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ABSTRACT

Pro-inflammatory cytokines of innate immunity play a pivotal role in host defence against infection
by modulating the gene expression of numerous target genes, including cytokines, cell surface
receptors, and their own expression in neighbouring cells. Their expression can be induced by
pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns
(DAMPs), such as lipopolysaccharide (LPS) and extracellular adenosine triphosphate (ATP). ATP
can be released in large quantities by damaged cells, activating the P2RX7 in innate immune cells.
The pro-inflammatory cytokine IL-1( is produced in its inactive form by mononuclear phagocytes
upon ‘priming’ with LPS, while subsequent ATP-mediated P2RX7 activation leads to the maturation

and release of the bioactive cytokine.

The present study aimed to investigate the role of the P2RX4, another ATP-sensitive receptor, in the
secretion of IL-13 by human mononuclear phagocytes. Moreover, the function of the P2RX4 and the
P2RX7 in the priming of mononuclear phagocytes was examined. The human monocytic THP-1 cell
line, THP-1 cell-derived M1-like macrophages as well as primary human peripheral blood
mononuclear cells and human peritoneal macrophages were primed with LPS and stimulated with
the P2RX agonists BzATP or ATP or with nigericin in the absence or presence of different P2RX4

and P2RX7 antagonists, and the release of IL-13 was quantified.

The results demonstrated that the P2RX4 is also involved in the ATP-dependent secretion of IL-13
by mononuclear phagocytes. Furthermore, cells were primed with LPS in the presence of the
antagonists, and the release of IL-1B and the pro-inflammatory IL-6, as well as the mRNA levels of
IL1B, IL6, IL10 and other cytokines, were analysed by ELISA or by real-time RT-PCR, respectively.
In monocytic cells, treatment with the P2RX4 antagonist 5-B before priming resulted in increased
IL1B mRNA expression and in increased ATP-independent IL-1p release. Additionally, there was a
slight increase in IL6 mMRNA and IL-6 secretion, as wells as a clear-cut increase in IL70 mRNA.
Treatment with 5-B also resulted in the activation of caspase-3/-7 in monocytic THP-1 cells, which

suggests that 5-B may induce apoptosis.

During major surgery or accidental trauma, the extensive release of ATP leads to massive cytokine
release, which can cause life-threatening systemic hyperinflammation. While 5-B enhances the LPS-
induced inflammation, which essentially contributes to host defence against infection, 5-B dampens
IL-1B maturation and release in response to extracellular ATP, a potent trauma-associated DAMP.
Presumably, the effects of 5-B are mediated via P2RX4. These findings may pave the way towards
novel therapeutic strategies that protect surgical and traumatized patients against infection, while
efficiently preventing sterile hyperinflammation.
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ZUSAMMENFASSUNG

Pro-inflammatorische Zytokine der angeborenen Immunitat spielen eine zentrale Rolle bei der
Abwehr von Infektionen durch die Modulation der Genexpression zahlreicher Zielgene, darunter
Zytokine, Zelloberflachenrezeptoren und ihre eigene Expression in Nachbarzellen. lhre Expression
kann durch pathogen-assoziierte molekulare Muster (PAMPs) und schadensassoziierte molekulare
Muster (DAMPs) wie Lipopolysaccharid (LPS) und extrazellulares Adenosintriphosphat (ATP)
induziert werden. ATP kann von geschadigten Zellen in grofen Mengen freigesetzt werden und den
P2RX7 in angeborenen Immunzellen aktivieren. Das pro-inflammatorische Zytokin IL-18 wird in
seiner inaktiven Form von mononukledren Phagozyten nach dem ,priming* mit LPS produziert,
wahrend die anschlieBende ATP-vermittelte P2RX7-Aktivierung zur Reifung und Aktivierung des

reifen Zytokins.

In der vorliegenden Studie sollte die Rolle des P2RX4, eines weiteren ATP-sensitiven Rezeptors,
bei der Sekretion von IL-18 durch mononukleare Phagozyten untersucht werden. AuBerdem wurde
die Funktion von P2RX4 und P2RX7 beim ,priming“ von menschlichen mononuklearen Phagozyten
untersucht. Die humane monozytare THP-1 Zelllinie, aus THP-1-Zellen differenzierte M1-ahnliche
Makrophagen und primare humane periphere mononukleare Blutzellen sowie humane
Peritonealmakrophagen wurden mit LPS aktiviert und mit dem P2RX-Agonisten BzATP, ATP oder
Nigericin in Abwesenheit oder Anwesenheit verschiedener P2RX4- und P2RX7-Antagonisten

stimuliert. Anschlielend wurde die Freisetzung von IL-1B quantifiziert.

Die Ergebnisse zeigten, dass P2RX4 auch an der ATP-abhangigen Sekretion von IL-18 durch
mononukledre Phagozyten beteiligt ist. Darliber hinaus wurden die Zellen in Gegenwart der
Antagonisten mit LPS stimuliert, und die Freisetzung von IL-1p und des pro-inflammatorischen IL-6
sowie die mRNA-Spiegel von IL1B, IL6, IL10 und anderen Zytokinen wurden mittels ELISA bzw.
Echtzeit-RT-PCR analysiert. In monozytaren Zellen fiihrte die Behandlung mit dem P2RX4-
Antagonisten 5-B vor dem ,priming“ zu einer erhdhten /L 1B-mRNA-Expression und zu einer erhdhten
ATP-unabhangigen IL-13-Freisetzung. AuRerdem kam es zu einem leichten Anstieg der IL6-mRNA
und der IL-6-Sekretion sowie zu einem deutlichen Anstieg der IL10-mRNA. Die Behandlung mit 5-B
fuhrte auch zur Aktivierung von Caspase-3/-7 in monozytdren THP-1-Zellen, was vermuten I&sst,

dass 5-B die Apoptose auslésen kann.

Bei gravierenden chirurgischen Eingriffen oder Unfalltraumata fuhrt die umfangreiche Freisetzung
von ATP zu einer massiven Zytokinfreisetzung, die eine lebensbedrohliche systemische
Hyperinflammation verursachen kann. Wahrend 5-B die LPS-induzierte Entziindung verstarkt, die
wesentlich zur Abwehr von Infektionen durch den Wirt beitragt, dampft 5-B die Reifung und
Freisetzung von IL-1f3 als Reaktion auf extrazellulares ATP, einem wichtigen Trauma-assoziierten
DAMP. Vermutlich werden die Wirkungen von 5-B Uber P2RX4 vermittelt. Diese Erkenntnisse
kénnten den Weg zu neuen therapeutischen Strategien ebnen, die chirurgische und traumatisierte
Patienten vor Infektionen schitzen und gleichzeitig eine sterile Hyperinflammation wirksam

verhindern.
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INTRODUCTION

INTRODUCTION

1 THE IMMUNE SYSTEM

1.1 OVERVIEW OF THE TWO BRANCHES OF THE VERTEBRATE IMMUNE SYSTEM
The immune system is a complex network of molecules, biological processes, and immune
cells known as leukocytes. Its primary function is to protect the body from pathogens,

pathogen-caused damage, cancer cells, and foreign bodies.

Innate immunity is a branch of the vertebrate immune system that provides the first line of
defence by mediating responses in the initial critical period of exposure to a new pathogen.
The innate immune system responds to a wide range of stimuli and is not specific to any
particular pathogen. It serves as physical and chemical barriers throughout the body. When
pathogens breach the physical barrier, innate immunity relies on a group of proteins and
leukocytes to eliminate invasive pathogens. Innate leukocytes include basophils,
eosinophils, and natural killer cells as well as phagocytic cells, namely neutrophils, dendritic
cells (DCs), monocytes, and macrophages (Vijay 2018). These cell types are found in
various tissues and are capable of quickly identifying the conserved features of pathogens.
They become activated and respond in distinct cellular mechanisms to eliminate foreign
particles, including bacteria, viruses, fungi, dead or dying cells, and cellular debris (lwasaki
et al. 2015). For instance, phagocytic cells take up foreign particles via phagocytosis and
digest them within a specialized cellular compartment. The innate immune system can
distinguish between self and non-self or damaged-self that poses a threat and react
accordingly without causing harm to the host beyond what is necessary. Activated cells also
attract other leukocytes to sites of inflammation by releasing signalling molecules known as
chemokines, which are a type of cytokine. Cytokines are soluble, small non-structural
proteins with pro-inflammatory or anti-inflammatory properties by inducing distinct cellular
responses in their target cells. Cytokines also mediate the balance between humoral and
cell-based immune responses. Cell-based immune responses include, in addition to
phagocytes, cells of the adaptive branch of the vertebrate immune system (lwasaki et al.
2015).

Adaptive immune responses can develop slowly after initial exposure to a new pathogen
compared to innate immunity. This is because the selection of specific lymphocytes,
followed by their activation and expansion, takes a long time to complete. However, the
adaptive immune response is highly specific and lasts longer. Its main function is to

remember encounters with specific pathogens and provide a rapid and specific response
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when they attack again (lwasaki et al. 2015). The lymphocytes that carry out the adaptive
immune response are T and B cells. B cells produce antigen-specific antibodies that
inactivate and mark their target for rapid elimination, while also memorizing characteristics
of the antigen to provide immunological memory. T cells are classified into many subtypes
with different functions, such as activation of B and T cells, immune-mediated cell death, or

maintenance of tolerance to self-antigens (Iwasaki et al. 2015).

1.2 MONONUCLEAR PHAGOCYTES

1.2.1 MONOCYTES

Monocytes and macrophages have one-lobed nuclei and are collectively referred to as
mononuclear phagocytes. It was originally thought that monocytes continuously leave the
bloodstream and their only function is to differentiate into macrophages and DCs (van Furth
et al. 1972). However, it is now known that tissue macrophages and DCs with the capacity
of self-renewal can populate tissues already during embryogenesis and that monocytes play

a variety of roles in inflammatory responses (Shapouri-Moghaddam et al. 2018).

Monocytes are derived from hematopoietic stem cells in the bone marrow, circulate in the
blood, and can be divided into two subsets: classical and non-classical monocytes in
humans (Ziegler-Heitbrock et al. 2010). Classical monocytes have migrating properties
crossing the endothelium and invade peripheral tissues, whereas non-classical monocytes
are patrolling cells with endothelial cell-supporting functions (Jakubzick et al. 2017). These
subsets are distinguished based on the cell-specific expression of surface molecules
classified using the cluster of differentiation (CD) nomenclature (Chan et al. 1988). CD
proteins can act as receptors, ligands, or adhesion molecules. Chemokine receptors are a
prominent example that bind signalling proteins, guiding recruitment and directional

movements of cells (Palframan et al. 2001, Geissmann et al. 2003).

Non-classical monocytes express CD14 and CD16 (Passlick et al. 1989, Ziegler-Heitbrock
et al. 2010). Classical monocytes are defined by the lack of CD16 but high levels of CD14,
which is the most prevalent monocyte population in human blood. These cells have a half-
life of approximately one day in circulation. Therefore, they either rapidly migrate, convert
into the patrolling type in the bone marrow, or undergo programmed cell death (Jakubzick
et al. 2017). In the steady-state, extravasation occurs constitutively into non-inflamed or
lymphatic tissue. Here, the cells may survey the environment for antigens and exit the tissue
via the lymphatics or undergo local apoptosis. However, monocytes are highly dynamic and
versatile. They have the ability to replenish distinct tissue macrophages or DCs in the

steady-state (Jakubzick et al. 2017). These short-lived effector cells, derived from
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monocytes, contribute to various physiological activities such as arteriogenesis and

angiogenesis (Shapouri-Moghaddam et al. 2018).

During infection, monocytes are recruited by chemokines or bacterial chemotactic factors
and gain the ability to produce and release inflammatory mediators, which restrict microbial
growth and invasion. Monocytes differentiate into macrophages, mediated by local growth
factors, pro-inflammatory mediators, and pathogenic products. Furthermore, monocytes
can transform into an antigen-presenting cell, enabling them to transport antigens to a
draining lymph node and present them to lymphocytes (Hohl et al. 2009, Kim et al. 2009,
Jakubzick et al. 2013). Several murine models of infectious diseases have demonstrated
that migrating monocytes lead to the development of specialized tumour necrosis factor
(TNF)-a- and inducible nitric oxide synthase-producing DCs in an inflammatory
environment. This process directly contributes to the clearance of pathogens while the cells
maintain monocyte size and characteristics (Serbina et al. 2003). However, it is important
to note that excessive recruitment of monocytes can be detrimental and cause

immunopathology during certain infections (Antonelli et al. 2010).

Additionally, monocyte recruitment is associated with the pathogenesis of various
inflammatory diseases that are not caused by infection. For instance, in murine
atherosclerosis models, monocytes infiltrate atherosclerotic lesions early on, influenced by
chemokines (Tacke et al. 2007). The identified monocytes with migrating properties are
considered part of the inflammatory response in experimental atherosclerosis. It is believed
that these monocytes give rise to macrophages in lesions (Swirski et al. 2007). Another
study suggests that monocytes accumulate continuously in atherosclerotic lesions in
proportion to lesion size. Therefore, infiltration rates of monocytes could be used to estimate
the severity of atherosclerosis (Swirski et al. 2006). Myocardial infarction triggers an acute
inflammatory response in patients. At an early stage of the disease, migrating monocytes
are recruited, followed by an increase in patrolling monocytes within the damaged tissue
later on (Nahrendorf et al. 2007, Tsujioka et al. 2009). These studies demonstrate a biphasic
monocyte recruitment to the heart in patients and mice, where the recruited cells
differentiate into macrophages. The initial wave of recruitment may aid in the elimination of
deceased cardiac cells, whereas macrophages in the later phase promote resolution of
inflammation and tissue repair (Nahrendorf et al. 2007). However, inflammation can be
detrimental to infarct tissue, as immune cells release pro-inflammatory cytokines,

exacerbating the injury and causing further harm to the remaining intact cells.
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1.2.2 MACROPHAGES

Classical monocytes can migrate into different tissues and differentiate into macrophages
after exposure to specific stimuli. However, recent research has shown that most adult
tissue-resident macrophages originate from the yolk sac during embryonic development,
indicating their ability to self-renew and maintain themselves independently of monocytes
in a steady state (Hashimoto et al. 2013, Yona et al. 2013, Epelman et al. 2014). Monocytes
complement the tissue-resident macrophage compartment as required. Studies suggest
that monocyte-derived macrophages primarily assist in host defence, while embryonic
macrophages are involved in tissue remodelling, and both subtypes coexist in many organs
(Shapouri-Moghaddam et al. 2018). The macrophage system is highly adaptable, exhibiting
a variety of phenotypes in different tissues, each with its unique combination of embryonic
and adult-derived macrophages (Epelman et al. 2014, Sheng et al. 2015, Ensan et al.
2016). These phenotypes occur through polarization, whereby the cells exhibit a
phenotypical functional response to micro-environmental stimuli and signals. In a simplified
classification, macrophages can be polarized into either a pro-inflammatory (M1) or anti-
inflammatory (M2) phenotype (Stein et al. 1992, Mantovani et al. 2002, Mantovani et al.
2004, Verreck et al. 2004).

In inflamed tissues, macrophages are activated by recognition of pathogen associated
molecular pattern (PAMPs) or damage-associated molecular patterns (DAMPs), for
instance lipopolysaccharide (LPS), resulting in the production of pro-inflammatory
cytokines. For instance, interleukin (IL)-12 is produced and drives the polarization of naive
T cells towards a helper cell subtype, which in turn induces the secretion of interferon
gamma (IFN-y). Activation of macrophages towards a M1 polarization by IFN-y, TNF-a, or
the granulocyte monocyte colony-stimulating factor (Hsieh et al. 1993, Verreck et al. 2004)
leads to the production and secretion of higher amounts of pro-inflammatory cytokines,
including TNF-q, interleukin-1 beta (IL-18), IL-6, and IL-12, and generates high amounts of
reactive oxygen species (ROS) (Shapouri-Moghaddam et al. 2018). Although these
features contribute to pathogen removal, they can also cause ROS-induced tissue damage,
impair tissue regeneration, and wound healing. Therefore, regulatory mechanisms driven
by the anti-inflammatory functions of M2 macrophages are necessary to counterbalance the
tissue damage driven by M1 macrophages. Polarization towards M2 macrophages occurs
upon stimulation with IL-4 and IL-13, IL-10, or IL-33 (O'Farrell et al. 1998, Nelms et al. 1999,
Lang et al. 2002). M2 Macrophages are further classified into four different types based on
the activating stimulus they receive. They have an overall anti-inflammatory cytokine profile,
characterized by low production of IL-12 and high production of IL-10 and tumour growth
factor-B. M2 macrophages have a potent phagocytic capacity, enabling them to scavenge

cell debris and apoptotic cells. They also possess pro-angiogenic and pro-fibrotic
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properties, promoting tissue repair and wound healing (Kurowska-Stolarska et al. 2009,
Jetten et al. 2014). It has been observed that when M2 macrophages are exposed to M1
signals, or vice versa, re-polarization occurs, indicating the high functional plasticity of
macrophages (Shapouri-Moghaddam et al. 2018). In addition to their crucial role in host
defence against pathogens, macrophages also play important roles in chronic diseases. In
allergic asthma, macrophage-like cell populations in the airway lumen are attributed to type
2 cytokine-mediated airway inflammation (Julia et al. 2002). In Crohn’s disease, intestinal
macrophages produce larger amounts of pro-inflammatory cytokines than typical intestinal
macrophages, contributing to the pathogenesis of the disease (Kamada et al. 2008). In
chronic fibrotic diseases, the pro-inflammatory response of M1 macrophages may not be
adequately controlled, leading to exacerbated tissue injury and subsequent aberrant wound
healing (Duffield et al. 2005). As previously stated, monocytes are believed to give rise to
macrophages in atherosclerosis, in which macrophages exhibit M1 characteristics and
contribute to inflammation (Swirski et al. 2007). In a murine experimental autoimmune
encephalomyelitis model of multiple sclerosis, inflammatory peripheral macrophages that

have been activated migrate into inflamed tissue (Gordon et al. 1995, Heppner et al. 2005).

1.3 SIGNAL TRANSDUCTION VIA PATTERN RECOGNITION RECEPTORS

1.3.1 OVERVIEW OF PATTERN RECOGNITION RECEPTORS

Activation of innate immune cells is a crucial step in host defence. This process enables the
previously described mechanisms of monocytes and macrophages to become effective.
The activation occurs when specific chemical structures are recognized by a limited number
of germline-encoded pattern recognition receptors (PRRs) (Janeway 1989, Li et al. 2021).
PRRs are composed of ligand recognition domains that bind regular patterns of chemical
structures, intermediate domains, and effector domains. The latter domains transmit signals
by activating downstream pathways (Li et al. 2021). PRRs are classified into five families
based on the homology of their respective protein domains: toll-like receptors (TLRs),
nucleotide-binding oligomerization domain-like receptor (NLRs), retinoic acid-inducible
gene-l-like receptors, C-type lectin receptors, and absent in melanoma-2-like receptors.
These receptors are distributed across intracellular compartment membranes, the
cytoplasm, and the cell membrane. They recognize two types of regular patterns of
molecular structures (Li et al. 2021). The first type comprises PAMPs, which are highly
conserved essential structures associated with different classes of pathogens (Janeway
1989). PAMPs are crucial for pathogen survival and enable the innate immune system to
distinguish self from non-self. The second type of molecules that activate PRRs are DAMPs,
which are endogenous components of the cytoplasm and nucleus that are released only

from damaged cells, such as adenosine triphosphate (ATP) or high mobility group box
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protein 1 (Seong et al. 2004). The binding of these molecular structures triggers signalling
cascades via the effector domains of the PRRs, leading to the induction of several genes
involved in immune host defence. The distinct ligands and different subcellular locations of
PRRs translate into several common signalling pathways. First, this involves the similar
structures and functions of the protein kinases, adaptor proteins, and transcription factors
(TFs) involved in signal transduction. Second, these pathways can converge into common

outcomes due to cross-talk (Li et al. 2021).

TLRs are the most prominent family of PRRs. They are integral membrane glycoproteins
expressed either extracellularly or intracellularly (Fitzgerald et al. 2020). TLRs 1, 2, 4, 5,
and 6 are expressed on the cell surface, while TLRs 3, 7, 8, and 9 are found in
endolysosomal compartments and recognize microbial deoxyribonucleic acid (DNA) or
ribonucleic acid (RNA). TLRs on the cell surface detect various ligands, such as peptides
derived from flagellin, lipoproteins, and LPS with LPS being a common example (Fitzgerald
et al. 2020). The N-terminal ectodomains, which are horseshoe-like shaped and consist of
leucine-rich repeats (LRRs), bind these various ligands through homogenic or heterogenic
receptor dimerization (Kim et al. 2007, Park et al. 2009). All TLRs have a similar domain
organization, with an ectodomain followed by a single transmembrane domain and an
intracellular toll-interleukin 1 receptor (TIR) domain. TIR domain-containing adaptor
molecules can bind to the intracellular TIR domain after dimerization-induced
conformational changes (Fitzgerald et al. 2020). Chapter 1.3.2 explains the activation and

signalling of TLR4.

The cytoplasm is monitored by the largest family of PRRs, the NLRs. Viral replication often
occurs in the cytoplasm. Some bacteria and eukaryotic parasites have mechanisms to
escape phagosomes, and components produced upon infection can also appear in the
cytoplasm (Li et al. 2021). The NLR family shares the nucleotide-binding domain, which is
important for nucleic acid binding and the oligomerization step upon activation, and the C-
terminal LRRs identify ligands (Ting et al. 2008). The NLR family can be divided into five
subfamilies based on the effector domains at the Amino (N)-terminus (Ting et al. 2008).
More information about the NLRP subfamily based on the NLR family pyrin domain-

containing protein 3 (NLRP3) protein complex can be found in chapter 1.4.

1.3.2 TOLL-LIKE RECEPTOR 4 ACTIVATION AND SIGNALLING

TLR4 was the first PRR to be discovered in humans by Medzhitov et al. (1997). Shortly
thereafter, LPS was identified as a microbial stimulus that activates TLR4 (Poltorak et al.
1998, Hoshino et al. 1999, Qureshi et al. 1999). LPS is a glycolipid composed of hydrophilic
polysaccharides and an amphiphilic lipid A component. It is a constituent of the outer

membrane of Gram-negative bacterial cell walls. The lipid A component is the conserved
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molecular pattern of LPS that plays a crucial role in the immune response (Rietschel et al.
1994). To achieve high-sensitivity interactions, additional LPS-binding proteins are required
upstream of TLR4, as TLR4 only forms weak contact with LPS (Fitzgerald et al. 2020). The
soluble LPS-binding protein (LBP) binds LPS into a complex that is recognized by the LRR-
containing CD14 (Gioannini et al. 2004). CD14 can exist as either a soluble or a membrane-
bound protein (Wright et al. 1990, Frey et al. 1992). Regardless of its location, CD14
transfers LPS into a large hydrophobic pocket of the small, secreted protein
lymphocyte antigen 96 after LBP dissociation (Visintin et al. 2001, Kim et al. 2007). TLR4-
lymphocyte antigen 96 heterodimers make up the functional LPS receptor. To form these
heterodimers, lymphocyte antigen 96 interacts steadily with the ectodomain of TLR4
(Shimazu et al. 1999, Park et al. 2009). This process enables TLR4 dimerization at
picomolar levels of LPS, triggering a signal transduction cascade (Fitzgerald et al. 2020). A
single bacterium can contain thousands of LPS molecules, which can form numerous LPS-
CD14 complexes. These complexes can be present on thousands of macrophages, leading
to a massive amplification of the inflammatory response. Additionally, soluble CD14 in the
bloodstream may deliver LPS to cells that express TLR4 and MD2 but lack CD14. This

process results in an enhanced immune response (Fitzgerald et al. 2020).

Upon activation of the LPS signalling cascade, TLR4 dimers can bind to cytosolic TIR-
binding adaptor molecules. The TIR domain-containing adapter protein and TIR domain-
containing adapter molecule 2 are known adaptor molecules that stimulate the assembly of
respective cytosolic proteins and are utilized by distinct TLRs (Fitzgerald et al. 2020). It is
noteworthy, TLR4 can engage both molecules, thereby activating distinct subsequent
signalling pathways. The localization of TLR4 is thought to be a determining factor in the
signalling process. TLR4-lymphocyte antigen 96 complexes translocate to lipid rafts in a
CD14-dependent manner. Here, they can form high-affinity interactions with the
TIR domain-containing adapter protein (Triantafilou et al. 2002, Kagan et al. 2006). The
TIR domain-containing adapter protein recruits multiple copies of myeloid differentiation
primary response protein MyD88 (MyD88), which forms a complex with members of the IL-
1 receptor-associated kinase (IRAK) family of serine-threonine kinases via the N-terminal
domain (Lin et al. 2010). The tight packing of IRAK drives autophosphorylation and
subsequent recruitment of tumour necrosis factor receptor-associated factor (TRAF6) (Cao
et al. 1996, Ferrao et al. 2014). TRAF6 activates the TAK1 protein kinase complex, leading
to the activation of nuclear factor ‘kappa-light-chain-enhancer’ of activated B-cells (NF-«kB)
and MAPKSs, which are key TFs associated with inflammatory responses. This activation
induces the expression of pro-inflammatory genes such as those for TNF-a, IL-6, and the
immature form of IL-18 (Wang et al. 2001). Additionally, TRAF6 mediates the induction of

glycolysis via specific kinases. However, the consequences of this early shift in glycolysis
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remain unclear. It may be the first step towards a long-term alteration of the metabolism of
the cells (Fitzgerald et al. 2020). Following MyD88-dependent signalling at the plasma
membrane, TLR4 may be internalized and interact with the TIR domain-containing adapter
molecule 2 in endosomes (Kagan et al. 2008). CD14 mediates endocytosis, as its
constitutive internalization is greatly accelerated upon LPS binding, leading to co-incident
endocytosis of TLR4 (Tan et al. 2015). Subsequently, TIR domain-containing adapter
molecule 2 and members of the TRAF family are recruited to form a protein complex. This
delayed signalling results in the expression of type | IFNs (Fitzgerald et al. 2020). Overall,
TLR4 stimulation by LPS, as well as by other PAMPs and DAMPs, induces an inflammatory
cell response via MyD88- and TIR domain-containing adapter molecule 2-dependent

pathways.

14 SIGNAL TRANSDUCTION VIA THE NLRP3 INFLAMMASOME

1.4.1 CONSTITUENTS OF THE NLRP3 INFLAMMASOME

Upon activation, TLRs induce the expression of pro-inflammatory cytokines, which are
regulated at both the transcriptional and post-transcriptional levels to prevent an excessive
inflammatory response. TLR4 activation by LPS leads to the production of an immature form
of IL-1P3 called pro-IL-1B. The maturation and release of IL-13 and the related cytokine IL-18
depend on the activation of the NLRP3 inflammasome, an intracellular protein complex. The
inflammasome is named after its NLR family members, which oligomerize to form an
activating platform for a cysteine protease in response to PAMPs and DAMPs (Martinon et
al. 2002). The NLRP3 protein comprises three domains: a pyrin domain at the N-terminus,
a nucleotide-binding oligomerization domain in the middle, and LRR at the Carboxy-
terminus (C-terminus). The nucleotide-binding oligomerization domain has ATPase activity,
which enables oligomerization of several NLRP3 proteins upon activation (Duncan et al.
2007). The adaptor protein apoptosis-associated speck-like protein containing a caspase-
recruitment domain (ASC) interacts with NLRP3 proteins through the pyrin domain and
facilitates the recruitment and proteolytic activation of the protease caspase-1 to the
inflammasome protein complex via their caspase-recruitment domain (Srinivasula et al.
2002, Vajjhala et al. 2012).

Caspase-1 is initially synthesized in an inactive form. It then oligomerizes and undergoes
autoactivation within the inflammasome. Once activated, it cleaves the immature forms of
cytokines IL-1B and IL-18, resulting in the production of biologically active forms of these
cytokines (Maniji et al. 2002, Martinon et al. 2002). Furthermore, gasdermin D (GSDMD) is
cleaved by caspase-1, leading to the formation of pores in the plasma membrane via the
N-terminal domain of GSDMD. This process results in pyroptosis, a type of cell death that

is both lytic and pro-inflammatory (Fink et al. 2006, He et al. 2015). Pyroptosis leads to the
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expulsion of intracellular pathogens from their replication environment, resulting in the
release of cytokines and the creation of DAMPs (He et al. 2015). However, the formation of
NLRP3 inflammasomes and activation of caspase-1 do not occur subsequently in response
to TLR4 activation. Several substances that induce NLRP3 expression have been
discovered, but they are mostly insufficient for inflammasome assembly (Bauernfeind et al.
2009). Therefore, a two-signal model has been proposed. The first signal, provided by
microbial components or endogenous cytokines, primes the NLRP3 inflammasome. The

second signal from the NLRP3 activators triggers the assembly.

1.4.2 PRIMING THE NLRP3 INFLAMMASOME: SIGNAL 1

In macrophages, priming stimuli such as ligands for TLRs, NLRs, or cytokine receptors,
increase the expression of NLRP3 protein via NF-kB. This upregulation occurs under
conditions in which the levels of NLRP3 are considered inadequate for activation
(Bauernfeind et al. 2009, Franchi et al. 2009). However, it is important to note that priming
signals do not affect the levels of ASC, pro-caspase-1, and pro-IL-18 (Bauernfeind et al.
2009). Although some studies have shown immediate activation of NLRP3 inflammasome
upon priming with LPS without a second signal, which may be mediated by IRAK-1, a
molecule downstream of MyD88, priming still plays a significant role in NLRP3
inflammasome activation through transcriptional regulation (Juliana et al. 2012, Lin et al.
2014). This is because the upregulation of NLRP3 protein leads to a more potent
inflammatory response. Furthermore, priming affects NLRP3 activation at the post-
transcriptional level via deubiquitination of its LRR domain (Juliana et al. 2012, Lopez-
Castejon et al. 2013, Py et al. 2013). Priming also triggers NLRP3 phosphorylation, which
is essential for NLRP3 oligomerization (Song et al. 2017). Overall, priming signals regulate
NLRP3 inflammasome activation through both transcription-dependent and -independent

pathways.

1.4.3 ACTIVATING THE NLRP3 INFLAMMASOME: SIGNAL 2

The second activating signal is triggered by various chemical stimuli, such as particulate
matter, extracellular ATP, K* ionophores, pathogen-associated RNA, and pore-forming
toxins from bacteria and fungi (Kelley et al. 2019). These stimuli are biochemically
dissimilar, and there is no evidence that NLRP3 directly interacts with any of them.
Therefore, it is assumed that they induce a common cellular signal detected by NLRP3.
NLRP3 stimuli induce ionic flux, mitochondrial dysfunction, ROS production, and lysosomal
damage, which act as second messengers that induce assembly of the NLRP3
inflammasome (Kelley et al. 2019). K* efflux is a common event in cells treated with most
NLRP3 stimuli triggering NLRP3 inflammasome assembly and activation. For instance,

cytosolic reduction of K* concentrations mediates IL-13 release from macrophages and
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monocytes in response to ATP or nigericin (Perregaux et al. 1994, Mariathasan et al. 2006).
Assembly might be caused either by a mechanism downstream of K* efflux or by K* efflux-
independent pathways (Grol et al. 2016, Sanman et al. 2016). Other findings indicate that
NLRP3 proteins undergo conformational changes upon K* efflux (Meng et al. 2009, Mufoz-
Planillo et al. 2013). In conclusion, it is suggested that K* efflux may be sufficient, but not
necessary, for NLRP3 inflammasome activation. The mechanism by which the NLRP3
inflammasome senses changes in intracellular K* levels, or whether other proteins regulate
its activation, is yet to be determined. Additionally, Ca?* mobilization also plays a role in
NLRP3 inflammasome activation (Kelley et al. 2019). Some NLRP3 stimuli induce changes
in intracellular Ca?* levels, and Ca?* depletion inhibits IL-1B secretion (Brough et al. 2003,
Feldmeyer et al. 2007, Chu et al. 2009). Multiple sources of Ca?" have been reported to
contribute to the increase in intracellular Ca?* levels during NLRP3 activation. However,
Ca?" mobilization is probably not essential for assembly and subsequent activation. In
addition to Ca?*, the role of a second messenger is also linked to Na* and CI- (Kelley et al.
2019). As Na® influx and CI efflux alone seem insufficient, a regulatory role via the
modulation of K* efflux has been proposed for both ionic events. Additionally, ROS have
been proposed as a common signal for NLRP3 inflammasome activation, since most stimuli
can induce ROS in treated cells. However, the data situation remains ambiguous. In the
case of particulate matter as an activating signal, lysosomal damage, which occurs after
phagocytosis of particulate matter, appears to function as a cellular signal. The mechanism
underlying the release of active lysosomal enzymes into the cytosol and their potential to

trigger NLRP3 inflammasome activation remains unclear (Kelley et al. 2019).

1.5 CYTOKINES

1.5.1 INFLAMMASOME-DEPENDENT CYTOKINES

Cytokines are small signalling proteins that are produced and released by various cell types
for instance upon activation via PRRs. They facilitate systemic effects and immune
responses in nearby cells that express the corresponding cytokine receptors by altering the
gene expression of several target genes and their TFs, including other cytokines, surface
receptors, and their own expression (Mantovani et al. 2019, Hirano 2021). The activity of
the target cell is influenced towards either a pro- or anti-inflammatory immune response by
this process. The effects particularly depend on the extracellular abundance of the
respective cytokine, the presence of the complementary receptor, and downstream signals,
which vary by cell type. Cytokines typically contain a signal peptide that is necessary for
their extracellular release. However, IL-13 and IL-18 do not contain this peptide (Mantovani
et al. 2019). Only post-transcriptional processing via the NLRP3 inflammasome leads to a

mature and biologically active form, which can exit the cytoplasm.
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The expression of immature IL-1B is induced by LPS binding to TLR4, TNF-a binding to its
respective receptor, or IL-1 binding to interleukin-1 receptor type 1 (IL-1R1). Pro-IL-1
MRNA levels rise rapidly within minutes (min) and persist over different periods of time
depending on the stimuli. Subsequently, the IL-1B precursor accumulates in the cytosol
(Schindler et al. 1990). The 31 kDa-sized precursor cannot bind to IL-1R1 and is therefore
biologically inactive (Mosley et al. 1987). Extracellular ATP has been primarily associated
with IL-1B maturation among the various signals that activate NLRP3 inflammasomes
(Perregaux et al. 2000, Qu et al. 2007). When assembly of NLRP3 inflammasomes is
induced, active caspase-1 processes the pro-form at two distinct sites, producing the
mature 17 kDa-sized form and another product with an unknown function (Howard et al.
1991). The N-terminal region is believed to function as a regulatory switch, concealing the
receptor binding site. Proteolytic processing occurs within a limited region in this area
(Hazuda et al. 1991). This post-translational maturation step is the rate-limiting step in IL-13

processing.

IL-1B is a cytokine that mediates important inter-cellular communication, has a broad
spectrum of biological functions, and targets a diverse range of cells (Mantovani et al. 2019).
Mature IL-1B is released from the cell through exocytosis of the secretory lysosome (Andrei
et al. 1999), direct transporters, shedding of plasma membrane microvesicles, or GSDMD-
dependent pores (Qu et al. 2007). Its regulator, IL-1RA, is also released and competes for
binding to IL-1R1. The receptor antagonist, which is structurally similar to IL-13, can block
access to the receptor without evoking signalling (Hannum et al. 1990). Additionally, decoy
receptors and intracellular inhibitors are employed. Therefore, the potential of IL-18
signalling is affected by the relative amounts of IL-13 and its respective antagonists. ILRs
share the TIR domain with TLRs and dimerize upon ligand binding, which induces the
recruitment of MyD88 (Gay et al. 1991, Cao et al. 1996). As with TLR4, MyD88 forms a
complex with IRAK, which recruits TRAF6. This leads to the activation of NF-kB, MAPK
proteins, and other important TFs in the target cell. The production of various molecules,
such as the enzymes cyclooxygenase type 2, phospholipase A2, or the mediators inducible
nitric oxide synthase-mediated prostaglandin-E2, platelet activating factor, nitric oxide,
chemokines, IL-1B itself, IL-6, TNF-a and IL-1R, alter the immunologic response locally
(Mantovani et al. 2019). Additionally, IL-1B signalling causes metabolic, physiological,
haematological, and immunological alterations on a systemic level. This leads to a lowered
pain threshold, fever, vasodilatation, and hypotension. Dysregulation of IL-1f signalling

poses a risk of contributing to the pathogenesis of several diseases.

Macrophages, as well as other cell types including non-haematopoietic cells, produce the
pro-inflammatory cytokine IL-18. It is believed to be constitutively expressed in an inactive

form. Upon NLRP3 activation, which depends on pro-inflammatory stimuli, caspase-1
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processes pro-IL-18 into its biologically active form (Gu et al. 1997). Once released, I1L-18
exerts its effects on target cells by binding to IL-1 receptor-related protein interleukin-18
receptor-related protein alpha (IL-18Ra), followed by the binding of interleukin-18 receptor-
related protein beta (IL-18R[) to form a trimer (Yasuda et al. 2019). IL-18Ra expression is
induced, and IL-18R} is constitutively expressed on the cell surface of T cells, Natural killer
cells, and non-haematological cells such as epithelial cells and nerve cells. Both receptor
chains contain intracellular TIR domains, like TLR4 and IL-1R1. Consequently, intracellular
IL-18R signalling is similar to that of IL-1R and TLR4. IL-18 binding activates NF-kB and
MAPKSs via the MyD88 pathway, inducing mostly the production of IFN-y in the target cell.
IFN-y is necessary for macrophage polarization and for activation into an antigen-presenting
cell. However, co-stimulation with IL-12 essentially enhances IL-18-mediated IFN-y
production. IL-18 regulates the production of several pro-inflammatory cytokines in distinct
cell types, depending on the co-stimulating cytokines (Yasuda et al. 2019). This results in

the pleiotropic properties of IL-18.

1.5.2 INFLAMMASOME-INDEPENDENT CYTOKINES

IL-6 is a pro-inflammatory cytokine that plays important roles in immune responses,
haematopoiesis, bone metabolism, and embryonic development. Its gene expression can
be triggered by various TLR ligands, IL-18, TNF-a, ROS, and Zinc, and is mediated by
NF-kB, signal transducer and activator of transcription proteins 3 (STAT3), and other key
TFs (Hirano 2021). Epigenetic regulation also affects gene expression (Hu et al. 2016).
Several post-transcriptional mechanisms regulate the stability of /L6 mRNA. In response to
LPS, IL-1B3, and IL-6, a unique RNA-binding protein controls /L6 mRNA stability by inhibiting
ribonuclease-mediated degradation (Masuda et al. 2013). Positive feedback loops involving
microRNAs that enhance NF-kB activity and proteins that block microRNAs, which induce
IL-6 mRNA degradation, are activated via NF-kB (lliopoulos et al. 2009, lliopoulos et al.
2010). The synthesized IL-6 protein is biologically active and contains the signal peptide
necessary for its extracellular release. Upon release, IL-6 can bind to target cells through
the IL-6 receptor, which consists of membranous interleukin-6 receptor subunit alpha
(IL-6Ra) and the signal transducer interleukin-6 receptor subunit beta (IL-6R[) containing
an intracellular signalling domain (Hirano 2021). This binding model is limited to immune
cells and hepatocytes that express both molecules. However, IL-6 has diverse functions
that are divided by 'trans-signalling' and 'trans-presentation’. The latter occurs when IL-6,
bound to IL-6Ra on one cell, acts on another cell expressing IL-6RB (Heink et al. 2017).
During infection, sIL-6Ra enables ‘trans-signalling’ in cells that only express IL-6R[, such
as endothelial cells, fibroblasts, and heart muscle cells (Lust et al. 1992). When a signal is
initiated, the complex recruits the Janus kinase to IL-6R[3, resulting in the phosphorylation

of IL-6RB residues. This phosphorylation activates either STAT3 or the Notch- or
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MAPK/NF-kB pathways depending on adaptor molecules (Hirano 2021). These pathways
have an impact on each other and are negatively regulated by several molecules. STAT3
functions as a TF upon autophosphorylation, and together with the MAPK pathway, it
mediates cell survival, proliferation, metastasis, and angiogenesis. The Notch pathway is
important in cell differentiation. This results in the production of neutrophils in the bone
marrow, growth of B cells, and suppression of regulatory T cells (Hirano 2021). IL-6 plays
a crucial role in inducing fever and synthesising acute phase proteins. These proteins
rapidly increase or decrease in blood plasma in response to inflammation evoking systemic
immune reactions, such as fever, increased neutrophils circulation and accelerated

peripheral leukocytes (Mantovani et al. 2023).

The pro-inflammatory cytokine TNF-a is released in response to infection or trauma via
TLR-induced production. Activated monocytes, macrophages, lymphocytes, and other cell
types generate the protein as a homotrimeric membrane-bound TNF-a, which is then
cleaved into a monomer called soluble TNF-a (Dostert et al. 2019). The residual
cytoplasmic domain of membrane-bound TNF-a migrates into the nucleus after cleavage.
tumour necrosis factor receptor 1 (TNFR1) and TNFR2 mediate soluble TNF-a signalling.
TNFR1 is expressed ubiquitously, while TNFR2 is expressed only on endothelial, neuronal,
and immune cells. Both receptors bind adaptor proteins via their intracellular domain and
mediate cellular effects upon TNF-a binding (Dostert et al. 2019). TNFR1 binds to the
adaptor protein TNFR type 1-associated death domain protein via its death domain (Hsu et
al. 1995). The TNFR type 1-associated death domain protein is a central scaffolding protein
in the signalling complexes subsequently formed by several proteins, directing downstream
signalling events. Receptor-interacting serine/threonine-protein kinase 1 is a crucial protein
in all complexes and its activity is highly regulated by its ubiquitination status (Dostert et al.
2019). Ubiquitinated receptor-interacting serine/threonine-protein kinase 1 leads to the
activation of NF-kB and c-Jun N-terminal kinases, resulting in the production of pro-
inflammatory molecules and activation of survival pathways. Non-ubiquitinated receptor-
interacting serine/threonine-protein kinase 1 forms complexes with pro-caspase-8, which is
activated and triggers apoptosis. TNFR2 lacks the death domain and, therefore, cannot bind
the TNFR type 1-associated death domain protein. The receptor interacts directly with
proteins that are also part of TNFR1 complexes but with weaker binding affinity (Grech et
al. 2005). Although both receptors activate NF-kB, TNFR2 is a weaker activator. The
pleiotropic properties of soluble TNF-a result in its ability to induce cell death and
inflammation via TNFR1 or cellular survival and tissue regeneration by binding to TNFR2.
membrane-bound TNF-a is believed to signal primarily through TNFR2, playing a role in

anti-inflammatory responses and cell proliferation.
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Some cytokines possess anti-inflammatory properties, protecting the host from
exaggerated responses to pathogens. They play crucial roles in wound healing,
homeostasis, autoimmunity, and cancer development. IL-10 is an important anti-
inflammatory cytokine that is produced by a variety of immune cells, including monocytes
and macrophages, as well as some non-haematopoietic cells (Saraiva et al. 2020). The
expression of IL-10 is induced in immune cells upon stimulation of several PRRs, including
TLR4, and is mainly mediated by the MAPK pathway, including the MAPK p38. The
production of IL-10 is also mediated by NF-kB activation downstream of PRR. IL-10 can
regulate its own expression through a negative feedback loop by inhibiting the p38 pathway.
Additionally, some IFNs have been shown to enhance IL-10 production at the post-
transcriptional level by regulating mechanisms that stabilize IL-10 mRNA. After release,
IL-10 induces cellular responses by binding to a heterodimeric receptor composed of two
interleukin-10 receptor subunit alpha (IL-10Ra) and two IL-10RB proteins. The high-affinity
IL-10Ra is mainly expressed in leukocytes, particularly macrophages, and is responsible
for binding IL-10. This engagement leads to oligomerization with the ubiquitously expressed
IL-10R, allowing phosphorylation of the cytoplasmic tail of IL-10Ra, which is necessary for
the recruitment of STAT3. Upon phosphorylation, STAT3 translocates to the nucleus and
initiates a specific transcriptional program. The involvement of STAT3 in anti-inflammatory
IL-10 and pro-inflammatory IL-6 signalling might be possible due to its cooperation with
selective cofactors, resulting in distinct functions as a TF. The IL-10-mediated anti-
inflammatory response involves the modulation of the local cytokine microenvironment by
inhibiting the transcription of genes for cytokines, chemokines, costimulatory molecules,
and adhesion molecules. IL-10 also limits antigen presentation, thereby preventing efficient
development of T cell responses. Furthermore, IL-10 signalling inhibits the production and

release of ROS intermediates and nitric oxide by the target cell (Saraiva et al. 2020).

2 P2X RECEPTORS WITHIN THE INNATE IMMUNE SYSTEM

2.1  GENERAL INFORMATION ABOUT P2 RECEPTORS

As previously mentioned, extracellular ATP induces inter alia K* efflux, which serves as a
stimulus for the assembly of the NLRP3 inflammasome. ATP, which functions as a universal
energy currency, is generated through glycolysis and oxidative phosphorylation, and
typically reaches very high concentrations intracellularly, while only trace amounts are
present in the extracellular space (Di Virgilio et al. 2020). This creates a strong gradient,
both electrical and chemical, that would theoretically drive ATP out of the cell. Therefore,
any breach of the plasma membrane integrity immediately results in passive ATP efflux.

During inflammation, ischemic, or hypoxic tissue conditions, ATP levels can rise to several
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tens or hundreds of micromoles per litre. Additionally, inflammatory or apoptotic cells
contribute to the accumulation of extracellular ATP by releasing it through active
mechanisms involving various vesicle- and channel-mediated pathways (Di Virgilio et al.
2020). In the inflammatory microenvironment, ATP functions as a DAMP and has multiple
effects, such as activating the NLRP3 inflammasome, promoting the release of cytokines,
chemokines, and growth factors, potentiating intracellular pathogen killing, promoting the
migration of inflammatory cells, redirecting T-helper cell differentiation, stimulating the

growth of stromal cells, and causing direct cytotoxicity (Di Virgilio et al. 2020).

Extracellular ATP mediates its effects through the binding to purinergic P2 receptors, which
are categorized into two subgroups, termed P2X and P2Y purinoceptors (Burnstock et al.
1985, Valera et al. 1994). The P2Y subgroup consists of eight receptors, whereas seven
mammalian P2X subtypes (P2X purinoceptor 1 (P2RX1) — P2RX7) have been identified (Di
Virgilio et al. 2020). Metabotropic P2Y receptors bind ATP, ADP, UTP, and UDP, but the
ionotropic P2X receptors bind predominantly ATP. The receptors exhibit different agonist
affinity, ranging from low micromolar (most P2Y receptors) to millimolar levels (P2RX7).
Upon ligand binding, G protein-coupled P2Y receptors activate phospholipase C, which
initiates the production of mediators that increase intracellular Ca?* or cyclic adenosine
monophosphate levels (Giuliani et al. 2019). This can impact cell metabolism, such as
autophagy initiation or regulation, ATP production, and apoptosis. P2X receptors, on the
other hand, undergo conformational changes upon ligand binding, leading to the opening
of a channel pore that is selective for Na*, K*, and Ca?*. Na* and Ca?* influx as well as K*
efflux result in plasma membrane depolarization (Kanellopoulos et al. 2021). The ion fluxes
induce signal transduction, which mediate distinct cellular responses. However, ATP
signalling must be regulated to prevent overstimulation. Therefore, all cells are equipped
with potent ectonucleotidases, which work as a negative feedback by degrading ATP to
adenosine, a potent immunosuppressant (Beukers et al. 1993). Additionally, desensitization
occurs when the receptor exhibits a decreased responsiveness upon repeated or chronic
exposure to agonists. In the case of P2X receptors, P2RX1 and P2RX3 fully desensitize
rapidly, while P2RX2, P2RX4, and P2RX5 show intermediate desensitization rates
(Kanellopoulos et al. 2021). The P2RX7 has not only the lowest agonist affinity (ECso 0.5 —
4 mM) but is also unable to desensitize (Surprenant et al. 1996, Chessell et al. 1998, Young
et al. 2006, Young et al. 2007). P2X receptors can occur in three different states: the resting,
closed state in the absence of an agonist, the open ATP-bound state, and the desensitized
state (Hausmann et al. 2015). The desensitization rate determines the period of P2X

receptors signal transduction and is therefore of high physiological relevance.

P2 receptors are widely expressed in various tissues and play a significant role in many

pathophysiological processes, such as tissue homeostasis, wound healing,
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neurodegeneration, inflammation, and cancer (Giuliani et al. 2019). This variety of functions
can be fulfilled by the P2 receptor family due to the range of diverse subtypes with distinct
nucleotide selectivity and varying agonist affinity (Di Virgilio et al. 2020). For instance, in the
context of inflammation, P2RY1, P2RY2, P2RY6, and P2RX4 and P2RX7 are the most
prominent P2 receptors, whereas P2RX7 has been extensively linked to numerous
inflammatory and immune responses, such as contributing to K* efflux and subsequent
NLRP3 assembly (Di Virgilio et al. 2020). P2RX4 also plays a crucial role in the central
nervous system, where it is involved in synaptic transmission and neuropathic and

inflammatory pain (Montilla et al. 2020).

2.2 EXPRESSION AND IMMUNOLOGICAL FUNCTION OF P2RX4 AND P2RX7

221 P2RX4

P2RX4 is not only localized at the cell surface, but also in lysosomes. For instance, in
cultured rat microglial, vascular endothelial cells, and freshly isolated peritoneal
macrophages, endogenous P2RX4 is predominantly found in lysosomes (Qureshi et al.
2007). The relative amounts of a pH-sensitive tagged P2RX4 construct at the plasma
membrane and in lysosomes depends on the cell type while lysosomes always contain a
larger fraction of the P2RX4 construct when comparing the embryonic kidney cell line
HEK293, a murine microglial cell line, primary murine hippocampal neurons, and primary
rat alveolar cells (Xu et al. 2014). Under physiological conditions, the acidic pH inhibits the
P2RX4. However, when ATP is transported across the lysosomal membrane to the luminal
side via a vesicular nucleotide transporter, ATP molecules increases the luminal pH causing
ATP and P2RX4 activation (Huang et al. 2014). P2RX4 localization to lysosomes and
activation appears to play a role in endolysosomal membrane fusion, as P2RX4-mediated

Ca?* release activates calmodulin, a fusion-promoting protein (Cao et al. 2015).

P2RX4 is ubiquitously expressed across the body with diverse functions in various organs,
including the liver, lungs, heart, kidneys, and central nervous system (CNS) (Kanellopoulos
et al. 2021). In the liver, P2RX4 signalling might be involved in tissue recovery after partial
hepatectomy but also has pro-fibrogenic effects in a model of chronic injury. It is involved in
surfactant secretion and fluid resorption in the lungs, and in the heart, P2RX4 stimulation
offers a cardioprotective effect. P2RX4 plays a role in inflammation in the kidneys,
exacerbating NLRP3-associated kidney diseases (Kanellopoulos et al. 2021). The P2RX4
is abundantly expressed in neurons and glial cells, where it contributes to physiologic
synaptic transmission and neuronal plasticity due to its high affinity for ATP (Montilla et al.
2020). However, P2RX4 upregulation in CNS cells is also associated with various disorders,
such as neuropathic pain, epilepsy, ischemic injury, chronic pain, and anxiety. In addition,

upregulation in microglial cells is common in most acute and chronic neurodegenerative
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diseases associated with inflammation, including Parkinson's disease, Alzheimer's disease,
and multiple sclerosis (Montilla et al. 2020). For instance, this upregulation was observed
in multiple studies in rodent experimental autoimmune encephalomyelitis (Masuda et al.
2012, Masuda et al. 2014, Vazquez-Villoldo et al. 2014, Zabala et al. 2018). Upregulation
of P2RX4 in microglial or infiltrating macrophages is also associated with inflammatory
responses during ischemic brain injuries (Montilla et al. 2020). The role of the receptor is,
however, not entirely clear. While P2RX4 signalling seems to have a protective effect in
experimental autoimmune encephalomyelitis by decreasing the expression of pro-
inflammatory mediators in microglial (Zabala et al. 2018), P2RX4 signalling in ischemic
brain injuries possibly contributes to infarct volume (Xiao et al. 2016). In spinal cord injury,
P2RX4 activation leads to IL-1B production and infiltration of neutrophils and monocyte-

derived M1 macrophages (Rivero Vaccari et al. 2012).

More recently, a role for P2RX4 in inflammation has emerged beyond the CNS. For
instance, P2RX4 stimulation by low doses of ATP potentiates degranulation of murine bone
marrow-derived mast cells, which is a crucial function of mast cells during allergic
inflammatory reactions (Yoshida et al. 2017, Yoshida et al. 2020). Additionally, P2RX4
expression in murine lungs is associated with allergen-induced airway inflammation (Zech
etal. 2016). Silencing P2RX4 in murine experimental rheumatoid arthritis improves disease-
associated symptoms by significantly inhibiting synovial inflammation and joint destruction
(Li et al. 2014). The mice also seem to have reduced serum levels of IL-1B3, TNF-a, and |IL-6
(Li et al. 2014). On a cellular level, P2RX4-induced Ca?* influx is required for effective
production of IL-1B and IL-18 via activation of P2RX7 in bone marrow-derived dendritic cells
(Sakaki et al. 2013, Zech et al. 2016). However, in the context of diabetic nephropathy or
experimental renal ischemia/reperfusion injury, P2RX4 might directly induce NLRP3
assembly, caspase-1 activation and subsequent IL-138 and IL-18 release after stimulation
with extracellular ATP (Chen et al. 2013, Han et al. 2020). However, the comparison of
purinergic receptor expression levels and activation between primary rhesus macaque
microglial and bone marrow-derived macrophages (BMDMs), indicates, that ATP-induced
IL-1B release from microglial depends on both P2RX4 and P2RX7 signalling, whereas
release from BMDM s is independent of P2RX4 (Burm et al. 2016). Taken together, P2RX4
presumably plays a significant role in the ATP-induced NLRP3 inflammasome assembly
and activation. However, this function is not thoroughly investigated and seems to differ

among different cell types and tissues and possibly depends on a functional P2RX7.
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222 P2RX7

Although P2RX7 is expressed on the plasma membrane of most murine and human cells,
expression levels are particularly high in immune cells, where P2RX7 signalling is important
for modulating both the innate and adaptive immune responses (Pelegrin 2021). Early on,
P2RX7 was identified as the receptor mediating the effect of extracellular ATP, which
strongly stimulates the release of IL-1B from murine macrophages (Ferrari et al. 1996,
Ferrari et al. 1997). The discovery of the NLRP3 inflammasome finally placed P2RX7 in the
right place, and to date, P2RX7 has been described as one of the most potent activators of
the NLRP3 inflammasome (Pelegrin 2021). Although the P2RX7 shows very limited basal
activity and low affinity for ATP, ATP concentrations high enough to induce significant
activation are not unusual at inflammatory sites where extensive immune cell activation and
tissue damage occur (Pellegatti et al. 2008, Wilhelm et al. 2010). Several studies have
shown that P2RX7 is involved in ATP-dependent IL-1B maturation and release from LPS-
primed murine peritoneal macrophages, BMDMs, and microglial cells, human monocytes
and macrophages (Ferrari et al. 1996, Ferrari et al. 1997, Perregaux et al. 2000, Solle et al.
2001, Qu et al. 2007, Adinolfi et al. 2015). The most important events leading to NLRP3
assembly and activation that are induced by P2RX7 are the production of ROS, the
depolarization of mitochondria, the destabilization of lysosomes, the intracellular Ca?*
increase, and the decrease in intracellular K*. K* efflux mediated by P2RX7 is one of the
key fundamental steps in NLRP3 activation, although the exact underlying molecular
mechanisms remain unclear (Pelegrin 2021). P2RX7 and NLRP3 possibly physically
interact at discrete subplasmalemmal cytoplasmic sites (Franceschini et al. 2015).
Otherwise P2RX7 channel opening might causes a localized modification of the intracellular
ion microenvironment that drives the recruitment and subsequent assembly of
inflammasome components, because K* efflux enhances the interaction of NLRP3 with the
never in mitosis-A-related kinase 7 (NEK7) protein, a crucial NLRP3 inflammasome
activator (He et al. 2016, Schmid-Burgk et al. 2016, Shi et al. 2016).

Furthermore, P2RX7 plays not only a role in the induction of IL-1B maturation but is also
involved in the formation of multivesicular bodies containing mature IL-1B3. Multiple studies
demonstrated that various cell types shed microvesicles containing IL-1 from their plasma
membrane upon P2RX7 activation (MacKenzie et al. 2001, Bianco et al. 2005, Pizzirani et
al. 2007, Qu et al. 2007). Stimulation of P2RX7 also induces the release of chemokines and
TNF-a, CD14, IL-6 amongst many other cytokines via microvesicles (Shieh et al. 2014,
Torre-Minguela et al. 2016). Additionally, P2RX7 stimulation supports additional ATP
release, which then activates P2RX7 again in an autocrine manner. This results in an
increase in sensitivity to ATP of the P2RX7-associated pore and in an amplified production

of pro-inflammatory substances downstream of P2RX7 signalling (Pellegatti et al. 2005,
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Yang et al. 2015). Playing a role in NLRP3 assembly, release of IL-13 and other cytokines
as well as chemokines shows that P2RX7 contributes to the recruitment and activation of
immune cells thereby modulating immune responses. This clear association of P2RX7 with
inflammatory processes also shows its profound role in pathophysiological conditions such
as muscular dystrophy, allograft rejection, graft-versus-host disease, and sterile liver
inflammation (Sinadinos et al. 2015, Di Virgilio et al. 2017).

2.3 MOLECULAR STRUCTURE OF P2X RECEPTORS

2.3.1 GENERAL MOLECULAR STRUCTURE OF P2X RECEPTORS

All subtypes of P2X receptors bind ATP and subsequently undergo conformational changes
that result in pore opening. The receptors consist of a large disulfide-rich extracellular loop
containing N-linked glycosylation moieties and a ATP binding pocket, as well as two
transmembrane domains (TM1 and TM2) forming the ion channel, and an intracellular N
and longer C terminus (Kawate et al. 2009, Hattori et al. 2012, Mansoor et al. 2016). To
form a functional receptor, three P2X receptors proteins are arranged around a channel
pore. All P2X receptor proteins form heterotrimers except P2RX7, for which only
homotrimers have been described so far. P2RX4 forms heterotrimers predominantly with
P2RX5 and/or P2RX6, but also heterotrimers with P2RX1 and P2RX3 have been described
(Torres et al. 1999, Antonio et al. 2014). Analysis of the crystal structure of P2RX4 and
mutagenesis studies have led to the assumption that specific information for homomeric
subunit-subunit interactions must be located in the ectodomain (Kawate et al. 2009, Hattori
et al. 2012, Hausmann et al. 2015).

The trimeric structure of P2X receptors indicates the presence of three ATP binding sites.
However, it is essential to note that these binding sites are not independent, and only a fully
agonist-ligated channel that has bound three ATP molecules is sufficiently activated (Hattori
et al. 2012). The binding sites are located at the interface of each pair of subunits and
consist of a set of conserved residues in all human and rodent P2X receptors subtypes (Dal
Ben et al. 2015). Upon ligand binding, the inter-subunit cavities tighten, and the monomers
undergo an outward flexing and rotation, which alters the reciprocal orientation without
altering the conformation (Hattori et al. 2012, Hausmann et al. 2015). This movement results
in the crucial expansion of the extracellular region outside the channel pore, which is
connected to the motion of the three TM1 and three TM2 helices, thereby generating the
ion channel pore (Kawate et al. 2009, Hausmann et al. 2015). The few intramembrane
contacts between the TM2 helices stabilize the closed channel but break in response to
ATP when the TM helices move away from the central axis. Following this movement, new
intra-subunit contacts occur, which stabilize the open channel (Hattori et al. 2012,

Hausmann et al. 2015). The role of the N- and C-terminal domains varies between the
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subtypes and is not yet fully determined. However, it is worth noting that a protein kinase C
phosphorylation consensus site is conserved in all P2X receptors at the N terminus (Boué-
Grabot et al. 2000). Furthermore, studies investigating different desensitization rates of P2X
receptors subtypes suggest that these rates are primarily determined by TM domains as
well as the intracellular domains (Werner et al. 1996, Koshimizu et al. 1999, He et al. 2002,
Allsopp et al. 2011b).

According to Dal Ben et al., human P2X receptors exhibit varying degrees of sequence
homology among their subtypes. The average sequence identity value, excluding the N-
and C-termini, is 49.5 %, while excluding the TM domains, itis 47.3 % (Dal Ben et al. 2015).
Ten conserved cysteines within the extracellular loop are identified, forming five disulfide
bonds that significantly contribute to the structure of the loop and ATP binding pocket (Clyne
et al. 2002, Ennion et al. 2002, Rokic et al. 2010). Notably, there is greater sequence
conservation in the depth of the ATP cavity than at its entrance, which exhibits more
variability. The inner part of the pocket comprises polar and/or positively charged residues
that interact with the polar groups of ATP (Dal Ben et al. 2015). One subunit possesses
three conserved lysine residues directly interacting with the phosphate groups of ATP, a
conserved threonine providing a double H-bond interaction with the adenine, and a
conserved glycine. The adjacent subunit contributes a conserved glycine, lysine,
asparagine, and an arginine to the ATP binding cavity. These conserved residues provide
polar interactions with the phosphate groups of ATP and in-between the P2X subunits
thereby establishing a solid H-bond network in the depth of the pocket (Jiang et al. 2000,
Fischer et al. 2007, Roberts et al. 2008, Roberts et al. 2009, Allsopp et al. 2011a, Dal Ben
et al. 2015).

2.3.2 CHARACTERISTIC FEATURES OF P2RX4

The molecular structure of P2RX4 has been thoroughly investigated using the crystal
structure of zebrafish P2RX4 (Kawate et al. 2009, Hattori et al. 2012), and is partially
confirmed for the rat P2RX4 by Igawa et al. (2015). These studies have provided a
foundation for structural analyses of the whole P2X receptor family; however, certain details
only pertain to P2RX4. Hattori and Gouaux revealed that the phosphate oxygens of ATP
bind to K70 and K72 of one subunit and to N296, R298, and K316 of the adjacent subunit
within the binding pocket. The adenine base interacts with L191 and 1232 and forms
hydrogen bonds with the side chain and backbone of T189 and the backbone of K70 (Hattori
et al. 2012). The fact that the negatively charged phosphate groups of ATP interact with
highly conserved basic and polar amino acids underlines the findings, which were discussed
in 2.2.1, that lysosomal P2RX4 is inactive when ATP is not in its active, tetra-anionic form
at a lysosomal pH between 3.5 and 5.0. P2RX4 opens a small cation-permeable channel

pore in the presence of extracellular Ca?* but forms a larger pore allowing larger molecules
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like propidium iodide and ethidium bromide to pass in the absence of Ca?* indicating that
the extracellular domains are involved in the permeability dynamics of the P2RX4
(Shinozaki et al. 2009).

As previously mentioned, P2RX4 is preferentially localized in lysosomes, where it is
shielded from proteolysis by approximately six N-linked complex oligosaccharides (Qureshi
et al. 2007). A tyrosine-motif in the C-terminus and the residues L22 and 123 at the N-
terminus are required for P2RX4 localization to lysosomes, as mutations in the tyrosine-
motif and/or mutations of the respective residues at the N-terminus to alanine increase the
amounts of P2RX4 at the plasma membrane (Qureshi et al. 2007). Another motif in the C-
terminus is required for endocytosis via a clathrin-dependent pathway, as this motif binds
to a subunit of the clathrin adaptor complex (Royle et al. 2002). Furthermore, the residues
K373 and Y374 at the C-terminus between the motifs involved in trafficking contribute to
desensitization properties (Fountain et al. 2006). Replacing the lysine with arginine or
cysteine at position 373 and the tyrosine with phenylalanine at position 374 strongly
advances desensitization kinetics, suggesting that P2RX4 desensitization properties
require an amino group rather than a guanidine group at position 373 and an aromatic
moiety at position 374 (Fountain et al. 2006). Nonetheless, characteristics of the N- and C-
termini cannot be validated by crystal structure of the zebrafish P2RX4, as the crystal

structure constructs are missing both termini (Kawate et al. 2009, Hattori et al. 2012).

2.3.3 CHARACTERISTIC FEATURES OF P2RX7

P2RX7 is distinguished from other P2X receptors not only by its low sensitivity to ATP and
the lack of being able to desensitize, but also by the fact that only functional homomeric
complexes have been described thus far (Di Virgilio et al. 2017). Nonetheless, P2RX7
oligomers may incorporate additional subunits to form hexamers, particularly in the
presence of positive allosteric modulators (Kim et al. 2001, Ferrari et al. 2004). The entrance
of the ATP binding pocket of P2RX7 lacks positively charged amino acids resulting in
hindered access for hydrophilic molecules compared to other P2X receptors (Dal Ben et al.
2015). Additionally, P2RX1 to P2RX5 feature a serine near the alpha phosphate group of
ATP and a conserved lysine that interact with each other, whereas in the human P2RX7, a
tyrosine replaces the serine. The larger volume of tyrosine compared to serine may
decrease the cavity volume (Dal Ben et al. 2015). This might explain why P2RX7 has a

lower affinity for ATP compared to other P2X receptors.

The fact that P2RX7 is not able to desensitize correlates with the observations that P2RX7
activation leads not only to the common cationic transmission, but also to an uptake of large
hydrophilic molecules with sizes up to approximately 900 Dalton upon prolonged

stimulation, which is reversible upon removal of the ATP stimulus (Munerati et al. 1994,
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Falzoni et al. 1995). It was proposed that pore-forming partners such as pannexin-1 are
recruited for increased permeability. However, macrophages from pannexin-1-deficient
mice exhibit permeability increases to a similar extent as macrophages from wild-type mice
after stimulation with ATP (Qu et al. 2007, Alberto et al. 2013). Moreover, recent studies
question the notion that dilation of the P2RX7 pore occurs only upon prolonged stimulation,
but rather suggest that the P2RX7 pore is wide enough in general (Harkat et al. 2017, Pippel
et al. 2017). Anyhow, the C-terminal tail of P2RX7 is longer than the C-termini of other P2X
receptors and is absolutely required for the large pore function of the P2RX7 (Surprenant
et al. 1996, Adinolfi et al. 2010).

ATP binding to P2RX7 may cause reorientation of the three monomers so that a
‘cytoplasmic gap’ is formed by the interaction between the N- and C-termini, which partially
covers the cytoplasmic end of the pore and stabilizes the open state (Mansoor et al. 2016).
Perhaps, the prolonged C-terminal tail is needed to support TM2 movement generating the
large pore, to stabilize the ‘cytoplasmic gap’, or to allow maximal ion permeability (Mansoor
et al. 2016). Furthermore, the C-terminus of P2RX7 contains several identified lipid and
protein binding motifs, including a SRC homology 3 domain, a short homology to TNFR1
with a death domain, two small regions that are homologous to interaction sites with the
cytoskeleton, and a region at the far C-terminal end that shows homology with the LPS-
binding region of LBP (Denlinger et al. 2001). More than 50 proteins physically interacting
with P2RX7 have been identified so far, however, their binding sites as well as roles in
receptor signalling remain unknown (Kopp et al. 2019). Some identified interactions might
also be indirect or due to the association of multiprotein complexes in domains of the
membrane. Furthermore, targeted rather than unbiased screening approaches and
heterologous expression systems with overexpressed interaction partners have been
frequently used for interactions studies. Therefore, the resulting data must be interpreted
with caution. Kopp and colleagues therefore conclude that the P2RX7 C-terminus might
have a more structural role and/or serves as a scaffold for temporary interactions in which
Ca?* signalling and interactions with membrane components play the prominent role (Kopp
et al. 2019).

Additionally, ten splice variants of the human P2RX7 have been identified, with four being
C-terminally truncated (P2RX7B, P2RX7C, P2RX7E, P2RX7G) (Cheewatrakoolpong et al.
2005, Feng et al. 2006). P2RX7A represents the full-length receptor, while the variants
P2RX7G and P2RX7H contain an additional insertion that results in the deletion of TM1.
P2RX7C is missing exon 4, P2RX7D is missing exon 5, P2RX7E is missing exons 7 and 8,
and P2RX7F is missing exons 4 and 8. P2RX7I arises from a point mutation that generates
a null allele, and P2RX7J is truncated and non-functional (Di Virgilio et al. 2017). It is

noteworthy that P2RX7B is the predominant transcript in many tissues. P2RX7B monomers
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lack the large pore function but retain channel activity, while heteromerization with P2RX7A
subunits produces an enhanced response compared to homomeric P2RX7A
(Cheewatrakoolpong et al. 2005, Adinolfi et al. 2010).

24 INTERACTION BETWEEN P2RX4 AND P2RX7

P2RX4 forms heterotrimers, while P2RX7 forms solely homotrimers. Nonetheless, because
P2RX4 and P2RX7 both seem to play a role in NLRP3-mediated immune responses, these
conclusions are still on debate. Successful co-immunoprecipitation of P2RX7 with tagged
rat P2RX4 from transfected HEK293 cells or with endogenous murine P2RX4 from BMDMs
suggest the possibility of heteromerization (Guo et al. 2007). Contradictive is that co-
immunoprecipitation of membranes from cells co-transfected with tagged P2RX4 and
tagged P2RX7 does not reveal heterotrimers (Antonio et al. 2011). In addition, lysates from
different tissues or primary cultures of rat microglial and macrophages reveal only
homotrimers (Nicke 2008, Boumechache et al. 2009). Measuring electrophysiological
properties of ATP-induced currents also results in conflicting observations (Casas-Pruneda
et al. 2009, Schneider et al. 2017). While cells transfected with different ratios of P2RX4
and P2RX7 cDNA show novel electrophysiological properties (Casas-Pruneda et al. 2009),
Xenopus laevis oocytes co-expressing human P2RX4 and P2RX7 exhibit no new
electrophysiological phenotype different from that of one or another receptor alone
(Schneider et al. 2017). Furthermore, P2RX4 and P2RX7 exhibit different current kinetics
in murine microglial cells indicating that the receptors are activated independently (Trang et
al. 2020). It is worth noting, however, that some observations suggesting heterotrimerization
may be due to an association between P2RX4 and P2RX7 homotrimers rather than the

production of heterotrimers (Antonio et al. 2011).

However, several studies have reported functional interactions between the P2RX4 and
P2RX7. For instance, P2RX4 activation potentiates P2RX7-mediated IL-13 release by
either inducing an early increase in Ca?* influx enhancing the influx upon P2RX7 stimulation
(Kawano et al. 2012, Sakaki et al. 2013) or by upregulating P2RX7 expression (Zech et al.
2016). P2RX7-dependent Ca?" influx is also associated with non-selective pore formation
and activation of signal transduction leading to cell death (Kawano et al. 2012). Therefore,
P2RX4-mediated Ca?* influx may also promote P2RX7-dependent cell death (Kawano et
al. 2012). However, some studies described in chapter 2.2.1 suggest that P2RX4 could also

mediate these inflammatory responses independent of P2RX7.

Taken together, without definitive evidence supporting physical or functional interactions
between P2RX4 and P2RX7, it is not possible to say whether P2ZRX4-mediated signalling
is a support for P2RX7-dependent inflammation, or whether it may elicit additional

independent inflammatory responses in immune cells.
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3  AIM OF THIS WORK

The role of the P2RX7 in the activation of the NLRP3 inflammasome and the subsequent
release of mature IL-1f3 is well-described (chapter 2.2.2). More recently, the hypothesis that
P2RX4 also plays a role in this mechanism emerged, as several studies have shown that
knockdown or inhibiting the P2RX4 decreases the ATP-dependent IL-1(3 release. However,
most of these studies focused on murine but not on human cells or tissues (chapter 2.2.1).
Further, the role of P2RX4 and P2RX7 in the priming of mononuclear phagocytes, which is
the major driver of IL-13 responses in any immunological setting, is largely unknown. This

exploratory study is designed to give first answers to the following questions (Figure 1):
l.  Which role plays the P2RX4 in the ATP-dependent IL-1 maturation?

Il. Which role play P2RX4 and P2RX7 in the priming of human mononuclear
phagocytes?

lll. Which effect has the P2RX4 antagonist 5-B on apoptosis?

ATP
LPS nigericin

/

Mononuclear
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1
‘ —
1
I
|
phagocytes ! .
N F' K B ,’ pro_
{ caspase-
\
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\
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inflammasome

Figure 1: Schematic overview of IL-1B processing and maturation. LPS primes the cell by binding to TLR4
and inducing the gene expression of pro-IL-1B inter alia via NF-kB signalling. Extracellular ATP binds to the
P2RX4 and P2RX7 and the bacterial toxin nigericin induces pore formation in the plasma membrane of the
activated cell. Stimulation with ATP or nigericin both induce the assembly of NLRP3, ASC, and pro-caspase-1
to the NLRP3 inflammasome. As a result, pro-caspase-1 is cleaved into its active form and cleaves pro-IL-1B
into the mature IL-1B, which is then released from the cell. LPS, lipopolysaccharide; TLR, toll-like receptor;
NF-kB, nuclear factor ‘kappa-light-chain-enhancer’ of activated B-cells; IL-18, interleukin-13; ATP, adenosine
triphosphate; P2RX4/7, P2X purinoceptor 4/7; NLRP3, NLR family pyrin domain-containing protein 3; ASC,
Apoptosis-associated speck-like protein containing a caspase-recruitment domain.
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These questions are tackled to gain more insight into the possible involvement of the P2RX4
in IL-1B expression and processing. For this purpose, the monocytic THP-1 cell line as well
as THP-1 cell-derived macrophages are used. Additionally, primary human peripheral blood
mononuclear cells (hPBMCs) and human peritoneal macrophages (hPMs) are used to
validate the findings made with the cell line. Mononuclear phagocytes secrete IL-1 upon a
first signal inducing pro-IL-1B expression and a second signal inducing the assembly of the

NLRP3 inflammasome, IL-13 maturation and release (Figure 1).

To investigate the role of P2RX4 and P2RX7, the following antagonists of the receptors are
utilized: 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepine-2-one (5-B),
PSB-15417 (PSB), PZB15517166A (PZB15), and PZB13420052A (PZB13) are P2RX4
antagonists and 3-[[5-(2,3-Dichlorophenyl)-1H-tetrazol-1-yllmethyl]pyridine hydrochloride
(A43) and 2-(Phenylthio)-N-[[tetrahydro-4-(4-phenyl-1-piperazinyl)-2H-pyran-4-yllmethyl-3-
pyridinecarboxamide (JNJ) are P2RX7 antagonists. The influence of the P2RX4 and
P2RX7 on the NLRP3 assembly and subsequent IL-1( release is investigated by priming
human mononuclear phagocytes and adding the antagonists right before the second
stimulus. 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate (BzATP)/ATP or nigericin
are used as second stimuli to compare the ATP-dependent and ATP-independent NLRP3
inflammasome assembly and caspase-1 activation by measuring the IL-18 protein
concentration within supernatants of the treated cells. P2RX7 antagonists are likely to inhibit
the ATP-mediated inflammasome assembly and subsequent IL-1(3 release and are used as
a comparison for the P2RX4 antagonists. Furthermore, the effects of the P2RX4 and P2RX7
antagonists on priming mononuclear phagocytes with LPS are investigated by adding the
antagonists prior to the priming step. BzZATP/ATP or nigericin are subsequently added and
concentrations of released IL-13 are measured. Intracellular IL-1B protein levels in LPS-
primed cells are analysed via Western blotting and /L 1B mRNA levels via real-time reverse

transcription polymerase chain reaction (RT-PCR).

Priming with LPS also induces the expression of other pro- and anti-inflammatory cytokines
and of the ATP receptors. Therefore, the release of IL-6 of cells treated with P2X receptors
antagonists prior to priming is analysed as well as the mRNA expression of P2RX4, P2RX7,
IL6, IL10, IL18, and TNF. In an attempt to explain unexpected effects provoked by the
P2RX4 antagonist 5-B, the possible induction of apoptosis is investigated by measuring

caspase-3 and caspase-7 activity.

This study aims to elucidate a better understanding of the mechanisms controlling the IL-1
release by mononuclear phagocytes, with the objective of contributing to the development
of novel therapeutic strategies for the treatment of systemic inflammatory diseases and
extensive sterile inflammation, while maintaining the integrity of the host defence

mechanism.
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MATERIALS & METHODS

1 MATERIALS

11 REAGENTS

Table 1: List of reagents.

Name Provider, order code
2-mercaptoethanol Merck Sigma-Aldrich®, Darmstadt, #M6250
2-propanol Merck Sigma-Aldrich®, #33539

6x DNA loading dye

Acetic acid, 100 %

Aluminium potassium sulphate
dodecahydrate

APS, ammonium peroxydisulphate
Apyrase from potatoes

ATP, adenosine triphosphate

BD Cytofix/Cytoperm™

BD Perm/Wash™

Bromophenol blue

BSA, bovine serum albumin

BzATP, 2'(3")-O-(4-benzoylbenzoyl)
adenosine-5'-triphosphate

DAB, 3,3’-diaminobenzidine
tetrahydrochloride

ddH:0, Aqua B. Braun

DMSO, dimethyl sulfoxide, anhydrous
DNAse I, 2,500 U/ml
Doxorubicin-hydrochloride

EDTA, ethylenediaminetetraacetic acid 0.5 M,
pH 8.0

Ethanol

FBS ultra-low endotoxin

FBS Xtra

GelRed Nucleic Acid Stain, 10,000x
GeneRuler 100 bp Plus DNA Ladder
Giemsa’s azure eosin methylene blue
solution

Glycergel mounting medium

Glycerol

Glycine, 2 99 %

Haematoxylin monohydrate

HCI, hydrochloric acid, 1 N

HCI, 25 %

Human monocyte colony-stimulating factor
Human serum

Hydrobin® 100 binder

Hydrogen peroxide 30 %

KCI, potassium chloride

KH2PO,4, potassium dihydrogen phosphate
LPS from E. coli 026:B6

LPS from E. coli 0O111:B4

Lumi-Light Western Blotting Substrate
May-Griinwald’s eosin-methylene blue
solution modified

Thermo Fisher Scientific, Waltham, MA USA,
#R0611

Merck EMD Millipore, Darmstadt, #100063
Merck Sulpeco®, Darmstadt, #1.01047

Carl Roth, Karlsruhe, #9592

Merck Sigma-Aldrich®, #A6410

Merck Sigma-Aldrich®, #A2383

BD, Franklin Lakes, NJ USA, #554722

BD, #51-2091KZ

Carl Roth, #A512

Serva Electrophoresis, Heidelberg, #11930.03
Jena Bioscience, Jena, #NU-1620

Merck Sigma-Aldrich®, #D5905

B. Braun, Melsungen, #0082479E

Merck Sigma-Aldrich®, #276855

Thermo Fisher Scientific, #90083

Merck Sigma-Aldrich®, #D1515
bioWORLD, Dublin, OH USA, #40120777

Merck Sigma-Aldrich®, #32205

Cell Concepts, Umkirch, #S-EUR30-I

Capricorn Scientific, Ebsdorfergrund, #FBS-16A
Biotrend Chemikalien, Kéln, #41003

Thermo Fisher Scientific, #SM0323

Merck Sigma-Aldrich®, #1.09204

Agilent Dako, Santa Clara, CA USA, #C0563
Merck Sigma-Aldrich®, #G2025

Carl Roth, #3908

Merck EMD Millipore, #1.15938

Merck EMD Millipore, #1.09057

Carl Roth, #6331

Merck Sigma-Aldrich®, #SRP3110

Merck Sigma-Aldrich®, #H6914

Ambratec, Mainz

Merck EMD Millipore, #1.07209

Merck EMD Millipore, #1.04936

Merck EMD Millipore, #1.04873

Merck Sigma-Aldrich®, #L2654

Merck Sigma-Aldrich®, #LPS25

Roche Diagnostics, Mannheim, #12015200001
Merck Sigma-Aldrich®, #1.01424
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Methanol

Monocyte attachment medium

Murine serum

Mucocit® T disinfection

NaCl, sodium chloride

NaH.PO,, sodium dihydrogen phosphate
dihydrate

Nigericin sodium salt, = 98 %

Neo-Mount®

Nuclease-free water

PBS, Dulbecco’s phosphate buffered saline
PenStrep, penicillin streptomycin solution,
10,000 U/ml

PMA, phorbol-12-myristate-13-acetate
Powdered milk

Precision Plus Protein Dual Colour Standard

Protease inhibitor cocktail tablets

RBC lysis buffer 10x

Recombinant human IFN-y

Recombinant murine IFN-y

ROTI®-Block 10x

Rotiphorese®Gel 30 (37.5:1)

Rotiphorese® 50x TAE buffer

RPMI 1640 advanced

SDS, sodium dodecyl sulphate, ultra pure
Sodium hydroxide, 1 N

Sodium iodate

SsoAdvanced Universal SYBR® Green
Supermix

SuperSignal™ West Dura Extended Duration
Substrate

TEMED, 298.5 %
Tris(hydroxymethyl)aminomethane (TRIS),
Trizma®, 2 99.9 %

TRIS HCI

Trypan blue solution

Tiirk’s solution

Tween®-20

UltraPure™ Agarose

Z-VAD-FMK

Merck Sigma-Aldrich®, #32213
PromoCell, Heidelberg, #C-28051
Merck Sigma-Aldrich®, #M5905
Schilke & Mayr, Norderstedt, #230120
Carl Roth, #3957

Merck, Darmstadt, #1.06345

Merck Sigma-Aldrich®, #N7143

Merck Sigma-Aldrich®, #1.09016
Promega, Fitchburg, WI USA, #P1193
Merck Sigma-Aldrich®, #D8537
Thermo Fisher Scientific, #15140-122

Merck Sigma-Aldrich®, #P1585

Carl Roth, #T145.3

Bio-Rad Laboratories, Hercules, CA USA,
#1610374

Roche Diagnostics, #11836153001
BioLegend, San Diego CA USA, #420301
R&D Systems, Minneapolis, MN USA, #285-IF
Merck Sigma-Aldrich®, #IF005

Carl Roth, #A151

Carl Roth, #3029

Carl Roth, #CL86

Capricorn Scientific, #RPMI-ADV

Carl Roth, #2326

Merck EMD Millipore, #1.09137

Merck Sulpeco®, #1.06525

Bio-Rad Laboratories, #172527

Thermo Fisher Scientific, #34076

Carl Roth, #2367
Carl Roth, #4855

Merck Sigma-Aldrich®, #T3253
Merck Sigma-Aldrich®, #T8154
Merck EMD Millipore, #1.09277
Merck Sigma-Aldrich®, #8.22184
Thermo Fisher Scientific, #16500
Bachem, Bubendorf, CH #4026865
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P2X RECEPTOR ANTAGONISTS

Table 2: List of P2RX4 antagonists.

P2RX4 antagonists

5-BD PSB-15417 PZB15517166A PZB13420052A

o 5-(3-Bromophenyl)-1,3- - - -
< |dihydro-2H-
% benzofuro[3,2-e]-1,4-
~— |diazepin-2-one
© Structure undisclosed Structure undisclosed Structure undisclosed
=
E
L2
©
=
S
»
o |(Casati et al. 2011, (Schneider et al. 2017, - -
8 |Balazs et al. 2013, Chen Trang et al. 2020)
$ |etal. 2013, Abdelrahman
& |etal. 2017, Coddou et al.
K 2019, Han et al. 2020,

Bidula et al. 2022)
5 | Tocris Bio-Techne® Prof. Christa Mller, Prof. Christa Muller Prof. Christa Mdiller
3 |Bristol UK, #3579 Pharmaceutical
> : . .
o Institute, University of
o Bonn, Bonn

Table 3: List of P2RX7 antagonists.

P2RX7 antagonists

A43 JNJ
2 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1- N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylJmethyl]-
a | yllmethyl}pyridine 2-phenylsulfanylpyridine-3-carboxamide
=]
L
=
E
L
g
=
(8]
2
»
® |(Nelson et al. 2006, Donnelly-Roberts et al. (Chessell et al. 2005, Bhattacharya et al. 2013,
2 12007, Clark et al. 2010, Ward et al. 2010, Kim et Dos-Santos-Pereira et al. 2018, Uderhardt et al.
2 lal. 2011, Draganov et al. 2015, Sathanoori et al. 2019, Francistiova et al. 2021, McEwan et al.
£ 12015) 2021)
(14
g Tocris Bio-Techne®, #2972 Tocris Bio-Techne®, #5299
>
o
o
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1.3  ANTIBODIES

Table 4: List of antibodies used for immunostaining. (1) 2.5 % powdered milk/PBS (w/v); (2) 1 % ROTI®-Block/PBS
(v/v); (3) 1 % BSA/BD Perm/Wash™ (w/v) + 5 % human serum (v/v); (4) 5 % BSA/PBS-T (w/v); (5) 5 % human
serum/BD Perm/Wash™. HRP, horseradish peroxidase; IgG, immunoglobulin G; ICC, immunocytochemistry; kDa,
kilodalton; WB, Western blot.

Antigen Dilution, application Host Provider, order code
IL-1B, human 1:5,000 in (1), WB Mouse National Cancer
(precursor: 31 kDa, Institute, Frederick,
mature form: 17 kDa) MD USA
Primary | B-actin, human (42 1:500,000 in (2), WB Mouse Merck Sigma-Aldrich®,
antibodies | kDa) #A1978
CD14, human 1:100 in (3), ICC Mouse BioLegend, #325602
CD68, human undiluted with 5 % Mouse Agilent Dako, #GA613
human serum, ICC
Secondary | IgG, mouse 1:5,000 in (4), WB Goat Abcam, Cambridge
HRP-linked UK, #ab6789
antibodies | 1IgG, mouse 1:50in (5), ICC Rabbit Agilent Dako, #P0260
HRP-linked | “EnVision+” IgG, undiluted with 5 % Mouse Agilent Dako,
labelled | rabbit human serum, ICC #K400311-2
polymer

14 OLIGONUCLEOTIDES FOR REAL-TIME RT-PCR oF cDNA

Table 5: List of oligonucleotides, called primer pairs, used for real-time RT-PCR. All pairs were received from
Thermo Fisher Scientific. *Product size according to NCBI Primer-Blast. F, forward; R, reverse; Eff, efficiency; bp,
base pairs.

Target o quencein 5 to 3 Eff. %] o9t source DOI
_genes size
F: TCCTGGCATCTTGTCCAT 100 179bp  10.1371/journal.pone.0
PPIA  R: TGCTGGTCTTGCCATTCCT 048367
F: TTACAGTGGCAATGAGGATGAC 94 121bp  10.1371/journal.pone.0
IL1B R: GTCGGAGATTCGTAGCTGGAT 011765
F: AGACAGCCACTCACCTCTTCAG 100 132bp  10.3390/ph14100987
IL6 R: TTCTGCCAGTGCCTCTTTGCTG
F: GCCTAACATGCTTCGAGATC 100 206 bp  10.4049/immunol.178.
IL10 R: TGATGTCTGGGTCTTGGTTC 8.4779
F: GCTGAAGATGATGAAAACCTGGAA 100 171bp  Generated with
IL18 R: AAATATGGTCCGGGGTGCATT primer3.org
F: CCCAGGGACCTCTCTCTAATCA 100 116 bp  10.3390/ph14100987
TNF R: AGCTGCCCCTCAGCTTGAG
F: GGAGAACGCAGGACACAG 100  272bp  10.4049/jimmunol.150
P2RX4 R: CCTTCCCAAACACAATGATG 1585
F: ATACAGTTTCCGTCGCCTTG 98 134bp  10.3389/fimmu.2017.0
P2RX7 R: AACGGATCCCGAAGACTTTT 1529

1.5 CELL LINES

Table 6: List of cell lines

Cellline  Cell origin Provider
THP-1 Peripheral blood of a 1-year-old male Leibniz Institute, DSMZ-German
patient with acute monocytic leukaemia Collection of Microorganisms and Cell

Cultures, Braunschweig
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1.6  ASSAYKITS
Table 7: List of assay kits.

Name

Provider, order code

Apo-ONE® Homogeneous Caspase-3/7 Assay
CytoTox96® Non-Radioactive Cytotoxicity
Assay

DuoSet ELISA Ancillary Reagent Kit 2
Human IL-1B/IL-1F2 DuoSet ELISA

Human IL-6 DuoSet ELISA

Micro BCA™ Protein-Assay-Kit

QuantiTect® Reverse Transcription Kit
RNase-Free DNase Set

RNeasy® Plus mini Kit

1.7 CONSUMABLE SUPPLIES

Table 8: List of consumable supplies.

Name

Promega, #G7792
Promega, #G1780

R&D Systems, #DY008

R&D Systems, #DY201

R&D Systems, #DY206

Thermo Scientific, #23235

Qiagen, Venlo Netherlands, #205311
Qiagen, #79254

Qiagen, #74134

Producer

8-well chamber-view slide

10-well chamber-view slide

12-well cell culture plate

48-well cell culture plate

96-well black polystyrene microplate
96-well microplate

CytoOne® cell scraper

Filter tips 10 pl, 200 pul, 1000 pi
Leucosep™ tubes, 50 mi
MicroAmp® Fast Optical 96-well reaction plate
Pipettes 5 ml, 10 ml, 25 ml

Pipette tips 10 ul, 200 pl, 1000 pl
Polyvinylidene difluoride transfer membrane
Immobilon®-P

Reaction tubes 0.5 ml, 1.5 ml

Steel balls, stainless

Syringe Omnifix® 5 ml, 10 ml, 20 ml
TC flasks T25

Tubes 15 ml, 50 ml

Tubes 250 ml

Optical Adhesive Covers

Sarstedt, Niimbrecht

Greiner Bio-One, Kremsmiunster
Greiner Bio-One, #665180
Greiner Bio-One, #677180

R&D Systems

Greiner Bio-One

Starlab International, Hamburg
Nerbe plus, Winsen

Greiner Bio-One

Thermo Fisher Scientific Applied Biosystems
Greiner Bio-One

Sarstedt

Merck Millipore

Sarstedt

Amelung, Lemgo

B. Braun

Sarstedt

Greiner Bio-One

Thermo Fisher Scientific

Thermo Fisher Scientific Applied Biosystems
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1.8 EQUIPMENT & SOFTWARE
Table 9: List of equipment & Software.

Name

Provider

Biosafety cabinet MSC-Advantage™

Blotting / electrophoresis tank + accessories

Centrifuge Cellspin |

Centrifuge Rotina 420R

Centrifuge Mikro 220R

CLARIOstar®'Ys plate reader

CO; incubator HERAcell 240i

Counting chamber improved Neubauer
Electrophoresis power supply EV231
Epoch microplate spectrophotometer
Fluorescence microscope Olympus BX51
Fluostar Optima Photometer

iBright 1500

iBright Analysis Software

Inkscape vector graphics editor 1.3.2

Mastercycler gradient

Micro Scale Mettler AE100

Microscope camera Axiocam 305 color
Mixer Mill MM 301

Nanodrop 1000 Spectrophotometer

pH / mv meter UltraBasic UB-10

Pipette pipetus®

Pipettes 1 — 10 pl, 10 — 100 pl, 100 — 1000 pl
Scale KERNpy

SPSS statistic software version 27.0.0.0
StepOnePlus Real-Time PCR System
Transilluminator

Transmitted-light microscope Leica DMLS
Ultrasonic cleaner

Vortex LLG® uniTEXER

Water bath

ZEN (blue edition) Software

2 METHODS
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Thermo Fisher Scientific

Von Keutz Labortechnik, Reiskirchen
Tharmac, Limburg an der Lahn
Andreas Hettich, Tuttlingen

Andreas Hettich

BMG Labtech, Offenburg

Thermo Fisher Scientific

Laboroptik, Lancing, United Kingdom
Consort, Turnhout, Belgium

Agilent Technologies, Santa Clara, CA USA
Olympus, Tokio Japan

BMG Labtech

Thermo Fisher Scientific

Thermo Fisher Scientific

Free software distributed under the GNU
General Public License, version 3
Eppendorf, Hamburg

Mettler-Toledo, Gielten

Carl Zeiss Microscopy, Jena

Retsch, Haan

VWR International, Darmstadt
Denver Instrument, Géttingen
Hirschmann Laborgeréte, Eberstadt
Eppendorf

KERN & SOHN, Balingen-Frommern
IBM Deutschland, Ehningen

Thermo Fisher Scientific

Biozym Scientific, Oldendorf

Leica Microsystems, Wetzlar

VWR International

Lab Logistics Group, Meckenheim
Kottermann, Uetze

Carl Zeiss Microscopy, Jena

2.1.1 CULTURING AND PASSAGING OF THE HUMAN MONOCYTIC CELL LINE THP-1

The human cell line THP-1, originating from acute monocytic leukaemia, was used for
preliminary studies. Monocytic THP-1 cells were cultured in Roswell-Park-Memorial-Institute
1640 advanced (RPMI) supplemented with 10 % FBS — further referred to ‘RPMI complete’ —
under sterile conditions. FBS from two different providers was used. Cells were incubated at
37°C with 5 % COg saturation in a humidified CO. incubator and routinely passaged two times
a week to maintain 3 — 4 x 10° cells per TC flask T25. For passaging, cells were harvested by
centrifugation at 500 x g for 8 min and resuspended in 5 ml fresh RPMI complete. The cell

number was determined, and the required amount of the cell suspension was transferred to a

new cell culture TC flask T25 and filled up with RPMI complete.
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2.1.2 DIFFERENTIATION OF MONocYTIC THP-1 cCcEeELLs TO THP-1 CELL-DERIVED
MACROPHAGES
For differentiation of monocytic THP-1 cells into M1-like macrophages, cells were harvested
by centrifugation at 500 x g for 8 min and resuspended in fresh RPMI with 10 % foetal calf
serum (FCS) and 1 % penicillin streptomycin (PenStrep) solution — further referred to ‘RPMI
PenStrep’. The cell number was determined, adjusted to 1 x 10° cells per ml and 0.3 x 10° cells
were transferred to wells of a 12-well plate. Wells were filled up to 1 ml with RPMI PenStrep
supplemented with phorbol 12-myristate 13-acetate (PMA) to receive a final concentration of
50 nM PMA per well. After 24 hours (h) incubation at 37°C and 5 % CO. saturation in a
humidified CO; incubator, cells were washed with warm RPMI complete before RPMI PenStrep
was added for additional 24 h. The following day, cells received for differentiation into M1-like
macrophages RPMI PenStrep supplemented with 10 ng/ml recombinant human IFN-y and
10 ng/ml LPS, from E. coli O111:B4, for 48 h incubation. Cells that did not receive this
treatment differentiated into MO-like macrophages. On the fifth day, THP-1 M1-like
macrophages were washed, RPMI complete was added, and the cells were primed and
stimulated as described in chapter 2.1.3. THP-1 macrophages were stained using May-

Grinwald and Giemsa’s dye described in chapter 2.1.6.

2.1.3  STIMULATION OF THP-1 CELLS

Monocytic THP-1 cells were harvested by centrifugation at 500 x g for 8 min and resuspended
in fresh RPMI. The cell number was determined and RPMI was added, so that 0.5 x 10° cells
per 500 pl could be transferred to the wells of a 48-well plate. THP-1 cell-derived macrophages
were differentiated in 12-well plates as described before and stimulated in RPMI complete. An
exception to this were macrophages stimulated for Western blot analysis, as these were
maintained in RPMI. Monocytic THP-1 cells as well as THP-1 cell-derived M1-like
macrophages were primed with 1 ug/ml LPS, from E. coli O26:B6, for 5 h. To induce IL-13
secretion, 100 uM BzATP, 1 or 2 mM ATP, or 50 uM nigericin were added to the cells for
40 min. P2X receptors antagonists were either added prior to priming with LPS ((1)), or right
before the second signal ((2)) (Figure 2). In every set of experiments, control samples of
untreated cells, cells primed with LPS, and cells primed with LPS and stimulated with BzATP,
ATP, or nigericin alone, were included. Additionally, the vehicle dimethyl sulfoxide (DMSO)
[0.1 %] was added to a second control sample. When nigericin was applied, apyrase [0.5 U]
was added simultaneously. Cells were maintained at 37°C and 5 % CO: in a humidified CO.
incubator during any incubation period. At the end, plates were centrifuged at 500 x g for 8 min
at 4°C and supernatants were collected in reaction tubes and stored at -20°C until IL-13 or IL-6
enzyme-linked immunosorbent assay (ELISA) and measurements of lactate dehydrogenase
(LDH) activity were conducted. The cells remained in the plate and were stored at -20°C for

later real-time RT-PCR or Western blot analysis.
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LPS + BzATP / ATP / nigericin
THP-1 monocytes, | | ) readouts:
THP-1 cell-derived | Sh | 40min__| EyisA (IL-1B, IL-6),
macrophages / ) / .. westernblot, RT-PCR
(D P2RX antagonists (@ P2RX antagonists

Figure 2: Schematic workflow of the stimulation of THP-1 cells. THP-1 cells — monocytes or macrophages —
were incubated with LPS for 5 h. P2X receptors antagonists were either added prior to LPS application ((1)) or prior
to BzATP, ATP or nigericin incubation ((2)). Afterwards, supernatants were collected for ELISA and cells for Western
blot or real-time RT-PCR experiments. LPS, lipopolysaccharide. BzATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-
triphosphate. ATP, adenosine triphosphate.

2.1.4 PURIFICATION AND STIMULATION OF HUMAN PERIPHERAL BLOOD MONONUCLEAR
CELLS

For the isolation of hPBMCs, blood from healthy donors was obtained in the context of the

clinical study AZ98/23, which was approved by the ethical review committee of the Justus-

Liebig University. Non-smoking adults without pre-existing diseases, who were included in the

study, were informed by the principal investigator (Prof. Dr. med. Andreas Hecker) and a

written informed consent was given.

Whole blood supplemented with 1 mM ethylenediaminetetraacetic acid (EDTA) was diluted
with Dulbecco’s phosphate buffered saline (PBS)/0.1 % bovine serum albumin (BSA) in equal
shares. Subsequently, hPBMCs were separated from whole blood by density gradient
centrifugation. For that, the sample was carefully transferred to a Leucosep™ tube and
centrifuged at 800 x g for 25 min. The upper phase was carefully removed, the interphase
transferred to a new tube and filled up to 50 ml with PBS/0.1 % BSA. The diluted interphase
was centrifuged at 500 x g for 8 min. The pellet was washed again and then resuspended in
monocyte attachment medium. The cell number was determined, the volume adjusted to
1 x 10° cells per ml and 0.5 x 108 cells were transferred to wells of a 48-well plate. hPBMCs
were primed with 5 ng/ml LPS, from E. coli O26:B6, for 3 h. Adherent cells were selected by
exchanging the medium to RPMI and further incubation for 20 min. In IL-1B release
experiments, hPBMCs were subsequently treated with 100 uM BzATP or 50 uM nigericin for
30 min. P2X receptors antagonists were either added prior to priming with LPS ((1)), or right
before adding BzATP or nigericin ((2)) (Figure 3). In every set of experiments, control samples
of untreated cells, cells primed with LPS, and cells primed with LPS and stimulated with BzZATP
or nigericin alone, were included. Additionally, the vehicle DMSO [0.1 %] was added to a
second control sample. When nigericin was applied, apyrase [0.5 U] was added
simultaneously. Cells were maintained at 37°C and 5 % CO: in a humidified CO. incubator
during any incubation period. At the end, plates were centrifuged at 500 x g for 8 min at 4°C,
supernatants were collected and stored at -20°C until ELISA and measurements of LDH
activity were conducted. Cells remained in the plate and were stored at -20°C for real-time

RT-PCR experiments.
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Figure 3: Schematic workflow of the stimulation of hAPBMCs. Human PBMCs were incubated with LPS for 3 h
and underwent adherence selection for 20 min. P2X receptors antagonists were either added prior to LPS
application ((1)) or prior to BzATP or nigericin incubation ((2)). Afterwards, supernatants were collected for ELISA
and cells for Western blot or real-time RT-PCR experiments. hPBMCs, human peripheral blood mononuclear cells.
LPS, lipopolysaccharide. BzZATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate.

2.1.5 PURIFICATION AND STIMULATION OF HUMAN PERITONEAL MACROPHAGES

For the isolation of hPMs, peritoneal dialysate from donors was obtained in the context of the
clinical study AZ251/20, which was approved by the ethical review committee of the Justus-
Liebig University. Included were patients older than 18 years who were admitted to hospital for
planned peritoneal dialysis training. This took place 14 days after the initial implantation of a
peritoneal dialysis catheter either due to chronic renal insufficiency requiring dialysis or due to
cardiorenal syndrome with refractory ascites. The patients included in the study were informed
by the principal investigator (Dr. med. Anca-Laura Amati) and a written informed consent was
signed by all patients. Exclusion criteria were chronic or acute infectious diseases, increased
inflammatory parameters (leucocytosis, C-reactive protein above 10 mg/l, procalcitonin levels
above 0.5 ng/ml, or fever), ongoing antibiotic therapy, immunosuppressive therapy,

chemotherapy within the last 3 month, pregnancy, or lack of consent.

The ice-cold dialysate was transferred to pre-cooled tubes (250 ml) and centrifuged at 200 x g
for 20 min at 4°C. After supernatants were discarded, the pellets were resuspended in 5 ml ice
cold PBS/0.1 % BSA, combined in a tube (50 ml) and centrifuged at 500 x g for 8 min at 4 C.
The supernatant was discarded, and the pellet resuspended in 5 ml 1 x RBC lysis buffer and
incubated for 6 min at room temperature (RT). The reaction was stopped by adding
PBS/0.1 % BSA and centrifugation at 500 x g for 8 min at 4°C. The pellet was resuspended in
5 — 20 ml RPMI PenStrep after discarding the supernatant. The cell number was determined,
the volume adjusted to 1 x 10° cells per ml and 1 x 108 cells were transferred to wells of a 12-
well plate. Cells were maintained at 37°C and 5 % CO: in a humidified CO incubator overnight.
The next morning, adherent cells were selected by exchanging RPMI PenStrep to fresh RPMI
complete. hPMs were primed with 0.1 ug/ml LPS, from E. coli O26:B6, for 5 h. For IL-18
release experiments, hPMs were subsequently treated with 100 uM BzATP for 40 min. The
P2X receptors antagonists were either added prior to LPS priming ((1)), or right before BzZATP
((2) (Figure 4). In every set of experiments, control samples of untreated cells, cells primed
with LPS, and cells primed with LPS and stimulated with BzATP alone were included.
Additionally, the vehicle DMSO [0.1 %] was added to a second control sample. Cells were

maintained at 37°C and 5 % CO: in a humidified CO- incubator during any incubation period.
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At the end, plates were centrifuged at 500 x g for 8 min at 4°C, supernatants were collected

and stored at -20°C until ELISA and measurements of LDH activity were conducted.

LPS + BzATP
hPMs ,{ Sh /{ 40min__| ELISA (IL-1)
(D P2RX antagonists (2 P2RX antagonists

Figure 4: Schematic workflow of the stimulation of human peritoneal macrophages. hPMs were incubated
with LPS for 5 h. P2X receptors antagonists were either added prior to LPS application ((1)) or prior to BzATP
incubation ((2)). Afterwards, supernatants were collected for ELISA. hPMs, human peritoneal macrophages. LPS,
lipopolysaccharide. BzATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate.

2.1.6  STAINING OF THP-1 MACROPHAGES

The morphology of M0O-like and M1-like macrophages were assessed via microscopy. First,
THP-1 cells were harvested by centrifugation at 500 x g for 8 min and resuspended in
RPMI PenStrep. The cell number was determined, adjusted to 1 x 10° cells per ml and 0.1 x
106 cells per well were transferred to two 8-well chamber-view slides. The cells were treated
the following days as described in chapter 3.1.2, except some cells, which received RPMI
PenStrep without recombinant human IFN-y and LPS for differentiation into macrophage-like
THP-1 cells — so called MO-like macrophages. On the fifth day, cells were washed with
phosphate buffered saline (PBS), followed by fixation with BD Cytoperm™ for 20 min on ice.
Thereafter, cells were washed again and air-dried. MO-like macrophages were stained with
May-Grinwald’s dye for 1 min, then incubated in double distilled water (ddH-O) for 5 min,
followed by Giemsa’s staining for 4 min. M1-like macrophages were incubated with May-
Grunwald’s staining for 2 min, followed by 5 min ddH20 and Giemsa'’s staining for 15 min. After
staining, the wells were removed, slides cleaned thoroughly with ddH-O, dried and sealed with

Neo-Mount® before microscopy.

2.1.7 IMMUNOCYTOCHEMICAL STAINING OF HUMAN PERITONEAL MACROPHAGES

For cell counting via microscopy, cells were harvested as described in chapter 2.1.5 and 0.1 x
108 cells were transferred to 10-well chamber-view slides or cytospots were made. The
cytospots were centrifuged at 28 x g for 4 min in a centrifuge cellspin |, fixated with BD
Cytoperm™ for 20 min on ice. Thereafter, cytospots were washed with PBS/0.1 % BSA, dried
and stored at 4°C. The chamber-view slides were maintained at 37°C and 5 % CO- in a
humidified CO. incubator overnight. The following day, medium was discarded, and cells were
fixated with BD Cytoperm™ for 20 min on ice and washed with ice-cold PBS/0.1 % BSA. The
slides were dried at RT before storing them at 4°C until immunocytochemistry (ICC) was
conducted. Prior to staining, cytospots and chamber-view slides were incubated with
PBS/1 % hydrogen peroxide on ice for 30 min, washed three times with PBS, and incubated
with BD Perm/Wash™/1 % BSA for 30 min at RT. Samples were incubated with primary
antibodies against CD14 and CD68 (Table 4) for 1 h. After washing three times with BD
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Perm/Wash™  secondary horseradish-peroxidase (HRP)-conjugated antibodies (Table 4)
were added for 1 h at RT. Some samples were washed three times with BD Perm/Wash™
after incubation with the secondary antibody and before EnVision+ was applied for 30 min at
RT. Thereafter, all samples were washed three times with 1 x TBS before they were incubated
with DAB in PBS/0.015 % hydrogen peroxide [0.5 mg/ml] for 10 min at RT. At last, samples
were stained with Mayer's Haematoxylin for 6 min and then sealed with Glycergel mounting

medium before microscopy.
TBS 10x: 0.5 M TRIS, 1.54 mM NaCl, 5 % (v/v) HCI pH 7.6

Mayer’'s Haematoxylin: 0.1 M aluminium potassium sulphate dodecahydrate,
3.31 mM haematoxylin monohydrate, 1 mM sodium iodate

2.1.8 CLASSIFICATION OF CELL TYPES IN PERITONEAL DIALYSATE SAMPLES

The distribution of cell types in peritoneal dialysate samples before and after adherence
selection was assessed via microscopy. Cells on cytospots, representing the original
composition of cell populations in the peritoneal dialysate samples, and on chamber-view
slides, showing adherent cells after the complete isolation protocol, were counted in 6 — 9
randomly selected areas via ZEN (blue edition) software. Cells are ICC stained and were
categorized into CD14" or CD14 cells or into CD68" and CD68" cells. Granulocytes were
identified by their dark-brown stained granules and multi-lobed nuclei. After counting,
percentages of CD14* and CD68" macrophages before and after adherence selection were

calculated and compared.

219 CELLSLYSIS

Immediately after stimulation of THP-1 cells, cells were lysed under denaturing conditions for
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and following
Western blot analysis. Therefore, RPMI was completely discarded and 75 pl cold SBO buffer
added to each well. Cells were incubated for 15 min on ice before 75 ul SB1 buffer was added,
and the cells in 12-well plates immediately stored at -20°C until further procedures were carried
out. After thawing, cells were collected in tubes by scrapping them from the plate surface, and
mechanically disrupted with a steel ball inside the tube by using the mixer mill for 10 min. At
last, cell suspensions were incubated for 15 min in an ultrasonic cleaner, before a bicinchoninic

acid (BCA) protein assay was carried out as described in chapter 2.2.4.

Sample buffer 0: 6.25 mM TRIS/HCI, 600 U DNase |, proteinase inhibitor cocktail 1 x
pH 6.8

Sample buffer 1: 6.25 mM TRIS/HCI, 2 % (w/v) SDS, proteinase inhibitor cocktail 1 x
pH 6.8
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2.2 PROTEIN BIOCHEMICAL METHODS

2.2.1  ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)

The concentration of IL-13 or IL-6 in cell culture supernatants was measured to validate the
influence of P2X receptors treatment on cytokine secretion. Human IL-1B/IL-1F2 DuoSet
ELISA kit or human IL-6 DuoSet ELISA kit were used. In general, these assays employ the
quantitative sandwich enzyme immunoassay technique, by which an immobilized antibody
specific for a target protein binds any target protein present in samples. A second antibody
binding to the antibody-protein complex is linked to an enzyme, which converts its substrate
resulting in a colour change. Because the intensity of colour change is in proportion to the
amount of bound target protein, the concentration of the desired protein can be colorimetrically

quantified.

The protocols were implemented as specified by the manufacturer. The DuoSet ELISA
Ancillary Reagent Kit 2 was additionally used. The optical density of each sample and RPMI
or RPMI complete was determined by using the Fluostar Optima photometer at 450 nm. The
optical density of medium was subtracted from the results of the samples. The lower detection
limit of the IL-13 ELISA kit is 3.9 pg/ml, while that of the IL-6 assay is 9.4 pg/ml. The IL-13 or
IL-6 concentration of each sample was calculated using a linear equation of a serial dilution of

recombinant human IL-1 standard or IL-6 standard with known concentration, respectively.

2.2.2 ESTIMATION OF CELL DEATH

LDH activity in cell culture supernatants was measured simultaneously with IL-138 ELISA to
quantify the influence of treatment with P2X receptors antagonists on cell death. LDH activity
was implemented using the CytoTox96® Non-Radioactive Cytotoxicity Assay, which is a
colorimetric assay quantifying LDH activity, a stable cytosolic enzyme. Released LDH converts
supplied lactate into pyruvate, a reaction that is linked to the conversion of a tetrazolium salt
into a red formazan product. Colour intensity is proportional to the number of damaged cells

and can be colorimetrically quantified.

The protocol was implemented as specified by the manufacturer. Optical density
measurements were carried out at 490 nm using Epoch microplate spectrophotometer. In
addition to the samples, the optical density of RPMI or RPMI complete was also measured and
subtracted from all values. The percentage LDH activity of samples was calculated in
proportion to the optical density of an identical number of lysed cells that was set to 100 %

representing the total LDH release.
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2.2.3 CASPASE ACTIVITY ASSAY

The activity of caspase-3 and caspase-7 was measured using the Apo-ONE® Homogeneous
Caspase-3/7 Assay. Upon cleavage of the peptide substrate, which is a part of the assay kit,
by caspase-3 and caspase-7, the conjugated dye becomes fluorescent when excited at a
wavelength of 498 nm. The amount of fluorescent product is proportional to the amount of

active caspase-3 and caspase-7 present in the sample.

Monocytic THP-1 cells were harvested by centrifugation at 500 x g for 8 min and resuspended
in fresh RPMI. The cell number was determined and RPMI was added, so that 1 x 10° cells
per 100 pl could be transferred to the wells of a 96-well black polystyrene microplate.
Substances were added to the cells, thereafter the cells were primed with 1 ug/ml LPS from E.
coli O26:B6 for 5 h. Cells were maintained at 37°C and 5 % CO: in a humidified CO: incubator
for 30 min or 60 min. Then, fluorescence measurements were carried out at an excitation
wavelength range of 488 nm and an emission wavelength range of 535 nm using the
CLARIOstar"Vs plate reader. Additional to the samples, the emission of RPMI was also

measured and the corresponding values subtracted from all values.

2.2.4 QUANTITATION OF TOTAL PROTEIN BY BCA PROTEIN ASSAY

The protein concentration of lysed cells was determined using a Micro BCA™ Protein-Assay-
Kit for following Western blot analysis. Proteins reduce Cu?* to Cu* in an alkaline environment.
Cu* reacts with two molecules BCA to form a purple-coloured reaction product. The absorption
of this complex is linear with increasing protein concentrations and the amount of protein in the
target sample can be calculated using a linear equation of a serial dilution of BSA with known

concentrations.

The used protocol differs from the manufacturer’'s protocol. For the serial dilution, a BSA
solution of 100 pg/ml was diluted several times to acquire a series of BSA standard solutions
in the range of 50 ug/ml to 1.25 pg/ml. Then, 1 part standard was diluted with 49 parts
NaCl-solution, and 1 part sample was mixed with 499 parts NaCl-solution. In a 96-well
microplate, 150 ul diluted standards and samples were pipetted, followed by addition of 150 ul
BCA working reagent, consisting of 25 parts reagent A, 24 parts reagent B plus 1 part reagent
C. After incubation at 37°C for 2 h, the absorbance at 580 nm was measured using the Fluostar

Optima photometer and the protein content in the samples was calculated.
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2.2.5 SODIUM DODECYL SULPHATE POLYACRYLAMIDE GEL ELECTROPHORESIS (SDS-
PAGE)

SDS-PAGE was performed to separate proteins according to their molecular mass. As SDS

unfolds proteins and coats them with a negative charge, proteins can migrate within an

acrylamide gel in an electric field towards the anode with different speed depending on their

mass.

First, the separation gel was cast between two glass plates. A stacking gel was cast on top of
the polymerized separation gel and a comb inserted. After complete polymerization, the gels
were placed in an electrophoresis tank filled with SDS running buffer. Samples diluted in
sample buffer 1 were mixed in equal shares with sample buffer 2 and incubated at 90°C for
5 min, followed by centrifugation at 7500 x g for 5 min. 10 pg protein of each sample was
loaded alongside with 10 ul Precision Plus Protein Dual Colour Standard. The gel was run at
a constant voltage of 80 V for 10 min to gather the proteins in the upper stacking gel and
subsequently, at a constant voltage of 120 V for 80 min to accomplish the migration through
the separation gel.

Stacking gel: 54.82 % (viv) H2O, 32.08 % (v/v) upper gel buffer, 12.69 % (v/v)

Rotiphorese®Gel, 0.23 % (w/v) APS, 0.18 % (v/v) TEMED

12 % separating gel: 41.77 % (v/v) H20, 24.65 % (v/v) lower gel buffer, 33.33 % (v/v)
Rotiphorese®Gel, 0.18 % (w/v) APS, 0.07 % (v/v) TEMED

Upper gel buffer: 0.5 M TRIS, 1.5 % (v/v) HCI, 0.4 % (w/v) SDS pH 6.8
Lower gel buffer: 1.5M TRIS, 0.83 % (v/v) HCI, 0.4 % (w/v) SDS pH 8.8
SDS running buffer: 25 mM TRIS, 192 mM Glycine, 0.1 % (w/v) SDS

Sample buffer 2: 62.5 mM TRIS/HCI, 20 % (v/v) Glycerol, 10 % (v/v) 2-mercapto-ethanol,
2 % (w/v) SDS, 0.002 % (w/v) bromophenol blue, proteinase inhibitor
cocktail 1 x pH 6.8

2.26 WESTERNBLOT

Western blot analysis was carried out to investigate changes in intracellular (pro-)IL-1 protein
levels after treatment with P2X receptors antagonists. Therefore, proteins are immobilized on
a membrane and antigens are detected by specific antibodies, enzyme-linked secondary

antibodies and chemiluminescence.

In detail, a polyvinylidene difluoride transfer membrane was activated by incubation in
methanol for at least one min and shortly washed with transfer buffer afterwards. Then, two
sponges, filter paper, the separating gel, the membrane, filter paper, and a sponge were placed
within a holder cassette, which was inserted into a blotting tank so that the membrane was
facing the anode. The tank was filled with transfer buffer and proteins were transferred from
the separating gel onto the membrane at a constant current of 90 mA for 90 min. Protein

binding sites on the membrane were blocked with 5 % (w/v) milk powder in 1 x PBS for one h.
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After overnight incubation with primary antibodies (Table 4) at 4°C and after four washing steps
with 1 x PBS containing 0.1 % Tween®-20 for 8 min each, the membrane was incubated in
diluted HRP-labelled secondary antibodies (Table 4) for 90 min. The membrane was washed
three times with 1 x PBS/0.1 % Tween®-20 and once with 1 x PBS for 10 min. Bound HRP was
detected by SuperSignal™ West Dura Extended Duration Substrate to detect (pro-)IL-1B or by
Lumi-Light Western Blotting Substrate when detecting B-actin. Western blots were

documented with the iBright 1500 system.

Transfer buffer: 24.76 mM TRIS, 190 mM glycine, 20 % (v/v) methanol, 0.1 % (w/v) SDS
PBS 10x: 1.37 M NaCl, 91.28 mM NaH2PO., 26.83 mM KClI,
14.7 mM KH2PO4, 0.8 % (v/v) HCI pH 7.2

2.3 MOLECULAR BIOLOGY METHODS

2.3.1  RNA EXTRACTION AND CDNA SYNTHESIS

A RNeasy® Plus mini kit was used to isolate RNA from THP-1 cells or hPBMCs after treatment
to generate cDNA for following real-time RT-PCR experiments. The protocol was mainly
implemented as specified by the manufacturer and only changed minimally. Briefly, the RW1
washing step was divided into two steps with a DNase incubation for 25 min in between.
Therefore, the RNase-Free DNase kit was used following the manufacturer’s protocol. The
RNA was eluted in 35 ul RNase-free water and the quantity measured using the Nanodrop
1000 by VWR. RNA samples were directly used for cDNA synthesis.

For cDNA synthesis, 100 ng of total RNA was reversely transcribed utilizing the QuantiTect®
Reverse Transcription kit following the manufacturer’s protocol. The incubation steps were

conducted using the Eppendorf Mastercycler gradient. cDNA was stored at -20°C.

2.3.2 REAL-TIME POLYMERASE CHAIN REACTION

Real-time PCR was conducted to validate changes in gene expression upon treatment with
P2X receptors antagonists. In real-time PCR, amplicons of cDNA templates are doubled each
amplification cycle using sequence-specific oligonucleotides, heat-stable DNA polymerase,
and thermal cycling. Amplicons are measured each cycle via fluorescent double-stranded
DNA-binding dyes. Sequences of the used oligonucleotide pairs for genes of interest were
established in previous studies (Table 5). Nonetheless, the efficiency was examined by
preparing a standard curve of serially diluted cDNA of untreated cells. The ratio of the number
of produced DNA fragments at the end of a cycle divided by the number at the start of the
same cycle defines PCR efficiency (Table 5). A 100 % efficiency represents doubling of the

target sequence each cycle.
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For real-time PCR experiments, 5 ng cDNA was mixed in a MicroAmp® Fast Optical 96-well
reaction plate with a master mix containing 10 pl SsoAdvanced Universal SYBR® Green
Supermix (contains dNTPs, MgCl,, SYBR® Green |, Sso7d fusion polymerase), 1.4 yl 5 yM
primer forward, 1.4 pyl 5 uM primer reverse (Table 5), and 6.2 yl nuclease-free water. A
negative control without cDNA input gave information about master mix contaminations.
Finally, the plate was sealed with optical adhesive covers, briefly centrifuged, and loaded into

the StepOne Plus PCR system with the following PCR program:

Table 10: Real-time RT-PCR program.

Stage Cycle count Temperature Duration [min] Description

Initiation 1 50°C 02:00 Polymerase activation
95°C 05:00 DNA denaturation
95°C 00:05 DNA denaturation

Cycling 40 61°C 00:07 Annealing
72°C 00:30 Extension + plate read

Melt curve L .620C DL

hold increase t095°C + 0.5°C per 00:15 plate read

The mean cycle threshold (Ct) value of duplicates was used to calculate the fold change gene
expression level based on the 2-AACT method. The method compares the difference in
expression between genes of interest and the reference gene peptidylprolyl isomerase A
(PPIA) and between the control condition (cells treated with LPS) and samples treated with
LPS and P2X receptors antagonists. Ct values for the target genes in both the test samples

and control samples are normalized in relation to PPIA.

2.3.3 AGAROSE GEL ELECTROPHORESIS

An agarose gel electrophoresis was occasionally conducted after real-time RT-PCR to verify
the size of the amplicons. To produce the gels, 1.8 % agarose in 100 ml 1 x Rotiphorese TAE
buffer was boiled up and mixed with 5 yl GelRed nucleic acid stain 10,000 x. The liquid was
cast into a cassette and a comb was inserted. The polymerized gel was inserted to an
electrophoresis tank with 1 x Rotiphorese TAE buffer. Samples were diluted 1:10, mixed with
DNA loading dye, and loaded next to 2 pl of the GeneRuler 100 bp Plus DNA ladder. After

applying 100 V for 45 min, the gel was placed on a transilluminator for taking photos.

24 STATISTICS

Statistical analyses were performed using SPSS statistic software version 27. Paired data,
obtained in cytokine release experiments, real-time RT-PCR, densitometric analysis, and
caspase-assays were analysed by the Friedman test and, if statistically significant with a p
value < 0.05, followed by the Wilcoxon signed-rank test. Regarding the Wilcoxon signed-rank
test, results with a p value < 0.05 are considered statistically significant and marked accordingly
in the figures. The number of individual experiments (n) is indicated in the figures. When

primary cells were investigated, the n-number represents data obtained from the cells of
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individual humans. In experiments with THP-1 cells, the n-number refers to independent
experiments, which were performed on different days with different cell passages. Data were

visualized using Inkscape vector graphics editor 1.3.2.
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RESULTS

1 CHARACTERISTICS OF THE THP-1 CELL LINE

11 MORPHOLOGICAL CHARACTERISTICS OF THP-1 CELL-DERIVED MACROPHAGES

In the course of this study, the THP-1 cell line originating from peripheral blood of a 1-year-old
boy with acute monocytic leukaemia was used. In some cases, cells were differentiated into
macrophages. The morphology of stained macrophages was assessed to confirm successful
differentiation of THP-1 cells (Figure 5).

THP-1 MO-like macrophages depicted a rounded or a spindle-shaped morphology (Figure 5A),
while in M1-like macrophages a fibroblast-like, spindle-shaped morphology dominated (Figure
5B). MO-like macrophages were smaller compared to M1-like macrophages and THP-1 cell-
derived M1-like macrophages possessed amoeboid protrusions.

A THP-1 M0-like macrophages B THP-1 M1-like macrophages
_‘__'b . ‘ w L ‘

Figure 5: THP-1 cell-derived MO0-like and M1-like macrophages. PMA-treated THP-1 cells were either left
untreated for a MO-like phenotype (A) or treated with IFN-y and LPS for 48 h for M1-like differentiation. Fixated cells
were stained with May-Grinwald and Giemsa staining. All pictures were taken from one representative experiment
out of 3. Scale bar: 50 um.

1.2 IL-1B8 RELEASE BY MONOCYTIC THP-1 CELLS AND THP-1 CELL-DERIVED M1-LIKE
MACROPHAGES

The IL-1B concentration was measured in cell culture supernatants of monocytic THP-1 cells

and THP-1 cell-derived M1-like macrophages by ELISA. The cells were primed with 1 pg/ml

LPS for 5 h followed by stimulation with BzATP (100 uM), ATP (1 or 2 mM), or nigericin (50

uM) for 40 min. Untreated cells and cells primed with LPS served as controls in every

experimental setting.
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Figure 6 shows a summary of IL-13 concentrations in cell culture supernatants of Monocytic
THP-1 cells (A) and THP-1 cell-derived M1-like macrophages (B). In supernatants of untreated
monocytic cells, IL-1p concentrations were below the detection limit of the assay (Figure 6A).
In supernatants of cells primed with LPS, 9 pg/ml (median) IL-18 was detected (p < 0.000
versus untreated). Additional treatment with BzATP increased the concentration to 84 pg/mi
(p = 0.000 versus LPS) and in presence of the vehicle DMSO [0.1 %] to 88 pg/ml (p < 0.000
versus LPS). While adding nigericin, IL-1B concentrations of 308 pg/ml (p < 0.000 versus LPS)
were measured in cell culture supernatants, which is similar to the amounts in presence of
DMSO: 299 pg/ml (p < 0.000 versus LPS) (Figure 6A). In case of THP-1 cell-derived M1-like
macrophages, IL-1B concentrations of 44 pg/ml were measured in cell culture supernatants of
untreated cells and upon treatment with LPS 153 pg/ml (p < 0.000 versus untreated) (Figure
6B). Later on, adding 1 mM ATP resulted in 515 pg/ml IL-1B concentrations compared to
516 pg/ml when DMSO was added (both: p <0.000 versus LPS). The IL-18 concentration
levels in cell culture supernatants increased up to 893 pg/ml upon stimulation with 2 mM ATP
or 875 pg/ml in the presence of 2 mM ATP and DMSO (both: p <0.000 versus LPS).
Stimulation with nigericin resulted in 767 pg/ml IL-13 (p < 0.000 versus LPS). Similar amounts
of IL-1B in cell culture supernatants were measured in the presence of DMSO: 723 pg/ml
(p = 0.000 versus LPS) (Figure 6B).

Simultaneously to the IL-1B concentration, the LDH activity in cell culture supernatants was
measured. Compared to the maximal LDH activity in a sample of lysed cells, which was set to
100 %, a median LDH activity of 4.6 % (median) in the supernatants of untreated monocytic
THP-1 cells was measured (Table S-1). Supernatants of cells primed with LPS showed 5 %
LDH activity. Subsequent treatment with BzZATP resulted in 6.3 % LDH activity and additional
DMSO application in 6.7 %. When nigericin was applied in the absence or presence of DMSO,
13.1 % LDH activity was measured. In supernatants of untreated THP-1 cell-derived M1-like
macrophages 5 % LDH activity was measured (Table S-2). Treatment with LPS resulted in a
median 8.7 % LDH activity. When 1 mM ATP was added, 19 % LDH activity was measured
while adding DMSO together with 1 mM ATP resulted in 19.5 %. Supernatants of cells treated
with 2 mM ATP showed a median LDH activity of 18.8 %, compared to 18.6 % when DMSO
was added. Treatment with nigericin resulted in 23.6 % LDH activity, with or without DMSO,
indicating that the vehicle DMSO did not alter the viability of THP-1 cells.

44



RESULTS

THP-1 monocytes B THP-1 M1-like macrophages
1400 - 7000 - L
% o)
1200 - 6000 -
=" 1000 - ="' 5000 -
E E * % © *
o - o . o)
2 800 2 4000 5 o
e« 600 3000 1
A \ * # % o e}
1 400- = 20001 © o B o
200 - ) 1000 Co g@ %%%
0 - ‘;.j-: 0 = . ‘ ? T T T T
LPS - + + + + + LPS = + + + + + + +
DMSO01% = = = + =+ DMSO01% = = = + = + = +
BzATP100pM - - + + - = ATPMmMM] = = 1 1 2 2 = =
Nigericin 50 yM = = = = 4+ 4 Nigericin50 UM = = = = = = & +
n= 68 68 21 21 47 47 n= 66 81 16 16 38 38 27 27

Figure 6: IL-1B release by (A) monocytic THP-1 cells and (B) THP-1 cell-derived M1-like macrophages. Cells
were either left untreated or primed with LPS (1 pg/ml) in absence or presence of 0.1 % DMSO for 5 h. Thereafter,
BzATP (100 uM), ATP (1 mM, 2 mM), or nigericin (50 uM) were added for 40 min to LPS-primed cells. IL-13 was
measured in cell culture supernatants. Data are presented as individual data points, bars represent median,
whiskers percentiles 25 and 75. Friedman-test followed by Wilcoxon signed-rank test. # p < 0.05 significantly
different from untreated cells. * p<0.05 significantly different from LPS-primed THP-1 cells. LPS,
lipopolysaccharide; DMSO, dimethyl sulfoxide; BzATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate;
ATP, adenosine triphosphate.

Due to a high variability of the IL-1B release in THP-1 cells, results were normalized in the

following analyses. Corresponding LDH activity are listed in supplementary tables S-1 and S-2.

2 CHARACTERISTICS OF PRIMARY CELLS

21 CLASSIFICATION OF CELL TYPES IN PERITONEAL DIALYSATE SAMPLES

For this study, primary hPMs from donors receiving peritoneal dialysis training were also used.
Staining of cells before and after completion of the enrichment of macrophages were
performed to evaluate the relative abundance of hPMs in the samples. The original cell
population represents all cell types in the peritoneal dialysate samples. After completing the
isolation protocol, the samples contained only adherent cells. Macrophages are presented by
cells positive for CD14 or CD68. Staining of the original cell population revealed rounded cells
with round nuclei or nuclei divided into several lobes (Figure 7A, upper row). The samples
included CD14* and CD14" cells, whereas CD14" cells exhibited different staining intensities.
The original cell population also included CD68 cells and cells positive for CD68, again with
different staining intensities (Figure 7A, upper row). Staining of the adherent cell populations
revealed cells with a fibroblast-like morphology, the shapes of the nuclei were unsegmented
(Figure 7A, bottom row). Cells positive as well as negative for CD14 could be detected. The
CD14-signal seemed to be more intense at the cell membranes. The adherent cell populations
included CD68* and CD68" cells, whereas the CD68* cells can be divided into cells that exhibit
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strong signals locally condensed within the cells and cells with a weaker signal across the
whole cytoplasm (Figure 7A, bottom row). Figure 7B shows that the abundance of CD14*
cells increased significantly after completion of the isolation protocol (p = 0.043). The
percentage of CD68* cells was also significantly increased in the adherent cell population

compared to the original peritoneal dialysate sample (p = 0.043) (Figure 7C).
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Figure 7: Immunocytochemical staining of human peritoneal cells. Immunocytochemical staining for
macrophage markers CD14 and CD68 before and after isolation protocol. (A) Upper row: Original composition of
cell types in the peritoneal dialysate samples. Bottom row: Composition of adherent cell types. Left panel: Staining
with anti-CD14 antibody. Right panel: Staining with anti-CD68 antibody. Scale bar: 50 um. All pictures were taken
from one representative experiment out of 5. Percentages of CD14* (B) and CD68* (C) macrophages in the
peritoneal dialysate and in the adherent cell populations. Data are presented as individual data points; data from
the same patients are connected. Friedman-test followed by Wilcoxon signed-rank test. * p <0.05 significantly
different from original composition.

2.2 IL-1B RELEASE BY HPBMCs AND HPMs

In addition to the THP-1 cell line and hPMs, primary hPBMCs from healthy donors were used.
hPBMCs were primed with 5 ng/ml LPS for 3 h followed by adherence selection of
mononuclear cells. Thereafter, cells were stimulated with BzZATP (100 uM) or nigericin (50 uM)
for 30 min. The IL-1B concentration in cell culture supernatants was measured via ELISA.

Untreated cells and cells primed with LPS served as controls in every experimental setting.

Figure 8 shows a summary of the IL-13 concentrations in pg/ml in cell culture supernatants of
hPBMCs (A) and hPMs (B) of individual sets of experiments. In the untreated condition, IL-13
concentrations were below the lower detection limit of the assay, while adding LPS resulted in
a median IL-1B concentration levels of 23 pg/ml (p = 0.000 versus untreated) (Figure 8A).
Subsequent treatment with BzATP increased the concentration up to 238 pg/ml (p = 0.018
versus LPS) or to 250 pg/ml IL-18 when DMSO was also applied (p = 0.018 versus LPS).
Nigericin application induced 834 pg/ml IL-13 (p = 0.008 versus LPS) and additional DMSO
application 762 pg/ml IL-1B concentration (p = 0.008 versus LPS). DMSO did not severely
change the IL-1B concentration in cell culture supernatants of hPBMCs (Figure 8A). In
supernatants of untreated hPMs, no IL-13 above the lower detection limit was measurable
(Figure 8B). Treatment with LPS resulted in a median 47 pg/ml IL-18 (p = 0.043 versus
untreated), while additional BzATP application increased levels to 2495 pg/ml (p = 0.043
versus LPS) and when DMSO was also applied, IL-1 concentration in supernatants came to
3217 pg/ml (p = 0.043 versus LPS) (Figure 8B).

The LDH activity in cell culture supernatants of hPBMCs and hPMs was also measured.
Compared to the maximal LDH activity in a sample of lysed cells, which was set to 100 %
activity, LDH activity of 1 % (median) in the supernatants of untreated hPBMCs was measured
(Table S-3). Priming with LPS resulted in 0.7 % LDH activity. Supernatants of cells additionally
treated with BZATP showed 2.5 % LDH activity, while DMSO application resulted in 2.1 % LDH
activity. Nigericin application resulted in 23.5 % and additional DMSO in 24 % LDH activity in
cell culture supernatants (Table S-3). Samples of untreated hPMs showed 2 % LDH activity,
while stimulation with LPS resulted in 3 % LDH activity (Table S-4). Supernatants of cells
additionally treated with BzZATP showed a median LDH activity of 15.2 %, while DMSO addition
resulted in 19.1 % LDH activity (Table S-4). The application of DMSO did not change the
viability of hPBMCs and hPMs.
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Figure 8: IL-1B release by hPBMCs and hPMs. (A) hPBMCs were either untreated or primed with LPS (5 ng/ml)
in absence or presence of 0.1 % DMSO for 3 h. Thereafter, BZATP (100 pM) or nigericin (50 uM) were added for
30 min to LPS-primed cells. (B) hPMs were either untreated or primed with LPS (0.1 ug/ml) in absence or presence
of 0.1 % DMSO for 5 h. Thereafter, BZATP (100 uM) was added for 40 min to LPS-primed cells. IL-13 was measured
in cell culture supernatants. Data are presented as individual data points, bars represent median, whiskers
percentiles 25 and 75. Friedman-test followed by Wilcoxon signed-rank test. # p < 0.05 significantly different from
untreated cells. * p <0.05 significantly different from LPS-primed cells. hPBMCs, human peripheral blood
mononuclear cells; hPMs, human peritoneal macrophages; LPS, lipopolysaccharide; DMSO, dimethyl sulfoxide;
BzATP, 2'(3")-0O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate.

Like in THP-1 cells, the IL-1P release by hPBMCs showed a high variability. Therefore, these

results were also normalized in the following analyses. Corresponding LDH activity are listed

in supplementary tables S-3 and S-4.

3 EFFECTS OF P2X RECEPTORS ANTAGONISTS ON IL-1 EXPRESSION AND
SECRETION

3.1 EFFECTS OF P2X RECEPTORS ANTAGONISTS ON ATP-DEPENDENT IL-18 RELEASE

3.1.1 IL-1B RELEASE BY THP-1 CELLS

To explore the role of P2RX4 and P2RX7 in IL-1(3 secretion by THP-1 cells, various antagonists
were given prior to signal 1 ‘priming’ or prior to signal 2 ‘activation’ and the IL-1 concentration
in cell culture supernatants was measured. In previous studies of our lab, concentration
response experiments of 5-B and A43 were conducted (Ettischer L. unpublished). The
concentration response experiment for JNJ is shown in Figure S-1. Concentrations of the
P2RX4 antagonists PSB, PZB15, and PZB13 were applied as suggested by the provider (Prof.
Christa Muller, Bonn). The IL-1 concentration in supernatants of positive control samples in
which cells were primed with LPS and stimulated with BzZATP alone (monocytic THP-1 cells,
Figure 9) or ATP (THP-1 cell-derived M1-like macrophages, Figure 10) was set to 100 %. In

a set of experiments, the effects of the P2RX4 antagonists and A43 were investigated. Later

48



RESULTS

on, different sets of experiments were conducted, in which the P2RX7 antagonists A43 and
JNJ were used. These sets of experiments were combined in Figure 9. This explains the high
n numbers for the control samples (LPS combined with BzATP), which were included in all
experiments. In Figure 10, a set of experiments including 5-B, PSB, A43, and respective
controls, and a second set of experiments including all listed antagonists and respective

controls were combined.

When monocytic THP-1 cells were treated with the P2RX4 antagonist 5-B (10 uM, p = 0.028;
20 UM, p = 0.046) prior to LPS application, stimulation with BzATP resulted in significantly
increased IL-1B concentrations (Figure 9). Incubation with the other P2RX4 antagonists PSB
(p =0.028), PZB15 (p = 0.028), and PZB13 (p = 0.028) on the other hand significantly reduced
the IL-1B concentrations. Treatment with both P2RX7 antagonists prior to stimulation with LPS
resulted in very low concentrations of IL-13 in cell culture supernatants under the same
conditions: A43 (p = 0.007) and JNJ (p = 0.024). When the antagonists were given just prior
to stimulation with BzATP, 5-B slightly decreased IL-1B in supernatants at a concentration of
20 uM (p = 0.046). Again, PSB (p = 0.028), PZB15 (p = 0.027), and PZB13 (p = 0.024)
significantly and efficiently reduced the IL-13 concentrations as well as the P2RX7 antagonists
A43 (p = 0.007) and JNJ (p = 0.027) (Figure 9).
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Figure 9: The impact of P2RX4 and P2RX7 antagonists on the BzATP-induced IL-18 release by monocytic
THP-1 cells. Cells were primed with LPS (1 ug/ml) for 5 h in the absence or presence (€)) of the P2RX4 antagonists
5-B (10, 20 uM), PSB (10 uM), PZB15 (10 uM), PZB13 (10 pM), or the P2RX7 inhibitors A43 (10 uM) or JNJ (1
uM). Thereafter, BzZATP (100 uM) was added for 40 min in the absence or presence ((2)) of the antagonists and
IL-1B was measured in cell culture supernatants. The IL-13 concentration in experiments in which primed cells were
stimulated with BzATP in the presence of the vehicle was set to 100 % and all other values were calculated
accordingly. Data are presented as individual data points, bars represent median, whiskers percentiles 25 and 75.
Friedman-test followed by Wilcoxon signed-rank test. « p < 0.05 significantly different from samples in which only
BzATP was given to LPS-primed monocytic THP-1 cells. LPS, lipopolysaccharide; BzATP, 2'(3')-O-(4-
Benzoylbenzoyl)adenosine-5'-triphosphate; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-
diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-
dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-
phenylsulfanylpyridine-3-carboxamide.

THP-1 cell-derived M1-like macrophages were treated with two different concentrations of ATP
for comparison (Figure 10). Figure 10A shows cells primed with LPS and stimulated with 1
mM ATP. Here, treatment with 5-B prior to priming decreased the IL-13 concentration in
supernatants of cells primed with LPS and stimulated with ATP (10 uM; p = 0.001). The P2RX4
antagonists PSB (p =0.001), PZB15 (p = 0.018), and PZB13 (p = 0.018) as wells as the P2RX7
antagonist A43 (p = 0.004) also significantly reduced the IL-1j3 levels. When given prior to ATP,
all antagonists reduced IL-1B: 5-B (10 uM: p = 0.002), PSB (p = 0.043), PZB15 (p = 0.018),
PZB13 (p = 0.018), and A43 (p = 0.007) (Figure 10A).

Similar results were obtained with 2 mM ATP application (Figure 10B). Treatment with 5-B
before priming did not induce significant alterations in supernatants of cells primed with LPS
and stimulated with ATP, while PSB (p = 0.001), PZB15 (p = 0.018), and PZB13 (p = 0.017)
significantly reduced IL-1B concentrations. No IL-1B was measurable in cell culture
supernatants of THP-1 cell-derived M1-like macrophages, when the cells were treated with
A43 before priming with LPS (p = 0.005). Incubation with 2 mM ATP in the presence of 10 uM
5-B slightly decreased IL-1B concentration in supernatants of cells primed with LPS (p = 0.002).
The other P2RX4 antagonists also significantly decreased the IL-1 concentration: PSB (p =
0.018), PZB15 (p = 0.018), and PZB13 (p = 0.018). Again, application of A43 shortly before
ATP resulted in IL-18 in cell culture supernatants below the threshold of detection (p = 0.007)
(Figure 10B).
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Figure 10: The impact of P2RX4 and P2RX7 antagonists on the ATP-induced IL-1B release by THP-1 cell-
derived M1-like macrophages. THP-1 cells were differentiated into THP-1 M1-like macrophages. Cells were
primed with LPS (1 ug/ml) for 5 h in the absence or presence (@) of the P2RX4 antagonists 5-B (10, 20 uM), PSB
(10 uM), PZB15 (10 uM), PZB13 (10 uM) or the P2RX7 inhibitor A43 (20 uM). Thereafter, (A) ATP (1 mM) or (B)
ATP (2 mM) was added for 40 min the absence or presence ((2)) of the antagonists and IL-1p was measured in cell
culture supernatants. The IL-18 concentration in experiments in which primed cells were stimulated with ATP in the
presence of the vehicle was set to 100 % and all other values were calculated accordingly. Data are presented as
individual data points, bars represent median, whiskers percentiles 25 and 75. Friedman-test followed by Wilcoxon
signed-rank test. x p < 0.05 significantly different from samples in which only ATP was given to LPS-primed THP-1
M1-like macrophages. LPS, lipopolysaccharide; ATP, adenosine triphosphate; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-
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3.1.2 IL-1B RELEASE BY HPBMCs AND HPMS

The effects of P2X receptors antagonists on hPBMCs and hPMs were investigated for
verification of the data on the THP-1 cell line in primary cells. Various antagonists were given
prior to signal 1 ‘priming’ (LPS) or prior to signal 2 ‘activation’ (BzATP) and IL-13 concentrations
in cell culture supernatants were measured. The IL-13 concentration in supernatants of the
positive control samples in which cells primed with LPS were stimulated with BzZATP alone was
set to 100 %. Of note, in contrast to experiments on monocytic THP-1 cells, the cell culture
medium of hPBMCs is replaced 20 min before application of BzATP during selection of

adherent cells (Figure 3).

Treatment with 5-B prior to priming significantly increased the IL-1B concentration in
supernatants of hPBMCs that were primed with LPS and stimulated with BzZATP (Figure 11).
Unlike in THP-1 cells, the decreasing effect of the other P2RX4 antagonists PSB, PZB15, and
PZB13 when applied prior to LPS could not be observed in hPBMCs. Incubation with the
P2RX7 antagonist JNJ did not alter IL-13 under the same conditions. Application of 5-B (p =
0.028), PSB (p = 0.028), PZB15 (p = 0.028), and JNJ (p = 0.046) just before stimulation with

BzATP significantly decreased IL-13 concentrations (Figure 11).
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Figure 11: The impact of P2RX4 and P2RX7 antagonists on the BzATP-induced IL-1 release by hPBMCs.
hPBMCs were primed with LPS (5 ng/ml) for 3 h in the absence or presence (€)) of the P2RX4 antagonists 5-B (10
puM), PSB (10 uM), PZB15 (10 uM), PZB13 (10 uM), or the P2RX7 inhibitor JNJ (1 pM). Thereafter, BZATP (100
uM) was added for 30 min the absence or presence ((2)) of the antagonists and IL-18 was measured in cell culture
supernatants. The IL-1B concentration in experiments in which primed cells were stimulated with BzZATP in the
presence of the vehicle was set to 100 % and all other values were calculated accordingly. Data are presented as
individual data points, bars represent median, whiskers percentiles 25 and 75. Friedman-test followed by Wilcoxon
signed-rank test. * p <0.05 significantly different from samples in which only BzZATP was given to LPS-primed
hPBMCs. LPS, lipopolysaccharide; BzATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate; 5-B, 5-(3-
Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A;
PZB13, PZB13420052A; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-phenylsulfanylpyridine-3-
carboxamide.
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Figure 12 shows that treatment with 5-B prior to priming significantly decreased the IL-13
concentration in supernatants of hPMs primed with LPS and stimulated with BzATP by 33 %
(p = 0.042), while stimulation with A43 prior to LPS treatment resulted in IL-13 concentrations
below the limit of detection (p = 0.042). When the antagonists were added prior to BzATP, the
results were similar: 5-B decreased the IL-1f3 concentration by 37 % compared to the positive
control (p = 0.043) and after treatment with A43, the protein levels were again lower than the
detection limit (p = 0.039) (Figure 12).

1201 n=5 * 'k
100 | nuwm !
= 804 e :o
S~
& - :
@ 60 lig
- 1
[ ] | *
= 4 o *:°
20 !
0 T T “: T &
LPS + + + |+ +
BzATP100 M + + + ' + +
5B[pM] - 20 - 20 ~-
Ad3[uM] = = 20! = 20
@ 5-B,A43 | @5-B,A43

Figure 12: The impact of P2RX4 and P2RX7 antagonists on the BzATP-induced IL-1B release by hPMs. hPMs
were primed with LPS (0.1 pg/ml) for 5 h in the absence or presence (€)) of the P2RX4 antagonist 5-B (20 uM) or
the P2RX7 inhibitor A43 (20 puM). Thereafter, BzATP (100 uM) was added for 40 min the absence or presence ((2))
of the antagonists and IL-13 was measured in cell culture supernatants. The IL-13 concentration in experiments in
which primed cells were stimulated with BzATP in the presence of the vehicle was set to 100 % and all other values
were calculated accordingly. Data are presented as individual data points, bars represent median, whiskers
percentiles 25 and 75. Friedman-test followed by Wilcoxon signed-rank test. = p < 0.05 significantly different from
samples in which only BzATP was given to LPS-primed hPMs. LPS, lipopolysaccharide; BzATP, 2'(3')-O-(4-
Benzoylbenzoyl)adenosine-5'-triphosphate; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-
diazepin-2-one; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine.

3.2  EFFECTS OF P2X RECEPTORS ANTAGONISTS ON ATP-INDEPENDENT IL-1 RELEASE

3.2.1 IL-1B RELEASE BY THP-1 CELLS

To investigate the effects of P2X receptors antagonists on cell priming with LPS and on the
stimulation of IL-18 maturation by a stimulus independent of ATP, ATP-independent secretion
of IL1-B from monocytic THP-1 cells and THP-1 cell-derived macrophages was induced by the
pore-forming toxin nigericin. The IL-1B concentration in supernatants cells primed with LPS
and stimulated with nigericin alone was set to 100 %. In a first set of experiments, the effects
of P2RX4 antagonists and A43 were investigated. Later on, a second set of experiments was
conducted, in which the P2RX7 antagonist JNJ was used along with the respective controls.
These different sets of experiments were combined in Figure 13. In Figure 14, a set of

experiments including the P2RX4 antagonists and A43 and a set of experiments including both
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P2RX7 antagonists (A43 and JNJ) were combined. This explains the high n numbers for the

control samples, which were included in all experiments.

In monocytic THP-1 cells, treatment with 5-B (p = 0.002) or with PZB13 (p = 0.019) prior to
priming significantly increased the IL-1B concentration in supernatants of cells primed with LPS
and stimulated with nigericin (Figure 13). PSB did not induce significant alterations and PZB15
significantly reduced the IL-1B concentration (p = 0.002). Treatment with the P2RX7 antagonist
A43 did not result in altered IL-1B levels, but incubation with JNJ increased the IL-13
concentration under the same condition (p = 0.028). When given just prior to nigericin, the
P2RX4 and P2RX7 antagonists did not induce changes in the IL-13 concentration in cell
culture supernatants — except PSB by tendency (p = 0.075), PZB13 (p = 0.028) and JNJ (p =
0.043), that slightly decreased the concentration (Figure 13).
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Figure 13: The impact of P2RX4 and P2RX7 antagonists on the nigericin-induced IL-1 release by monocytic
THP-1 cells. Cells were primed for 5 h with LPS (1 ug/ml) in the absence or presence (€)) of the P2RX4 antagonists
5-B (10 uM), PSB (10 pM), PZB15 (10 pM), PZB13 (10 uM), or the P2RX7 inhibitors A43 (10 pM), JNJ (1 uM).
Thereafter, nigericin (50 pM) was added for 40 min the absence or presence ((2)) of the antagonists. IL-1B was
measured in cell culture supernatants. The IL-13 concentration in experiments in which primed cells were stimulated
with nigericin in the presence of the vehicle was set to 100 % and all other values were calculated accordingly. Data
are presented as individual data points, bars represent median, whiskers percentiles 25 and 75. Friedman-test
followed by Wilcoxon signed-rank test. * p < 0.05 significantly different from samples in which only nigericin was
given to LPS-primed monocytic THP-1 cells. LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-
benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-
{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-ylJmethyl}pyridine; JINJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-
yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide.

Unlike in Monocytic THP-1 cells, stimulation with 5-B prior to priming with LPS did not alter the
nigericin-mediated increase in the IL-1B concentration in cell culture supernatants of THP-1
cell-derived M1-like macrophages (Figure 14). The P2RX4 antagonists PSB (p = 0.008),
PZB15 (p = 0.007), and PZB13 (p = 0.008) decreased the IL-1B concentration under the same
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conditions. The P2RX7 antagonists A43 and JNJ did not induce significant alterations when
given prior to LPS. When given prior to nigericin, only the P2RX4 antagonists 5-B (p = 0.028)
and PZB15 (p = 0.028) induced a significant reduction and JNJ (p = 0.086) induced a
tendentially reduction in the IL-1B concentration in supernatants of THP-1 cell-derived M1-like

macrophages primed with LPS (Figure 14).
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Figure 14: The impact of P2RX4 and P2RX7 antagonists on the nigericin-induced IL-1$ release by THP-1
cell-derived M1-like macrophages. THP-1 cells were differentiated into THP-1 M1-like macrophages. Cells were
primed with LPS (1 pg/ml) for 5 h in the absence or presence (@) of the P2RX4 antagonists 5-B (10 uM), PSB (10
puM), PZB15 (10 uM), PZB13 (10 uM), or the P2RX7 antagonists A43 (10 uM) or JNJ (1 uM). Thereafter, nigericin
(50 uM) was added for 40 min the absence or presence ((2)) of the antagonists and IL-1B was measured in cell
culture supernatants. The IL-1B concentration in experiments in which primed cells were stimulated with nigericin
in the presence of the vehicle was set to 100 % and all other values were calculated accordingly. Data are presented
as individual data points, bars represent median, whiskers percentiles 25 and 75. Friedman-test followed by
Wilcoxon signed-rank test. * p < 0.05 significantly different from samples in which only nigericin was given to LPS-
primed THP-1 M1-like macrophages. LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-
benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-
{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-ylimethyl}pyridine; JINJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-
yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide.

3.2.2 IL-1B RELEASE BY HPBMCs

For a comparison of the monocytic THP-1 cell line and primary monocytic cells, the ATP-
independent IL-1p concentration in cell culture supernatant of hPBMCs primed with LPS and
stimulated with nigericin was also investigated. Again, various antagonists were given prior to
signal 1 ‘priming’ (LPS). The IL-1B concentration in supernatants of samples in which LPS-

primed cells were stimulated only with nigericin was set to 100 %.

The P2RX4 antagonist 5-B increased the IL-1 concentration significantly (p = 0.011), although
the data were variable (Figure 15). This could also be observed with PZB13 (p = 0.012) and
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A43 (p = 0.05), while treatment with JNJ tended to induce an increase in IL-1f levels in

supernatants of cells primed with LPS and stimulated with nigericin (p = 0.091) (Figure 15).
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Figure 15: The impact of P2RX4 and P2RX7 antagonists on the nigericin-induced IL-1B release by hPBMCs.
hPBMCs were primed with LPS (5 ng/ml) for 3 h in the absence or presence of the P2RX4 antagonists 5-B (10 uM),
PSB (10 uM), PZB15 (10 uM), PZB13 (10 uM), or the P2RX7 inhibitors A43 (10 uM), JNJ (1 uM). Thereafter,
nigericin (50 uM) was added for 30 min and IL-13 was measured in cell culture supernatants. The IL-13
concentration in experiments in which primed cells were stimulated with nigericin in the presence of the vehicle was
set to 100 % and all other values were calculated accordingly. Data are presented as individual data points, bars
represent median, whiskers percentiles 25 and 75. Friedman-test followed by Wilcoxon signed-rank test. * p < 0.05
significantly different from samples in which only nigericin was given to LPS-primed hPBMCs. LPS,
lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-
15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-
yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylmethyl]-2-phenylsulfanylpyridine-3-carboxamide.

3.3 EFFECTS OF P2X RECEPTORS ANTAGONISTS ON THE 5-B-MEDIATED INCREASE IN

IL-1B RELEASE

3.3.1  ATP-DEPENDENT IL-1B RELEASE

The following experiments were performed to answer the question, if the effects of 5-B on
priming monocytic cells with LPS can be antagonized by other P2X receptors antagonists.
Therefore, hPBMCs were stimulated with 5-B prior to priming with LPS, while other P2X
receptors antagonists were added either simultaneously or prior to stimulation with BzATP.
The IL-1B concentration in supernatants of the positive control samples in which cells were
primed with LPS and stimulated with BzATP alone was set to 100 %. As already mentioned
and depicted in Figure 3, the cell culture medium was exchanged 20 min before application of
BzATP.

Again, 5-B induced a significant increase in IL-1p concentrations in supernatants of hPBMCs
primed with LPS and stimulated with BzATP (p = 0.028 versus control). When given
simultaneously, the P2RX4 antagonists PSB, PZB15, PZB13, and the P2RX7 antagonist JNJ
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reversed the 5-B-mediated increase in IL-1B concentrations in supernatants of hPBMCs
primed with LPS and stimulated with BzATP (Figure 16A). PSB not only reduced the IL-13
concentration compared to stimulation with 5-B (p = 0.018), but also reduced it compared to
the positive control (reduction of 49.5 %). PZB15 (p = 0.018 versus 5-B), PZB13 (p = 0.028
versus 5-B), and JNJ (p = 0.043 versus 5-B) reduced IL-1B concentrations to the levels of the
positive control (Figure 16A). Application of the antagonists shortly before treatment with
BzATP reduced the 5-B-mediated increase in IL-1p concentrations only when PSB (p = 0.028
versus 5-B) and JNJ (p = 0.043 versus 5-B) were used, whereas treatment with PZB15 showed

a similar tendency (p = 0.063 versus 5-B) (Figure 16B).
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Figure 16: The impact of the P2RX4 antagonist 5-B combined with P2RX4 and P2RX7 antagonists on BzZATP-
induced IL-1B release by hPBMCs. Cells were primed for 3 h with LPS (5 ng/ml) in the absence or presence ((1))
of the P2RX4 antagonist 5-B (10 uM). (A) The P2RX4 antagonists PSB (10 uM), PZB15 (10 uM), or PZB13 (10
uM) or the P2RX7 inhibitor JNJ (1 uM) were added simultaneously (€)). Thereafter, BZATP (100 uM) was added
for 30 min. (B) The antagonists were added prior to stimulation with BzATP ((2)). IL-1p was measured in cell culture
supernatants. The IL-1B concentration in experiments in which primed cells were stimulated with BzATP in the
presence of the vehicle was set to 100 % and all other values were calculated accordingly. Data are presented as
individual data points, bars represent median, whiskers percentiles 25 and 75. Friedman-test followed by Wilcoxon
signed-rank test. * p < 0.05 significantly different from samples in which only BzATP was given to LPS-primed
hPBMCs. # p < 0.05 significantly different from samples in which only 5-B was present in BzATP-stimulated and
LPS-primed hPBMCs. hPBMCs, human peripheral blood mononuclear cells; LPS, lipopolysaccharide; BzATP,
2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-
1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; JNJ, N-[[4-(4-
phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide.
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3.3.2 ATP-INDEPENDENT IL-1B RELEASE

In the next sets of experiments, monocytic THP-1 cells were treated with 5-B or PZB13 prior
to priming with LPS, while other P2X receptors antagonists were either added simultaneously
or prior to stimulation with nigericin. Further, hPBMCs were stimulated with 5-B in combination
with the other antagonists before priming with LPS and later stimulated with nigericin. The
IL-1B concentration in supernatants of positive control samples in which cells were primed with
LPS and stimulated with nigericin alone was set to 100 %. Again, the cell culture medium of

hPBMCs was exchanged 20 min before application of nigericin (Figure 3).

Treatment with 5-B during priming with LPS followed by stimulation with nigericin showed again
a robust increase of IL-1 concentration in cell culture supernatants of monocytic THP-1 cells
(p = 0.028 versus control) (Figure 17A, B). Application of the other P2RX4 antagonists
simultaneously with 5-B reversed the 5-B-induced increase of IL-1B as it resulted in
concentrations similar to stimulation with nigericin alone: PSB (p = 0.027 versus 5-B), PZB15
(p = 0.027 versus 5-B), and PZB13 (p = 0.028 versus 5-B) (Figure 17A). The combination with
the P2RX7 antagonists did not result in significant alterations compared to 5-B alone (Figure
17A). Application of the P2RX4 antagonist PSB prior to stimulation with nigericin resulted in
a minor reduction of the 5-B-induced increase of IL-1 levels (p = 0.028 versus 5-B), while the

other P2RX4 and P2RX7 antagonists did not provoke any significant changes (Figure 17B).

Treatment with PZB13 provoked an increase in IL-1B concentrations in cell culture
supernatants of cells primed with LPS and stimulated with nigericin although with a high
variability (Figure 17C, D). When the respective data in Figure 17C and D were evaluated
together, a significant p-value was obtained (p = 0.05 versus control, n = 12). Application of
5-B simultaneously with PZB13 reversed the PZB13-induced increase as it resulted in IL-1f3
levels similar to stimulation with nigericin alone (p = 0.046 versus PZB13) (Figure 17C). PZB15
showed similar tendencies (p = 0.075 versus PZB13). PSB not only reduced the IL-18
concentration compared to stimulation with PZB13 (p = 0.028), but also reduced it compared
to the positive control (reduction of 33.62 %). While the P2RX7 antagonist did not induce any
changes, increased treatment with JNJ slightly the IL-13 concentration compared to stimulation
with PZB13 alone prior to priming (p = 0.027) (Figure 17D). Application of the P2X receptors
antagonists prior to nigericin stimulation resulted in a significant decrease of the PZB13-
induced increase of IL-1B concentrations: 5-B (p = 0.028 versus PZB13), PSB (p = 0.028
versus PZB13), PZB13 (p = 0.028 versus PZB13), as well as the P2RX7 antagonists A43 (p =
0.028 versus PZB13) and JNJ (p = 0.028 versus PZB13) (Figure 17D). Again, the combination
of PZB13 given prior to priming and PSB applied just before stimulation with nigericin resulted
in a decrease of IL-13 concentration compared to the control (37.66 %) (Figure 17D). IL-13
IL-1B
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Figure 17: The impact of the P2RX4 antagonists 5-B and PZB13 combined with P2RX4 and P2RX7
antagonists on the nigericin-induced IL-1B release by monocytic THP-1 cells. Cells were primed for 5 h with
LPS (1 yg/ml) in the absence or presence (@) of the P2RX4 antagonist (A, B) 5-B (10 uM) or (C, D) PZB13 (10
pM). Additional P2RX4 antagonists PSB (10 uM), PZB15 (10 uM), or PZB13 (10 pM), or the P2RX7 inhibitors A43
(10 uM) or JNJ (1 uM) were (A, B) also added prior to LPS application. Thereafter, nigericin (50 uM) was added for
40 min in the absence or (C, D) presence ((2)) of the antagonists. IL-13 was measured in cell culture supernatants.
The IL-1B concentration in experiments in which primed cells were stimulated with nigericin in the presence of the
vehicle was set to 100 % and all other values were calculated accordingly. Data are presented as individual data
points, bars represent median, whiskers percentiles 25 and 75. Friedman-test followed by Wilcoxon signed-rank
test. * p < 0.05 significantly different from samples in which only nigericin was given to LPS-primed monocytic THP-1
cells. # p < 0.05 significantly different from samples in which only 5-B or PZB13 was present in THP-1 cells primed
with LPS and stimulated with nigericin. LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-
benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-
{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-ylimethyl}pyridine; JINJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-
yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide.
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In hPBMCs, the 5-B-induced increase of IL-18 (p = 0.011 versus control) was not reversed by
simultaneous application of other P2X receptors antagonists, although PZB15 tended to

reduce it (p = 0.093 versus 5-B). Of note, the variability of the data was high (Figure 18).
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Figure 18: The impact of the P2RX4 antagonist 5-B combined with P2RX4 and P2RX7 antagonists on
nigericin-induced IL-13 release by hPBMCs. Cells were primed for 3 h with LPS (5 ng/ml) in the absence or
presence ((1)) of the P2RX4 antagonist 5-B (10 uM) together with the P2RX4 antagonists PSB (10 uM), PZB15 (10
pM), or PZB13 (10 uM) or the P2RX7 antagonists A43 (10 uM) or JNJ (1 pM). Thereafter, nigericin (50 uM) was
added for 30 min and IL-1 was measured in cell culture supernatants. The IL-1 concentration in experiments in
which primed cells were stimulated with nigericin in the presence of the vehicle was set to 100 % and all other
values were calculated accordingly. Data are presented as individual data points, bars represent median, whiskers
percentiles 25 and 75. Friedman-test followed by Wilcoxon signed-rank test. * p < 0.05 significantly different from
samples in which only nigericin was given to LPS-primed hPBMCs. hPBMCs, human peripheral blood mononuclear
cells. LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB,
PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-
1-yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylimethyl]-2-phenylsulfanylpyridine-3-carboxamide.

3.4 EFFECTS OF P2X RECEPTORS ANTAGONISTS ON INTRACELLULAR IL-138 PROTEIN
LEVELS

Western blot analysis was performed to investigate the effect of P2X receptors antagonists on

the intracellular IL-1B protein levels of THP-1 cell-derived M1-like macrophages, which were

primed with 1 ug/ml LPS for 5 h in presence of the antagonists. The amount of (pro-)IL-13 was

estimated relative to the reference protein (-actin using densitometry. The respective protein

levels of control cells stimulated with LPS was set to 1 AU.

A representative picture of a Western blot shows that no IL-18 could be detected in untreated
cells (Figure 19A). Priming with LPS resulted in detectable amounts of pro-IL-18 (31 kDa),
while the mature IL-13 (17 kDa) was not detectable. Addition of P2RX4 antagonists or the
P2RX7 antagonist A43 also resulted in detectable pro-IL-13 protein amounts. Detection of
B-actin showed almost similar protein amounts in every sample (Figure 19B). Treatment with

LPS increased pro-IL-1[3 protein amounts compared to 0.05 IL-138 AU of untreated THP-1 cell-
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derived M1-like macrophages (p = 0.028) (Figure 19C). Densitometric analysis revealed a
slight but not significant increase after stimulation with 5-B (p = 0.075). The other P2RX4
antagonists PSB (p = 0.028), PZB15 (p = 0.028), and PZB13 (p = 0.046) significantly reduced
intracellular pro-IL-18 levels. The P2RX7 antagonist A43 did not induce any alterations (Figure
19C).
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Figure 19: The impact of P2RX4 and P2RX7 antagonists on intracellular pro-IL-1§ protein levels by THP-1
cell-derived M1-like macrophages. THP-1 cells were differentiated into THP-1 M1-like macrophages. Cells were
primed with LPS (1 ug/ml) for 5 h in the presence of the P2RX4 antagonists 5-B (10 uM), PSB (10 uM), PZB15 (10
M), or PZB13 (10 uM) or the P2RX7 antagonist A43 (10 uM). After cell lysis, gel electrophoresis and subsequent
Western blotting were performed to estimate the protein amount of (A) IL-18 and (B) B-actin, which was selected
as a reference protein. One representative experiment out of 6. (C) Changes in the protein levels of pro-IL-1p were
estimated by densitometry. The protein levels in experiments in which cells were primed in the presence of the
vehicle was set to 1 AU and all other values were calculated accordingly. Data are presented as individual data
points, bars represent median, whiskers percentiles 25 and 75. Friedman-test followed by Wilcoxon signed-rank
test. * p < 0.05 significantly different from samples of LPS-primed THP-1 M1-like macrophages. kDa, kilodalton;
AU, arbitrary units; LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-
diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-
dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine.
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4 EFFECTS OF P2X RECEPTORS ANTAGONISTS ON IL-6 RELEASE

41 IL-6 RELEASE BY THP-1 CELLS

To explore the role of P2RX4 and P2RX7 in IL-6 secretion by THP-1 cells, the various P2RX4
and P2RX7 antagonists were given prior to stimulation with LPS and the IL-6 concentration in
cell culture supernatants of monocytic THP-1 cells and THP-1 cell-derived M1-like
macrophages was measured. The IL-6 concentration in supernatants of control cells
stimulated with LPS was set to 100 %. First, 5-B, PSB, and A43 were investigated in a set of
experiments including different concentrations of 5-B and A43 and later, a second set of
experiments included all P2RX4 and P2RX7 antagonists. These sets of experiments were
combined in Figure 20 explaining the high n numbers for the control samples, which were

included in all experiments.

Figure 20 shows that IL-6 concentrations were significantly increased in supernatants of
monocytic THP-1 cells after stimulation with LPS (p = 0.001). The P2RX4 antagonist 5-B at a
concentration of 20 uM slightly decreased IL-6 concentrations (p = 0.012), while lower 5-B
concentrations did not alter IL-6 levels. PZB15 also tended to decrease IL-6 concentrations
(p =0.074). Treatment with PSB or PZB13 did not induce any alterations. The P2RX7
antagonists A43 at 10 uM and JNJ did not influence IL-6, while the higher concentration of A43
slightly but significantly (p = 0.05) increased IL-6 concentrations in supernatants of monocytic
THP-1 cells (Figure 20).
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Figure 20: The impact of P2RX4 and P2RX7 antagonists on the IL-6 release by monocytic THP-1 cells. Cells
were stimulated with LPS (1 pug/ml) for 5 h in the absence or presence of the P2RX4 antagonists 5-B (1, 10, 20 uM),
PSB (10 uM), PZB15 (10 yM), or PZB13 (10 mM) or the P2RX7 inhibitors A43 (10, 20 uM) or JNJ (1 uM). Thereafter,
IL-6 was measured in cell culture supernatants. The IL-6 concentration in samples in which cells were only
stimulated with LPS in the presence of the vehicle was set to 100 % and all other values were calculated
accordingly. Data are presented as individual data points, bars represent median, whiskers percentiles 25 and 75.
Friedman-test followed by Wilcoxon signed-rank test. = p <0.05 significantly different from LPS-stimulated
monocytic THP-1 cells. LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-
diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-
dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yljmethyl]-2-
phenylsulfanylpyridine-3-carboxamide.

Like monocytic cells, supernatants of THP-1 cell-derived M1-like macrophages showed
increased IL-6 concentration after stimulation with LPS compared to untreated cells (p = 0.005)
(Figure 21). The P2RX4 antagonist 5-B decreased IL-6 levels by about 40 % (10 pM:
p = 0.005, 20 uM: p = 0.0028) when applied before priming with LPS. PSB alone did not induce
alterations and it also did not reverse the effect of 5-B when given simultaneously prior to
priming (p = 0.007 versus LPS). The P2RX7 antagonist A43 slightly decreased IL-6 under the
same conditions (p = 0.027). Stimulation with 5-B in the absence of LPS resulted in IL-6
concentrations in supernatants of THP-1 cell-derived macrophages slightly above the limit of

detection similar to untreated cells (p = 0.027) (Figure 21).
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Figure 21: The impact of P2RX4 and P2RX7 antagonists on the IL-6 release by THP-1 cell-derived M1-like
macrophages. THP-1 cells were differentiated into THP-1 M1-like macrophages. Cells were stimulated with LPS
(1 pg/ml) for 5 h in the absence or presence of the P2RX4 antagonists 5-B (10, 20 uM) or PSB (10 uM), or the
P2RX7 inhibitor A43 (20 uM). Thereafter, IL-6 was measured in cell culture supernatants by ELISA. The IL-6
concentration in samples in which cells were only stimulated with LPS in the presence of the vehicle was set to
100 % and all other values were calculated accordingly. Data are presented as individual data points, bars represent
median, whiskers percentiles 25 and 75. Friedman-test followed by Wilcoxon signed-rank test. * p <0.05
significantly different from LPS-stimulated THP-1 M1-like macrophages. LPS, lipopolysaccharide; 5-B, 5-(3-
Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A;
PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine; JNJ, N-[[4-(4-
phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide.
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4.2 |L-6 SECRETION BY HPBMCs

Next, the effects of P2RX4 and P2RX7 antagonists on the secretion of IL-6 by hPBMCs primed
with LPS were investigated. Again, antagonists were given prior to stimulation with LPS and
the IL-6 concentration in cell culture supernatants of hPBMCs was measured. The IL-6

concentration in supernatants of control cells stimulated with LPS was set to 100 %.

Like in THP-1 cells, IL-6 concentrations increased after stimulation with LPS compared to
untreated cells (p = 0.011) (Figure 22). Stimulation with 5-B significantly increased (p = 0.025),
while PZB13 tended to increase IL-6 concentrations (p = 0.069). Other P2RX4 antagonists did
not induce any changes. The P2RX7 antagonist A43 significantly increased (p = 0.025) IL-6
concentration by 34.7 %, but stimulation with JNJ did not result in any alterations of the IL-6

concentration in supernatants of hPBMCs primed with LPS (Figure 22).
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Figure 22: The impact of P2RX4 and P2RX7 antagonists on the IL-6 release by hPBMCs. Cells were primed
with LPS (5 ng/ml) for 3 h in the absence or presence of the P2RX4 antagonists 5-BD (10 uM), PSB (10 uM), PZB15
(10 uM), or PZB13 (10 uM) or the P2RX7 inhibitors A43 (10 uM) or JNJ (1 uyM). Thereafter, IL-6 was measured in
cell culture supernatants by ELISA. The IL-6 concentration in experiments in which cells were primed in the
presence of the vehicle was set to 100 % and all other values were calculated accordingly. Data are presented as
individual data points, bars represent median, whiskers percentiles 25 and 75. Friedman-test followed by Wilcoxon
signed-rank test. * p < 0.05 significantly different from LPS-primed hPBMCs. LPS, lipopolysaccharide; 5-B, 5-(3-
Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A;
PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-ylimethyl}pyridine; JNJ, N-[[4-(4-
phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide.
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5 EFFECTS OF P2X RECEPTORS ANTAGONISTS ON GENE EXPRESSION

5.1  CHARACTERIZATION OF REAL-TIME RT-PCR AMPLIFICATION PRODUCTS

Possible effects of P2RX4 and P2RX7 antagonists on the mRNA gene expression of their
respective receptors as well as on mRNA of the pro-inflammatory cytokines IL-1(3, IL-6, TNF-q,
and the anti-inflammatory cytokines IL-10 and IL-18 were investigated. First, real-time RT-PCR
amplification products of LPS-primed monocytic THP-1 cells for the genes PPIA, IL1B, P2RX4,
P2RX7, IL6, and IL10 were analysed via separation by agarose gel electrophoresis to verify
the product size. For TNF and IL18, amplification products of LPS-primed Monocytic THP-1
cells, LPS-primed THP-1 cell-derived macrophages and untreated hPBMCs were used. For
every real-time RT-PCR experiment, a no template control (NTC) was included to check for

possible contaminations.

For PPIA, every sample had the expected size of 179 bp (Figure 23A). The /L 1B products had
a size of 121 bp. The amplification products of P2RX4 were 272 bp and P2RX7 products 134
bp in size. For IL6, products had the size of 132 bp and for IL710 206 bp (Figure 23B). TNF
products were 115 bp and /L18 171 bp in size (Figure 23C). All real-time RT-PCR products

had the expected sizes that were previously determined using Primer-BLAST.
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Figure 23: real-time RT-PCR amplification products of monocytic THP-1 cells, THP-1 cell-derived M1-like
macrophages, and hPBMCs separated in an agarose gel. (A, B) real-time RT-PCR products from untreated and
THP-1 M1-like macrophages, which were primed for 5 h with LPS (1 ug/ml), and the NTC were separated by
agarose gel electrophoresis. Amplification products of the mRNA of (A) PPIA, IL1B, P2RX4, and P2RX7 genes, (B)
IL6 and IL10 genes. (C) real-time RT-PCR products from monocytic THP-1 cells (THP-1) and THP-1 cell-derived
M1-like macrophages (THP-1 M1), which were primed for 5 h with LPS (1 ug/ml), untreated hPBMCs, and the NTC
were separated by agarose gel electrophoresis. Amplification products of the /L 18 and TNF mRNA. 1.8 % agarose
gel stained with GelRed nucleic acid stain. Bp, base pairs; LPS, lipopolysaccharide; NTC, no template control; MM,
molecular mass marker; hPBMCs, human peripheral blood mononuclear cells.

5.2 MRNA EXPRESSION OF P2X RECEPTORS

5.2.1 MRNA EXPRESSION OF P2X RECEPTORS IN THP-1 CELLS

To test if the P2X receptors antagonists, when added before priming with LPS, alter the mRNA
expression of their respective receptors, THP-1 cells were investigated. After 5 h incubation
with LPS, the cells were frozen at -20°C for later RNA isolation, transcription into cDNA, and
real-time PCR. The gene expression of target genes was calculated relative to the reference
gene PPIA. The respective gene expression of control cells stimulated with LPS was set to 1
AU. In general, a fold change of 1.5 or of 0.5 was considered as threshold for biologically
relevant upregulation or downregulation of the target gene, respectively. In a first set of
experiments, the P2RX4 antagonists 5-B and PSB and of the P2RX7 antagonist A43 were
investigated including two concentrations of 5-B and A43. Later, different sets of experiments
were conducted, in which all antagonists were used at only one concentration. Respective
controls were always included. These sets of experiments were combined in Figure 25

explaining the different n numbers.

In Monocytic THP-1 cells, stimulation with LPS did not upregulate P2RX4 mRNA compared to
untreated cells (Figure 24A). P2RX4 and P2RX7 antagonists did not alter P2RX4 mRNA
compared to cells primed with LPS. P2RX7 mRNA expression was not altered by LPS, 5-B,
and the P2RX7 antagonists (Figure 24B). However, treatment with the P2RX4 antagonists
PSB (~1.88-fold, p = 0.028) and PZB15 (~3.38-fold, p = 0.028) induced a minor upregulation
of P2RX7 mRNA compared to cells primed with LPS (Figure 24B). Some conditions induced
statistically significant minor alterations, which, however, are not biologically relevant

according to the definitions given above and are therefore not discussed.
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Figure 24: The impact of P2RX4 and P2RX7 antagonists on P2RX4 and P2RX7 mRNA expression by
monocytic THP-1 cells. Cells were primed with LPS (1 pg/ml) for 5 h in the absence or presence of the P2RX4
antagonists 5-B (10 uM), PSB (10 uM), PZB15 (10 pM), or PZB13 (10 uM) or the P2RX7 antagonists A43 (10 uM)
or JNJ (1 uM). After RNA isolation and transcription into cDNA, real-time PCR was performed to evaluate the mRNA
expression of (A) P2RX4 and (B) P2RX7. The human PPIA gene was selected as a reference gene. Changes in
the mRNA expression levels of targeted genes were calculated by the 22€T method, where ACT represents the
difference between the CT value of the PPIA gene and the CT value of the gene of interest. The gene expression
in experiments in which cells were primed in the presence of the vehicle was set to 1 AU and all other values were
calculated accordingly. Data are presented as individual data points, bars represent median, whiskers percentiles
25 and 75, dashed lines indicate the threshold for biological relevant fold changes. Friedman-test followed by
Wilcoxon signed-rank test. * p < 0.05 significantly different from samples of LPS-primed monocytic THP-1 cells.
AU, arbitrary units; LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-
diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-
dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-
phenylsulfanylpyridine-3-carboxamide.

In THP-1 cell-derived M1-like macrophages, the results look similar to monocytic THP-1 cells.
However, priming with LPS slightly upregulated P2RX4 mRNA expression compared to
untreated cells (~0.44-fold, p = 0.000) (Figure 25A). The P2RX4 and P2RX7 antagonists did
not alter P2ZRX4 mRNA levels over the set thresholds of biological relevance. The P2RX7
mMRNA expression in THP-1 cell-derived M1-like macrophages was not influenced in a relevant

way by any treatment (Figure 25B).

When comparing the receptor mRNA expression levels in monocytic THP-1 cells, the cells
seemed to express 164-fold more P2RX4 than P2RX7, while THP-1 cell-derived macrophages
showed no differences in gene expression levels of the receptors. Noteworthy, macrophages
overall seemed to express 16-fold more P2RX4 and even 4,470-fold more P2RX7 than
monocytic THP-1 cells.
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Figure 25: The impact of P2RX4 and P2RX7 antagonists on P2RX4 and P2RX7 mRNA expression by THP-1
cell-derived M1-like macrophages. THP-1 cells were differentiated into THP-1 M1-like macrophages. Cells were
primed with LPS (1 pug/ml) for 5 h in the absence or presence of the P2RX4 antagonists 5-B (10, 20 uM), PSB (10
uM), PZB15 (10 uM), or PZB13 (10 pM) or the P2RX7 antagonists A43 (10, 20 uM) or JNJ (1 pM). After RNA
isolation and transcription into cDNA, real-time PCR was performed to evaluate the mRNA expression of (A) P2RX4
and (B) P2RX7. The human PPIA gene was selected as a reference gene. Changes in the mRNA expression levels
of targeted genes were calculated by the 22T method, where ACT represents the difference between the CT value
of the PPIA gene and the CT value of the gene of interest. The gene expression in experiments in which cells were
primed in the presence of the vehicle was set to 1 AU and all other values were calculated accordingly. Data are
presented as individual data points, bars represent median, whiskers percentiles 25 and 75, dashed lines indicate
the threshold for biological relevant fold changes. Friedman-test followed by Wilcoxon signed-rank test. * p <0.05
significantly different from samples of LPS-primed THP-1 M1-like macrophages. AU, arbitrary units; LPS,
lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-
15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-
yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylmethyl]-2-phenylsulfanylpyridine-3-carboxamide.
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5.2.2 RNA EXPRESSION OF P2X RECEPTORS IN HPBMCs

Additionally, mRNA expression of P2RX4 and P2RX7 in hPBMCs treated with LPS was
investigated to verify the data obtained for the THP-1 cells line in primary cells. After 3 h
incubation with LPS and the P2RX4 or the P2RX7 antagonists, the cells were frozen at -20°C
for later RNA isolation, transcription into cDNA, and real-time PCR. The mRNA expression of
target genes was calculated relative to the reference gene PPIA. The respective gene

expression of control samples of cells, which were primed with LPS, was set to 1 AU.

Figure 26A shows that P2RX4 mRNA expression in hPBMCs was not influenced by stimulation
with LPS compared to untreated cells. Also, the P2RX4 and P2RX7 antagonists did not induce
any alterations (Figure 26A). However, P2ZRX7 mRNA expression levels were slightly lower
(~ 0.29-fold, p = 0.018) in untreated cells compare to cells primed with LPS (Figure 26B).
Similar levels could be observed after treatment with 5-B (~ 0.37-fold, p = 0.018) or with PZB15
(~ 0.36-fold, p = 0.018). PSB did not induce any alterations. However, PZB13 induced an
upregulation of P2ZRX7 mRNA expression to about 2.32-fold (p = 0.018). The P2RX7 mRNA
expression was not influenced by the P2RX7 antagonist A43, while treatment with JNJ slightly
reduced mRNA levels compared to treatment with LPS about 0.48-fold (p = 0.028)
(Figure 26B). Some conditions induced statistically significant minor alterations, which are not

biologically relevant according to the definitions given above.

Noteworthy, when comparing the mRNA expression levels of the receptors, hPBMCs seemed
to express 57-fold more P2RX4 than P2RX7.
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Figure 26: The impact of P2RX4 and P2RX7 antagonists on P2RX4 and P2RX7 mRNA expression by
hPBMCs. Cells were primed with LPS (5 ng/ml) for 3 h in the absence or presence of the P2RX4 antagonists 5-B
(10 uM), PSB (10 uM), PZB15 (10 uM), or PZB13 (10 uM) or the P2RX7 antagonists A43 (10 uM) or JNJ (1 uM).
After RNA isolation and transcription into cDNA, real-time PCR was performed to evaluate the mRNA expression
of (A) P2RX4 and (B) P2RX7. The human PPIA gene was selected as a reference gene. Changes in the mRNA
expression levels of targeted genes were calculated by the 2CT method, where ACT represents the difference
between the CT value of the PPIA gene and the CT value of the gene of interest. The gene expression in
experiments in which cells were primed in the presence of the vehicle was set to 1 AU and all other values were
calculated accordingly. Data are presented as individual data points, bars represent median, whiskers percentiles
25 and 75, dashed lines indicate the threshold for biological relevant fold changes. Friedman-test followed by
Wilcoxon signed-rank test. = p < 0.05 significantly different from samples of LPS-primed hPBMCs; AU, arbitrary
units. LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB,
PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-
1-yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide.

5.3 MRNA EXPRESSION OF CYTOKINES

5.3.1  MRNA EXPRESSION OF CYTOKINES IN THP-1 CELLS

To investigate possible effects of the P2RX4 and P2RX7 antagonists on mRNA expression
levels of IL1B, IL10, IL18, IL6, and TNF, cells were primed with LPS in the absence or presence
of the antagonists. After 5 h incubation, the cells were frozen at -20°C for later RNA isolation,
transcription into cDNA, and real-time PCR. The mRNA expression of target genes was
calculated relative to the reference gene PPIA. The respective gene expression of control cells
stimulated with LPS was set to 1 AU. For THP-1 cell-derived macrophages, in a first set of
experiments, the effects of P2RX4 antagonists 5-B and PSB and the P2RX7 antagonist A43
were investigated including two concentrations of 5-B and A43. Later, different sets of
experiments were conducted, in which all antagonists were used at only one concentration.
Respective controls were always included. These sets of experiments were combined in

Figure 28 and 29 and explain the different n numbers.

First, treatment with LPS increased /L 1B mRNA expression compared to 0.03-fold expression
of untreated cells (p = 0.028) (Figure 27A). Stimulation with the P2RX4 antagonist 5-B resulted
in an upregulation by about 4.48-fold compared to cells treated with LPS (p = 0.028). IL1B
MRNA expression was not altered by the other P2RX4 antagonists and the P2RX7 antagonists
(Figure 27A). Untreated monocytic THP-1 cells showed also very low /L7170 mRNA expression
(~ 0.08-fold, p = 0.028 versus LPS) (Figure 27B). IL10 expression was upregulated about
14.28-fold by stimulation with 5-B compared to stimulation with LPS (p = 0.028), while the other
P2RX4 antagonists did not induce any alterations. Stimulation with P2RX7 antagonists did not
induce changes (Figure 27B). Treatment with LPS did not alter /L7178 mRNA expression
compared to untreated monocytic THP-1 cells (Figure 27C). The P2RX4 antagonists 5-B
(~ 1.64-fold, p = 0.028) or PSB (~ 1.84-fold, p = 0.028) slightly increased /IL18 mRNA levels,
while treatment with PZB15, PZB13, or the P2RX7 antagonists did not result in any changes
compared to cells treated with LPS (Figure 27C). Treatment with LPS increased /L6 mRNA
expression compared to untreated cells (p = 0.028). P2RX4 and P2RX7 antagonists did not

induce alterations compared to cells stimulated with LPS (Figure 27D). Treatment with LPS
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increased TNF mRNA expression compared to untreated cells (p = 0.028) (Figure 27E). While
stimulation with 5-B, PZB15, A43, and JNJ did not result in any changes, stimulation with PSB
(~ 0.47-fold, p = 0.028) and PZB13 (~ 0.39-fold, p = 0.028) resulted in minor downregulation
of TNF mRNA (Figure 27E).
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Figure 27: The impact of P2RX4 and P2RX7 antagonists on mRNA expression of cytokines by monocytic
THP-1 cells. Cells were primed with LPS (1 pg/ml) for 5 h in the absence or presence of the P2RX4 antagonists
5-B (10 uM), PSB (10 uM), PZB15 (10 uM), or PZB13 (10 uM) or the P2RX7 antagonists A43 (10 uM) or JNJ (1
MM). After RNA isolation and transcription into cDNA, real-time PCR was performed to evaluate the mRNA
expression of (A) IL1B, (B) IL10, (C) IL18, (D) IL6, and (E) TNF. The human PPIA gene was selected as a reference
gene. Changes in the mRNA expression levels of targeted genes were calculated by the 22¢T method, where ACT
represents the difference between the CT value of the PPIA gene and the CT value of the gene of interest. The
gene expression in experiments in which cells were primed in the presence of the vehicle was set to 1 AU and all
other values were calculated accordingly. Data are presented as individual data points, bars represent median,
whiskers percentiles 25 and 75, dashed lines indicate the threshold for biological relevant fold changes. Friedman-
test followed by Wilcoxon signed-rank test. * p < 0.05 significantly different from samples of LPS-primed monocytic
THP-1 cells. AU, arbitrary units; LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-
e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-
dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylimethyl]-2-
phenylsulfanylpyridine-3-carboxamide.

Like monocytic THP-1 cells, IL1B mRNA expression increased upon stimulation with LPS
compared to untreated THP-1 cell-derived M1-like macrophages (p = 0.000) (Figure 28A). No
P2RX4 and P2RX7 antagonist altered /IL71B mRNA expression levels (Figure 28A). IL10
MRNA expression was also increased upon stimulation with LPS compared to 0.05-fold
expression of untreated cells (p = 0.000), while the antagonists did not induce any changes
compared to cells treated with LPS (Figure 28B). On the other hand, treatment with LPS
downregulated /L 18 mRNA expression compared to untreated cells (p = 0.028) (Figure 28C).
Again, stimulation with P2RX4 and P2RX7 antagonists did not result in alterations of /L18

MRNA gene expression in THP-1 cell-derived macrophages (Figure 28C).
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Figure 28: The impact of P2RX4 and P2RX7 antagonists on mRNA expression of cytokines by THP-1 cell-
derived M1-like macrophages. THP-1 cells were differentiated into THP-1 M1-like macrophages. Cells were
primed with LPS (1 pg/ml) for 5 h in the absence or presence of the P2RX4 antagonists 5-B (10, 20 uM), PSB (10
uM), PZB15 (10 uM), or PZB13 (10 pM) or the P2RX7 antagonists A43 (10, 20 uM) or JNJ (1 pM). After RNA
isolation and transcription into cDNA, real-time PCR was performed to evaluate the mRNA expression of (A) IL1B,
(B) IL10, and (C) IL18. The human PPIA gene was selected as a reference gene. Changes in the mRNA expression
levels of targeted genes were calculated by the 22CT method, where ACT represents the difference between the CT
value of the PPIA gene and the CT value of the gene of interest. The gene expression in experiments in which cells
were primed alone was set to 1 AU and all other values were calculated accordingly. Data are presented as
individual data points, bars represent median, whiskers percentiles 25 and 75, dashed lines indicate the threshold
for biological relevant fold changes. Friedman-test followed by Wilcoxon signed-rank test. * p < 0.05 significantly
different from samples of LPS-primed THP-1 M1-like macrophages. AU, arbitrary units; LPS, lipopolysaccharide;
5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15,
PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine;
JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylJmethyl]-2-phenylsulfanylpyridine-3-carboxamide.

IL6 mRNA expression increased upon stimulation with LPS compared to untreated THP-1 cell-
derived M1-like macrophages (p = 0.000) (Figure 29A). From the P2RX4 antagonists, only
PZB15 downregulated /L6 about 0.37-fold compared to cells stimulated with LPS (p = 0.028).
P2RX7 antagonists did not altered /L6 mRNA expression (Figure 29A). TNF mRNA
expression also increased upon stimulation with LPS compared to untreated cells (p = 0.028)
(Figure 29B). Treatment with P2RX4 antagonists 5-B, PSB, or PZB13 did not induce any
changes, while treatment with PZB15 resulted in a 0.45-fold downregulation of TNF mRNA
compared to cells treated with LPS (p = 0.028). The P2RX7 antagonists A43 and JNJ did not
change TNF mRNA expression levels in THP-1 cell-derived macrophages (Figure 29B).
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Figure 29: The impact of P2RX4 and P2RX7 antagonists on mRNA expression of cytokines by THP-1 cell-
derived M1-like macrophages. THP-1 cells were differentiated into THP-1 M1-like macrophages. Cells were
primed with LPS (1 pg/ml) for 5 h in the absence or presence of the P2RX4 antagonists 5-B (10, 20 uM), PSB (10
uM), PZB15 (10 uM), or PZB13 (10 pM) or the P2RX7 antagonists A43 (10, 20 pyM) or JNJ (1 pM). After RNA
isolation and transcription into cDNA, real-time PCR was performed to evaluate the mRNA expression of (A) IL6
and (B) TNF. The human PPIA gene was selected as a reference gene. Changes in the mRNA expression levels
of targeted genes were calculated by the 22T method, where ACT represents the difference between the CT value
of the PPIA gene and the CT value of the gene of interest. The gene expression in experiments in which cells were
primed in the presence of the vehicle was set to 1 AU and all other values were calculated accordingly. Data are
presented as individual data points, bars represent median, whiskers percentiles 25 and 75, dashed lines indicate
the threshold for biological relevant fold changes. Friedman-test followed by Wilcoxon signed-rank test. * p < 0.05
significantly different from samples of LPS-primed THP-1 M1-like macrophages. AU, arbitrary units; LPS,
lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-
15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-
yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide.
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5.3.2 MRNA EXPRESSION OF CYTOKINES IN HPBMCs

The effects of P2X receptors antagonists during priming with LPS on the expression of IL15,
IL10 and /L6 mRNA in hPBMCs was also investigated for verification of the data obtained in
the THP-1 cell line in primary cells. After 3 h incubation, the cells were frozen at -20°C for later
RNA isolation, transcription into cDNA, and real-time PCR. The gene expression of target
genes was calculated relative to the reference gene PPIA. The respective gene expression of

LPS-stimulated cells was set to 1 AU.

Like THP-1 cells, IL1B mRNA expression increased upon stimulation with LPS compared to
untreated hPBMCs (p = 0.018) (Figure 30A). Treatment with P2RX4 as well as P2RX7
antagonists did not induce changes in IL7B mRNA expression (Figure 30A). /L7170 mRNA
expression increased upon stimulation with LPS compared to untreated cells (p = 0.018)
(Figure 30B). While stimulation with PSB did not induce changes in IL10 levels, 5-B
(~ 4.88-fold, p = 0.018) and PZB13 (~ 3.44-fold, p = 0.018) clearly and PZB15 (~ 1.53-fold, p
= 0.004) slightly upregulated /IL70 in cells compared to hPBMCs stimulated with LPS. The
P2RX7 antagonists did not change expression levels (Figure 30B). Again, /L6 mMRNA
expression increased upon stimulation with LPS compared to untreated hPBMCs (p = 0.018)
(Figure 30C). Interestingly, all PRX4 antagonists upregulated or tended to upregulate /L6
mRNA expression in hPBMCs: 5-B (~ 2.54-fold, p = 0.018), PSB (~ 1.98-fold, p = 0.063),
PZB15 (~ 1.80-fold, p = 0.043), and PZB13(~ 2.24-fold, p = 0.018) compared to cells treated
with LPS. Treatment with P2RX7 antagonists did not alter /L6 mRNA expression (Figure 30C).
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Figure 30: The impact of P2RX4 and P2RX7 antagonists on mRNA expression of cytokines by hPBMCs.
Cells were primed with LPS (5 ng/ml) for 3 h in the absence or presence of the P2RX4 antagonists 5-B (10 pM),
PSB (10 pM), PZB15 (10 uM), or PZB13 (10 uM) or the P2RX7 antagonists A43 (10 uM) or JNJ (1 uM). After RNA
isolation and transcription into cDNA, real-time PCR was performed to evaluate the mRNA expression of (A) IL1B,
(B) IL10, and (C) IL6. The human PPIA gene was selected as a reference gene. Changes in the mRNA expression
levels of targeted genes were calculated by the 22T method, where ACT represents the difference between the CT
value of the PPIA gene and the CT value of the gene of interest. The gene expression in experiments in which cells
were primed in the presence of the vehicle was set to 1 AU and all other values were calculated accordingly. Data
are presented as individual data points, bars represent median, whiskers percentiles 25 and 75, dashed lines
indicate the threshold for biological relevant fold changes. Friedman-test followed by Wilcoxon signed-rank test.
p < 0.05 significantly different from samples of LPS-primed hPBMCs. AU, arbitrary units; LPS, lipopolysaccharide;
5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15,
PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-ylJmethyl}pyridine;
JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide.
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6 EFFECTS OF P2RX4 ANTAGONISTS ON CASPASE-3/-7 ACTIVITY

6.1  CASPASE-3/-7 ACTIVITY IN MONOCYTIC THP-1 CELLS

At last, the activity of caspase-3 and caspase-7 was measured in monocytic THP-1 cells by
caspase activity assays. To investigate a possible activation mediated by P2RX4 antagonists,
THP-1 cells were primed with 1 ug/ml LPS for 5 h in the absence or presence of the antagonists
5-B, PSB, and PZB15, and the caspase inhibitor Z-VAD-FMK. The cytotoxic agent doxorubicin
served as a positive control. The activity of caspase-3 and caspase-7 was measured after 30
and 60 min of incubation with the substrate. As the results did not differ strongly at the two time
points, only the results obtained after 30 min are shown. Results from measurements after

60 min incubation are shown in Figure S-2.

Treatment with LPS did not induce any additional caspase activity compared to untreated cells
(Figure 31A). The P2RX4 antagonist 5-B did not induce caspase activity when given alone,
but it induced a significant increase, when given prior to priming with LPS (p = 0.028 versus
LPS). Additional application of Z-VAD-FMK significantly reduced the caspase activity
(p = 0.028 versus LPS). PSB given alone or prior to LPS did not induce any alterations in
caspase-3/-7 activity, but addition of Z-VAD-FMK significantly reduced the activity (p = 0.028
versus LPS). The same results could be observed with PZB15 (p = 0.028 versus LPS) (Figure
31A). A significant increase of caspase activity by doxorubicin (p = 0.028 versus untreated)
could be inhibited by Z-VAD-FMK (p = 0.028 versus untreated), while incubation with Z-VAD-
FMK alone (p = 0.028 versus untreated) led to the lowest measured caspase-3/-7 activity

compared to untreated cells (Figure 31B).

Additionally, the IL-1B concentration and LDH activity was measured in supernatants of
monocytic THP-1 cells. Cells were treated with doxorubicin or the combination doxorubicin and
Z-VAD-FMK in presence or absence of LPS. Additionally, cells were primed with LPS in
presence of Z-VAD-FMK and later stimulated with BzATP or nigericin. After treatment with the
reagents alone, IL-1B concentrations were below the limit of detection (Table S-5). Addition of
Z-VAD-FMK decreased IL-1B concentrations of cells which were primed with LPS, additionally
stimulated with BzZATP or nigericin. LDH activity measurements showed that 5 h incubation

with doxorubicin or Z-VAD-FMK induced only minor alterations of cell viability (Table S-1).
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Figure 31: The impact of P2RX4 antagonists on caspase-3 and caspase-7 activity in monocytic THP-1 cells.
(A) Cells were primed with LPS (1 pg/ml) for 5 h in absence or presence of the P2RX4 antagonists 5-B (10 uM),
PSB (10 uM), or PZB15 (10 uM), or the caspase inhibitor Z-VAD-FMK (20 uM). (B) As positive control, cells were
treated with doxorubicin (2.5 uM) for 5 h in the absence or presence of Z-VAD-FMK (20 uM). Thereafter, Apo-ONE®
reagent was added for 30 min. Caspase-3 and -7 activity was measured by detecting fluorescence signals. Data
are presented as individual data points, bars represent median, whiskers percentiles 25 and 75. Friedman-test
followed by Wilcoxon signed-rank test. * p <0.05 significantly different from untreated samples. # p <0.05
significantly different from samples in which LPS alone was given to monocytic THP-1 cells. RFU, relative
fluorescence unit; LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-
2-one; PSB, PSB-15417; PZB15, PZB15517166A
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DISCUSSION

1 OVERVIEW OF THE MAIN RESULTS

The objective of this exploratory study is to provide insight into the following questions: 1. which
role plays the P2RX4 in the ATP-dependent IL-13 maturation; 2. which roles play P2RX4 and
P2RX7 in the priming of human mononuclear phagocytes; 3. does the P2RX4 antagonist 5-B

induce apoptosis?

In order to investigate the function of P2RX4 and P2RX7, a variety of antagonists are
employed, including 5-B, PSB, PZB15, and PZB13 for P2RX4, as well as A43 and JNJ for
P2RX7. In this study, these antagonists are administered to LPS-primed cells in order to
determine the influence of P2RX4 and P2RX7 on NLRP3 assembly and IL-1B maturation. The
results demonstrate that P2RX4 and P2RX7 antagonists effectively alleviate the ATP-
dependent IL-1 release by monocytic THP-1 cells, hPBMCs, THP-1 cell-derived M1-like
macrophages, and hPMs, while having no impact on the ATP-independent nigericin-induced
IL-1P release. It is well-established that P2RX7 plays a pivotal role in mediating the effect of
ATP on NLRP3 assembly and subsequent IL-1 release. Consequently, it was anticipated that
P2RX7 antagonists would effectively block the receptor and inhibit the ATP-dependent IL-13
release. The analogous outcomes yielded by P2RX4 antagonists suggest that the P2RX4 may

also be involved in NLRP3 assembly and IL-13 maturation.

Moreover, the antagonists are administered to the cells prior to priming with LPS. The
assembly and activation of the NRLP3 inflammasome are investigated by measuring the IL-113
release, both in an ATP-dependent and ATP-independent manner. In monocytic THP-1 cells
and hPBMCs, treatment with 5-B prior to priming increases the BzZATP-induced and nigericin-
induced IL-1B release. Furthermore, the 5-B-mediated increase in IL-1( is reversed by the
addition of other P2RX4 antagonists but not P2RX7 antagonists. Nevertheless, while 5-B
increases IL1B mRNA expression levels in monocytic THP-1 cells, no alterations in IL1B
expression are detected in hPBMCs. In contrast to monocytic cells, the effect of 5-B is not
observed in THP-1 cell-derived M1-like macrophages and hPMs. It is also noteworthy that
there is a strong increase in the mMRNA expression of the anti-inflammatory /L 70 in monocytic
THP-1 cells and hPBMCs upon treatment with 5-B.

The activity of caspase-3 and caspase-7 is investigated in an attempt to elucidate the mode of
action of 5-B. Treatment with 5-B before priming with LPS activates caspase-3 and caspase-7

in monocytic THP-1 cells suggesting that 5-B might induce apoptosis.
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2 DISCUSSION OF THE METHODS

2.1 THP-1 CELLS AND PRIMARY CELLS

Mononuclear phagocytes are the main producers of IL-13 during inflammation. In this study,
mononuclear phagocytes are represented by the THP-1 cell line and primary cells such as
hPBMCs and hPMs. The THP-1 cell line was isolated from the peripheral blood of a one-year-
old male patient with acute monocytic leukaemia in 1980. This cell line is widely used for
studying the immune responses of monocytes and macrophages in vitro (Tsuchiya et al. 1980,
Sharif et al. 2007, Chanput et al. 2010, Chanput et al. 2014, Kurynina et al. 2018). Upon
exposure to PMA, monocytic THP-1 cells differentiate into macrophages with a phenotype
similar to primary monocyte-derived macrophages in terms of phagocytic activity and
production of IL-18 and TNF-a (Auwerx 1991, Schwende et al. 1996, Daigneault et al. 2010).
THP-1 cells differentiated with PMA are adherent, have an increased cytoplasmic volume
compared to undifferentiated THP-1 cells, resulting in a reduced nucleocytoplasmic ratio, and
exhibit a flat and amoeboid morphology (Tsuchiya et al. 1982, Daigneault et al. 2010). For
polarization to M1-like macrophages, differentiated THP-1 cells are further incubated with IFN-
y and/or LPS (Mantovani et al. 2004, Martinez et al. 2006, Genin et al. 2015). The morphology
of THP-1 cell-derived macrophages, which is assessed in this study, conforms to these
descriptions, displaying adherent and flat cells with an amoeboid morphology upon treatment
with PMA, and a further decrease in the nucleocytoplasmic ratio and a more fibroblast-like

morphology upon additional treatment with IFN-y and LPS (Figure 5).

The main advantage of using cell lines is their simple culturing process, which is accompanied
by a homogeneous genetic background that reduces the variability in cell phenotype (Chanput
et al. 2014). However, it is important to note that cell lines are often derived from malignant
cells, which may carry numerous mutations, and any reported effects may depend on the
genotype of the cell line in question. On the other hand, primary human cells from healthy
donors have an unaltered genotype and are more similar to the in vivo state, reflecting normal
cell physiology. For this reason, hPBMCs, which contain a large proportion of primary
monocytes, are also used in this study. The isolation of hPBMCs from blood samples is well
established in our laboratory (Hecker et al. 2015, Richter et al. 2018b, Richter et al. 2020,
Richter et al. 2023a). The process involves density gradient centrifugation to separate
monocytes and lymphocytes from plasma, followed by culturing mononuclear cells with
monocyte attachment medium and medium exchange after 3 h to enrich for adherent
monocytes and reduce the number of lymphocytes. After adherence selection for 1 h, the
monocyte yield is typically around 44 %, but the population is still mainly contaminated with
lymphocytes (Nielsen et al. 2020). However, extending the time of adherence selection to 3 h

may lead to higher purity. Another limitation is the high variability between individual donors
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regarding cell number, purity, and responsiveness, which can impair the reproducibility of

results.

The present study also involves hPMs, which are purified from peritoneal dialysate through
centrifugation and incubation with RBC lysis buffer to eliminate erythrocytes. After overnight
incubation and medium exchange, adherent cells are selected for cytokine release
experiments. The purity of the adherent cell population is assessed by comparing it to the
original composition of cell populations in the dialysate samples. Preliminary experiments
reveal that dialysates contain monocytes, lymphocytes, and granulocytes (Keller H.
unpublished). CD14 and CD68 are employed as macrophage markers (Eischen et al. 1994,
Ruiz-Alcaraz et al. 2016, Ruiz-Alcaraz et al. 2018, Shapouri-Moghaddam et al. 2018).
Immunocytochemical staining indicates that the percentages of macrophages represented by
CD14* and CD68" cells significantly increase during isolation, resulting in 86.5 % (median)
CD14* or 75.7 % CDG68" cells in the adherent cell population (Figure 7). This suggests a
successful enrichment of hPMs in the samples and a suitable source for primary macrophages.
However, samples still contain 6.9 % (median) granulocytes and other unidentified cell types.
Like hPBMCs, there is a considerable variation in IL-13 release among individual donors.
hPMs from donors with pathological conditions may polarize macrophages towards a specific
phenotype or activate them in vivo, hence the use of primary macrophages from healthy

donors, which are difficult to obtain for ethical reasons, would be preferable.

2.2 IL-1B RELEASE BY THP-1 CELLS AND PRIMARY CELLS

This study is based on the ability of monocytes and macrophages to secrete IL-1 upon two
danger signals. The process of cell activation involves the recognition of PAMPs or DAMPs,
which triggers the priming step. This step includes the expression of various components,
including NLRP3 and pro-IL-1B. A second signal, in the form of a DAMP or PAMP, induces
changes in intracellular Ca?* and K* levels, leading to the assembly of the NLRP3
inflammasome and to the processing and subsequent release of mature IL-13. Secreted IL-13
can be measured using the ELISA technique, which is widely used for measuring protein levels
in cell culture supernatants. However, the use of kits optimized for detecting mature IL-13 can
also detect pro-IL-1B3, which is typically present at low levels in supernatants but can be
released from damaged cells. Therefore, it is not possible to distinguish between the precursor
and mature forms of IL-1B. To induce the expression of pro-IL-1B and components of the
NLRP3 inflammasome, monocytic THP-1 cells, THP-1 cell-derived macrophages, and
hPBMCs and hPMs are primed with LPS. As expected, this priming leads to a small but
significant increase in IL-1B release compared to untreated cells (Figure 6, Figure 8). While
the two-signal model for NLRP3 assembly is commonly used, several studies have reported

that priming with LPS can enhance NLRP3 inflammasome assembly in the absence of a
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second signal (Juliana et al. 2012, Schroder et al. 2012). Monocytes secrete IL-1B upon
stimulation with LPS, even in the absence of other stimuli, and the signalling molecule IRAK-
1, which is downstream of TLR4 and MyD88, promotes inflammasome assembly and
subsequent caspase-1 activation via NF-kB signalling in murine macrophages (Fernandes-
Alnemri et al. 2013, Lin et al. 2014, Kim et al. 2016). In conclusion, activation with LPS alone
can also lead to NLRP3 assembly and subsequent IL-1B release, although to a lesser extent

compared to stimulation with two consecutive stimuli.

The results obtained from priming with LPS for 5 h indicate a low release of IL-1B in monocytic
THP-1 cells (~9 pg/ml) and hPBMCs (~23 pg/ml). On the other hand, a higher release of IL-1
was observed in THP-1 cell-derived M1-like macrophages (~153 pg/ml) and hPMs (~47 pg/ml)
(Figure 6, Figure 8). These findings align with other studies that report a difference in cytokine
production levels upon LPS stimulation between monocytic THP-1 cells and hPBMCs, with the
latter producing more IL-13 and /L6 (Bruckmeier et al. 2012, Schildberger et al. 2013). This
difference in cytokine production may be attributed to the higher baseline expression levels of
these cytokines and the higher expression of CD14 by primary monocytes (Daigneault et al.
2010, Bruckmeier et al. 2012, Schildberger et al. 2013). Furthermore, monocytes and
macrophages respond differently during inflammation in vivo, which correlates with elevated
expression levels of TLR4 in monocyte-derived macrophages compared to monocytes
(O'Mahony et al. 2008, Juarez et al. 2010, Smythies et al. 2010, Schneberger et al. 2011,
Nahrendorf et al. 2013). The differences in LPS sensitivity between monocytic THP-1 cells and
THP-1 cell-derived macrophages can be attributed to the elevated expression levels of CD14,
TLR4, and MyD88 in the differentiated cells (Kim et al. 2022).

The application of a second signal, as expected, leads to a significant increase in IL-1[3 release
compared to cells only primed with LPS (Figure 6, Figure 8). Initially, it was observed that
extracellular ATP stimulates the secretion of IL-13 (Ferrari et al. 1996, Ferrari et al. 1997).
Shortly thereafter, it was demonstrated that the synthetic ligand BzATP is approximately
30-fold more potent than ATP (Surprenant et al. 1996, Bianchi et al. 1999, Young et al. 2007).
Previous studies from our laboratory have also shown that stimulation with 100 uM BzATP
leads to successful IL-1[ release from THP-1 cells and hPBMCs (Amati et al. 2017, Hiller et
al. 2018, Richter et al. 2018b, Richter et al. 2018a, Richter et al. 2020, Richter et al. 2022,
Richter et al. 2023a, Richter et al. 2023b). Furthermore, it was demonstrated previously that
THP-1 cell-derived macrophages respond better to ATP than to BzATP (Richter et al. 2023a).
Therefore, LPS-primed THP-1 cell-derived macrophages are stimulated with 1 mM ATP and 2
mM ATP, while stimulation with 2 mM ATP leads to a more robust IL-13 secretion (Figure 10).
The concentrations used are sufficient to activate P2RX7 and are also of physiological
relevance, as local ATP concentrations up to 100 mM can occur during inflammation (Di Virgilio
et al. 2020).
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Nigericin, derived from the Gram-positive bacterium Streptomyces hygroscopicus, functions
as an antibiotic and is known to be a potent activator of the NLRP3 inflammasome and inducer
of IL-1P release, independent of ATP (Watanabe et al. 1998, Warny et al. 1999, Mariathasan
et al. 2006, Munoz-Planillo et al. 2013). ATP or BzATP activate the ionotropic P2RX7, and
nigericin, as an ionophore, allows for the efflux of K*. This reduction in cytoplasmic K*
concentration subsequently induces the assembly of the NLRP3 inflammasome. It can be
inferred that stimulation of LPS-primed THP-1 cells, hPBMCs, and hPMs with BzZATP, ATP, or
nigericin results in NLRP3 assembly, caspase-1 activation, and subsequent IL-13 processing
and release, which explains the significant increase in IL-18 concentrations in the cell
supernatants (Figure 6, Figure 8). These findings align with previous studies from our
laboratory and other researchers, as previously mentioned above. Like the results depicted
here, previous studies from our laboratory also revealed a high variability in IL-1B
concentrations of unknown origin, and therefore, these data and those of the present study
were normalized (Richter et al. 2018b, Richter et al. 2020, Richter et al. 2022, Richter et al.
2023a, Richter et al. 2023b).

2.3  ESTIMATED CELL DEATH OF THP-1 CELLS AND PRIMARY CELLS

Although it is likely that cells release IL-1B upon appropriate stimulation, cells may release pro-
inflammatory cytokines due to mechanical stress induced by handling. Moreover, the activation
of the NLRP3 inflammasome not only leads to the maturation of IL-1f but also to the induction
of pyroptosis, a lytic and pro-inflammatory form of cell death mediated by GSDMD, which is
also cleaved by caspase-1 (Fink et al. 2006). Pyroptosis results in the release of intracellular
material, including cytokines, from the ruptured immune cell, thereby promoting inflammatory
processes in the surrounding environment (He et al. 2015). Therefore, the IL-13 levels
measured in the supernatant of stimulated cells may be attributed to uncontrolled release
during pyroptosis. To control for this, the LDH activity in the cell culture supernatants of every
sample was measured. LDH is a stable cytosolic enzyme that is released from damaged cells,
and the abundance of LDH in supernatants is a well-established parameter for cell damage.
The overall low LDH activity (less than 20 %) in supernatants of monocytic THP-1 cells, THP-1
cell-derived macrophages, hPBMCs, and hPMs upon stimulation with LPS followed by BzATP
or ATP indicates that the measured IL-1B release was not mediated by unspecific cell
perforation (Table S-1 — Table S-4).

Stimulation with nigericin can directly lead to elevated levels of LDH activity (above 20 %) in
certain cases, particularly in M1-like macrophages derived from THP-1 cells and hPBMCs. In
addition, LPS and nigericin can induce pyroptosis in various cell lines, including THP-1 cells
(He et al. 2015, Hartigh et al. 2018, Zhou et al. 2020, Wu et al. 2023). Induction of pyroptosis
and a LDH activity up to 100 % is described when LPS-primed THP-1 cells are incubated with
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nigericin for 1 h (Zhou et al. 2020). In this study, the cells are incubated with nigericin for 30 —
40 min and the median LDH activity measured is 26 % with a maximal LDH activity of 57 % in
supernatants of THP-1 cell-derived M1-like macrophages. This suggests that elevated LDH
activity in samples may be due to cells undergoing pyroptosis or necrosis, leading to an
uncontrolled release of pro-IL-18, IL-13, and LDH into the supernatant. Furthermore, hPBMCs
treated with nigericin alone, without prior stimulation with LPS, can also exhibit increased LDH
activity (Table S-3). It has been reported that nigericin can induce pyroptosis also in this cell
type when applied alone, but only when the cells are incubated for 24 h (Wu et al. 2023). In
general, measuring the optical density of lysed cells or supernatants containing nigericin shows
lower extinction at 490 nm compared to samples without nigericin. This suggests that nigericin
may interfere with the measurement of optical density of the LDH product, which could

compromise the accuracy of cell death estimation.

Conclusively, these results indicate a successful induction of ATP-dependent and ATP-
independent IL-1B release from monocytic THP-1 cells, THP-1 cell-derived M1-like
macrophages, hPBMCs, and hPMs by priming the cells with LPS followed by stimulation with
BzATP, ATP, or nigericin. The chosen cells appear to be suitable for the following

investigations.

2.4  ESTIMATED PROTEIN LEVELS OF INTRACELLULAR IL-18

Priming with LPS induces the expression of pro-IL-1B, which accumulates in the cytosol as
processing relies on a second stimulus. The 31 kDa-sized precursor is cleaved by caspase-1
to the mature IL-13 form, 17 kDa in size. Although the ELISA is unable to distinguish between
the two forms of IL-13, Western blot analysis offers the advantage of discriminating proteins
based on their size. However, the analysis is only semi-quantitative, as no statement can be
made regarding the exact amount of the target protein; only how much there is in relation to
another protein and sample can be determined. In this study, the amounts of IL-13 protein are
estimated using B-actin as a reference protein. Actin microfilaments, comprising of the - and
y-actin isoforms, constitute a fundamental component of the cytoskeleton (Dugina et al. 2019).
They perform pivotal roles in essential cellular processes and in maintaining the structural
integrity of the cell (Dugina et al. 2019). Therefore, B-actin is expressed at high levels in a wide
range of tissues and is frequently employed as a reference protein in Western blotting. Some
studies have questioned the validity of using B-actin as a reference protein, given that protein
levels differ amongst tissues and that $-actin is largely overloaded at the protein concentrations
most often used in Western blotting (Chen et al. 2015). However, the present results show that
in THP-1 cell-derived M1-like macrophages, B-actin is not overloaded and exhibits stability
under the experimental conditions (Figure 19A). Therefore, B-actin seems to be a suitable

control for this study.
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It should be noted that densitometrical data are not always directly proportional to protein
abundance. Rather, they often fit non-proportional linear or hyperbolic mathematical models
and can reach saturation (Butler et al. 2019). In the event that data are not directly proportional
to protein abundance, it is inadvisable to employ normalisation techniques (Gassmann et al.
2009, Butler et al. 2019). It is therefore crucial to highlight that the results obtained through
Western blotting represent only an estimation of protein levels. Furthermore, it is not possible
to discount the potential for unknown errors to have influenced the outcome. Additionally,
Western blot analysis of hPBMCs and monocytic THP-1 cells was not feasible due to technical

constraints.

Western blot analysis of lysates of THP-1 cell-derived M1-like macrophages treated with LPS
revealed the presence of pro-IL-13, while mature IL-1B was not detectable. Untreated cells
exhibited neither pro-IL-18 nor mature IL-1B protein expression (Figure 19A), which is
consistent with previously reported findings (Radwan et al. 2010, Huang et al. 2012, Zhang et
al. 2012, Zheng et al. 2015, Hadadi et al. 2016).

2.5 SEMI-QUANTIFICATION OF MRNA EXPRESSION LEVELS

Given that priming with LPS activates the TF NF-kB, which subsequently translocates to the
nucleus and induces the translation of several genes for pro-inflammatory proteins, it is also
of interest to quantify their mMRNA. Real-time RT-PCR represents a well-established method
for the semi-quantitative analysis of mMRNA. The data obtained from real-time RT-PCR
represent the relative mRNA expression of the gene of interest in comparison to a reference
gene. The utilisation of standardised assay kits for the isolation and transcription of RNA into
cDNA serves to minimise potential errors. The primer pairs used in this study were selected
based on previous research, with the exception of /IL18, which was generated using the
Primer3.org tool (Table 5). The real-time RT-PCR efficiencies for the majority of primer pairs
were found to be 100 %, indicating successful amplicon doubling per cycle. The NTCs
demonstrate that there is no contamination with extraneous nucleic acid or primer dimer
formation. The melting curves, which are specific for the amplified DNA fragments,
demonstrated that the real-time RT-PCR resulted in the production of a single, homogeneous
amplicon for each target sequence (data not shown). Moreover, the amplification products
separated by agarose gel electrophoresis demonstrate the expected product size, which
provides further evidence that the used primers are suitable for the amplification of the target

genes (Figure 23).

PPIA is used as a reference gene for the calculation of the mRNA expression levels for the
target genes P2RX4, P2RX7, IL1B, IL10, IL18, IL6, and TNF. The protein PPIA, also known
as cyclophilin A, is an abundantly expressed enzyme that catalyses isomerisation of specific

peptide bonds, thereby regulating a number of biological processes, including protein folding,
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intracellular signalling and the regulation of immune function (Liao et al. 2021). PPIA is a
suitable reference gene in LPS-stimulated THP-1 cells and hPBMCs (Cao et al. 2012, Radke
et al. 2014, Bantula et al. 2022, Diehl et al. 2022, Ren et al. 2022).

Following the calculation of mMRNA levels, a threshold for biological relevance was established,
defining a fold change of 1.5 as a relevant upregulation or a fold change of 0.5 as
downregulation of the target genes, including also small fold changes. However, applying the
same threshold for different genes implies that these genes are equally sensitive to changes
in the dosage of their transcripts. Nonetheless, some genes may be generally transcribed at
higher levels, and thus, upregulation must be much more severe to be biologically relevant
than upregulation of a gene that has a low basal expression. This demonstrates that this
application in question is context-specific, and that no overarching rule can be established that
would facilitate a coherent interpretation of the data. Furthermore, the application of a threshold
and a statistical analysis that are independent of one another results in the identification of fold
changes below the threshold that have significant p-values. It is therefore inadvisable to attach

undue significance to the statistical analyses.

In summary, real-time RT-PCR is an appropriate method for the examination of alterations in
MRNA levels of P2RX4, P2RX7, IL1B, IL10, IL18, IL6, and TNF in THP-1 cells and hPBMCs.
However, mRNA levels do not provide insight into the number of MRNA molecules that will be
translated into protein. Additionally, intracellular protein levels of pro-IL-1B do not offer
information about the NLRP3-mediated processing rate and release rate. It is possible that
IL-1B may be influenced by a number of yet unknown factors. Nevertheless, the combination
of real-time RT-PCR, Western blotting, and ELISA provides a comprehensive overview of the
induction and processing of IL-13 upon priming with LPS and stimulation with BzZATP, ATP, or

nigericin.

2.6 THE P2RX4 AND P2RX7 ANTAGONISTS

The function of P2RX7 in the formation and activation of the NRLP3 inflammasome is well
documented. However, some studies have also indicated a potential role for P2RX4 in this
process (Kanellopoulos et al. 2021, Pelegrin 2021). P2RX4 and P2RX7 antagonists are
employed in several experimental settings to elucidate the function of both receptors in the
priming and the ATP-dependent IL-1B release by mononuclear phagocytes. The P2RX4
antagonist 5-B (Fischer R. et al. 12.03.2004) is a commercially available lipophilic
benzodiazepine derivative that has been employed in numerous studies to target P2RX4. The
half maximal inhibitory concentration (ICso) has been observed to vary between 0.3 pM
(Abdelrahman et al. 2017), 1.2 uM (Balazs et al. 2013), and 5.2 yM (Sophocleous et al. 2020),
depending on the assays and cells used. Preliminary experiments of a dose-response curve

indicate a modulatory effect on IL-1B release at 10 yM in monocytic THP-1 cells (Ettischer L.
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unpublished). Furthermore, 5-B was also subjected to testing for bacterial endotoxins and
pyrogens and was deemed to be free of any contamination (Ettischer L. unpublished). While
5-B is devoid of activity at other P2 receptors, the potential for off-target interactions remains
unknown (Fischer R. et al. 12.03.2004, Abdelrahman et al. 2017, Coddou et al. 2019). The
P2RX4 antagonist PSB is provided by Prof. Miller and has yet to undergo comprehensive
characterisation. The addition of 10 uM PSB result in the complete inhibition of ATP-induced
currents mediated by human P2RX4 stably expressed in Xenopus laevis oocytes (Schneider
et al. 2017) or by endogenous P2RX4 in murine microglial cells (Trang et al. 2020). No
published information is currently available regarding the other P2RX4 antagonists PZB15 and

PZB13, which are also provided by Prof. Miller.

The commercially available A43 is a competitive P2RX7 antagonist (ICso < 10 yM) with no
known activity at other P2 receptors. Preliminary experiments conducted on monocytic THP-1
cells indicate that the compound exhibits a stable inhibitory effect on IL-1p release at a
concentration of 10 uM (Ettischer L. unpublished). JNJ is another well-described competitive
P2RX7 antagonist. The ICso value has been determined to range from 2 to 3 yM in human
blood and hPBMCs (Bhattacharya et al. 2013). Furthermore, a dose-response experiment
conducted during this study reveals a potent inhibitory effect at 1 uM (Figure S-1). Selectivity
tested with a panel of 50 other receptors, ion channels, and transporters demonstrates a high
degree of selectivity for P2RX7 (Bhattacharya et al. 2013). The administration of JNJ
successfully attenuates IL-1B release and BzATP-induced currents in human monocytes and

microglial cells (Bhattacharya et al. 2013).

In conclusion, although the precise mode of action and specificity of each P2RX4 antagonist
remains unclear, the utilisation of four distinct antagonists and a direct comparison with
well-established P2RX7 antagonists provides a robust basis for investigating the role of P2RX4

in the expression and release of IL-13 by mononuclear phagocytes.

3 THE ROLES OF P2RX4 AND P2RX7 IN THE IL-18 RELEASE BY
MONONUCLEAR PHAGOCYTES

The ionotropic P2RX7 was identified as the receptor mediating the effect of extracellular ATP
on IL-1B release from macrophages almost three decades ago (Ferrari et al. 1996, Ferrari et
al. 1997). Over the past decade, research has begun to demonstrate that IL-13 secretion is
also affected by P2RX4 stimulation (Chen et al. 2013, Sakaki et al. 2013, Li et al. 2014, Han
et al. 2020). The objective of this study is to clarify if both receptors also mediate IL-1(3 release
by primed human mononuclear phagocytes, which have not been investigated so far.

Consequently, monocytic THP-1 cells, hPBMCs, THP-1 cell-derived M1-like macrophages,
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and hPMs are primed with LPS, followed by stimulation with BZATP or ATP in the presence of

each P2X receptor antagonist.

As anticipated, the P2RX7 antagonists A43 and JNJ exert substantial inhibitory effects on the
ATP- or BzATP-induced IL-1B release from monocytic THP-1 cells (Figure 9), hPBMCs
(Figure 11), THP-1 cell-derived M1-like macrophages (Figure 10), and hPMs (Figure 12),
respectively. As previously described, A43 inhibits IL-13 release by murine microglial cells
(Clark et al. 2010) and most importantly by THP-1 cells (Nelson et al. 2006) and hPBMCs
(Ward et al. 2010). The release of IL-18 from hPBMCs is effectively suppressed by the
administration of JNJ (Bhattacharya et al. 2013). The two antagonists compete with BzZATP or
ATP for the binding site at the P2RX7. Upon binding of the antagonists to P2RX7, ATP is
unable to induce the requisite conformational changes for pore opening. In the absence of K*
efflux, NLRP3 does not assemble and the pro-IL-1B produced in response to priming with LPS
is not processed. Consequently, the cells do not release IL-1B. The notion that A43 and JNJ
exert their inhibiting function at an ATP receptor is corroborated by the observation that ATP-
independent nigericin-induced IL-1B release from monocytic THP-1 cells (Figure 13) and
THP-1 macrophages (Figure 14) is not considerably altered upon application of the P2RX7
antagonists. It is noteworthy that apyrase is added in these experiments to ensure that the
nigericin-induced release of IL-1B is independent of ATP. The results presented here confirm
that P2RX7 mediates ATP-induced IL-18 release from monocytic THP-1 cells, hPBMCs,
THP-1 cell-derived M1-like macrophages, and hPMs.

Several P2RX4 antagonists are used to investigate if the P2RX4 participates in the
ATP-/BzATP-mediated release of IL-13. The BzATP-mediated IL-13 release from monocytic
THP-1 cells is slightly attenuated by treatment with 5-B, strongly inhibited by PSB, and fully
inhibited by treatment with PZB15 or PZB13 (Figure 9). In hPBMCs, 5-B has a more
pronounced inhibitory effect on IL-13 release compared to monocytic THP-1 cells. In contrast,
PSB and PZB15 effectively abrogate the IL-1B release, whereas PZB13 exhibits minimal
efficacy (Figure 11). The release of IL-13 from monocytic THP-1 cells is not significantly
affected by the application of P2RX4 antagonists immediately prior to the addition of nigericin
as a stimulus for release (Figure 13). The clear reducing effect of P2RX4 antagonists on the
ATP-mediated IL-1 release from monocytic cells is less pronounced in THP-1 cell-derived
M1-like macrophages (Figure 10). The weak inhibitory effects observed following treatment
with 5-B prior to stimulation with ATP are also evident in hPMs (Figure 12). While the effects
of the individual P2RX4 antagonists differ from one another and are, in general, not particularly
efficacious in macrophages, they do nonetheless inhibit IL-1 release. It is noteworthy that the
addition of 5-B or PZB15 prior to stimulation with nigericin also inhibits the IL-1( release from
THP-1 cell-derived M1-like macrophages (Figure 14). The current results remain inconclusive,

but they suggest that these P2RX4 antagonists may exert off-target effects.
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Nonetheless, the findings strongly suggest that the P2RX4 plays a role in the ATP-dependent
IL-18 secretion by mononuclear phagocytes. This conclusion is supported by several studies.
The P2RX4 antagonist TNP-ATP, an ATP derivative that binds to the ATP binding pocket of
P2RX4, inhibits ATP-dependent IL-1B release from bone marrow-derived dendritic cells
(Sakaki et al. 2013). The inhibitory effects of P2RX4 silencing on IL-1p release have been
demonstrated in murine models for experimental rheumatoid arthritis and diabetic nephropathy
(Chen et al. 2013, Li et al. 2014). P2RX4-deficient mice that have undergone renal ischemia
and reperfusion injury also exhibit reduced IL-1B processing (Han et al. 2020). Moreover,
treatment of wild-type mice with 5-B exerts a protective effect against ischemic acute kidney
injury, which is presumably associated with the attenuation of NLRP3 assembly, caspase-1
induction and IL-18 release (Han et al. 2020). Treatment with 5-B attenuates
high glucose-induced cleavage of IL-13 but also mitigates NLRP3 expression and cleavage of
caspase-1 in a cell line derived from human kidney (Chen et al. 2013). However, alterations in
NLRP3 expression and assembly and associated activity of caspase-1 indicate that treatment
with 5-B influences the priming step rather than the ATP-dependent IL-13 secretion. These
studies do not show whether P2RX4 plays a role in P2RX7-dependent signalling or whether it
may independently activate IL-1B release. However, here, both P2RX4 antagonists and
P2RX7 antagonists almost completely inhibit the IL-18 secretion indicating that both receptors
are essential and presumably interact with each other via unknown mechanisms. Several
studies have reported functional interactions between both receptors, yet the data situation
remains ambiguous, and no conclusions can be drawn at the moment (Kawano et al. 2012,
Sakaki et al. 2013, Zech et al. 2016).

Moreover, monocytic cells appear to be more responsive to P2RX4 modulation than
macrophages, which may be attributed to discrepancies in the mRNA expression levels of
P2RX4 and P2RX7. While THP-1 cell-derived M1-like macrophages show no differences in
mRNA expression levels of both receptors, monocytic THP-1 cells and hPBMCs express
substantially greater quantities of P2RX4 than P2RX7 mRNA. It is noteworthy that 5-B and
PZB15 also inhibit nigericin-mediated IL-13 secretion by THP-1 macrophages, indicating that
these substances influence IL-1 release from macrophages independently of ATP signalling

via a yet unknown mechanism.
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4 THE ROLE OF P2RX4 AND P2RX7 IN PRIMING MONOCYTIC CELLS

4.1  CHANGES IN THE IL-13 RELEASE

The preceding findings establish and confirm a correlation between P2RX4, P2RX7, and ATP-
mediated IL-1B secretion by mononuclear phagocytes. Nevertheless, the function of both
receptors in the priming phase of mononuclear phagocytes has yet to be elucidated. The
objective of this study is also to investigate the role of P2RX4 and P2RX7 in the priming of
human mononuclear phagocytes and the activation of NLRP3 assembly. Consequently,
monocytic cells are stimulated with LPS in the presence of each P2X receptor antagonist,

followed by stimulation with BzATP or nigericin.

When administered prior to the application of LPS, the P2RX4 antagonists PSB, PZB15, and
PZB13 inhibit the BzATP-induced release of IL-1B from monocytic THP-1 cells, although not
to the same extent as the P2RX7 antagonists A43 and JNJ, which completely abrogate the
release (Figure 9). Conversely, the addition of 5-B significantly enhances the release of IL-1p.
Previously mentioned findings by L. Ettischer confirm that the 5-B solution is free of bacterial
endotoxins and pyrogens. It is of importance for the interpretation of these data that the
antagonists are not washed out before the second stimulus is added. Therefore, the
antagonists, depending on their stability in cell culture, may act on both, the cell priming and
on the stimulation with ATP or BzATP.

Therefore, the nigericin-induced NLRP3 assembly and IL-1B processing may be a more
suitable method for investigating the role of P2RX4 and P2RX7 in cell priming, because
nigericin acts as an ionophore, mediating K* efflux independently of ATP. The cells are primed
with LPS in the presence of each antagonist, followed by stimulation with nigericin. The
increase in IL-1f3 release observed in response to 5-B is also evident in monocytic THP-1 cells
(Figure 13). Furthermore, PZB13 increases the release, while PZB15 reduces the nigericin-
induced IL-1B release and PSB has no effect. The release of IL-1B from monocytic THP-1 cells
is modestly enhanced when the P2RX7 antagonist JNJ is applied prior to priming, whereas

A43 does not induce any alterations (Figure 13).

Furthermore, the effects of priming can be distinguished from the ATP-mediated IL-1p release
by removing the antagonists prior to the administration of the second stimulus. Monocytes are
isolated from hPBMCs via adherence selection 20 min prior to the addition of BzATP or
nigericin. At this step, the medium is replaced, which considerably dilutes the previously added
substances. This allows for an isolated evaluation of the effect of 5-B on priming and
stimulation with BzATP or nigericin in hPBMCs (Figure 11). When NLRP3 assembly and
activation is triggered by nigericin, the addition of 5-B and PZB13 before priming with LPS

enhances the IL-1B release from hPBMCs, thereby confirming the observations made in
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monocytic THP-1 cells (Figure 15). The impact of PZB13 may only be apparent when nigericin
prompts the secretion of IL-13, as the inhibitory effect on BzATP-signalling may coincide with
the PZB13-mediated increase during priming (Figure 9, Figure 11). If PZB13 is a potent
inhibitor of the P2RX4, the residual concentration following medium exchange may still be
sufficient to influence the BzATP-induced IL-1B secretion from hPBMCs (Figure 11). A

concentration-effect curve needs to be established in future experiments to clarify this aspect.

The above described findings suggest that 5-B amplifies the priming effect in monocytic cells.
As observed, the effects of PZB13 exhibit a comparable trend; nevertheless, when
administered prior to priming, only the nigericin-induced release of IL-13 demonstrates an
elevation in levels. This prompts the question of whether the gene expression of P2RX4,
P2RX7, or IL1B is influenced by these P2RX4 antagonists.

Nonetheless, it is similarly conceivable that alterations in the ATP-independent IL-1]3 release
may derive from the abundance and assembly of NLRP3 inflammasomes, which can be
affected in ways that either augment caspase-1 activity and the turnover of pro-IL-1B or
diminish processing and release of IL-1[3. For instance, NLRP3 is subject to ubiquitination by
a number of ubiquitin ligases, which impede the assembly of the inflammasome and induce
proteasomal degradation (Kelley et al. 2019). Conversely, a number of deubiquitinases have
been identified that positively regulate the assembly of the NLRP3 inflammasome. However,
the most prominent regulatory mechanism is the abundance and activity of NLRP3-interacting
proteins that are required for complex formation (reviewed in Kelley et al. 2019). For example,
the NEK7 protein has been demonstrated to promote oligomerisation, ASC speck formation
and caspase-1 activation downstream of the P2RX7-mediated K* efflux (He et al. 2016,
Schmid-Burgk et al. 2016, Shi et al. 2016). Given the established link between P2RX7 and
NEKY activity, it is plausible that P2RX4 may also play a role in this process. The detection of
ASC speck formation in response to stimulation with P2X receptor antagonists may offer
insights into the rate of NLRP3 assembly and potentially elucidate the enhanced or diminished
nigericin-induced IL-13 secretion by the P2RX4 antagonists, if IL7B mRNA levels do not

provide sufficient explanation.

4.2 MRNA LEVELS OF P2RX4 AND P2RX7

It is plausible that alterations in the mRNA levels of the P2RX4 and P2RX7 could elucidate the
mechanisms underlying the effects of P2RX4 antagonists, such as 5-B and PZB13.
Consequently, cells that have not undergone any treatment, cells that have been primed with
LPS, and cells that have been stimulated with P2X receptor antagonists prior to priming are

harvested for real-time RT-PCR after a period of 3 h or 5 h.
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No alterations in P2RX4 expression levels are observed in monocytic THP-1 cells (Figure
24A) or hPBMCs (Figure 26A) following any treatment. The P2RX4 antagonists PSB, PZB15,
and PZB13 induce a slight upregulation of P2RX7 in monocytic THP-1 cells (Figure 24B),
while only PZB13 does so in hPBMCs (Figure 26B). The levels of P2RX4 and P2RX7 mRNA
in untreated monocytic THP-1 cells and hPBMCs are similar. Although a study has suggested
that P2RX4 or P2RX7 knockdown increases the expression of the other receptor due to
compensatory mechanisms (Weinhold et al. 2010), other data are contrary to this hypothesis
(Craigie et al. 2013, Zech et al. 2016, Sierra-Marquez et al. 2024). Therefore, and given the
absence of significant alterations, it seems unlikely that a transient modulation of P2RX4
increases P2RX7 expression as a result of compensatory mechanisms. It is noteworthy that
untreated monocytic THP-1 cells and hPBMCs express 164-fold and 57-fold more P2RX4 than
P2RX7 mRNA, respectively. These results, however, do not explain the impact of 5-B and

PZB13 on the priming of monocytic cells.

4.3 MRNALEVELSOF IL1B

It is possible that the differences in IL71B mRNA levels may be responsible for the altered IL-13
release by monocytic cells. Consequently, monocytic cells treated with P2RX4 or P2RX7
antagonists prior to priming with LPS are harvested for the measurement of /L7B mRNA levels

via real-time RT-PCR after 3 or 5 h of incubation.

5-B increases IL1B mRNA in monocytic THP-1 cells, which aligns with the results of the
cytokine release experiments. In contrast, PZB13 and the other antagonists do not induce
alterations in this regard (Figure 27A). It is notable that the effect of 5-B cannot be confirmed
in hPBMCs (Figure 30A). In LPS-primed monocytic THP-1 cells, IL 1B mRNA reaches its peak
levels at 1.5 h and then declines rapidly after 2.5 h (Ettischer L. unpublished). The additional
application of 5-B prior to LPS results in a shift in the peak levels, which are now observed at
2.5-3 h. This indicates that stimulation with 5-B shifts the maximum /L71B mRNA amounts to a
later time point (Ettischer L. unpublished). The stimulation of human blood monocytes with
LPS has been demonstrated to induce /IL1B expression within 15 min, with peak levels
occurring at 4 h (Fenton et al. 1988, Dinarello 2018). It is possible that the time course for
hPBMCs is similar to that of human blood monocytes. This would indicate that /L7B mRNA
levels upon stimulation with 5-B for 3 h are still on the rise and are measured too early. The
examination of a time response curve for hPBMCs may prove beneficial in clarifying this
assumption. Nevertheless, the impact of 5-B on IL-13 secretion by monocytic THP-1 cells
observed in cytokine release experiments may be attributed to its ability to modulate priming,
thereby enhancing IL1B mRNA expression during 5 h of incubation. However, it remains
unclear whether treatment with 5-B prior to priming affects /L1B transcription at the level of

transcription initiation by directly modulating LPS signalling or by activating an additional, yet
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unknown pathway that induces transcription, or whether 5-B enhances the stability of /L1B

mRNA in monocytic THP-1 cells.

A limited number of studies has been conducted to investigate the enhancement of LPS
signalling and subsequent elevated /L 1B transcription. Notably, there is a complete absence
of studies addressing the role of P2RX4 in this context. Consequently, it is challenging to align
these findings with the existing literature. Nevertheless, previously mentioned investigations
conducted by Han and colleagues or by Chen and colleagues show attenuated NLRP3
expression and assembly upon treatment with 5-B, which the authors, however, only linked to
the role of P2RX4 in IL-1B secretion. In addition, there is again the problem with the unknown
specificity of 5-B. Nevertheless, several unrelated mechanisms enhancing LPS-induced
priming have been described. Stimulation with LPS also induces the expression of
prostaglandin-E2, which binds to monocytes via its respective receptor, thereby promoting
LPS-induced IL1B mRNA expression by activating a TF that drives /L 1B transcription (Gray et
al. 1993, Chandra et al. 1995, Zastona et al. 2017). It is likely that this endogenous positive
feedback loop serves to promote host defence during infection. Additionally, priming of the
TLR3 through viral compounds enhances LPS-TLR4 signalling in endothelial cells, which is
thought to occur via the upregulation of TLR4 (Koch et al. 2017). This finding is at odds with
observations made in macrophages (Sato et al. 2002), which may be attributed to the
differential expression of TLRs in leukocytes and endothelial cell subpopulations (Muzio et al.
2000). The cytokine IL-27 enhances LPS-induced IL-1B8 release from monocytes and
macrophages (Petes et al. 2017). However, Petes and colleagues measured increased pro-
IL-1P protein levels but did not assess alterations in mRNA levels. Further studies are required

to elucidate the impact of simultaneous stimulation with 5-B and LPS on /L1B mRNA levels.

5 THE ROLE OF P2RX4 AND P2RX7 IN PRIMING MACROPHAGES

5.1  CHANGES IN THE IL-13 RELEASE

Furthermore, the role of the P2RX4 and the P2RX7 in priming is investigated in THP-1 cell-
derived M1-like macrophages and hPMs, with the goal of comparing monocytic cells and
macrophages. Macrophages are stimulated with LPS in the presence or absence of each P2X

receptor antagonist, followed by stimulation with BZATP/ATP or nigericin.

The release of IL-13 from THP-1 cell-derived M1-like macrophages is reduced by treatment
with P2RX4 antagonists and P2RX7 antagonists prior to priming with LPS (Figure 10). The
inhibitory effects of 5-B and A43 are confirmed in hPMs (Figure 12). As the antagonists may
be still present at the time of ATP application, ATP-independent IL-1 provides further insights

into the effects on priming. In THP-1 macrophages, treatment with 5-B prior to priming has no
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effect, while PSB, PZB15, and PZB13 unexpectedly reduce the nigericin-induced IL-1( release
(Figure 14). Thus, the inhibitory effect of PZB15 on nigericin-induced IL-1B secretion by
monocytic THP-1 cells is confirmed in THP-1 macrophages but is not observed in hPBMCs.
Conversely, the P2RX4 antagonists PSB and PZB13 exert an attenuating effect on IL-1(3
secretion by THP-1 macrophages. Moreover, the pro-inflammatory effect of 5-B in monocytic
cells is absent in macrophages, indicating that monocytic cells and macrophages respond

differently to treatment with P2RX4 antagonists.

5.2  INTRACELLULAR PRO-IL-1B PROTEIN LEVELS

Another objective of this investigation is to ascertain whether the effects of the P2RX4
antagonists can be attributed to alterations in protein levels or to modulation of the releasing
step that is independent of ATP. Consequently, THP-1 cell-derived M1-like macrophages are
treated with P2RX4 antagonists, in addition to the P2RX7 antagonist A43, prior to being primed
with LPS.

As observed in previous studies (reviewed in Dinarello 2018), priming with LPS induces the
expression of pro-IL-1B (Figure 19A). Pro-IL-1B is a 31 kDa-sized protein that contains a
conserved N-terminus, which prevents the final folding of the protein and thereby blocks its
function (Hazuda et al. 1990, Hailey et al. 2009). This N-terminal region maintains the protein
in a protease-sensitive state, which results in rapid processing upon activation of caspase-1.
The remaining C-terminus is only 17 kDa in size and is capable of folding into the final active
structure (Hailey et al. 2009). Given the accumulation of pro-IL-13 upon cell priming and its
rapid release following maturation, commonly only the precursor form of IL-1B is detected
intracellularly upon stimulation with LPS. The estimation of protein levels indicates that
treatment with 5-B tends to increase pro-IL-13, which is contrary to the cytokine release
experiments (Figure 19C). Nevertheless, the observed increase is not statistically significant,
does not exceed 1.5 AU and beyond that, the data exhibit a considerable variation. Moreover,
treatment with 5-B prior to priming does not result in an increase in nigericin-induced IL-13
secretion, yet the data also exhibit considerable variation (Figure 14). Treatment with the other
P2RX4 antagonists PSB, PZB15, and PZB13 result in a decrease in pro-IL-13 levels.
Treatment with the P2RX7 antagonist A43 does not alter protein levels (Figure 19C), which
coincide with protein levels of released IL-1B. These results lead to the assumption that the
altered IL-1pB release induced by nigericin upon stimulation with P2RX4 antagonists prior to
priming is attributed to altered protein levels of pro-IL-1B. These alterations may be initiated at
the level of gene expression for IL1B, or alternatively, by modulating the stability of /L 1B mRNA
or pro-IL-1f3 protein.

A number of mechanisms, some of which may be modulated by stimulation with P2RX4

antagonists during priming, can alter the stability of pro-IL-13. One potential modification is the
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ubiquitination of the precursor, which plays an important role in regulating IL-18 production. As
a result of this modification, pro-IL-1f is no longer accessible to cleavage by caspase-1 and is
instead rapidly degraded by proteasomes (Zhang et al. 2018, Vijayaraj et al. 2021, Mishra et
al. 2023). The enhanced ubiquitylation and proteasomal targeting by administration of ATP or
nigericin indicates that these NLRP3 activators can activate parallel pathways leading to pro-
IL-1B degradation (Vijayaraj et al. 2021). Moreover, the NF-kB inhibitor and ubiquitin-modifying
enzyme A20 regulates this process by suppressing pro-IL-1B ubiquitylation (Duong et al.
2015). If ATP activates pro-IL-1B degradation, potentially via P2X receptors, a similar
mechanism may be initiated by the P2RX4 antagonists used in this investigation.
Nevertheless, future studies should assess the ubiquitination rate of pro-IL-13 upon stimulation

with PSB, PZB15, or PZB13 in combination with LPS before any conclusions can be drawn.

5.3 MRNA LEVELS OF P2RX4 AND P2RX7

Prior to drawing conclusions regarding the mode of action of distinct P2RX4 antagonists, it is
essential to investigate whether there have been any alterations in the levels of P2RX4 and
P2RX7 mRNA. Therefore, untreated cells, cells that have been primed with LPS, and cells that
have been stimulated with P2X receptor antagonists prior to priming are harvested after 5 h
incubation for measuring P2RX4 and P2RX7 mRNA levels via real-time RT-PCR.

The expression levels of P2RX4 and P2RX7 are not altered to a relevant extend upon any
treatment in THP-1 cell-derived M1-like macrophages (Figure 25). A comparison of the mRNA
levels reveals that THP-1 macrophages express P2RX4 and P2RX7 at equal amounts, in
contrast to monocytic cells, which exhibit a higher expression of P2RX4 mRNA. This may
provide an explanation for the observation that monocytic cells appear to be more susceptible
to treatment with P2RX4 antagonists than macrophages in different experimental settings. It is
important to note that mRNA levels do not necessarily correlate with protein amounts and

therefore do not imply a corresponding difference in protein amounts.

54 MRNALEVELS OF IL1B
To further investigate the inhibitory effects of PSB, PZB15, and PZB13 on the ATP-
independent IL-18 secretion by THP-1 cell-derived M1-like macrophages, the expression of

IL1B mRNA was also examined.

In THP-1 cell-derived M1-like macrophages, IL1B mRNA levels remain unaltered upon
stimulation with LPS and P2X receptor antagonists (Figure 28A). The reduction in pro-IL-1(3
protein levels and subsequent decrease in ATP-independent IL-13 release observed following
incubation with PSB, PZB15, or PZB13 does not seem to be a consequence of altered /IL1B
mRNA amounts. However, as discussed before, it cannot be excluded that relevant changes

might be visible at other time points. It seems plausible to suggest that the presence of the
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P2RX4 antagonists modulates the abundance of pro-IL-1f protein. The lack of alteration in
IL1B mRNA levels following treatment with 5-B is consistent with the amounts of released
IL-1B, indicating that the slight increase in pro-IL-1[3 levels is inconsequential. Moreover, the
lack of the potentiating impact of 5-B in macrophages indicates that monocytic cells and
macrophages respond differently to treatment with this P2RX4 antagonist. This could be
attributed to the disparate mRNA ratios of P2RX4 and P2RX7. However, the selectivity of 5-B
is a subject of debate and, thus far, has only been evaluated for other P2X receptors, rendering
it unclear whether its effect is mediated by P2RX4 (Fischer R. et al. 12.03.2004, Abdelrahman
et al. 2017, Coddou et al. 2019).

6 FIRST STEPS TO REVEAL THE MODE OF ACTION OF 5-B

6.1  IL-1B RELEASE AFTER COMBINING 5-B WITH OTHER ANTAGONISTS

5-B is described as a P2RX4 antagonist and has been used in a number of studies to
investigate P2RX4 signalling (Casati et al. 2011, Balazs et al. 2013, Chen et al. 2013,
Abdelrahman et al. 2017, Coddou et al. 2019, Han et al. 2020, Bidula et al. 2022). However,
the degree of selectivity has not been comprehensively determined. The majority of studies
focused on elucidating the physiological role of P2RX4, or on investigating the binding
properties of 5-B at the P2RX4. It is therefore possible that 5-B may exert off-target effects. To
investigate whether the 5-B-induced increase in IL-1f secretion by monocytic cells is mediated
via the P2RX4, treatment with 5-B prior to priming is combined with a concomitant application
of the other antagonists. As PZB13 also induced the release of elevated levels of IL-13 by

monocytic cells, PZB13 is also combined with the other antagonists.

The elevated IL-1pB levels resulting from the presence of 5-B during priming are mitigated by
the concurrent administration of the P2RX4 antagonists PSB, PZB15, or PZB13 in hPBMCs,
in which IL-1B release is triggered by stimulation with BzATP (Figure 16A). In this experimental
setting, the residual P2RX4 antagonists may still exert an inhibitory effect on the second
stimulus. Consequently, further experiments are performed in monocytic THP-1 cells using
nigericin as a second stimulus, yielding similar results (Figure 17A). Similar experiments on
hPBMCs give inconclusive results with a high degree of variability (Figure 18). The observed
variability in the data may be attributed to inter-donor differences in cell numbers, purity, and
responsiveness to the applied substances. It is also possible that the concentrations of the
competing antagonists are not within the optimal range. Despite these limitations, these
observations suggest that during priming, 5-B signals via P2RX4, as other selective P2RX4

antagonists can disrupt the effects of 5-B in the majority of the experiments.
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Although the selectivity of 5-B is unclear, several studies have investigated the binding site of
5-B at the P2RX4. The observation that 5-B induces a rightward shift of the ATP concentration
response curve without altering the maximal altitude in electrophysiological measurements
suggests, that 5-B competitively inhibits P2RX4 and binds to the orthosteric binding site
(Balazs et al. 2013, Coddou et al. 2019). It is noteworthy that the aforementioned studies utilise
HEK293 cells that have been transfected with P2RX4. In contrast, studies that suggest
allosteric binding of 5-B employ a cell line that endogenously expresses P2 receptors. This
discrepancy may account for the disparate outcomes observed (Bidula et al. 2022). The ATP
derivative TNP-ATP competes with radioactive ATP for its binding site at the P2RX4,
demonstrating competitive binding properties. Conversely, 5-B does not replace the ligand,
indicating that the antagonist binds at a different site (Abdelrahman et al. 2017). The
hypothesis that 5-B acts as an allosteric modulator of P2RX4 is further supported by the fact
that the predicted 5-B binding site is located between two subunits at an allosteric site of the
human P2RX4, while orthosteric binding is less favourable (Bidula et al. 2022, Pasqualetto et
al. 2023). Two residues of the predicted 5-B binding site are likely to be involved in the opening
of the P2RX4 channel (Bidula et al. 2022). Interactions with 5-B and specific residues may
therefore serve to stabilise the closed conformation, thereby inhibiting the channel opening
upon ATP binding (Bidula et al. 2022). Two residues that are predicted to be necessary for 5-B
binding also appear to be part of the binding site of BX430, another allosteric P2RX4 antagonist
(Ase et al. 2015, Ase et al. 2019, Pasqualetto et al. 2023). Nevertheless, an analysis of diverse
P2RX4 allosteric modulators indicates that distinct interactions within the binding pocket are
specific to each antagonist, depending on their structure (Pasqualetto et al. 2023, Shen et al.
2023). It might be of interest to investigate the effects of BX340 in future studies. It is
unfortunate that no information on the binding properties of the P2RX4 antagonists PSB,
PZB15, and PZB13 is available.

Because PZB13 also enhances the effect of priming in monocytic THP-1 cells (Figure 13) and
in hPBMCs (Figure 15), PZB13 is also combined with other P2RX4 antagonists. In this
experiment, however, PZB13 does not consistently increase the priming effect (Figure
17C, D). Therefore, it remains unclear whether PZB13 exerts its effects via the P2RX4. It can
only be stated that the effect of PZB13 on cell priming is not sufficiently robust to allow a

conclusion to be drawn.

Furthermore, two additional control experiments are included. First, it is investigated whether
the sensitivity to P2X receptor antagonists remains unchanged in cells primed in the presence
of 5-B. Indeed, the addition of P2X receptor antagonists results in a reduction of IL-1p3 release
from hPBMCs when they are added prior to BzZATP. This result is most likely attributable to the
blocking of BzATP-induced signalling, thereby allowing the conclusion that the presence of 5-B

during priming has no relevant effect on the sensitivity of the cells towards BzATP (Figure
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16B). The second question that arises is whether the P2X receptor antagonists affect the ATP-
independent inflammasome assembly, IL-1B maturation or its release. Consequently, cells
primed in the presence of 5-B are treated with P2X receptor antagonists shortly before
stimulation with nigericin. As anticipated, the majority of antagonists do not impede the ATP-
independent release of IL-1B (Figure 17B). PSB is the only antagonist to reduce the nigericin-
induced IL-1[ secretion by monocytic THP-1 cells, suggesting that PSB exerts some off-target

effects that influence the machinery necessary for the maturation and release of IL-1j3.

Taken together, the results of the experiments in which different P2X receptor antagonists are
combined during priming demonstrate that the 5-B-induced increase in IL-1B release is
mediated via the P2RX4. However, these results do not elucidate the mechanisms by which

P2RX4 signalling modulates priming.

6.2 IS THE EFFECT OF 5-B CONFINED TO IL-1B7?

6.2.1 CHANGES IN THE IL-6 RELEASE AND /L6 MRNA LEVELS

The activation of mononuclear phagocytes with LPS also induces the expression of the pro-
inflammatory cytokine IL-6, the release of which is independent of any inflammasomes. To
ascertain the potential impact of P2RX4 antagonists on priming with LPS, the expression of
IL6 mRNA and the release of IL-6 are examined. Monocytic THP-1 cells, hPBMCs, and THP-
1 cell-derived M1-like macrophages are treated with P2X receptor antagonists prior to priming
with LPS. After 3 or 5 h incubation, supernatants are collected for ELISA, and cells are

harvested for real-time RT-PCR experiments.

LPS induces an immediate and transient expression, which is directly followed by IL-6 release
(Hirano 2021). Consequently, modulation of the process upstream of transcription, the stability
of IL6 mRNA, or secretion is a possibility. 5-B at 20 uM reduces and PZB15 tendentially
reduces IL-6 release from monocytic THP-1 cells, while the other P2RX4 antagonists do not
alter release (Figure 20). The P2RX7 antagonist A43 elicits a slight increase in IL-6 release,
though this is only evident at the 20 uM concentration. The /L6 mRNA levels are not affected
by treatment with any P2X receptor antagonist in monocytic THP-1 cells (Figure 27B). The
unaltered /L6 mRNA and IL-6 protein amounts suggest that P2X receptors do not exert any
notable influence on IL-6 expression and release in monocytic THP-1 cells. By contrast, in
hPBMCs, 5-B and A43 increase IL-6 release, while A43 induces only slight alterations (Figure
22). It is noteworthy that all P2RX4 antagonists upregulate /L6 mRNA in hPBMCs, whereas
P2RX7 antagonists induce no such changes (Figure 30C).

LPS-primed THP-1 cell derived M1 like macrophages reduce IL 6 release after treatment with
5-B and when 5-B is simultaneously applied with PSB (Figure 21). The P2RX7 antagonist A43

slightly but significantly decreases IL 6 release. The altered release upon stimulation with 5-B
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and PSB is consistent with the observed reduction in IL6 mRNA levels following treatment with
any P2RX4 antagonist (Figure 29A). However, A43 does not induce alterations in /L6 mRNA
levels, which is not inconsistent with the corresponding minor decrease in IL-6 secretion by

macrophages.

A comparison of the total amount of IL-6 released upon priming with LPS reveals that THP-1
macrophages (median 2671 pg/ml) release significantly higher levels of IL-6 than monocytic
THP-1 cells (34 pg/ml) or hPBMCs (121 pg/ml). A comparison of /L6 mRNA levels also
demonstrates that hPBMCs express 1775-fold more and THP-1 macrophages 1149-fold more
IL6 mRNA than monocytic THP-1 cells. It can thus be concluded that monocytic THP-1 cells
are less appropriate for investigating the effects on IL-6 production. However, a comparison of
hPBMCs and THP-1 cell-derived M1-like macrophages suggests that there may be a
differential response of monocytes and macrophages to P2RX4 antagonists during priming.
Specifically, monocytic cells appear to upregulate IL-6 mRNA, while macrophages

downregulate IL-6 and subsequently secrete less IL-6 protein.

A number of studies have established a link between P2RX4, P2RX7, and IL-6 upregulation
and release. P2RX4-deficient mice display a reduction in IL-6 levels in serum and liver tissue
following the induction of experimental autoimmune hepatitis (Liu et al. 2024). Conversely, the
overexpression of P2RX4 in the CNS of rats with experimental Parkinson's disease
upregulates IL-6 expression (Ma et al. 2020). A reduction in serum IL-6 levels has been
observed in rats with diarrhoea-predominant irritable bowel syndrome following treatment with
5-B (Tang et al. 2022). Moreover, treatment with 5-B mitigates surgical-induced hippocampal
inflammation in murine models (Yuan et al. 2022). As previously described, during the
inflammatory process, the concentration of extracellular ATP can increase significantly and
stimulate various P2X receptors. In light of the aforementioned studies, it can be postulated
that ATP-signalling via the P2RX4 has the potential to augment IL-6 levels. This is in
accordance with the observation that in ATP-stimulated microglial cells, increased expression
of IL6 mRNA is attenuated by treatment with a different P2RX4 antagonist (Imraish et al. 2023).
In the case of P2RX7, stimulation has been observed to result in the secretion of IL-6 from
neurons, astrocytes, microglial cells, retinal cells, and pancreatic cancer cells, in a manner that
is independent of NLRP3 (Solini et al. 1999, Shieh et al. 2014, Lu et al. 2017, Munoz et al.
2020, Shao et al. 2020, Magni et al. 2021). P2RX7 may induce IL-6 release by activating ROS
production or by an increase in intracellular Ca?* (Munoz et al. 2020, Shao et al. 2020). While
these studies demonstrate that stimulation of the P2RX4 or P2RX7 with ATP induces
secretion, no modulation of IL-6 production by other stimuli than ATP has been described. This
is supported by the finding that 5-B exerts no influence on IL-6 release induced by high glucose

in human cells derived from renal tissue (Chen et al. 2013).
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It is conceivable that the observed inhibitory effects in macrophages are attributable to the
blockade of endogenous extracellular ATP, which induces IL-6 expression, in addition to LPS.
This may also account for the elevated levels of IL-6 released from THP-1 cell-derived M1-like
macrophages. The additional application of apyrase would serve to abolish any ATP-mediated
effects. This hypothesis is contradicted by the elevated IL-6 levels observed in hPBMCs and
the 5-B-mediated increase in IL-6 secretion. The discrepancy in P2RX4 and P2RX7 mRNA
levels previously observed in monocytic cells may contribute to an increased sensitivity to
P2RX4 modulation. As only 5-B stably elevates IL6 mRNA and IL-6 release, this further
emphasises that 5-B promotes priming with LPS in monocytic cells and that this effect is not
confined to IL-1p.

6.2.2 MRNA LEVELS OF OTHER CYTOKINES

Stimulation of the TLR4 also induces transcription of the pro-inflammatory TNF and the anti-
inflammatory IL10 (Dostert et al. 2019, Saraiva et al. 2020). The cytokine precursor of IL-18 is
constitutively expressed in monocytes and macrophages and processed upon NLRP3
assembly in a manner analogous to pro-IL-1B (Yasuda et al. 2019). Modifications to the mRNA
of TNF and IL10 may offer further insight into the mechanisms by which 5-B influences priming.
Consequently, mRNA levels are quantified through real-time RT-PCR assays in monocytic
THP-1 cells, hPBMCs, and THP-1 cell-derived M1-like macrophages, which are treated with
P2X receptor antagonists prior to priming with LPS for 3 or 5 h.

While treatment with P2X receptor antagonists does not induce considerable changes in IL18
and TNF mRNA levels, IL10 is markedly upregulated in monocytic THP-1 cells upon treatment
with 5-B (Figure 27B, C, E). The upregulation of /L10 is confirmed in hPBMCs and additionally
observed following treatment with PZB13 (Figure 30B). In THP-1 cell-derived M1-like
macrophages, there is no alteration in /L710, IL18, and TNF mRNA levels upon stimulation with
LPS and P2X receptor antagonists (Figure 28, Figure 29). The absence of a 5-B-mediated
effect in macrophages is consistent with previous findings of this study. The results
demonstrate that stimulation with LPS induces the expression of IL10, which is in accordance
with the existing literature(Saraiva et al. 2020). The anti-inflammatory cytokine IL-10 binds to
its receptor and inhibits the production of several cytokines and chemokines via STAT3-
signalling (Fiorentino et al. 1991, Waal Malefyt et al. 1991, Cassatella et al. 1993, Kasama et
al. 1994, Balasingam et al. 1996). As demonstrated in macrophages, IL-10 functions as a
counter-regulatory mechanism for inflammatory cytokines. Following the initial inflammatory
burst, macrophages produce anti-inflammatory cytokines like IL-10, thereby dampening the
inflammatory processes (Bogdan et al. 1991, Berlato et al. 2002). It can be hypothesised that
the increased production of IL-13 upon stimulation with 5-B and LPS in monocytic cells may
promotes IL-10 expression as a negative feedback. This finding is corroborated for stimulation
with PZB13 in hPBMCs, but not for monocytic THP-1 cells. This may be because the PZB13-
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induced increase in IL-1 secretion is more pronounced in hPBMCs than in monocytic THP-1

cells.

6.3 DOES THE INDUCTION OF APOPTOSIS PLAY A ROLE?

A study has shown that prolonged treatment with 5-B induces apoptosis in cancer cells (Rupert
et al. 2023). It is therefore interesting to investigate the effect of 5-B on the activity of caspase-3
and 7, enzymes that play an important role in apoptosis. Monocytic THP-1 cells are stimulated
with 5-B, PSB or PZB15 prior to priming with LPS and caspase-3 and -7 activity is measured.
PSB and PZB15 are included to determine if the effect is limited to 5-B.

The results show that 5-B increases caspase-3/7 activity in the presence of LPS, whereas
stimulation with 5-B alone or LPS alone does not induce activity (Figure 31A). Again, this
appears to be a unique property of 5-B, as the other two P2RX4 antagonists do not induce
caspase-3/7 activity (Figure 31A). These results suggest that 5-B induces apoptosis in LPS-
primed monocytic THP-1 cells. This is consistent with a study showing 5-B-mediated induction
of caspase-3/-7 activity and other apoptotic markers in renal cancer cells (Rupert et al. 2023).
In cancer, lysosomes and mitochondria are essential energy providers in which lysosomal
P2RX4 plays an important role by mediating Ca?* influx upon luminal ATP binding (Huang et
al. 2014, Rupert et al. 2023). The intracellular Ca?" increase promotes mitochondrial
metabolism, resistance to oxidative stress and necrosis, and drives motility and proliferation
(Palinski et al. 2021, Rupert et al. 2023). Therefore, blockade of P2RX4 by 5-B leads to a
reduction in mitochondrial activity and in cell death (Rupert et al. 2023). However, it is unclear
whether this mechanism is applicable to mononuclear phagocytes. On the other hand,
caspase-1 is also able to activate caspase-3 and-7 inducing apoptosis and blocking pyroptosis
by cleaving GSDMD in monocytes and macrophages, linking apoptosis to the inflammatory
pathway downstream of stimulation with LPS (Lamkanfi et al. 2008, Akhter et al. 2009,
Taabazuing et al. 2017).

If apoptotic cells cannot be efficiently removed by efferocytosis, the cells undergo secondary
necrosis and lose their membrane integrity (Sachet et al. 2017). The leakage of DAMPs drives
inflammation and activates nearby immune cells. /n vivo, secondary necrosis only occurs when
the rapid removal of apoptotic cells, the efferocytosis, is impaired (Sachet et al. 2017).
However, in cell culture of monocytic cells, this may be a more profound problem as monocytic
cells have limited phagocytic properties compared to macrophages (Daigneault et al. 2010,
Kurynina et al. 2018). Therefore, the induction of apoptosis by treatment with 5-B and LPS
could lead to secondary necrosis of monocytic cells and promote pro-inflammatory responses
such as the release of IL-1B. If 5-B also induces apoptosis in macrophages, a higher
efferocytotic activity may prevent exacerbated pro-inflammatory responses. This might explain

the different response to 5-B of monocytic cells compared to macrophages.
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Comparison of LDH activity in the supernatants of cells treated with LPS and 5-B or the positive
control doxorubicin does not reveal any prominent differences (Table S-1), although
doxorubicin alone activates caspase-3 and -7 twice as much as LPS and 5-B (Figure 31).
However, this is not so surprising as the process of apoptosis takes several h and LDH activity
is only an indicator of late apoptosis and secondary necrosis (Sachet et al. 2017). This
contradicts the hypothesis, that the 5-B-mediated increase in IL-1( release is an inflammatory
response to secondary necrosis. However, the present results represent very preliminary
experiments and no definitive conclusions can be drawn at this time regarding 5-B-mediated

apoptosis in mononuclear phagocytes.

7 CLINICAL RELEVANCE OF THE RESULTS

The present study confirms the common notion that the release of IL-1p is triggered by the
PAMP LPS in combination with the DAMP extracellular ATP. Nevertheless, it is possible that
sterile inflammation occurs in the absence of pathogens and their PAMPs, when solely DAMPs
are released due to tissue damage (Zindel et al. 2020). DAMPs are recognised by PRRs,
including TLRs and NLRs, as well as non-PRRs, such as P2X receptors in the case of
extracellular ATP (Li et al. 2021). In response, innate immune cells produce pro-inflammatory
mediators, including nitric oxide, ROS, vasoactive histamine and serotonin, prostaglandins,
TNF-a, and IL-1p3 (Zindel et al. 2020). For example, IL-13 mediates further immune responses
in nearby cells and promotes the attraction of granulocytes to the tissue. On a systemic level,
it induces vasodilatation and hypotension, a lowered pain threshold, and fever (Galozzi et al.
2021). Consequently, the initial damage and subsequent inflammation result in the disruption
of barriers and the activation of endothelial cells, which then permit the extravasation of
leukocytes, plasma proteins, and platelets with the objective of repairing the damaged tissue
(Zindel et al. 2020). As a result, sterile inflammation is contingent upon the orchestrated
migration of leukocytes and a precisely timed transition from an inflammatory to a reparative

programme.

However, in certain pathologies, the failure of recruited leukocytes to remove DAMPs can be
deleterious, leading to persistent inflammation (Zindel et al. 2020). Moreover, in response to
major surgery or accidental trauma, the extensive release of ATP and other DAMPs induces
the massive release of cytokines, which can be overwhelming and cause life-threatening
systemic inflammation. The current therapeutic strategies preventing sterile hyperinflammation
are mainly immunosuppressive, such as the neutralisation of antibodies or the use of TLR
antagonists. Nevertheless, the use of TLR antagonists carries the risk of impeding host
defence against infection, potentially exacerbating the vulnerability of the patient. It is therefore
crucial to develop therapeutic strategies that can control inflammation without severely

compromising host defence mechanisms. The current results reveal a novel property of the
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P2RX4 antagonist 5-B, which may have potential for therapeutic use. While treatment with 5-B
in the presence of ATP results in a reduction in the release of IL-13, treatment in the presence
of bacterial LPS leads to an increase in the production of the pro-inflammatory cytokine. This
suggests that host defence against infection is enhanced, while inflammatory responses
following extensive cellular damage are inhibited. However, if the inflammatory effect of 5-B is
dependent on the induction of apoptosis, as indicated by some of the current results, it can be
hypothesised that 5-B would not achieve the desired outcomes, because apoptotic cells are
quickly and efficiently eliminated in vivo. Nevertheless, the data to date indicate that further
investigation into the effects of 5-B in monocytic cells is warranted, as such a therapeutic could

have significant medical value.

8 CONCLUSIONS

Human mononuclear phagocytes were represented by the monocytic THP-1 cell line, which is
capable of easily differentiating into macrophages, as well as enriched primary monocytes and
macrophages. The results obtained from the THP-1 cells and the corresponding primary cells
demonstrate that they are appropriate for comparison and that the findings derived from the
cell line can be reproduced in primary cells. This study employed well-established
methodologies, including real-time RT-PCR, Western blotting, and ELISA, to assess
alterations in mMRNA expression levels, intracellular protein levels, and the amounts of released
cytokines, respectively. Moreover, the impact of four distinct P2RX4 antagonists was directly
compared with that of well-established P2RX7 antagonists. These circumstances provided a
robust foundation for exploratory studies concerning the role of P2RX4 and P2RX7 in IL-13

expression and release by mononuclear phagocytes.
The objective of this exploratory study was to address the following questions:
1. Which role plays the P2RX4 in the ATP-dependent IL-18 maturation?

The results indicate that the P2RX4 may be involved in the ATP-dependent IL-1p release from

human mononuclear phagocytes (Figure 32).

2. Which roles play the P2RX4 and P2RX7 in the priming of human mononuclear
phagocytes?

The results do not indicate a role for P2RX7 in priming human mononuclear phagocytes.
However, given the limitations of the present data, it is plausible to suggest cautiously that 5-B
acts via P2RX4 and may facilitate priming of human monocytic cells (Figure 32). It is possible

that PZB13 evokes similar effects, although the data were not entirely consistent.

It has been demonstrated that monocytic cells exhibit a markedly higher expression of P2RX4

mMRNA in comparison to P2RX7 mRNA. Therefore, with all due caution, it can be postulated
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that macrophages did not respond to 5-B treatment due to a more balanced ratio of P2RX4
and P2RX7 expression.

3. Does the P2RX4 antagonist 5-B induce apoptosis?

It is possible that treatment with 5-B and LPS induces apoptosis. However, the data are very

preliminary and further validations are needed before a definitive conclusion can be made.
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Figure 32: Overview of the findings obtained in the course of this study regarding IL-18 expression and
maturation in mononuclear phagocytes. LPS serves as signal @, which primes monocytes or macrophages by
binding to TLR4 and inducing the gene expression of pro-IL-18 inter alia via NF-kB signalling. Extracellular ATP
binds to the P2RX4 and P2RX7 and the bacterial toxin nigericin induces pore formation in the plasma membrane
of the activated cell. Stimulation with ATP or nigericin, representing signal (2), both induce the assembly of NLRP3,
ASC, and pro-caspase-1 to the NLRP3 inflammasome. As a result, pro-caspase-1 is cleaved into its active form
and cleaves pro-IL-1pB into the mature IL-1B, which is then released from the cell. In the presence of ATP ((2)),
P2RX4 and P2RX7 antagonists block the ATP-mediated activation of the respective receptors and downstream
signalling resulting in inhibited IL-13 secretion from monocytes or macrophages. Binding of 5-B to P2RX4 during
priming with LPS (€)) increases gene expression of pro-IL-1p and IL-6 and subsequent release of the cytokines,
but only in monocytes. LPS, lipopolysaccharide; TLR, toll-like receptor; NF-kB, nuclear factor ‘kappa-light-chain-
enhancer’ of activated B-cells; IL-13, interleukin-1B; IL-6, interleukin-6; ATP, adenosine triphosphate; P2RX4/7,
P2X purinoceptor 4/7; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; NLRP3, NLR

family pyrin domain-containing protein 3; ASC, Apoptosis-associated speck-like protein containing a caspase-
recruitment domain.
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9 OuTLOOK
The findings of this exploratory study indicate that, in addition to P2RX7, P2RX4 plays a role

in the ATP-dependent secretion of IL-18 from activated mononuclear phagocytes.
Furthermore, the initial findings on the experimental use of 5-B provide insight into a novel role
of P2RX4 in the priming step of monocytic cells. This paves the way for elucidating the mode
of action of 5-B. However, some data are only very preliminary and do not allow any

conclusions without further investigation.

P2RX4 is thought to be involved in the ATP-dependent release of IL-1B from human
mononuclear phagocytes, although the assembly of NLRP3 and the activity of caspase-1 were
not observed. It is unclear whether P2RX4 mediates these effects independently or if it
interacts with or influences P2RX7 signalling. A comparison of ASC-speck formation in the
absence or presence of P2RX4 antagonists can verify the assembly and activation of the
NLRP3 inflammasome downstream of P2RX4. The formation of ASC-speck in THP-1 cells, in
which P2RX4 or P2RX7 are silenced via siRNA, can elucidate the functional relevance of each
receptor in the ATP-mediated activation of the NLRP3 inflammasome. The current objective is

to establish the silencing of both receptors in monocytic THP-1 cells in our laboratory.

The results indicate that monocytic cells express a greater quantity of P2RX4 than P2RX7,
whereas macrophages express both receptors in equal amounts. However, it should be noted
that only mRNA levels were measured, and therefore further investigation is required to confirm
these findings at the protein level. The detection of P2RX4 via fluorescence microscopy can
estimate the protein amounts and cellular localization of the receptor within monocytic THP-1
cells and THP-1 cell-derived M1-like macrophages. This further defines the differences
between monocytes and macrophages in terms of their responsiveness to P2X receptor

stimulation.

5-B appears to promote priming of monocytic cells, presumably via the P2RX4. However, the
specificity of 5-B is not yet confirmed, and the results must be verified by measuring IL1B
MRNA, ATP-independent IL-13 release, as well as /L6 mRNA and /L6 release in monocytic
THP-1 cells with silenced P2RX4, which will be treated with 5-B prior to priming with LPS.
Additionally, experiments will be conducted to detect IL-10 release. Furthermore, studying
other parameters of anti-inflammatory responses can help define the state of the cellular
immune response induced by 5-B. Some results suggest that PZB13 evokes similar effects to
5-B. Conducting the same experiments with PZB13 will reveal possible similarities or

discrepancies between the two P2RX4 antagonists.

Should 5-B (and presumably PZB13) promote priming via the P2RX4, further studies would be
required to target signal transduction pathways. It may be possible to ascertain the mode of

action of P2RX4 by investigating potential alterations in the protein levels of TLR4 or TFs
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including NF-kB. Metabolic studies of THP-1 cells treated with 5-B before priming with LPS will
elucidate potential metabolic alterations that may indicate cellular differentiation or define the

immune response.

The elevated caspase-3/7 activity indicates the potential induction of apoptosis by the
treatment with 5-B and LPS. Further apoptotic markers, such as annexin V staining and the
detection of secondary necrosis, will assist in the interpretation of these preliminary findings.
Furthermore, a comparison of these markers between monocytic cells and macrophages may
elucidate whether this mechanism is associated with the 5-B-mediated upregulation of pro-

inflammatory responses in monocytic cells or if these effects are independent of each other.

The capacity of 5-B treatment to stimulate host defences and mitigate DAMP-associated
immune responses suggests that it may serve as a promising therapeutic agent for controlling
inflammation while preserving host defence. The effect of systemic application of 5-B in mice
during surgical trauma following a challenge with microbes or microbial structures will finally

shed light on the practical applicability of 5-B.
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SUPPLEMENTS

SUPPLEMENTS

Table S-1: LDH activity [%] in supernatants of monocytic THP-1 cells. Incubation with LPS [1 ug/ml] for 5 h,
with BzATP / nigericin for 40 min. (1), incubation prior to LPS-priming. 2), incubation prior to BzATP / nigericin.
LPS, lipopolysaccharide; BzATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate; 5-B, 5-(3-
Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15,
PZB15517166A, PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-
yllmethyl}pyridine; JINJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylmethyl]-2-phenylsulfanylpyridine-3-
carboxamide; LDH, lactate dehydrogenase; min, minimum; max, maximum; n, number of individual
experiments.

LDH activity [%]

Figures Treatment - . n
median (min, max)

6,9, 14, Untreated 46 (1.1,12.3) 78
15, 20,
24,27, 31
31 Doxorubicin [2.5 uM] 6.5 (4.0, 10.0) 6
31 Doxorubicin [2.5 yM], Z-VAD-FMK [10 uM] 12.5 (4.0, 20.0) 6
6,9, 14, LPS 5.0 (1.3, 22.0) 77
15, 20,
24,27, 31
9,14,15, LPS,5-B[10 uM] (D 10.1 (4.2, 18.4) 18
20, 24, 27
9,14,15, LPS,PSB[10 uM] (D 8.6 (2.4, 11.6) 6
20, 24, 27
9,14,15, LPS, PZB15[10 uM] (D) 7.5(5.1,11.7) 6
20, 24, 27
9,14,15, LPS,PZB13[10 uM] (O 6.7 (4.0, 14.0) 6
20, 24, 27
9,14,15, LPS, A43[10 uM] (D 3.6 (2.6, 5.6) 6
20, 24, 27
9,14,15, LPS, JNJ[1uM] (D 5.4 (4.6, 11.3) 6
20, 24, 27
31 LPS, Doxorubicin [2.5 uM] 11.0 (5.0, 21.0) 6
31 LPS, Doxorubicin [2.5 uM,] Z-VAD-FMK [10 uM] 17.5 (6.0, 27.0) 6
6,9, 31 LPS, BzATP [100 pM] 6.3 (3.0, 18.0) 30
6,9 LPS, DMSO [0.1 %] (1), BzZATP [100 uM] 6.7 (3.0, 15.3) 21
9 LPS, 5-B [10 uM] (1), BzATP [100 uM] 7.9 (4.7,19.2) 6
9 LPS, 5-B [20 uM] (1), BzATP [100 uM] 10.1 (6.0, 21.2) 6
9 LPS, PSB [10 uM] (1), BZATP [100 uM] 6.0 (3.0, 10.8) 6
9 LPS, PZB15 [10 uM] (1), BZATP [100 uM] 8.2 (4.0, 16.5) 6
9 LPS, PZB13 [10 uM] (1), BZATP [100 uM] 9.6 (3.0, 19.2) 6
9 LPS, A43 [10 uM] (1), BZATP [100 uM] 7.2 (2.7, 14.5) 15
S-1 LPS, JNJ [0.01 uM] (1), BzZATP [100 uM] 7.3 (4.9, 15.1) 6
S-1 LPS, JNJ [0.1 uM] (1), BzZATP [100 uM] 11.8 (7.0, 22.8) 6
9, S-1 LPS, JNJ [1 uM] (1), BzATP [100 uM] 7.3 (3.0, 15.0) 12
S-1 LPS, JNJ [5 uM] (1), BzATP [100 uM] 10.9 (7.8, 19.4) 6
S-1 LPS, JNJ [10 uM] (1), BzZATP [100 uM] 9.7 (5.4, 21.4) 6
9 LPS, 5-B [10 uM] (2), BzZATP [100 uM] 12.1 (5.3, 17.9) 6
9 LPS, 5-B [20 uM] (2), BzATP [100 uM] 9.7 (6.0, 19.8) 6
9 LPS, PSB [10 uM] (2), BZATP [100 uM] 8.5(5.0,17.9) 6
9 LPS, PZB15 [10 uM] (2), BzZATP [100 uM] 8.8 (5.0, 20.1) 6
9 LPS, PZB13 [10 uM] (2), BzZATP [100 uM] 9.0 (5.0, 14.1) 6
9 LPS, A43 [10 uM] (2), BZATP [100 uM] 8.9 (2.9,14.4) 15
S-1 LPS, JNJ [0.01 uM] (2), BZATP [100 uM] 10.3 (7.3, 13.0) 6
S-1 LPS, JNJ [0.1 uM] (2), BZATP [100 uM] 17.1 (9.5, 24.4) 6
9, S-1 LPS, JNJ [1 uM] (2), BzZATP [100 uM] 7.6 (4.5, 15.9) 12
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S-1 LPS, JNJ [5 uM] (2), BzATP [100 uM] 10.3 (7.9, 20.8) 6

S-1 LPS, JNJ [10 uM] (2), BzATP [100 uM] 11.1 (8.0, 23.6) 6

31 LPS, Z-VAD-FMK [10 uM], BzATP [100 uM] 12.5 (4.0, 24.0) 6

9, 14,15,  LPS, nigericin [50 uM] 13.1 (4.5, 33.0) 57

31

6, 14,15  LPS, DMSO [0.1 %] (1), nigericin [50 uM] 13.1 (3.6, 28.8) 51

14,15 LPS, 5-B [10 uM] (1), nigericin [50 pM] 19.4 (5.4, 59.2) 36

15 LPS, 5-B [10 uM] (1), PSB [10 uM] (1), nigericin [50 uM] = 16.9 (9.6, 30.7) 6

15 LPS, 5-B [10 uM] (D), PZB15 [10 uM] (1), nigericin [50 15.6 (13.0, 18.8) 6
pM]

15 LPS, 5-B [10 uM] (1O), PZB13 [10 uM] (1), nigericin [50 26.8 (21.2, 31.9) 6
pM]

15 LPS, 5-B [10 uM] (1), A43 [10 uM] (D), nigericin [50 uM] = 23.9 (19.8, 36.9) 6

15 LPS, 5-B [10 uM] (1), JNJ [1 uM] (1), nigericin [50 uM]  27.8 (22.8, 41.1) 6

15 LPS, 5-B [10 uM] (1), 5-B [10 uM] (2), nigericin [50 uM] = 20.7 (15.2, 33.3) 6

15 LPS, 5-B [10 uM] (1), PSB [10 uM] (2), nigericin [50 uM] = 16.4 (11.2, 22.0) 6

15 LPS, 5-B [10 uM] (1), PZB15 [10 uM] (2), nigericin [50 15.4 (10.7, 25.5) 6
pM]

15 LPS, 5-B [10 uM] (1), PZB13 [10 uM] (2), nigericin [50 = 14.8 (9.5, 26.7) 6
pM]

15 LPS, 5-B [10 uM] (1), A43 [10 uM] (2), nigericin [50 uM]  15.9 (12.7, 27.1) 6

15 LPS, 5-B [10 uM] (1), JNJ [1 uM] (2), nigericin [50 uM]  18.0 (12.6, 32.0) 6

14 LPS, PSB [10 uM] (1), nigericin [50 pM]] 12.4 (3.8, 28.2) 12

14 LPS, PZB15 [10 uM] (1), nigericin [50 uM] 11.5 (4.3, 28.8) 12

14 LPS, PZB13 [10 uM] (1), nigericin [50 uM] 14.7 (3.4, 29.1) 27

15 LPS, PZB13 [10 uM] (D), 5-B [10 uM] (1), nigericin [50  26.7 (13.9, 36.4) 6
HM]

15 LPS, PZB13 [10 uM] (1), PSB [10 uM] (D), nigericin [50  19.6 (12.1, 32.2) 6
pM]

15 LPS, PZB13 [10 uM] (1), PZB15 [10 uM] (), nigericin = 23.6 (13.1, 44.0) 6
[50 pM]

15 LPS, PZB13 [10 uM] (1), A43 [10 uM] (D), nigericin [50  24.5 (10.8, 44.1) 6
pM]

15 LPS, PZB13 [10 pM] (D), JNJ [1 uM] (D), nigericin [50 29.7 (13.9, 49.7) 6
uM]

15 LPS, PZB13 [10 uM] (D), 5-B [10 uM] (2), nigericin [50 = 20.4 (8.4, 27.9) 9
uM]

15 LPS, PZB13 [10 uM] (1), PSB [10 uM] (2), nigericin [50 = 17.0 (5.4, 30.9) 9
uM]

15 LPS, PZB13 [10 uM] (1), PZB15 [10 uM] (2), nigericin = 20.6 (6.7, 40.3) 9
[50 pM]

15 LPS, PZB13 [10 uM] (1), PZB13 [10 uM] (2), nigericin = 15.9 (5.1, 38.1) 9
[50 pM]

15 LPS, PZB13 [10 uM] (1), A43 [10 uM] (2), nigericin [50 = 19.4 (8.1, 38.4) 9
pM]

15 LPS, PZB13 [10 pM] (1), JNJ [1 uM] (2), nigericin [50 18.5 (7.5, 38.1) 9
uM]

14 LPS, A43 [10 uM] (D), nigericin [50 puM] 14.8 (4.4, 32.8) 12

14 LPS, JNJ [1 uM] (D), nigericin [50 uM]] 20.5(7.3, 35.7) 6

14 LPS, 5-B [10 uM] (2), nigericin [50 pM] 15.1 (7.5, 20.0) 6

14 LPS, PSB [10 uM] (2), nigericin [50 pM]] 12.3 (6.7, 18.5) 6

14 LPS, PZB15 [10 uM] (2), nigericin [50 uM] 13.2 (5.7, 17.0) 6

14 LPS, PZB13 [10 uM] (2), nigericin [50 uM] 14.7 (6.7, 20.2) 6

14 LPS, A43 [10 uM] (2), nigericin [50 puM] 9.9 (5.4, 18.2) 6

14 LPS, JNJ [1 uM] (2), nigericin [50 uM]] 20.7 (5.9, 37.8) 6

31 LPS, Z-VAD-FMK [10 uM], nigericin [50 uM] 37.0 (24.0, 43.0) 6
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Table S-2: LDH activity [%] in supernatants of THP-1 cell-derived M1-like macrophages. Incubation with
LPS [1 ug/ml] for 5h, with ATP / nigericin for 40 min. Fig, figure. (D), incubation prior to LPS-priming. (2),
incubation prior to ATP / nigericin. LPS, lipopolysaccharide; ATP, adenosine triphosphate; 5-B, 5-(3-

Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15,
PZB15517166A, PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-
yllmethyl}pyridine; JINJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylmethyl]-2-phenylsulfanylpyridine-3-

carboxamide; LDH, lactate dehydrogenase; min, minimum; max, maximum; n, number of individual
experiments.

LDH activity [%]

Figures Treatment - . n
median (min, max)

6, 10, 16, Untreated 5.0 (0.0, 18.3) 60
21, 25, 28,
29
8 ATP [1 mM] 11.6 (6.0, 26.6) 9
8 ATP [2 mM] 12.1 (8.0, 31.0) 9
8 5-B [20 uM] 5.4 (1.7, 8.0) 6
8 A43 [10 uM] 4.8 (0.3,7.5) 6
13 JNJ [1 uM] 4.8 (0.5, 8.3) 6
6, 10, 16, LPS 8.7 (0.0, 43.2) 72
21, 25, 28,
29
10, 16,21, LPS, 5-B[10 uM] (D 13.4 (4.8, 25.2) 15
19, 25, 28,
29
10,21,25, LPS, 5-B[20 uM] (D 14.5 (8.5, 26.7) 6
28, 29
10,16,21, LPS, PSB[10 uM] (D 9.4 (1.7,29.4) 9
19, 25, 28,
29
21,25,28, LPS, 5-B[10 uM] (), PSB [10 uM] (D) 12.5 (6.0, 15.0) 6
29
10, 16,21, LPS, PZB15[10 uM] (D) 21.2 (14.0, 25.0) 3
19, 25, 28,
29
10,16,21, LPS, PZB13[10 uM] (O 15.6 (10.1, 21.1) 3
19, 25, 28,
29
10,16,21, LPS, A43[10 uM] (O 8.4 (0.0, 18.3) 15
19, 25, 28,
29
10,16,21, LPS, JNJ[1 uM] (D) 8.0 (6.4,15.7) 6
25, 28, 29
10, 16 LPS, 5-B [10 uM] (2) 19.7 (18.2, 19.8) 3
10, 16 LPS, PSB [10 uM] (2) 19.3 (18.3, 21.5) 3
10, 16 LPS, PZB15 [10 uM] (2) 24.3 (21.8, 25.4) 3
10, 16 LPS, PZB13 [10 uM] (2) 27.1 (23.2, 31.6) 3
10 LPS, ATP [1 mM] 19.0 (7.4, 38.9) 16
10 LPS, DMSO [0.1 %] (1), ATP [1 mM] 19.5 (10.7, 39.2) 16
10 LPS, 5-B [10 uM] (D), ATP [1 mM] 16.0 (7.6, 35.5) 13
10 LPS, 5-B [20 uM] (D), ATP [1 mM] 25.0 (17.0, 35.6) 9
10 LPS, PSB [10 uM] (D), ATP [1 mM] 13.1 (6.9, 33.3) 13
10 LPS, PZB15 [10 uM] (1), ATP [1 mM] 10.0 (6.9, 39.4) 7
10 LPS, PZB13 [10 uM] (1), ATP [1 mM] 9.7 (5.7, 34.2) 7
10 LPS, A43 [20 uM] (1), ATP [1 mM] 9.7 (6.8, 25.5) 9
10 LPS, 5-B [10 uM] (2), ATP [1 mM] 15.8 (6.7, 37.2) 13
10 LPS, 5-B [20 uM] (2), ATP [1 mM] 19.2 (13.0, 29.7) 9
10 LPS, PSB [10 uM] (2), ATP [1 mM] 13.0 (8.5, 39.7) 7
10 LPS, PZB15 [10 uM] (2), ATP [1 mM] 9.9 (7.0, 32.1) 7
10 LPS, PZB13 [10 uM] (2), ATP [1 mM] 10.9 (6.6, 37.7) 7
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10 LPS, A43 [20 uM] (2), ATP [1 mM] 9.5 (5.6, 24.2) 9
10, S-1 LPS, ATP [2 mM] 18.8 (6.7, 43.2) 38
10, S-1 LPS, DMSO [0.1 %] (1), ATP [2 mM] 18.6 (7.1, 42.8) 38
10 LPS, 5-B [10 uM] (D), ATP [2 mM] 18.6 (5.8, 44.0) 19
10 LPS, 5-B [20 uM] (1), ATP [2 mM] 23.1(17.0, 31.0) 9
10 LPS, PSB [10 uM] (1), ATP [2 mM] 12.8 (7.5, 27.0) 13
10 LPS, PZB15 [10 uM] (1), ATP [2 mM] 13.3 (8.0, 24.7) 7
10 LPS, PZB13 [10 uM] (1), ATP [2 mM] 11.9 (5.8, 22.7) 7
10, S-1 LPS, A43 [20 uM] (1), ATP [2 mM] 11.2 (4.2, 21.8) 17
S-1 LPS, JNJ [0.01 uM] (D), ATP [2 mM] 10.1 (4.1, 14.8) 8
S-1 LPS, JNJ [0.1 uM] (D), ATP [2 mM] 10.1 (4.4, 21.1) 8
10, S-1 LPS, JNJ [1 uM] (D), ATP [2 mM] 15.3 (9.0, 23.8) 8
S-1 LPS, JNJ [5 uM] (1), ATP [2 mM] 14.7 (6.7, 25.2) 8
S-1 LPS, JNJ [10 uM] (D), ATP [2 mM] 13.4 (6.3, 19.8) 8
10 LPS, 5-B [10 uM] (2), ATP [2 mM] 12.1 (8.7, 25.0) 13
10 LPS, 5-B [20 uM] (2), ATP [2 mM] 18.5(13.7, 30.3) 8
10 LPS, PSB [10 uM] (2), ATP [2 mM] 18.7 (9.2, 26.6) 7
10 LPS, PZB15 [10 uM] (2), ATP [2 mM] 14.3 (8.6, 23.8) 7
10 LPS, PZB13 [10 uM] (2), ATP [2 mM] 14.0 (8.1, 24.1) 7
10, S-1 LPS, A43 [20 uM] (2), ATP [2 mM] 10.1 (4.4, 22.2) 17
S-1 LPS, JNJ [0.01 uM] (D), ATP [2 mM] 14.4 (2.9, 27.4) 8
S-1 LPS, JNJ [0.1 uM] (1), ATP [2 mM] 11.2 (4.0, 28.7) 8
10, S-1 LPS, JNJ [1 uM] (D), ATP [2 mM] 11.6 (6.5, 30.2) 8
S-1 LPS, JNJ [5 uM] (1), ATP [2 mM] 13.4 (4.1, 26.8) 8
S-1 LPS, JNJ [10 uM] (2), ATP [2 mM] 11.6 (5.2, 15.6) 8
16 LPS, nigericin [50 uM] 23.6 (0.0, 50.0) 21
16 LPS, DMSO [0.1 %] (1), nigericin [50 uM] 23.6 (0.0, 57.0) 21
16 LPS, 5-B [10 uM] (1), nigericin [50 uM] 28.8 (10.8, 48.6) 12
16 LPS, PSB [10 uM] (1), nigericin [50 uM] 24.8 (9.1, 36.4) 6
16 LPS, PZB15 [10 uM] (1), nigericin [50 uM] 24.0 (6.4, 33.0) 6
16 LPS, PZB13 [10 uM] (1), nigericin [50 puM] 36.0 (13.5, 47.0) 6
16 LPS, A43 [10 uM] (1), nigericin [50 uM] 27.0 (1.4, 50.4) 12
16 LPS, JNJ [1 uM] (1), nigericin [50 uM] 31.8 (0.0, 47.0) 6
16 LPS, 5-B [10 uM] (2), nigericin [50 pM] 33.0(10.3, 37.1) 3
16 LPS, PSB [10 uM] (2), nigericin [50 uM] 31.3 (8.2, 52.1) 3
16 LPS, PZB15 [10 uM] (2), nigericin [50 uM] 27.8 (10.1, 30.7) 3
16 LPS, PZB13 [10 uM] (2), nigericin [50 uM] 36.4 (12.4, 38.3) 3
16 LPS, A43 [10 uM] (2), nigericin [50 pM] 41.7 (9.8, 60.0) 9
16 LPS, JNJ [1 uM] (2), nigericin [50 uM] 28.5 (1.4, 54.0) 6

Table S-3: LDH activity [%] in supernatants of hPBMCs. LPS [5 ng/ml] for 3 h, BzZATP / nigericin incubation
for 30 min. @ incubation prior to LPS-priming. @ incubation prior to BzATP / nigericin. LPS,
lipopolysaccharide; BzATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate; 5-B, 5-(3-Bromophenyl)-
1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13,
PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine; JNJ, N-[[4-(4-
phenylpiperazin-1-yl)oxan-4-yljmethyl]-2-phenylsulfanylpyridine-3-carboxamide; LDH, lactate
dehydrogenase; min, minimum; max, maximum; n, number of individual experiments.

LDH activity [%]

Figures Treatment . .
median (min, max)

8, 11, 12,  Untreated 1.0 (0.0, 9.0) 16
17,18, 22,

26, 30

11,12 BzATP [100 uM] 20(1.1,4.4) 6
17,18 Nigericin [50 uM] 1.7 (2 3.0, 39.7) 7
8, 11, 12, LPS 0.7 (0.0, 2.8) 15
17,18, 22,

26, 30
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11,12 LPS, BzATP [100 uM] 2.5(1.7,3.0) 7
11,12 LPS, DMSO [0.1 %] (1), BzZATP [100 uM] 2.1(1.3,5.0) 7
11,12 LPS, 5-B [10 uM] (1), BZATP [100 uM] 2.0 (0.5, 4.3) 7
12 LPS, 5-B [10 uM] (1), PSB [10 uM] (1), BzZATP [100 uM] 3.0 1.3, 5.0) 7
12 LPS, 5-B [10 uM] (1), PZB15 [10 uM] (1), BzATP [100 2.5 (1.7, 6.3) 7
pM]
12 LPS, 5-B [10 uM] (1), PZB13 [10 uM] (1), BzATP [100 2.6 (0.6, 4.8) 7
pM]
12 LPS, 5-B [10 uM] (), JNJ [1 uM] (1), BZATP [100 uM] 2.7 (2.0, 4.1) 7
12 LPS, 5-B [10 uM] (1), 5-B [10 uM] (2), BzATP [100 uM] 5.4 (2.6, 8.0) 7
12 LPS, 5-B [10 uM] (1), PSB [10 uM] (2), BzZATP [100 uM] 3.4 (1.9, 6.7) 7
12 LPS, 5-B [10 uM] (1), PZB15 [10 uM] (2), BzATP [100 3.5 (2.4, 7.0) 7
pM]
12 LPS, 5-B [10 uM] (1), PZB13 [10 uM] (2), BzZATP [100 4.8 (2.7, 8.9) 7
pM]
12 LPS, 5-B [10 uM] (1), JNJ [1 uM] (2), BzZATP [100 uM] 4.3 (2.0, 5.7) 7
11 LPS, PSB [10 uM] (1), BzZATP [100 uM] 2.1 (1.6, 3.5) 7
11 LPS, PZB15 [10 uM] (1), BzZATP [100 uM] 2.0(0.4,5.4) 7
11 LPS, PZB13 [10 uM] (1), BzZATP [100 uM] 2.7 (1.6, 3.9) 7
11 LPS, JNJ [1 uM] (1), BZATP [100 uM] 2.7(2.1,5.2) 7
11 LPS, 5-B [10 uM] (2), BzATP [100 uM] 5.0 (2.2, 8.0) 6
11 LPS, PSB [10 uM] (2), BZATP [100 uM] 29(1.7,4.1) 6
11 LPS, PZB15 [10 uM] (2), BzZATP [100 uM] 2.9 (1.6, 8.5) 6
11 LPS, PZB13 [10 uM] (2), BzZATP [100 uM] 3.3(2.6,7.6) 6
11 LPS, JNJ [1 uM] (2), BZATP [100 uM] 3.7 (2.7,12.0) 6
17,18 LPS, nigericin [50 uM] 23.5 (8.8, 35.0) 9
17,18 LPS, DMSO [0.1 %] (1), nigericin [50 uM] 24.0 (8.1,39.4) 9
17,18 LPS, 5-B [10 uM] (1), nigericin [50 uM] 29.0 (8.1, 39.7) 9
18 LPS, 5-B [10 uM] (1), PSB [10 uM] (1), nigericin [50 uM] = 25.2 (8.1, 75.0) 8
18 LPS, 5-B [10 uM] (1), PZB15 [10 uM] (1), nigericin [50 29.5 (9.4, 36.7) 8
pM]
18 LPS, 5-B [10 uM] (1), PZB13 [10 uM] (1), nigericin [50 32.0 (14.4, 51.3) 8
pM]
18 LPS, 5-B [10 uM] (1), A43 [10 uM] (1), nigericin [50 uM] = 29.5 (9.4, 41.4) 8
18 LPS, 5-B [10 uM] (1), JNJ [1 uM] (D), nigericin [50 uM]  33.0 (14.4, 67.1) 8
17 LPS, PSB [10 uM] (1), nigericin [50 uM] 36.3 (9.4, 55.2) 8
17 LPS, PZB15 [10 uM] (1), nigericin [50 uM] 30.1 (12.5, 47.0) 8
17 LPS, PZB13 [10 uM] (1), nigericin [50 uM] 16.9 (8.1, 53.5) 8
17 LPS, A43 [10 uM] (1), nigericin [50 uM] 19.1 (2.0, 54.0) 8
17 LPS, JNJ [1 uM] (D), nigericin [50 uM] 18.4 (2.0, 31.4) 7

Table S-4: LDH activity [%] in supernatants of hPMs. LPS [0.1 ug/ml] for 5 h, BzATP incubation for 40 min.
(1), incubation prior to LPS-priming. (2), incubation prior to BzATP. LPS, lipopolysaccharide; BzATP, 2'(3')-O-
(4-Benzoylbenzoyl)adenosine-5'-triphosphate; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-
diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-
dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yljmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yllmethyl]-
2-phenylsulfanylpyridine-3-carboxamide; LDH, lactate dehydrogenase; min, minimum; max, maximum; n,
number of individual experiments.

LDH activity [%]

Figures Treatment . . n
median (min, max)

8,13 Untreated 2.0 (0.0, 13.7) 5
8,13 LPS 3.0 (0.0, 11.0) 5
13 LPS, 5-B [20 uM] (D) 6.0 (0.0, 29.1) 5
13 LPS, PSB [10 uM] (D 13.7 1
13 LPS, A43 [20 uM] (D) 2.0(0.0,14.3) 5
13 LPS, 5-B [20 uM] (2) 3.0 (0.0, 15.2) 5
13 LPS, PSB [10 uM] (2) 12.0 1
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13 LPS, A43 [20 uM] @ 6.7 (0.0, 12.6) 5
8, 13 LPS, BzATP [100 pM] 15.2 (0.0, 24.0) 5
8,13 LPS, DMSO [0.1 %] (1), BzATP [100 uM] 19.1 (0.0, 28.0) 5
13 LPS, 5-B [1 uM] (), BzZATP [100 uM] 10.8 (4.0, 17.6) 2
13 LPS, 5-B [10 uM] (1), BzATP [100 pM] 10.5 (4.0, 16.9) 2
13 LPS, 5-B [20 uM] (1), BzATP [100 pM] 20.3 (6.0, 31.0) 5
13 LPS, PSB [1 uM] (1), BZATP [100 pM] 17.0 1
13 LPS, PSB [10 uM] (1), BzATP [100 uM] 14.3 1
13 LPS, A43 [20 uM] (1), BzATP [100 uM] 4.0 (0.0, 14.3) 5
13 LPS, 5-B [20 uM] (2), BzZATP [100 pM] 17.0 (0.0, 22.0) 5
13 LPS, PSB [10 uM] (2), BzATP [100 uM] 18.7 1
13 LPS, A43 [20 uM] (2), BzATP [100 uM] 3.0 (0.0, 9.5) 5

Table S-5: Absolute values of IL-1$ in supernatants of control samples by monocytic THP-1 cells. LPS
[1 pg/ml] for 5 h, BzZATP / nigericin incubation for 40 min. @ incubation prior to LPS-priming. MAD, mean
absolute deviation. LPS, lipopolysaccharide; BzATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate;
5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15,
PZB15517166A, PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-
yllmethyl}pyridine; JINJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylmethyl]-2-phenylsulfanylpyridine-3-
carboxamide; min, minimum; max, maximum; n, number of individual experiments.

IL-1B secretion [pg /ml]

Figures Treatment . - n
median (min, max)

9, 14, 31 Untreated 0.4 (0.0, 14.0) 12
31 Doxorubicin [2.5 yM] 1.0 (0.0, 14.0) 6
31 Doxorubicin [2.5 yM], Z-VAD-FMK [10 uM] 1.0 (0.0, 2.0) 6
9,14 LPS 9.0 (5.3, 13.2) 6
9,14 LPS, 5-B [10 uM] (D 15.9 (9.3, 35.4) 6
9,14 LPS, PSB [10 uM] (D 12.4 (9.3, 28.2) 6
9, 14 LPS, PZB15 [10 uM] (1) 8.7 (2.1, 50.3) 6
9,14 LPS, PZB13 [10 uM] (1) 14.7 (2.9, 47.0) 6
9,14 LPS, A43 [10 uM] (D) 7.3 (0.0, 10.4) 6
9,14 LPS, JNJ [1 uM] (D 11.8 (0.1, 17.6) 6
31 LPS, Doxorubicin [2.5 uM] 10.0 (3.0, 14.0) 6
31 LPS, Doxorubicin [2.5 uM,] Z-VAD-FMK [10 uM] 2.0 (1.0, 3.0) 6
31 LPS, BzATP [100 uM] 104.5 (18.0, 179.0) 9
31 LPS, Z-VAD-FMK [10 uM], BzATP [100 uM] 14.5 (5.0, 36.0) 6
31 LPS, nigericin [50 uM] 240.0 (40.0, 435.0) 6
31 LPS, Z-VAD-FMK [10 uM], nigericin [50 uM] 47.0 (11.0, 102.0) 6

Table S-6: Absolute values of IL-1B in supernatants of control samples by THP-1 cell-derived M1-like
macrophages. LPS [1 ug/ml] for 5 h, BzZATP / nigericin incubation for 40 min. @ incubation prior to LPS-
priming. @ incubation after 5 h incubation with LPS. MAD, mean absolute deviation. LPS, lipopolysaccharide;
ATP, adenosine triphosphate; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one;
PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-
1,2,3,4-tetrazol-1-yllmethyl}pyridine; JINJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-
phenylsulfanylpyridine-3-carboxamide; min, minimum; max, maximum; n, number of individual experiments.

IL-1B secretion [pg /ml]

Figures Treatment . ; n
median (min, max)

10, 16 Untreated 38.5(21.0, 64.0) 18
10, 16 5-B [10 uM] (D 37.0 (34.0, 43.0) 3
10, 16 5-B [20 uM] (D 55.0 (21.0, 110.0) 6
10, 16 PSB [10 uM] (D) 32.0 (31.0, 35.0) 3
10, 16 PZB15 [10 uM] (D) 29.0 (26.0, 31.0) 3
10, 16 PZB13 [10 uM] (D 34.0 (33.0, 35.0) 3
10, 16 A43 [10 uM] (O 41.0 (33.0, 62.0) 9
10, 16 JNJ [1 uM] (D) 44.5 (36.0, 65.0) 6
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10, 16 LPS 137.0 (93.0, 247.0) 18
10, 16 LPS, 5-B [10 pM] (D 153.0 (118.0, 184.0) 12
10, 16 LPS, 5-B [20 pM] (D 553.0 (212.0, 663.0) 6
10, 16 LPS, PSB [10 uM] (D) 103.0 (75.0, 157.0) 12
10, 16 LPS, PSB [10 uM] (), 5-B [10 uM] (D 181.5 (127.0, 426.0) 6
10, 16 LPS, PZB15 [10 pM] (D 89.0 (64.0, 111.0) 6
10, 16 LPS, PZB13 [10 pM] (D 106.0 (90.0, 117.0) 6
10, 16 LPS, A43 [10 pM] (D 128.5 (91.0, 185.0) 12
10, 16 LPS, A43 [20 uM] (D 156.0 (133.0, 184.0) 6
10, 16 LPS, JNJ [1 uM] (D 125.5 (92.0, 143.0) 6
10, 16 LPS, 5-B [10 pM] (2) 208.0 (146.0, 220.0) 3
10, 16 LPS, PSB [10 uM] () 101.0 (98.0, 104.4) 3
10, 16 LPS, PZB15 [10 uM] (@ 100.0 (74.0, 106.0) 3
10, 16 LPS, PZB13 [10 uM] 2) 136.0 (119.0, 136.0) 3

Table S-7: Absolute values of IL-1B in supernatants of control samples by hPMs. LPS [0.1 pg/ml] for 5 h,
BzATP incubation for 40 min. (1), incubation prior to LPS-priming. (2), incubation prior to BzATP. LPS,
lipopolysaccharide; BzATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-5'-triphosphate; 5-B, 5-(3-Bromophenyl)-
1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13,

PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine; JNJ, N-[[4-(4-
phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-phenylsulfanylpyridine-3-carboxamide; min, minimum; max,
maximum; n, number of individual experiments.
Figure Treatment P essaien gl | o
median (min, max)
13 Untreated 0.7 (0.0, 29.0) 5
13 LPS 47.0 (22.0, 111.0) 5
13 LPS, 5-B [20 uM] (D 428.0 (302.0, 1836.0) 5
13 LPS, PSB [10 uM] (D 84.0 1
13 LPS, A43 [20 uM] (1) 78.0 (44.0, 130.0) 5
13 LPS, 5-B [20 uM] (2) 222.0 (99.0, 278.0) 5
13 LPS, PSB [10 uM] (2 118.0 1
13 LPS, A43 [20 uM] (2) 88.0 (48.0, 113.0) 5
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Figure S-1: Dose response curve of the P2RX7 inhibitor JNJ in (A) Monocytic THP-1 cells and (B) THP-1
cell-derived M1-like macrophages. Cells were primed with LPS (1 pg/ml) for 5 h in the absence of presence
((D) of the P2RX7 inhibitors JNJ (0.01, 0.1, 1, 5, 10 uM) or A43 (10 uM). Thereafter, (A) BzATP (100 uM) or (B)
ATP (2 mM) was added for 40 min in the absence or presence ((2)) of the antagonists and IL-1p was measured
in cell culture supernatants by ELISA. The IL-18 concentration in experiments in which primed cells were
stimulated with BzATP alone was set to 100 % and all other values were calculated accordingly. Data are
presented as individual data points, bars represent median, whiskers percentiles 25 and 75. Friedman-test
followed by Wilcoxon signed-rank test. * p < 0.05 significantly different from samples in which only BzATP or
ATP was given to LPS-primed cells. LPS, lipopolysaccharide; BzATP, 2'(3')-O-(4-Benzoylbenzoyl)adenosine-
5'-triphosphate; ATP, adenosine triphosphate; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-
diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A; PZB13, PZB13420052A; A43, 3-{[5-(2,3-
dichlorophenyl)-1H-1,2,3,4-tetrazol-1-yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-ylimethyl]-
2-phenylsulfanylpyridine-3-carboxamide.
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Table S-8: mRNA expression controls in THP-1 cell-derived M1-like macrophages. Corresponding to
figures 25, 28, 29. @ incubation prior to LPS-priming. MAD, mean absolute deviation. LPS, lipopolysaccharide;
5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15,
PZB15517166A, PZB13, PZB13420052A; A43, 3-{[5-(2,3-dichlorophenyl)-1H-1,2,3,4-tetrazol-1-
yllmethyl}pyridine; JNJ, N-[[4-(4-phenylpiperazin-1-yl)oxan-4-yllmethyl]-2-phenylsulfanylpyridine-3-
carboxamide; AU, arbitrary units; min, minimum; max, maximum; n, number of individual experiments.

Target Fold change gene expression relative
gene to PPIA [AU] median (min, max)
Untreated IL1B | 0.1251 (0.0060, 1.9312) 15
IL6 = 0.0005 (0.0000, 0.0100)
IL10 ' 0.0006 (0.0000, 0.0017)
P2RX4  0.0386 (0.0006, 1.3430)
P2RX7 @ 0.0041 (0.0004, 0.0556)
5-B [10 uM] (D IL1B | 0.2559 (0.0792, 1.7210)
IL6 = 0.0005 (0.0000, 0.4485)
IL170 ' 0.0013 (0.0000, 0.0063)
P2RX4 0.0552 (0.0153, 1.1315)
P2RX7 @ 0.0030 (0.0008, 0.0364)
PSB [10 uM] (O IL1B | 0.0575 (0.0412, 0.0767)
IL6 = 0.0000 (0.0000, 0.0002)
)
)
)
)
)
)
)
)
)

Treatment

(
(
(
(
(
(
(
(
(
E

IL10  0.0009 (0.0000, 0.0015

P2RX4 0.0217 (0.0197, 1.1450

P2RX7 0.0032 (0.0021, 0.0547

PZB15 [10 uM] (D IL1B  0.0293 (0.0202, 0.0527

IL6 0.0001 (0.0000, 0.0003

IL10  0.0003 (0.0000, 0.0009

P2RX4 0.0200 (0.0120, 1.0926

P2RX7 0.0044 (0.0017, 0.0441

PZB13 [10 uM] (D IL1B  0.0567 (0.0477, 0.1200

IL6 0.0001 (0.0000, 0.0005)

IL10  0.0010 (0.0000, 0.0012)

P2RX4 0.0250 (0.0134, 1.2870)

P2RX7 0.0050 (0.0017, 0.0495)

A43 [10 uM] D IL1B 0.0793 (0.0035, 0.1901)

IL6 0.0003 (0.0000, 0.0024)

IL10  0.0004 (0.0000, 0.0012)

P2RX4 0.0508 (0.0067, 0.1628)

P2RX7 0.0020 (0.0004, 0.0106)

INJ [1 pM] D IL1B 0.0821 (0.0038, 0.1527)

IL6 0.0002 (0.0000, 0.0024)

IL10  0.0003 (0.0000, 0.0009)

P2RX4 0.0428 (0.0058, 0.1282)

P2RX7 0.0015 (0.0003, 0.0060)
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Figure S-2: The impact of P2RX4 antagonists on caspase-3 and caspase-7 activity in monocytic THP-1
cells. (A) Cells were primed with LPS (1 pg/ml) for 5 h in absence or presence of the P2RX4 antagonists 5-B
(10 uM), PSB (10 uM), or PZB15 (10 uM), or the caspase inhibitor Z-VAD-FMK (20 uM). (B) As a positive
control, cells were treated with doxorubicin (2.5 uM) for 5 h in the absence or presence of Z-VAD-FMK (20 uM).
Thereafter, Apo-ONE® reagent was added for 60 min. Caspase-3 and -7 activity was measured by detecting
fluorescence signals. Data are presented as individual data points, bars represent median, whiskers percentiles
25 and 75. Friedman-test followed by Wilcoxon signed-rank test. * p < 0.05 significantly different from untreated
samples. # p < 0.05 significantly different from samples in which LPS alone was given to monocytic THP-1 cells.
RFU, relative fluorescence unit; LPS, lipopolysaccharide; 5-B, 5-(3-Bromophenyl)-1,3-dihydro-2H-
benzofuro[3,2-e]-1,4-diazepin-2-one; PSB, PSB-15417; PZB15, PZB15517166A
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