbC: 2N px3IkYt 2F [t{
and cytokinesecretionassayed by ELISA. Data show the mean cytokine levels from triplicate wells +/

SD and is representativ&individual experiments. Statistical data were carried out ustegtt
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4.4 Discussion
Extensive studies have revealed that the tumour microenvironn{8tg¢inman & Witmer,

1978 plays an important role in dease progression and drug respoiiRebelo et al., 2018
Shurin et al., 2016 For this reason, attention has been paid to establishing more complex
culture systems to better represent complex cellular environments and replicate the
physiological settingTang, Qiao, & Fu, 201l8Here we attempted to devise a tweell 3D
culture system combining alginate microencapsulation atided culture in order to form
tumour spheroids consisting of caneassociated fibroblasts and polarising macrophages,

wherein the crosstalk interaction between each compartment can be analysed.

In the 3D culture, the expression of CD68 and CD163 miaagepmarkers was detected,
thereby indicating macrophage differentiation into an MRe phenotype (Almatroodi,
McDonald, Darby, & Pouniotis, 2Q16avin et al., 201)7 However, at lower levels, stromal
cells within the tumour microenvironmentere also primarily involved in the regulation and
activation of monocytes, as the activated fibroblast phenotype is a engaperty of CAF; in
turn, the secretory profile and ECM production were alte(€dmito et al., 2014&Silzle et

al., 2003b. In this work, we show the development of FBYMo-culture in 3D v&D culture
models. There are important biological molecules involved, including nicotinamide adenine
dinucleotide (NADNADH) and nicotinamide adenine dinucleotide phosphate
(NADP/NADPH), which play a role as cofactors in many enzyme reactions for cellular
metabolism, protection against oxidative stress, signal transduction, mitochondrial functions,
and cell death{Belenky, Bogan, & Brenner, 200¥ing, 2008 One approachsed to measure

the NAD9QP)H amount is the colourimetric method using tetrazolium s@snigan, Waters,

& Owen, 1995Luo et al., 2006

Tetrazolium salts are reduced to a formazan product by NAD(P)H, which is a technique widely
used to detect the metabolic activity of cells, indicating cell viability. The study has described
WST8 solution as an assay for the quantitatimeeasurement of the enzyme activity of
dehydrogenas€Chamchoy et al., 20)9Enzyme activity was determined by W&3olution

at different concentrations. Absorbance increases were dramatically boosted on the last day
compared to previous days, suggesting that they demonstrated the Inoéitaactivity of cells

and as an indicator of cell viability.
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Our data determined the proliferation of FB and MCF7 spheroids that were formed. However,
the proliferation of FB spheroid culture was barely detectable. In contrast, the proliferation
of the MCF7 spheroid was increased by half on day 7 of the culture compared to other days,
suggesting that, over time in 3D culture, MCF7 cells exhibit more proliferation than do

fibroblast cells.

As part of the optimisation of FB spheroids and to avoid hyparxianecrosis in the core, the
spheroids composed on average of 1,000, 5,000 and 1@@B8vere paraffirembedded for
sectioning and staining with H+E dye. We saw that, in each concentration, spheroids
maintained their structures and displayed blue nu@ad pink cytoplasm. We were able to
successfully generate MCF7 and fibroblast spheroids, and demonstrated viability and
proliferation. Further ways of characterising the nature of the spheroids could include the

evaluation of cell death and apoptosis rkars as well as proliferation markers.

The establishment of developed ontogeny in the normal fibroblast cell systemvitroand

in vivovertebrate and mammalian organisms is unknown. Human fibroblasts are categorised
by a heterogeneous cell population, existing in adult bodies that can display embryonic and
functional diversity(Sriram, Biliardi, & BigliardQi, 2019. In fect, although most fibroblasts

are derived from mesodermal cells, some research has revealed that neck skin fibroblasts are
considered to be neural crest tissuBuckley et al., 2001 The homoeostasis of the
extracellular matrix can be preserved by fibroblasts, but can also gain an imnguhaiery
phenotype. In fact, although activated fibroblasts are well placed to produce high levels of
COX2 and preinflammatory cytokines, the fibroblast activation period extends depending
on the type of tissuéVaheri, Enzerink, Rasanen, & Salmenpera, R@J8ptosis of activated
fibroblasts was induced into apoptotic cell death at the end of the wound healing, whigreas
vitro fibroblasts also undergo a programmed necrdiis cell death, named nemogBizik et

al., 2003. In particular, human dermal fibroblasts can produce clustersitro, named
spheroids, and the activation of fibroblasts increases the expression e2(jostaglandins,
pro-inflammatory cytokies, and growth factors, thus leading to nemosis associated with
spheroid decompositiofSalmenpera, Karhemo, Rasanen, Laakkonen, & Vaheri).2016

In this study it was demonstrated that growing the human fibroblast cell line in suspension in
3D resulted in cell aggregates and the production of solid spheroids, while the volume of

spheroids during their maturation decreased after 96 hours. This steatkase is owing to
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a process of compaction, which is consistent with the results of previous reports concerning
the determined generation and analysis of clusters such as spheroids derived from human
primary cutaneous myofibroblasts that formed after 86urs of seedingGranato et al.,

2017).

The development of better cancer therapy is a key priority of cancer research, and cancer
invasion and metastasis are important issues to be solved, owing to metastasis being the most
O02YY2y OFdzasS 27F I QNiiyMaEnie) eL 3. (12020 ydi €ndble B8 | (0 K
improvement of invasion investigations, it is essential to devélogtro cell culture models,
providing the opportunity for invasion assessmieln one trial, an evaluation of invasive
cancer cells was conducted in a 3D manner using the conventional membrane chamber assay.
Cancer cells were eaultured with CAF, TAM, and endothelial cells to induce the cancer
environmentmimickingthe pathological condition. However, duriimgvitrotrials, the natural
interaction of cancer cells with TAM is not always high enough in bioac¢tuin, Darowski,
Kluge, & Majety, 2017X. Q. Liu et al., 2016

It has been shown that stromal cells are cultured at a concentration approximately more than
twice the number of cancer cells in the body, althbuge cancer region is key to this process
(Shiga et al., 2005As one ftial reported, a 1:2 ratio was fixed for a mixture of cancer and
TAM. In this study, TAM culture was used for 10 days. Remarkably, there was no importance
in the rate between the 2D TAM and the TAMe adenosine groups. This can be clarified in
terms of the distance between TAM and cancer cells. The interaction may be prevented by
the distance between cancer cells and TAM. Furthermore, a previous study revealed that the
interaction between cancer cells and CAF was difficult due to dist@NiceKuwahara, et al.,

2020 Nii, Makino, & Tabata, 201%a

Previous reports have suggested that the recruitment and activation of monocytes within
TME are associated with the interaction of the stromal compartn{&iizle et al., 2003aas

CAF fibroblasts express activdtphenotypes in addition to an altered secretory profile and
ECM productior(Turley, Cremasco, & Astarita, 2016 fact, in 3D systems including blood
monocytes with breast cancer or CAF spheroids, the migration of monocytes was increased
towards CAF spheids, resulting in a correlation between a phenotype anda@rexpression

of CCLZKsiazkiewicz et al., 2010
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Our results demonstrated that 3D -@mlture allowed the activation of 1 to secrete a
considerable level of cytokines. These findings illustrated that primary FB and cell line FB
significantly decreased -B3 secretion of GMM} in one out of three donorsThey also
significantly increased 423 secretion by GMMY in one out of threedonors, while FBs did

not alter the expression of 423 in another donor. Furthermore,-R3 secretion was inhibited

in FBs cecultured with MMy in two out of threedonors. IE23 secretion was significantly
decreased in cell line FB-caltured with MM in one out of three donors. Furthermore, in

a 2D culture system, FBs altered the NI function, pointing towards the potentla
expression of K23, whereas they did not altehé production of I£23 from MM3, which is

aligned with our previous findings, detailed in Chagier

In addition, the same previous experiment was conducted using the same ratiecaftace.
Our data showed that a planar -@ulture of GMM3 and FB redced [}12 and increased 4L
23 secretion. In contrast, 3D -cmltures did not increase{23 expression by G >. Neither
resting My alone nor Mp/FB cocultures secreted cytokines. When-M> were cacultured
with FB in 2D, cytokine secretion was largelyftewed. However, in 3D, 423 production

was inhibited by FB.

Interestingly,a S Odzf G dzNE 4 RAFTFSNBYG O2yOSYyidNI GA2Y
detectable levels of cytokines includingl2, 1110 and k23, whereas, when eoultured at

lower concetrations (1,200, 1,600, 2,400 and 3,300), it did not secrete detectable levels of
cytokines in 3D. Levels of1R, k10 and Ik o Q@G 21 Ay Sa o6& aY AYy 05 ¢
highly than was the case with those secretions in 2D culture. This findingliree imith

previous reports suggesting that, in a-3zulture model, M2like phenotypes were observed

to accumulate and release-10 and 112 (Rebelo et al., 2008FB exerted potent suppression

2y Oeéid21AySa aSONBGSR o0& ay Od#Zf Gdz2NBE Ay o5 O+
FB ratio of a propositional 1:1 induced a slight increase in the level28 Hxpression,

whereas, at a propositional 2:1, it inducadlight decrease in-23 secretion by GM > @
Macrophages cannot produce collagen but they are able to release matrix metalloproteinases
(MMPs) and TIMPs, which change EMC turnover and compogiignn & Barron, 2010
Macrophages produce MMP, -9 and-13, which enable digesting EMC and reverse scarring

at the resolution stage of wound healing, and this is associated with reducing ECM

degradation by depleting macrophag@$enderson & Iredale, 200.7This MMP is produced
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by macrophages, giving rise to consequences beyond ECM consumption. The alteration of
fibroblast behaviouwas determined by MMPs and TIMPs when fibroblasts recognised their
ligand with ECM, leading to changes#hair composition and flexibilityBarron & Wynn, 201;1
Henderson & Iredale, 200.7

Future work should build on this model to overcome some of its limitations. While a 3D
system is kearly of interest, the spheroid model was challenging to build and further work
should explore the alginatéAndrlova et al., 201)7microencapsulation of cells or stirred

culture systems for spheroid assembly.
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Chapter 5 Coculture of APC with stromal FBs and
their ECM
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Chapter 5 : Goulture of APC with stromal FBs and their ECM

5.1Introduction
Currenttherapeutic strategies focus principally ammunosuppressiomather than on the

mechanismgletermininginflammation Glucocorticosteroids (&Care the most commdg
usedanti-inflammatory drugsnd target immuneellsviacellspecific mechanism®la et al.,
2004 ShapourMoghaddam et al., 2008 Resolution of inflammation cabe induced by
different subtypes of monocytes and macrophagehich are activated by microbiatoducts
or endogenous danger ggials to produce pro-inflammatory mediatorsthat initiate the
inflammatory response. These processes are associated thetldownregulation ofpro-
inflammatory cytokines from macrophages and monocytes by an efficient inhibitor of GCs
(Boehncke & Schon, 201Malissen, Tamoutounour, & Henri, 2014 he ability to migrate
towardsinflammatory stimuli was increased in @@uced antiinflammatory monocytesin
contrast naive monocytes and macrophages stimulate the action of, (@asce anti
inflammatory mediators and differentate into anti- inflammatory phenotypegEhrchen,
Roth, & BarczyKabhlert, 2019Van den Bosch & Coates, 2018 Cdimit the amplification of
inflammation, which isassociatedvith repres®d pro-inflammatory macrophage activation
Additionally, actively promoting the resolution of inflammation in antinflammatory
monocytes and macrophages populations is relevantht®induction of GCslndeed GCs
play a pivotal role in inhibing the transcription of several prmflammatory cytokines in
human monocytes and macrophagesich as,nterleukin (IL-m ), 16, 1-:12, and tumour
Y SONER & A & b T(Caini&aidlowski,®2017
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Transforming growth facter 0 ®CA & AYLIR2NIFyYyd F2NJ Gdzy2dzNJ 3N
differentiation and migration. Through the canonical and noanonical signalling phatvays,

TGH 1 O0Ga Fa o62GK | GdzY2 dzNJ a(Maskapls, 2608Bibdel &y R
Massague, 2003 Macrophagesgendritic cellsDG), neutrophilsandnatural killer (NK) cells

are also affected byfGF , which stimulatestheir recruitment, activation and immune
suppressionFlavell, Sanjabi, Wrzeski, & Licond.imon, 2019 Consequently, recognition

of tumour cels isdecreasedas TGH antagonisesmmune function(Gigante, Gesualdo, &

Ranieri, 2012 In this regard TGF A & | & & 2tf@ Andutt®rRof M Amadtophage

polarisation and suppression of monocytmediated cytotoxicity via the expression of

inducible nitric oxide synthaggNOS)Gong et al., 20L2Murray & Wynn, 20111 NK cells lose

their functional maturation upon exposure o TGFH X A YLI ANRYy 3 GKS NBC
elimination of tumour cell{Marcoe et al., 201R Thisimpedestheir downstream activity

including activation obGandA y i S NJFESN@Rogluction(L&ouar, SutterwalaGorelik, &

Flavell, 2005Leavy, 201

Initial researctrevealed that TGF  Fdzy OG A 2y A & ling ti@ Md@ikelinimune i 2 02
system, for example the development of autoimmumediated inflammation in several
tissueswas observed as a result of systemic impant of TGF sexpression Furthermore,

the loss ofthe TGF  LJt G K¢ & LI NI is @sseiciatediwihan ayfoimmune®©® St £ &
response(Kulkarni et al., 1993Marie, Liggitt, & Rudensky, 2006nterestingly, initiation of

TGH SELINB&aairz2y OFy RNAGS adzZllNBaaizy 3F (GKS
(Chen et al., 2003 one et al., 2008Naive T cells treated with ambination of Ik6 and TGF

i OFy 0SS RAFTFSNEBYOAL (S Rypesych & imtmyinoSighiedsiMagit &€ RA T
cells.Theaddition of I.-6 and TG¥ initially supresses forkhead box P3 (FOXP3) in. ¢ells

addition, the function of Th17 celisprimarily mediated through the secretion of1lz, which

associated with promoted tumorigenesis mediated by neutrophil recruitnf®tangan et al.,

2006 von Boehmer & Daniel, 2013

The investigation of theole of TGF  theyfegulation of myeloid cells revealed thidie pro-
inflammatory response of macrophagastivated with TLR ligands or stimulation was largely
suppressed by TGF(Li, Wan, Sanjabi, Robertson, & Flavell, 208fbwever, initiation of

various inflammatory dpkines was promoted in myeloid cefitimulated with TGF Ay (K S

absence of TLR ligands or other cytokiiesmer, Chantry, & Feldmann, 199Monocytes
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and macrophages isolated from human peripheral blood migrated in the presence of, TGF

and this wasassociatd with enhancing the adherare of monocytes(Bauvois, Rouillard,

Sanceau, & Wietzerbin, 1998anjabiOh, & Li, 20l TGF O2y U NRf &4 GKS RS@S
functions of innate cells, including macrophage§;sand NK cellsCollectively,it maintains

peripheral tolerance against selnd innocuous antigensand modulates theimmune

response to pathogeng.hestudyaimed to determine whether and how TGF O2 Yy i NRB f &
inflammatory reaction and induced Mike polarsation in LPStimulated distinct
macrophage cell populations vitro. It was hypothesisedhat TGH  LINJ Ritid tBe

tumour microenvironment stimulates inflammatory cytokmgll-mi Kk ¢ bt freoruit
macrophageshat elicit prostaglandin HPGE) secetion by fibroblaststherby amplifyingL-

23 expressionand antiinflammatory cytokines bynacrophagesAs a consequence, this

system alters the balance of Thllresponsesand preferentiallysupports expansioof Th17

cells, which are highly inflammatory, thus further potentiating the tumoupromoting

microenvironment.

Tumour growth reflects malignant transformation, and also the impact of the tumour stroma
(Kalluri, 2003 Several factors, such as angiogenesis and inflammatory aellassociated

with tumour progression. Moreover, it is becoming increasingly clear that cancer progression
is prominently modified by structural cells such as fibroblédsVisser, Korets, & Coussens,
2005 Elenbaas & Weinberg, 200Dur knowledge of the phenotypes of fibroblasts in cancer,
including resting and activated cells, continues to evolve, and supports the notion of
subpopulations of fibroblasts, the smmed canceassociated fibroblasts, that act as

important promoters oftumour growth and progressiofM. M. Mueller & Fusenig, 2004
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Fibroblasts were first described in the late 8entury dependenhon their location and
microscopic appearance. They represent a principal cellular component of the connective
tissue and are noinflammatory, norepithelial and norvascular cells which exist embedded
within the fibrillar matrix of connective tissu&alluri & Zeisberg, 2006T heyplay important

roles in deposition of extracellular matrix (ECM), regulation of inflammation, epithelial
differentiation, and wound healingParsonage etl., 2005. Several components of the
fibrillary ECM such as type I, type Ill and type IV collagen, and fibronectin weegulpted

by fibroblastyRodemann & Muller, 1991FBare therefore classified as key agents of ECM
degrading poteases, including metalloproteinases (MMPs), which highlights their
importance in ECNhomeostasis by regulating ECM turnoyidr Y. Chang et al., 20&imian

et al., 200).

It is widely accepted that the tumour microenvironment of a given tissue comprises the
basement membrane, immune cells, capillaries, fibroblasts and ECM surrounding the cancer
cells constituting the tumour strom#RonnovJessen, Petersen, & Bissell, @P9t was
observed that the reactive stroma during wound healing is similar to the stroma is associated
with carcinoma in sitClIS). However, the impact of the stroma on cells and vice versa in the
regulation of CIS is unknown but there is a growindybof evidence of crosslinking between
components amongst the basement membrane barrier. There is much interest in the
differences between normal and tumour stroma. In normal stroma, a minimal number of
fibroblasts communicate with the physiological E@QMorak, Form, Manseau, & Smith,
1984), whereas the number of fibblasts is increased within the reactive stroma, leading to
enhanced capillary density, as well as type | collagen and fibrin deposition. It has been
demonstrated that increased oncogenic signals provided by reactive stroma facilitate
tumorigenesigDolberg, Hollingsworth, Hertle, & Bissell, 198%weke, Thompson, Sporn, &
Bissell, 199D

Vascular endothieal growth factor (VEGF), which acts as vascular permeability factor (VPF),

is involved in the emerging reactive strorfia F. Brown et al., 1999The central source of
host-derived VEGF are several types of cells can release VEGF, such as fibroblasts and
inflammatory cells, in addition to cancer cells themsel{Eakumura et al., 1998 The
induction of microvascular permeability can be triggered through the action of VEGF, in turn,

increasing the extravasation of plasma proteins such as fibrin, as well as the influx of
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fibroblasts, inflammatory cells andhdothelial cell{Dvorak et al., 1991Senger et al., 1983
These cells are a crucial resource of ECM production, providing an abundance of fibronectin

and type | collagen, both of which play a role in tumour angiogeiesigy et al., 2000

The tumour microenvironment includes TAFs that are present in high levels as stromal cells
which produce cytokines, thereby impacting cancer cells and sti{@weging et al., 201,7X.

Zhang et al., 2008 causing tumour progression and migration, and are an alternative for
extracellular matrix. Within the tumour milieu, TAMs are the abundant cell type, accounting
for up to 50% of the cancer tissue buBolinas, Germano, Mantovani, & Allavena, 2009
Polarised macrophages are divided into two types: classically actigBbednas B. Thornley,
2014 macrophages which are involved in the immune @sge (Martinez, Helming, &
Gordon, 2009 and alternatively activated (M2) macrophages which have a crucial role in
promoting tumour growth(P. Zheng et al., 2018Furthermore, TAMs and M2 polarised

macrophages have similar properties.

Previously, colorectal canceerived TAFs (CTAFS) isolated from human colorectal cancer
(CRC) tissue were shown tdfeert monocytes in terms of adhesion, recruitment, and
polarisation of macrophagefC. Zhang et al., 20171-8 secretion by TAFs can attract
monocytes and the secretion of-BLincreased adhesion between monocytes and CRC cells.
Moreover, the suppressive effect of TAFs promoted the polarisation of M2 macrophages; this
synergistic axis inhibits recruitment BK cell{Parkhurst, Riley, Dudley, & Rosenberg, 2011
R. Zhang et al., 201L9TAMs are a phenotypic heterogeneous population that polarise from
circulating monocytes or tissdecalised macrophages arade involved in several tumour
promoting processes, such as grdlammatory signalling, enhanced angiogenesis, invasion,
metastasis and therapy resistan@@assetta et al., 2018. Z. Qian & Pollard, 201Many
factors within the tumour microenvironment can affect the functional differentiation of
TAMs. Recently, TAFs were shown to act as novel effector callsgtihithe polarisation of
TAMs into an immunosuppressive phenotype in addition to their role in moeaegulation.
TAFderived Chi3Lis a genetically modified target of Chi3L1 expression in fibroblasts and was
shown to attenuate macrophage recruitment éheir reprogramming to polarised M2 as
well as promote Thl within the tumour microenvironment in bone moraerived
macrophages isolated from a mouse model of breast cafcehen et al., 203 omito et

al., 20140h. Moreover, TAFs isolated from human tumours instigated M2 polarisation of the
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phenotype differentiated from patienrtlerived CD14+ myeloid cells to induce ARG1Qland
TGH = 6KAOK OGO Fa LRGSYydG adzZLINBEaadA dSceszt SOd
(H. Takahashi et al., 20Ll™However, the mediation of MEke polarisation regulad by

underlying TAfeerived factors was not identified.

A growing body of evidence that Mblarised cells are derived from TAMs, and +somall

cell lung cancer comprises approximately 70% oflid2 derived from TAMs, however the
basis of this imbalanceemains unknowr(Sun, Sun, Xiao, Zhang, & Tian, 30libthe TME,
there are multiple agents which may control the phenotype of macrophages, including
stromal cells (e.g. TAFs) that secrete immunosuppressive fgétarakasheva et al., 20/18.
Zhang et al., 20)8Cytokines, growth factors, lipid mediators and prostaglandin E2 regulate

a tumourpromoting phenotypgHayakawa & Smyth, 2006aked et al., 2001

When TAM were culturedh vitrounder standard conditions, they were able to restore their
function to express HL2 and TNESaccani et al., 200Q6Initiation d cancer can be triggered
through a chronic stage of the inflammatory environment comprising of macrophages.
Recently, inflammatory cytokines-12, 1-10 and 123 produced from thgresence of TAM

and IL:17 wereimplicated in initiating cancer progressi¢Salmaninejad et al., 2019
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5.1.1 Characterisatn of ECM fibroblast crosslinking CD14+ monocytes and macrophages

5.1.1.1 BJ6 cell line fibrobldS€M interaction with CD14+ monocytes and macrophages
In vitro and in vivp hypersensitivity and hyposensitivity are induced under experimental

conditions, modulated by the biological activity of (B&lomao et al., 20)2Administration

of minute amounts of LPS to animals or humans might induce a state of hyporesponsiveness

G2 | aSO02yR [t{ OKIFffSy3aSaoxini 2PKSNRYSFL2¢y 6KD2
is a protective cellular mechanism to limit detrimental inflammation, the initial excessive
activation of monocytes and macrophages by LPS is decreased, and the inhibition of the
production of inflammatory cytokine is regtéal, such as TNF (Cavaillon & Adi€Conquy,

2006; de Lima et al., 2024ernandes, Mendes, Brunialti, & Salomao, 20A0study revealed

that inflammatory cytokine production by tolerant monocytes activated by LPS was inhibited,

these cells associated with the cell phenotype express CD206 and CD163. Furthermore,
following LPS dwation, CD206 expregs was downregulated by tolees cells(Alves

Januzzi, Brunialti, & Salomao, 2017

The previous studies reviewed showed that the interaction of innate and adaptive immunity
includes monocytes/macrophages and this praces increasingly recognised in HIV
pathogenesigCentlivre et al., 20%1 aforge et al., 20)1They initiatemnmune responses and

act as the first cells to interact with pathogens, including HIV and SIV (simian
immunodeficiency virus). CD169 (sialoadhesin, Sn, or Siglecl) is a distinct monocyte marker
recognises early virus infection and is involved in the actimatf the adaptive immunity
(Klaas & Crocker, 20L2The glylated bacteria and viruses can internalise by binding to this
endocytic receptor. Also, CD8+ T lymphocytes and tumour cells bind to CD169 as a mediate
interaction through its countereceptors CD43 to MUCI, respectively. Detection of CD169
expression bs been observed in high levels on blood monocytes from patients with systemic
sclerosis, systemic lupus erythematosus, and primary biliary cirrfi@siBao et al., 2010
Biesen ¢€ al., 2008. Expression of CD169 also occurs on monocytes increased in patients

infected with EpsteirBarr virus enteritis and HifAshokkumar et al., 20}2

Monocytes express the estimulatory molecules CD80 and CD86 which are essential co
stimulatory ligands for adaptive immity (Linsley et al., 1994 Monocytes have properties

as heterogeneous phenotypes presenting unique subsets depending on the expression of the
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surface molecules CD14 and CIékherjee et al., 2015Thaler et al., 2016 Furthermore,

the immune system can regulate by monocytes as the cornerstones for critical drivers of
inflammatory reactions(Zawada et al., 2031 Circulating intermediate CD14+CD16+
monocytes upregulated expression of CD86 on their surfaces and correlated with clinical

severity in the epidermiand dermis of psoriatic plaquékiguyen et al., 2018
The study hypothesis raises important questiomduding:

i. Does the ECM play a role in regulating differentiation of CD14+ and macrophages
rather than simply providing a scaffold for cell adhesion or being a barrier to breach?
i.  Which ECMFB interactions significantly impact the capability of FB to naidu
CD14+ and macrophages and influence how cells respond to the ECM?
iii. Can these interactions be targeted for new immunotherapeutic strategies or to
improve current therapies?
Herein, we examine the interaction of myeloid cell function, and discussuidemrce for the

direct impact of FRlerived ECM on the phenotype of monocytes and macrophages.
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5.2 Results

5.2.1 The effects of fibroblast cell lines and primary fibroblasts on macrophages

5.2.1.1 Titration of FBs/APGadture in 2D model
Although dstinct from cells ofthe classical immune system, a growing body of evidence

shows that fibroblasts (FB) substantially modify immune respoasésa growing body of
evidence highlightghat FBregulate functions of macrophagéKalluri, 2016h The purpose
of this chapter waso explorethe impact of FB on cytokine secretion by macrophages. Initially
we aimed to determine the appropriate starting number of FB that would influence the

biological physiology of Mduring interaction.

Initially we examinecdthe effects ofFBcell linegBJ6 and TI@nd primary FB&btained from
normal dermispn cytokine production by restinigly. Coculture of GMMY with FB cell lines
resulted in an increase in the secretion of2R Figure 5.1A and B. The seretion of 123
correlated with the number of FB seedelh contrast, no effect of FB on-12 or 110
secretion was observed. It is important to note thatl? was only observed from 1 donor
with the positive control conditions. We next examined thdeef of primary FB on
macrophage function. As with lorgrm cell lines, ceculture with primary dermal FB
markedly increased the secretion of2R (Figure 5.2 @nd D. Neither IE12 nor IE10 was

detected in the presence of FB.

When MM were cacultured with normal dermal FB (Figure 5.3 G, H), but not cell lines
(Figure 5.4 E, F), an increase i@3lsecreipbn was observedt is important to note that which
IL-23 was secreted the levels obtained were considerably lower than achievbdia. .

FB did not affect HL2 of 11-10 levels when caultured with MM3.
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Figure 51 A and BEffect 0fBJ6 and TIGB cell lines on cytokine production yM-MY . 5x1FCD14+

cells were cultured in Ultow attachment 6well plate treated with 20U/ml of GMCSF. FB were

cultured at different concentrations into 96 well plates for overnight. Next, after 6 days of the culture,

1x10' GM-M3 cells were harvested and added andadtures were incubated for 1 hr to allow cells

to rest. After 1hr resting following by stimulation with 5ug/ml of LPS and 1000U/ml ef IFNF 2 NJ H n K NJP
Supernatants were collected and cytokine expression assayed by ELISA. Data shown mean cytokine
expressions amongst of triplicate well-8D and is represitative 34 separated experiment8D106

and BD103 represent donotStatistical data were carried out usitwjo-way ANOVA*: p value<0.05

**: p value<0.01***: p value<0.001;***: p value<0.0001,ns: not significant)
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Figure 52 C and CEffect ofND11 and ND1primary dermal FB on cytokine production lgM-M3 .

5x10 CD14+ cells were cultured in UHiawv attachment 6 well plate treated with 20U/ml of GEISF.

FB were cultured at differertoncentrations into 96 well plates for overnight. Next, after 6 days of the

culture, 1x18 GM-MY cells were harvested and added and-adtures were incubated for 1 hr to

allow cells to rest. After 1hr resting following by stimulation with 5pg/ml of LRISLAA0OU/mI of IFN

I F2NI HAKNI {dZLISNY I GFyda 6SNB O2t€ S80GSR YR Odliz
cytokine expressions amongst of triplicate well- 8D and is representative-43 separated
experimentsBD106 BD058&nd BD103 represent dons. Statistical déa were carried out using two

way ANOVA*: p value<0.05**: p value<0.01***: p value<0.001****: p value<0.0001,ns: not

significant)
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Figure 53 E and FEffect ofBJ6 and TIGB cell lines on cytokine production By-M3 . 5x1¢ CD14+

cells were cultured in Ulthow attachment 6 well plate treated with 10 ng/ml of-BISF. FB were
cultured at different concentrations into 96 well plates for overnight. Next, after 6 days of theeul
1x10' M-M3Y cells were harvested and added andadtures were incubated for 1 hr to allow cells to
rest. After 1hr resting following by stimulation with 5ug/ml of LPS only for 24hr. Supernatants were
collected and cytokine expression determined MYJA. Data shown mean cytokine expressions
amongst of triplicate well +/SD and is representativeBseparated experiment&D106 and BD103
represent donorsStatistical significance waketermined by tweway ANOVA*: p value<0.05**: p
value<0.01***: p value<0.001***: p value<0.0001,ns: not significant)
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Figure 54 G and Heffect ofNDF11 and NDFX&imary dermal FB on cytokine production by-MY .
5x1FCD14+ cells were cultured in Ukiaw attachment 6 welplate treated with 10 ng/ml of MCSF.

FB were cultured at different concentrations into 96 well plates for overnight. Next, after 6 days of the
culture, 1x18M-M3 cells were harvested and added andadtures were incubated for 1 hr to allow
cells to rest. After 1hr resting following by stimulation with 5ug/ml of LPS only for 24hr. Supernatants
were collected and cytokine expression determined by ELISAsBatan mean cytokine expressions
amongst of triplicate well +/SD and is representativef3separated experiment&D106 and BD103
represent donorsStatistical sigrficance was determined by twavay ANOVA*: p value<0.05**: p
value<0.01***: p value<0001,****: p value<0.0001,ns: not significant)
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Having established the baseline conditidosthe effect of FB on resting/immatuidy, we

next explored the impact of FB on maturid. This was examined using the respective
maturation stimuli for GMand MM}, and with increasing numbers of FB avd in the co
cultures. As shown in Figure 5.5A, &M secreted high levels of-23 and low levels of 1L

10 upon exposure to LPS/IgNCaculture with TIG or BJ6 FB cell lines resulted in a marked
and signiftant increase in {23 levels and this related to the number of FB in the culture
system. Whilst there were some significant decreases in secreté&q, lthese were only

observed with the TIG cell line.
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Figure 55 A and BEffect ofBJ6 and TIGB on mature GMmacrophage 5x1F MACSpurified CD14+

cells were cultured in Ultrlow attachment 6 well plate treated with 20U/ml of GBISF. FB were
cultured at different concentrations into 96 well plates for overnight. After 6sdafythe culture,
2.5x13 M3 were added and caultures rested for 1 hr. Cells were stimulation with LPS and IFNF 2 NJ
24hr. Next day supernatants were collected and cytokine levels determined by ELISA. Data shown
mean cytokine expressions amongst of idpte wells +/ SD and is representative43 separated
experimentsBC001, BCO02 and BCO03 represent dorBiedistical datavere carried out using two

way ANOVA*: p value<0.05**: p value<0.01***: p value<0.001****: p value<0.0001,ns: not
significant)
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In addition, we determined HLO cytokine levels in culture supernatants of@dture BJ6 or

TIG/IMMY (Figure 5.6 D). 110 cytokine levels significantly decreased in the supernatants

of allBJBM -M3 co-culture compared to mature MM only (Figure 5.6 C). TiBo reduced

IL-10 secretion by mature N3 from 2/3 donorscompared to mature M3, although this

decrease was nateach overalktatisticd significarce (Figure 5.6 D)Interleukin23 was not

secreted by MM} (data not shown).
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Figure 56 Effect 0ofBJ6 and TIGB on mature Mmacrophag. 5x1F MACSpurified CD14+ cells were
cultured in Ultralow attachment 6 well plate treated with 20U/nolff GM-CSF. FB were cultured at
different concentrations into 96 well plates for overnight. After 6 days of the culture, 2!B54I@vere

added and cecultures rested for 1 hr. Cells were stimulation with LPS for 24hr. Next day supernatants
were collected ad cytokine secretion assayed by ELISA. Data shown mean cytokine expressions
amongst of triplicate wells +5D and is representativef3separated experiment®C001, BC002 and
BCO003 represent donorStatistical déa were carried out using twavay ANOVA*: p value<0.05**:

p value<0.01***: p value<0.001****: p value<0.0001,ns: not significant).
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It was decided to study the effect of further increasing the number dfiMsubsequent co
culture experiments. With a higher numberMf} in the cocultures we observed FB cell lines
to increase the H23 response to maturation (Figure 547 B). The relatively low levels of IL
10 produced by mature GNY were suppressed by the addition of FB and this effect was
particularly evident with the TIG FB deale.
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Figure 57 A and B HEect of BJ6 and TIGB on mature macrophag&x1®MACSpurified CD14+ cells

were cultured in Ultrdow attachment 6 well plate treated with 20U/ml of GRISF. FB were cultured

at different concentrations into 96 well plates for overnight. After 6 days of the culture, ‘G0

were added and caultures rested for 1 hr. Cells were stimulation with LPS and IFNF 2 NJ H n K NJP
day supernatants were collected and cytokines quantified by EID&#& shown mean cytokine
expressions amongst of triplicate wells $D and is repeentatived separated experiment®onorA,

BC001, BC002 and BCOO03 represent dor®iedistical déa were carried out using twavay ANOVA

(*: p value<0.05**: p value<0.01***: p value<0.001;***: p value<0.0001,ns: not significant)
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When maturedM-M} were co-cultured with FB cell lines there was a prominent dose
dependent suppression of-0 secretion after 24hrs (Figure 5.8C & D). Once more, this was
evident with bot of the tested FB cell lines, but the effect was strongest with TIG cocultures

(Figure 5.8D).
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Figure 58 C and D Effect d8J6 and TIGB on mature Mmacrophaye. 5x1¢ MACSpurified CD14+

cells were cultured in Ultrlow attachment 6 well plate treated with 20U/ml of GRISF. FB were
cultured at different concentrations into 96 well plates for overnight. After 6 days of the culture? 5x10
MY were added and caultures rested for 1 hr. Cells were stimulation with LPS for.24baxt day
supernatants were collected and cytokine levels assayed by ELISA. Data shown mean cytokine
expressions amongst of triplicate wels SD and is representativieseparated experiment®onorA,

BC001, BC002 and BCO003 represent dorgtedistich daa were carried out twewvay ANOVA*: p
value<0.05**: p value<0.01***: p value<0.001****: p value<0.0001,ns: not significant)
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5.2.1.2The effect ofonising RadiatiolR) on cytokine secretion by Min the presence of FB
Having established that FB may modulate the cytokine response$ ofvMél decided to use

this model system to explore the possible consequences for a model of radiotherapy using
external bean ionising radiation (IR). A number of studies have describedttbatal My
differentiate into My2 when exposed to IRCrittenden et al., 201,2Gough, Young, &
Crittenden, 2013Seifert et al., 2016WNunderlich et al., 2015Furthermore, it is established
thatirradiation ofM Y1 changes theidifferentiation patterntowardsan M2like phenotype
(Crittenden et al., 2012 Our own group previously described that the presence of FB
modulates the response of monocyte deriveddd& X rays (Malecka et al 2016). Themef,

we constructed ann vitro system to test the hypothesis that FB modulate the response of
macrophages to ionising radiatiomhe model comprised the exposure of alreabtablished
FBM. cocultures to IR using a tissue culture cabinet to which aayXgenerator was
attached (Gulmay). Ceultures were exposed a single pulse of IR and the cytokine response

to standard maturation stimuli assessed.

When macrophages were exposed to 6Gy imgisadiation their cytokine profile was altered.
With GMM3Y, IR significantly reduced -0 and IE23 secretion whist concomitantly
increasing the release of-I2 (Figure 5.9). A similar response was observed with following
the irradiation of MMF as, whist they did not secrete L2, both IE10 and k23 were
inhibited. These observations are in agreemenith previous findings that showed IR at 6Gy
significantly inhibited H23 secretion by GMMY, I-10 was downregulated in MY, and
there was no chargin 12 in GMMY (A MaleckaPhD2017 University of Nottingham
Whilst IR increased-112 secretion by GMM. | y-@&ultu@ vith BJ&B resulted in a modest
reduction in IE12, the combination of FB with IR resulted in high levels-aRIsecretion.
Smilarly, the effect of FB on potentiating-23 secreted from activated macrophages was
preseved in irradiated cecultures. The suppression of interleukitD secretion upon
irradiation was not significantly affected by the presence of IFdiation of M} in the
absence or presence of FB did not alter their morpholagg cellretained their classical
GFNASR S33¢ FLIISENFyOSo
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Figure 59 Effect of FB on the response bfY to ionising radiation 5x1¢ CD14+ cellaere cultured

in Ultrarlow attachment 6 well plate treated with 20U/ml of GBISF or 10 ng/ml of M@SF. BJGere
cultured into 96 well plates for 24 hr. After 6 daysy Mere harvested and added to emiltures before
resting for 1hr. Cells were exposed tgay radiaton at O oré Gy in triplicate before stimulation with
LPSand IFN 2NJ [t { 2Néit day Jupehatamts Wexdrollected and cytokine secretion
measured by ELISA. Data shown megB/ cytokine levels from 5 discrete donors. Statistical
significance was determined with d@dst.
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5.2.1.3Glucocorticoids (GCs) regulate macrophages
It iscommonly accepted that macrophagean be viewed as double-edgedsword as the

pro- and anti-inflammatory factorsthe release can both favour and suppress immune
function. The cytokine profile of macrophages can be modulated by GCs and this generally
tends to generate a less inflammatory environment. For exam@erehsed secretion of pro
AY Tt YYI ( 21NEB6 by rhaCrbphagds fexposed to IFN the presence of GCs was
observed(Franchimont et al., 199%Heasman et al., 2004GCslso amplifyll-10 and TGF
productionby monocytegVarga et al., 200&ndincreasethe display ofmembrane markers
CD206, CD163 and 089 (Heideveld et al., 20)8Exposure ofnacrophageso GCs leads to
releaseof molecules that modifgxtracellular matrix andonsequentlyplay a role in matw
remodelling during the late phase of inflammatory respas@lucocorticoids limitthe
production of collagenase, plasminogen and elastase activatprpro-inflammatory
macrophages anthese serve key roles f@CMremodelling(Desgeorges, Caratti, Mounier,
Tuckermann, & Chazaud, 2QMerb, Foley, & Munck, 1978 astly GC can impact on the
number of My as illustrated by epeated dosing witiDbexamethasone (Dexyhich reduces

the macrophagecontentof bronchial alveolar lavage fluid (BAKE) Zeng et al., 2017

We therefore examined th response of our GMand MM. models to the glucocorticoid,
Dex. As shown irrigure 5.10 continues exposure to Dex significantly suppressed the
production of IE12 and 123 over the range of concentrations from 9@ to 10°M.
Interestingly, there waa consistent observation of Rexdependent increase in both-12

and 1123 by GMM. upon continuous exposure the lowest dose of Dex tested. The response
of macrophages to GC occurred irrespective of the continuous presence @ $MFigure
5.10 blue vsed bars). We also examined the effect of transient exposure to Dex on cytokine
production. To our surprise macrophages were rendered more sensitive to the suppression
of cytokines by a brief (1hr) exposure to Dex (Figure 5.10). Dexamethasone did nettimeluc
production of IE10 under any of the conditions tested. We further analysed the datdtain

the 1Go (Figure 5.11). The IC50 of Dex does can be completely inhibited cytokine secretion is
107 M. This is in agreement with previous findings of arlieastudy that showed high doses

of DexreducedIL-12 expression by alveolar macrophag¢®sZeng et al., 2017
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Figure 510 The effect of Glucocorticoids on the cytokine profile of GMIY . 5x1¢F CD14+ cells were
cultured in Ultralow attachment 6 well plate and treated with 20U/ml| of GBSF. After 6 days tiife

culture, cells were harvested and transferred into 96 well plates at el per well. OU/mI (Blue

bars), 20U/l ml (Red bars) of GBBF was added for further culture. Dex was then added to triplicate
wells at the indicated concentrations and maim@d continuously in the culture (24hr) or was
replaced with Dexree medium after 1hr exposure. Maturation was induced with LPS andl IFNF 2 NJ
24hr. Supernatants were collected and cytokine secretion assayed by ELISA. Data shown mean
cytokine levels amongof triplicate well +£ SD and is representative 3 experiments of 3 donors.
Statistical data were carried out usingest.
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Figure 511 Determination of the Glucocorticoid dose (€ that inhibits expression of cytokines by
GM-M3. 5x1¢ CD14+ cells were cultured in UH@awv attachment 6 well plate treated with 20U/ml

of GM-CSF. After 6 days of the culture, cells were harvested and transferred into 96 well plates at
5x1C cells per well. Dex was then added to triplicate welt the different concentrations and
maintained continuously in the culture (24hr) or was replaced with-bex medium after 1hr
exposure. Maturation was induced wittPS and IFN ¥ 2 NSupema&aNdbwere collected and
cytokine secretion assayed Bt ISA. Data shown log50 and IC50 of Dex doses are representative 3

experiments of 3 donors
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The prolongedaddition of MCSF did not changbe pattern of cytokineresponses from
mature MM (Figure 5.12 and 5.13lowever, Dex did inhibit expression ofliQ and [E23.
Lowconcentrations of Dex did not alter-110 secretion by GMNM> however at higher does-L

10 was reduced in cells exposed to Dex for 24hr. Interestingly, when cells were treated with
Dex 1hr beforestimulation IL-10 production wasinhibited 107, 10® M, and induced a
significant decrease at¥M. Interleukin23 was markedly inhibited by Dex and this was again
more prominent in cells briefly exposed to Dex than in those that were continuously theate

As expectedll-12 was not observely these cells
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Figure 512 The effect of Glucocorticoids on the cytokine profile of-MY. 5x1¢ CD14+ cells were
cultured in Ultralow attachment 6 well plates and treated with b@/ml of M-CSF. After 6 days of the
culture, cells were harvested and transferred into 96 well plates at*®oel® per well. 0 ng/ml (Blue
bars), 10 ng/ml (Red bars) of-BISF was added for further culture. Dex was then added to triplicate
wells at the imnlicated concentrationsand maintained continuously in the culture (24hr) or was
replaced with Dexree medium after 1hr exposure. Maturation was induced with LPS for 24hr.
Supernatants were collected and cytokine secretion assayed by ELISA. Data showtyioleae
levels amongst of triplicate well 46D and is representative 3 experiments of 3 donors. Statistical data

were carried out usingtest.
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Figure 513 Determination of the Glucocorticoid dose (36} that inhibits expression of cytokines by

M-M5 . 5x1(PCD14+ cells were cultured in Uliaw attachment 6 well plate treated with 10 ng/ml of
M-CSF. After 6 days of the culture, cells were harvested and transferred into 96 well plates‘at 5x10
cells per well. Dex waséh added to triplicate wells at the different concentrations and maintained
continuously in the culture (24hr) or was replaced with free medium after 1hr exposure.
Maturation was induced with LPS for 24hr. Supernatants were collected and cytokingisecre
assayed by ELISA. Data shown log50 and IC50 of Dex doses are representative 3 experiments of 3

donors.
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5.2.1.4 The effects of TGF 2 ynad®phage caulture

- A

To achieve the most robust effectof TG | 246 YR | oKIBHK gBNBOSyYy
tNE | G SR & ASkdfetioac? [&23 by LPS/IFN-stimulated GMMY wasa significant

(P<0.@01) increasecompared to GMM} stimulated with LPS onlywhereas LPS/IFN
demonstratedproductionof IL.-12 compared to GMM} stimulated with LPS only. Secretion

of IL-10 by LPS/IFN-stimulated GM-a . was a significantR<0.05) decrease compared to

GMM} stimulated with LPS onlinexpectedly, there was no effect on secretion e238.. I1-

12 and IL10 in the prsence of TGF = | Ol A @ .0 A@N( R-F[ th{daNII &S NJ RS ON.
(P<0.@01) secretionof IL-10and 123 compared to Ma . with LPS only. The secretionlbf

12 was induced while there was no significance irrespective of activation. Thera was
signifcant (P<0.0001) decreask10 secretion by MM} in the presence of GH at5 ng/ml

(Figure 5.14).

These changes, together with the literature reports, suggest th&¥ can prime cells for
TLR4responsesand the production ofpro-inflammatory cytokines(Duluc et al., 2000
Interestingly, IFN was able to repolarize properties of-M3 to a more preinflammatory
phenotype by regulation of {12 secretion (Figure 5.14). Taken together, these results
sugestthat TGF | i p rédllatdy'the miadrdRhages phenotype
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Figure 514 Effect of TGF
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pathway. 5x1¢ CD14+ cells were cultured in Uliav attachment 6 well plate and treated with
20U/ml of GMCSF or 10 ng/ml of MSF. After 6 days of the culture, cells were harvested and

transferred into 96 well plates at 5xi€ells per well. TGF

g1l a

0KSYy

- RRSR (2

04 NA L

indicated concerrations and maintained continuously in the culture (24hr). Maturation was induced

with LPS and IFN

2NJ [t

2y 8

FT2NJ HN KNI { dzZLISNY I G yiia

g S NJ

by ELISA. Data shown mean cytokine levels amongst of triplicate w&l) -ahd is repesentative 4
experiments with 4independent donors(BD103, BC1, BC2 and BCS8jatistical signiéance
determined using twevay ANOVA*: p value<0.05**: p value<0.01***: p value<0.001****: p

value<0.0001ns: not significant)
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5.2.1.5Glucocorticoid (GCs) action on monoegégived macrophages in the presence of TGF

1 4 RSAONROSR SIFENIASNI GKS LI-GOPSNRGsEZBSNME BN

(0p))
ax
(0p))
)

experiment weinvestigatel the combined impact obexplusTGH 2y Oelz2 1Ay
macrophagesAs shownn Figurs5.15and 5.16, the effect of Dex wasibstantially altered
by the presence of T®Hrespective of which macrophage population was studied C | Fd

0.5 and 5 ng/ml significantly (P<0.05 andD®1) suppressed secretion of28 by GMM3Y in

the presence of a high Dex concentration, andOLwas a significant (P<0.001) decreased

0KS LINBaSyOS 2% DCDCIl (F nop WHKYWHE aAIYyAFAOlLY
secretion of [£23 by MM} in the presence of a low Dex concentrati®roductionof 1L-23

by LPS/IFN-stimulated GMM} wassignificantly (P<O@1) increased in the presence of a

high Dex concentration, whereas LPSAFN 2 NJ A G K [t { 2yQ0B aA3y;
suppressed HLO from GMa . | y-& .. mterestingly, a high concentration of Dex

inhibited I1-:23 and 1L12, but increased }LO responses.
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Figure 5.15 Anti-inflammatory effects of Dex exerts a potent aninflammation on cytokine
secretion by GMMS5 in the presence of TGF. 5x1¢ CD14+ cells were cultured in UHaw
attachment 6 well plate and treated with 20U/ml of G&BF. Dex was then added to ULA 6 well plates
at the indicated concentrations. After 6 days of the culture, cells weredsésd and transferred into

96 well palates at 5xfCcells per well. TGF

g1l a

0KSy

RRSR

2

ONRLX A O

concentrations and maintained continuously in the culture (24hr). Maturation was induced with LPS
Bypérratarfis2viie colfedtelddnd cytokine secretion assayed by ELISA.
Data shown mean cytokine levels amongst of triplicate welb# and is representative 4 experiments
of 4 donors(BD103, BC1, BC2 and B&atistical signiéance determined using twavay ANOVA*:

p value<0.05**: p value<0.01***: p value<0.001}***: p value<0.0001,ns: not significant)

andIFN* 2 NJ [ t {
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Figure 516 Anti-inflammatory effects of Dex exerts a potent animflammation on cytokine

secretion by MM5Y in the presence of TGF. 5x1¢ CD14+ cells were cultured in Uliaw

attachment 6 well plate and treated with 10 ng/ml of@ISF. Dex was then added to ULA 6 well plates

at the indicated concentrations. After 6 days of the créfLcells were harvested and transferred into

96 well palates at 5xT(cells per wel. TGF ¢l & (GKSYy FRRSR G2 GNRLX AOL
concentrations and maintained continuously in the culture (24hr). Maturation was induced with LPS

and IFN'  1ZPRdnly for 24hr. Supernatants were collected and cytokine secretion assayed by ELISA.

Data shown mean cytokine levels amongst of triplicate welb® and is representative 4 experiments

(BD103, BC1, BC2 and BS4atistical signifiance determinedising tweway ANOVA*: p value<0.05

**: p value<0.01***: p value<0.001;***: p value<0.0001,ns: not significant)
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